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SESSION Zl: One-Dimensional Nanostructures I,
Nanotubes

Chairs: Hongjie Dai and Zhifeng Ren
Tuesday Morning, March 29, 2005

Room 3016 (Moscone West)

8:30 AM Zl.l
Room-Temperature Growth of Carbon Nanofibers.
Jeffery E. Raymond, Kristin L. Gabby, Jason K. Vohs, Robert L.
Paddock and Bradley D. Fahlman: Department of Chemistry, Central
Michigan University, Mount Pleasant, Michigan.

Nanostructural carbon allotropes, with tunable diInensions below 100
11111, are of increasing interest for applications such as 11101ecular
electronic devices, field-enlission display panels, hydrogen storage, and
micro-electromechanical systems (MEMS). Ordered carbonaceous
growth typically requires high-energy 111ethods such as arc discharo-e
or deC0111position of hydrocarbon-based precursors using laser, b

plaS111a, or thernlo1ytic techniques. For the latter technique,
tenlperature regin18s on the order of 600-1000 °C are lllost C0111nl0n
with a few recent reports citing slightly lower tenlperatures using ,
halogenated precursors, or through alkali-Illetal catalyzed
transformation of bulk carbon allotropes. We have recently reported
the lowest reported temperature to date for growth of multi-walled
nanotubes (MWNTs), froill the catalytic decoillposition of carbon
tetrachloride under high-pressure conditions. Herein, we report the
growth of aillorphous carbon nanofibers grown directly fronl
nletal-encapsulated dendrinler catalysts at anlbient
tenlperature/pressure conditions. Lengths of the nanofibers range
fronl 15 - 20 lUll, with lengths in excess of 20 nlicrons. We will discuss
the proposed ll1echanisll1 for our ll1ild process, as well as ongoing
research to control the 1110rphology of the nanostructures.

8:45 AM *Z1.2
Continuous Spinning of a Single-Walled Carbon
Nanotube-Nylon Composite Fiber and Large Scale
Fabrication of Aligned Single-Walled Carbon Nanotube
Assembly. Robert C. Haddon', Junbo G ao l.

2
, Mikhail Itkis', Elena

Bekyarova l
, Aipillg Yu l

, Bin Zhao l and Sandip Niyogi l
; ICenter for

N anoscale Science and Engineering, Departnlents of Chelnistry and
Chelnical & Environll1ental Engineering, University of California,
Riverside, Califorllia; 2Carbon Solutions, Inc, Riverside, California.

The high tensile strength, unique electrical and thernlal properties
and nanoll1eter-scale dinlensions of singled-walled carbon nanotubes
(SWNTs) make them ideal candidates for polymer composite
reinforcing agents and 1-D nanowires for electronic devices. The
lill1ited solubility and graphene-like atonlically S11100th, non-reactive
surface of the SWNTs usually leads to an inhomogeneous SWNT
distribution and a weak SWNT-Illatrix interfacial interaction in
composites. Furthermore it is extremely difficult to align SWNTs
along predeterll1ined directions in a fonn suitable for nanoelectronic
devices. In the first part of this talk, we will present a chemical
process for SWNT-nylon composite synthesis that allows the
continuous spinning of single-walled carbon nanotube (SWNT)-nylon
6 (PA6) fibers by the in-situ polymerization of caprolactam in the
presence of SWNTs which simultaneously optimizes the morphology
of the composite. We show that caprolactam is an excellent solvent for
carboxylic acid-functionalized SWNTs (SWNT-COOH), and that this
allows the efficient dispersal of the SWNTs and subsequent grafting of
PA6 chaIns to the SWNTs through condensation reactions between
the carboxylic acid group on SWNT-COOH and the terll1inal alnine
group of PA6. The existence of a graft copolymer between the PA6
chains and the SWNTs is demonstrated by IR, TGA, AFM studies,
and we show that the solubility of the polynlerized nlaterial in fornlic
acid is controlled by the degree of graft copolYIllerization. The anlount
of grafted PA6 chains which are attached to the SWNTs can be
adjusted by controlling the concentration of the initiator
(6-anlinocaproic acid). The process leads to a unifonn dispersal of the
SWNTs, and the presence of the graft COpolYIller increases the
polymer/SWNT compatibility while strengthening the interfacial
interaction between filler and ll1atrix. The Young's nlodulus, tensile
strength and thermal stability of pure nylon 6 are significantly
improved in the continuous fibers that can be produced by this
process, which can be readily scaled to produce fibers of any length
and dialneter. In the second part of the talk, we will dell10nstrate a
nlethod to fabricate SWNT assell1blies in which we sillntltaneously
realize the directional control of SWNT alignll1ent and the
de-bundling of SWNTs into iudividual tubes. We make use of the
electrospinning technique to fabricate aligned SWNTs/polynler
composite fibers, and the high fiber elongation and high DC electric
field applied during the electrospinning process results in the
orientation of the SWNTs along the axial direction of the fiber. The
alignnlent of the electropsun conlposite fiber transfers this local
SWNT orientation to Illacroscopically aligned SWNTs. After relnoving
the polYll1er cOlnponent froll1 the aligned conlposite fiber by heating
or chell1ical vapor etching, large area aligned SWNTs are produced.

9:15 AM *Z1.3
Optical Properties of Aligned Arrays of Multiwalled Carbon
Nanotubes. Brian Ralph Kimball', Joel B. Carlson', Diane

Steeves', Krzysztof Kempa2
, Zhifeng Ren 2

, Pengfei Wu3 , D. V. G. L.
N. Ra0 3

, Glenda Benhan14
, A. Herczynski2, Thonlas Kelnpa2, Wenzhi

Lis, J. Rybczynski 2 and Yang Wang2
; 1 N anonlaterials Science Teanl,

US Army Natick Soldier Center, Natick, Massachusetts; 2 Physics
Departlnent, Boston College, Chestnt Hill, Massachusetts; 3Physics
pep artnlent, University of Massachusetts, Boston, Massachusetts;

MegaWave Corporation, Boylston, Massachusetts; Gphysics
Departnlent, Florida International University, Miailli, Florida.

Aligned carbon nanotube arrays were grown on silicon and quartz
substrates using plasnla enhanced chell1ical vapor deposition ll1ethod.
Botl: periodic and non-periodic arrays were fabricated with varying
spacIng and carbon nanotube height. Periodic arrays were created
using self-assenlbly nanosphere lithography. Optical properties of the
arrays were studied and related to array geonletry. Diffraction and
polarization studies were perforll1ed with both 1110nochroll1atic and
white light sources. The results indicated strong polarization
dependence for both periodic and non-periodic arrays. Three
dinlensional diffraction nlaps were created that reveal the nlanner in
which the nano-arrays interact with visible light. Polarized diffracted
light is described in terms of efficiency. A peak in diffracted light
intensity in the direction of the source has been experinlentally
observed and is reported here. We also report a
polarization-dependent resonant effect due to the intra-action of
visible light with non periodic arrays that appears as bright colors to
the observer. Results indicate that visible light interacts with the
aligned arrays sinlilar to the way in which radio waves interact with a
radio antenna. Periodic CNT arrays such as these have the potential
for applications in optical COll1puting and energy conversion

9:45 AM *Z1.4
Carbon Nanotubes: Synthesis, Properties and New
Directions. Hongjie Dai, Departnlent of Chenlistry, Stanford
University, Stanford, California.

This talk will present our latest research on single walled carbon
nanotubes. We have been using carbon nanotube as a nlodel systenl
to study interesting nanoscale probleills concerning lnaterials
synthesis, solid-state physics and devices, and surface science. This
presentation will cover our latest results in, (1) Controlled synthesis of
nanotubes. (2) Ballistic electron transport in both nletallic and
sell1iconducting nanotubes. (3) Pushing the perfornlance lill1it of
nanotube transistors, and (4) quantunl transport phenonlena,
(5)interfacing carbon nanotubes with biological systems

10:30 AM *Z1.5
Electronics and Optoelectronics with Single Carbon
Nanotubes. Phaedon Avouris, Physical Scieuces, IBM T.J. Watson
Research Center, Yorktown Heights, New York.

Carbon nanotubes (CNTs) are one-diIllensional nanostructures with
unique properties that ll1ake thell1 ideal for applications in
nanoelectronics and optoelectronics. Particularly strong enlphasis has
been placed on the fabrication and optinlization of carbon nanotube
field-effect transistors (CNTFETs). In general, charge-transfer at the
CNT-lnetal interfaces leads to band-bending and the forll1ation of
Schottky (SB) barriers, which adversely affect the performance of the
FET, in particular the gate swing. Another bothersolne effect appears
upon scaling of the gate insulator thickness (tox). At snlall tox,
unipolar CNTFETs turn aillbipolar with large OFF currents. We have
been able to elill1inate these relnaining problell1s by: (a) electrostatic
doping of the cOlltact regions in double-gate CNTFET devices, and
(b) chenlical doping through charge-transfer interactions with
adsorbed molecules. The resultiug uuipolar CNTFETs have
outstanding operational characteristics exceeding those of the
state-of-the art silicon devices. While ambipolar (a-) CNTFETs may
be undesirable in logic applications, they are particularly valuable for
photonic applications. We have used a-CNTFETs to simultaneously
inject electrons and holes from the opposite terminals of the FET. A
fraction of these confined carriers recolnbine by a radiative process.
This allowed us to produce au electrically-excited and controlled
single nanotube nlolecule light source. The spectra, polarization, and
dependence on applied bias of the radiative recoll1bination process
were detennined. Unlike conventional p-n diodes, a-CNTFETs are not
doped and there is no fixed p-n interface. By spatially resolving the
enlission we found that the enlitting region can be translated at will
(by at least 100 Illicronleters) along a CNTFET channel by varying
the gate voltage. Study of the properties of the emission as a function
of applied bias provides new insights on the electrical transport in
CNTs. Stationary light spots are also observed and their generation
nlechanisnl involving defects is analyzed. Finally, I will delnonstrate
the reverse process of recoillbination, i.e. the photogeneration of e-h
pairs in the single CNTFET channel. The corresponding
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photoconductivity spectra provide information on the nature of the
excited states of the CNTs and the difference between optical
transition energies and the electrical band-gap.

11:00 AM *Z1.6
Carbon Nanotubes for Highly Efficient Transfection in
Mammalian Cells. Dong Cail, J. Mataraza2

, J.-Y. Huang3 , Zh-P.

Huang l
, T. Chiles 2

, David Carnahan!, K. Kelupa3 and Zh-F. Ren 3
;

INanoLab Inc, Newton, Massachusetts; 2Biology Depart111ent, Boston
College, Chestnut Hill, Massachusetts; 3Physics Departlnent, Boston
College, Chestnut Hill, Massachusetts.

Vertically aligned nanotubes grown by plas111a enhanced chen1ical
vapor deposition have ferr0111agnetic catalyst particles of Co, Fe, or
Ni, located in their tips. Therefore, nanotubes can be accelerated
when placed in a 111agnetic field. We show, that nanotubes in a
solution can be driven by a magnetic field to penetrate cell
111en1branes, which ren1ain intact after the spearing. We found, that
varied in tinle polarization of the nlagnetic field enhances the effect,
and that there are no significant differences in viabilities of speared
cells, and those fronl a control group. Gene transfection was
conducted with green fluorescent protein (GFP) plasmids immobilized
on the spearing nanotubes, and a very high transfection efficiency, up
to100% in lymphoma cells, was achieved. This study is the first step
in the developnlent of a Inagnetically drivable nano-vehicle, which
could deliver various nlolecules, such as DNA and proteins, directly to
selected cells. This would revolutionize the biomolecule and drug
delivery.

11:30 AM *Z1.7
Synthesis and Characterization of Double-Walled Carbon
Nanotllhp.s and thp.ir Fip.ld Emission Properties. Cheol Jin Lee,
Su Hwan Lee, Seong II Jung, Tae Jae Lee, Sang Kyu Choi, Chang Bae
Kong, Jung Hee Cho, Hyun Jung Kang, Gwanglnin Kwon and Sung
Ho Seo; DepartInent of Nanotechnology, Hanyang University, Seoul,
Seoul, South Korea.

We denlonstrate the synthesis and characterization of high-quality
double-walled carbon nanotubes(DWNTs) using a catalytic chemical
vapor deposition(CVD) method and a hydrogen arc discharge method.
For the synthesis of DWNTs using a catalytic CVD, we used various
carbon containing nlolecules such as benzene, alcohole, hexane,
propanol, THF over Fe-Mo embeded MgO or Al203 support material.
The produced carbon materials indicated high-purity DWNTs bundles
free of anlorphous carbon covering on the surface. The dianleters of
DWNTs were nlainly dependent on carbon sources, support nlaterials,
catalyst concentration and growth telnperature. Typically, DWNTs
had larger dianleters over 2.5 nnl and the large interlayer spacing of
0.35 - 0.5 nm. By adopting a hydrogen arc discharge method, we
could obtain high-purity DWNTs in large scale. In this work, we used
FeS and Fe bicatalyst to promote the synthesis of DWNTs. The purity
and yield of the produced DWNTs were largely dependent on catalyst
concentration and reaction pressure. TEM, Ralnan analysis and TGA
showed that the produced carbon materials had high purity and low
defect level. To evaluate field emission properties from DWNTs, we
distributed DWNTs on Ti coated Si substrate using a spray method.
Field enlission fronl DWNTs indicated the low turn-on voltage about
2-3 V / I"m and the high emission current density of several mA/cm2
similar to SWNTs. Moreover they showed high emission stability like
MWNTs. The emission current density maily dependent on the
density of DWNTs on Si substrate. We will discuss field emission
properties from DWNTs in detail.

SESSION Z2: One-Dimensional nanostructures II:
Nanowires and Nanotubes

Chairs: Willian Buhro and Peidong Yang
Tuesday Afternoon, March 29, 2005

Room 3016 (Moscone West)

1:30 PM *Z2.1
High-Yield Catalytic Synthesis of Thin Multi-Walled Carbon
Nanotubes. Young Hee Lee, Physics Departnlent and Center for
Nanotubes and Nanostructured Conlposites, Sungkyunkwan
University, Suwon, South Korea.

We have synthesized thin multi-walled carbon nanotubes (t-MWNTs)
using a catalytic chemical vapor deposition (CCVD) method with
FeMoMgO catalyst. The number of tube walls were 2 ~ 6 with the
corresponding dianleters of 3 ,......., 6 nnl. We obtained high production
yield of over 3000 wt% compared to the weight of the supplied
catalyst. These t-MWNTs revealed the intermediate structural
characteristics between single- and nlulti-walled carbon nanotubes
(SWNTs and MWNTs). Critical issues for high yield synthesis of
t-MWNTs were further discussed in terms of reduction procedure,
growth tinle, and gas species. Application of this nlaterial to field

enlitters will be further discussed in conlparison with those of
singlewalled and nlultiwalled carbon nanotubes.

2:00 PM Z2.2
Characterizations of Carbon Aerogels and Their
Structurally-Modified Derivatives. Dafei Kang ' , Ying Zhang2 ,

Carl D. Saquing2 , Can Erkey2 and Mark Aindow2 ; 'Department of
Materials Science and Engineering, University of Connecticut, Storrs,
Connecticut; 2Departnlent of Chenlical Engineering, University of
Connecticut, Storrs, Connecticut.

Carbon aerogels (CAs) are a type of novel nanoporous material, with
open porosity the length scale of which is adjustable at nanometer
scale. CAs are characterized by high specific surface area, low nlass
density, and high electrical conductivity, which makes them
particularly well suitable for various applications ranginf fronl
electrode Inaterials in supercapacitors and fuel cells, to host nlaterial
such as heterogeneous catalyst support. The nlorphology of carbon
aerogels can be nlodified as a function of the different synthesis
variables. In this work, we will present sonle recent progress on the
conlprehensive characterization of carbon aerogels prepared with
controlled conditions. Sonle instrunlentations used are: high-resolution
transmission electron microcropy (HRTEM), scanning electron
microcopy (SEM), Raman infra-red spectrometry, liquid nitrogen
adsorption/desertion, etc. Further information is given in the
structural nlodification of as-synthesiszed carbon aerogels for a
selected array of potential applications.

2:15 PM Z2.3
Formation of Piezoelectric Single-Crystal Nanorings and
Nanobows. William L. Hughes and Zhong Lin Wang; Mat.~rials

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

Bending of polar-surface-donlinated (PSD) nanobelts of ZnO can be
explained by one of two processes: electrostatic neutralization of the
dipole nlonlent via defonnation (called an electrostatic polar-charge
nlodel), or inlbalances between surface tensions via surface-ternlinated
induced stresses. This work presents experinlental data on the
structural features of nanorings and nanobows fonned by bending
single-crystal, PSD ZnO nanobelts. Our data exclusively supports the
electrostatic polar-charge nlodel as the donlinant nlechanisnl for
bending. We first present nanorings and nanobows that are fornled by
bending PSD nanobelts with a radial direction (originated fronl the
ring center) of ±[0001]. The inner surface of the rings can be
oxygen-terminated (000-1)01' Zn-terminated (0001). A model
calculation is then given for predicting the thickness-to-radius ratio of
nanorings fornled by the spontaneous polar-charge nlodel. The results
of the calculation are in excellent agreenlent with experinlental data.
The surface charge density of ZnO ±(0001) is derived to be (T =
±O.033Cjn1 2

, denlonstrating an experinlental approach for nleasuring
the surface charge density on the polar surfaces of nanobelts. Finally,
we illustrate a PSD, single-crystal, zig-zag structure of ZnO, which is
a result of growth kinetics. The nanorings and nanobows of
single-crystal ZnO presented here are potential candidates for
applications in nano-scale sensors, transducers and electro-nlechanical
coupling devices. [1] W.L. Hughes and Z.L. Wang "Fornlation of
Piezoelectric Single-Crystal Nanorings and Nanobows", J. Anl. Chenl.
Soc., 126 (2004) 6703-6709. [2] For information see
www.nanoscience.gatech.edujzlwang

2:30 PM Z2.4
Hierarchically Templated Synthesis of Highly Ordered
Mesostructured Nanowires and Nanowire Arrays. Yiying Wu,

Tsachi Livneh, Martin Moskovits and Galen D. Stucky; Chenlistry,
UC Santa Barbara, Santa Barbara, California.

Nanowires have attracted extensive interest in view of their
interesting electronic and optical properties, and potential
applications as building blocks for nanoelectronic and nanophotonic
devices. Here we present a broadly applicable methodology that
utilizes confined nlesoporous silica as a tenlplate for preparing highly
ordered nlesostructured nanowires with nleso-ordering periodicity of
,.......,13 nnl. The prepared Ag, Ni, and Cu20 nanowires, with
unprecedented nlesostructures of coaxially nlulti-layered helical, and
stacked-donuts structures, have the unique features of hierarchical
organization, nlodulated surface nlorphology, high surface area, and
chirality. This nlethod based on electrochenlical deposition can be
readily applied to the preparation of nanowires of a broad of
nlaterials: nletals, senliconductors, oxides and polynlers. Specifically,
we denlonstrate the effectiveness of the Ag nlesostructured nanowires
synthesized using this technique as nano-engineered substrates for
surface-enhanced Ranlan spectroscopy (SERS). Conlpared to those for
solid nanowires, the SERS spectra from rhodamine 6G (R6G)
nlolecules adsorbed on an aligned nlesostructured nanowire bundle
show significantly less sensitivity to the excitation light polarization,
due to their unique nlodulated surface nlorphologies.
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2:45 PM Z2.5
Germanium-Catalyzed Growth of Zinc Oxide Nanowires: A
Semiconductor Catalyst for Nanowire Synthesis.
Zhengwei Pan1, Sheng Dai2, Christopher M. Rouleau 1 and Douglas

H. Lowndes1
; lCondensed Matter Sciences Division, Oak Ridge

National Laboratory, Oak Ridge, Tennessee; 2Chen1ical Sciences
Division, Oak Ridge National laboratory, Oak Ridge, Tennessee.

The vapor-liquid-solid (VLS) crystal growth mechanism [1] has been
widely used to guide the growth of a wide range of sen1iconductor
[2,3J and oxide [4,5] nanowires. In this 1118Chanis111, a catalyst
nanoparticle serves as a preferential site for absorbing and dissolving
reactants fro111 the vapor phase, directs the growth direction the
nanowire, and defines the dialueter of the nanowire. The catalysts
used so far are 111etaIs, with the nlost popular ones being gold and
iron. Here we report that gerInaniunl, a group-IV selniconductor, can
be used as an efficient catalyst for high-yield growth of very long,
extrenlely straight, and quasi-aligned arrays of ZnO nanowires. The
gerInaniunl-catalyzed ZnO nanowires are structurally uniforIn and
single-crystalline, with lengths of up to several hundred nlicrOlneters
and dialneters ranging froln 50 to 400 nanOlneters. The nanowires are
ternlinated at their growing ends with large gernlaniunl particles (0.5
to 4 micrometers) having diameters about 5 to 15 times that of the
nanowires. Furthernlore, patterned growth of ZnO nanorods was
achieved on photolithographically-prepared gerInanitun-dot patterns,
further confirIning the catalytic effect of gerInaniunl on ZnO nanowire
growth. [1] R.S. Wagner and W.C. Ellis, App!. Phys. Lett. 4, 89
(1964). [2] A.M. Morales and C.M. Lieber, Science 279,208 (1998). [3]
J. Westwater, D.P. Gosain, S. Tonliya, S. Usui, and H. Ruda, J. Vac.
Sci. Techno!. B 15, 554 (1997). [4] M. H. Huang, S. Mao, H. Feick, H.
Q. Yan, Y. Y. Wu, H. Kind, E. Weber, R. Russo, and P. D. Yang,
Science 292, 1897 (2001). [5] H. T. Ng, J. Li, M. K. Smith, P. Nguyen,
A. Cassell, J, Han, M. Meyyappan, Science 300, 1249 (2003). [6]

3:00 PM Z2.6
Integrated Metal-catalyzed Bridging Silicon Nanowires.
Shashank Sharnla, M. Saif Islanl, Theodore I. Kanlins and R. Stanley
Willianlsj Quantunl Science Research, Hewlett-Packard Laboratories,
Palo Alto, California.

Nanonleter-scale Ti-silicide islands and Au-Si eutectic droplets have
been previously shown to catalyze the growth of silicon in one
dinlension to fornl free-standing nanowires by chenlical vapor
deposition (CVD). The nanowires typically grow epitaxially along the
<111> crystallographic directions, therefore, perpendicular to
{Ill }-oriented silicon surfaces. We have delnonstrated lateral growth
of Au- and Ti-catalyzed silicon nanowires froln a vertical sidewall of a
trench on a silicon-on-insulator (SOl) substrate ((Ol1)-oriented silicon
layer). Upon inlpinging on the other sidewall, the nanowires attach to
this" opposing" sidewall, thus bridging across the trench and nlaking
strong nlechanical connection. The nature of the connection at the
inlpinging end will partially deterInine the electrical and nlechanical
behavior of the electronic device. We will report current-voltage (I-V)
nleasurenlents of Au-catalyzed silicon nanowires that were doped
during the growth using diborane mixed with the SiH4/HCI/H2
anlbient in the CVD reactor. The I-V dependence was observed to be
linear, indicating good electrical contact fOrIned in-situ between the
nanowires and the electrodes. I-V measurements also indicated boron
concentrations in thicker nanowires (dianleter >100 nnl) in the
nlid-1018 cnl-3 range, corresponding to those observed for epitaxial
silicon deposition on a plane silicon surface, with boron concentration
increasing with increasing diborane partial pressure in the gas phase.
To understand the electrical characteristics of the bridging connection
at the opposing sidewall, we observed this connection using
high-resolution transmission electron microscopy (TEM) to be
epitaxial and coherent silicon-to-silicon. We will also denlonstrate
selective growth of Au- and Ti-catalyzed silicon nanowires on vertical
silicon surfaces conlpared to horizontal silicon dioxide surfaces. Tn the
case of Au-catalyzed nanowires, for a particular set of annealing
conditions and nanowire growth conditions, there is a critical Au film
thickness, below which we did not observe nanowire growth. We used
angled evaporation of Au to utilize this observation to enable nanowire
growth selectively on vertical surfaces. In the case of Ti-catalyzed
nanowires, the desired selectivity was achieved by CVD of Ti using
liquid TiCl4 source. Controlled, selective growth of nanowires in
particular geonletries within a device is critical to enable functional
devices, such as sensors, based on bridging senliconductor nanowires.

3:30 PM *Z2.7
Structure Analysis of Nanowires and Nanobelts.
Zhong L. Wang and Yong Ding; School of Materials Science and
Engineering, Georgia Institute of Technology, Atlanta, Georgia.

One-dinlensional (lD) nanostructures, such as nanowires, nanobelts
and nanorods, are attracting a great deal of research interest due to
their unique properties and novel applications. Structure analysis of

ID nanostructures is an essential part of research because achieving
structural control is the key step in controlling properties and device
perforInances. Using ZnO, CdSe and ZnS as exanlples, this paper
addresses the technical details of how to use transnlission electron
nlicroscopy for correctly analyzing the structure of nanowires and
nanobelts, including growth direction, side/top surfaces, surface polar
direction, surface reconstruction, point defects, dislocations, planar
defects, and twin/bicrystal structures. The methodologies introduced
can be applied to a wide range of 1D nanostructures. [1] Y. Ding and
Z.L. Wang "Structure Analysis of Nanowires and Nanobelts by
Transmission Electron Microscopy", J. Phys. Chem. B, 108 (2004)
12280-12291. [2] Electron Microscopy of Nanotubes, edited by Z.L.
Wang, C. Hui, Kluwer Academic Publisher (2003). [3] Nanowires and
Nanobelts - nlaterials, properties and devices; Vol. I: Metal and
Senliconductor Nanowires, edited by Z.L. Wang, Kluwer Acadelnic
Publisher (2003). [4] Nanowires and Nanobelts - materials, properties
and devices; Vol. II: Nanowires and Nanobelts of Functional
Materials, edited by Z.L. Wang, Kluwer Academic Publisher (2003).
[5] Hanbooks of Microscopy for Nanotechnology, edited by Nan Yao
and Z.L. Wang, Springer (2004). [6] For details please visit:
www.nanoscience.gatech.edu/zlwang

4:00 PM *Z2.8
Role of Facet-Sensitive Reactivity in Promoting Nanorod,
Nanodisk and Nanowire Growth. Brian A. Korgel, Aaron

Saunders, Felice Shieh, Michael Sigman and Ali Ghezelbash; Chemical
Engineering, University of Texas at Austin, Austin, Texas.

It is now well-established that arrested precipitation can yield
anisotropic nanocrystals, such as rods, disks, wires, and even
tetrapods for selniconductor and nletal lnaterials with anisotropic
crystal structure. A general understanding of the crystallization and
colloidal growth processes, however, renlains sonlewhat elusive. One of
the nlost prevalent ideas relates to the concept of facet-sensitive
capping ligand adsorption, which is believed to aid the growth of the
nanostructure along a preferred crystallographic orientation while
inhibiting growth along others. Another idea relates to the role of
precursor supersaturation and crystallization kinetics on nanocrystal
shape. Although ligand-crystal adsorption and supersaturation are
certainly important (and perhaps related), we have found that
face-sensitive reactivity appears to be the dominant factor that
controls shape anisotropy in a variety of nanocrystals, including the
cadmium chalcogenides (CdS, CdSe, CdTe), and other metal sulfides,
such as Cu2S, NiS, and Bi2S3 produced by arrested precipitation in
solution and solventless environnlents. In the case of the cadnliunl
chalcogenides, anisotropic nanorod and nanowire growth can be
pronloted in solution by using a sequential precursor injection route,
in which seed particles are first nucleated and then" added toll
epitaxially by the addition of more precursor. The (002) planes of the
hexagonal crystal structure are reactive and prolnote crystal growth
preferentially along the c-axis. The sequential injection approach is
sufficiently general to create nanorod heterostructures consisting of a
core of CdSe with ends of CdTe for example. Dark field STEM images
of these nanorod heterostructures that confirnl their fOrInation will be
presented. In the solventless environnlent, the nanocrystal nlorphology
(i.e., nanorod, nanodisk or nanowire) depends on the nature of the
nlaterial and the existence of preferred crystallization directions. For
exanlple, hexagonal Cu2S fOrIns nanodisks, with growth quenched in
the [002] direction, whereas orthorhombic Bi2S3 forms high aspect
ratio nanowires (>100) extended in the [110] direction. The influence
of the crystal structure, reaction conditions, and the interplay of
facet-sensitive reactivity on the nanocrystal nlorphology-as well as
how to control them synthetically-will be presented.

4:30 PM Z2.9
Ternary Semiconductor Nanowire Arrays For Optoelectronic
Applications. Qiguang Li and Reginald Penner; Chelnistry, UC
Irvine, Irvine, California.

The efficiency of a light emission device is determined both by the
internal factors, such as the chelnical nature of the nlaterial, and
external factors, such as the shape and dinlension affecting the
re-absorption of the enlitted light. Here we designed a new type of
nanowire arrays to improve both the internal efficiency and the
external efficiency. The ternary senliconductor conlpound,
CdS", Se,_ '''' has adjustable band gap, high quantum efficiency and
fast response tilne, conlpared to the corresponding binary conlpounds.
In this work, CdS,,,Se1_:r nanowires were synthesized by a two-step
method: First, electrochemical step edge decoration (ESED) was
employed to deposit CdSe nanowires onto highly ordered pyrolytic
graphite (HOPG) surface. Second, the electrodeposited CdSe
nanowires were exposed to H 2 S at elevated telnperatures to fabricate
CdS~l:Sel-~l: nanowires by diffusing sulfur into the nanowire body. The
nanowires fabricated by this nlethod are henlispherical in shape,
continuous over 50,unl and organized into arrays, with their dianleters
controlled from 20nm to 300nm by the electrodeposition duration.
The rough convex surface of the nanowires can nlininlize the internal
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reflection of the emitted light. The re-absorption of the emitted light
can be reduced both by its nanoscale dinlension and by creating a
bandgap gradient, with the bandgap of the 111aterial increasing fro111
center to the surface, realized by the sulfur concentration gradient.
The photolu111inescence spectra of these nanowires with various
C0111positions have confirnled their band gap adjustability and high
quantum efficiency. Light emission can be adjusted from 1.85e V to
2.45eV when increasing the sulfur concentration in the nanowires. The
enlission intensity is l110re than 50 tin18S stronger than their binary
counterparts with siInilar shape and crystal structures. This high
quantum efficiency is due to the localized excitons bounded to
C0111positional defects, which suppress the energy lnigration to
nonradiative recolubination and thus increase the radiative
recon1bination probability. The UdSa;Sel_:J: nanowires can be easily
transferred from conductive HOPG surface to an insulator surface for
device fabrication purpose. The electrical n1easurelnent shows these
nanowires are electrically continuous and have photoconductivity.
These strong en1issions ranging fron1 red to green and the
photoconductive nature n1ake these nanowires pron1ising for
optoelectronic applications.

4:45 PM Z2.10
Issues in the Synthesis of III-Nitride Heterostructure
Nanowires via MOCVD. George T. Wang, J. Randall Creighton
and Paula P. Provencio; Sandia National Laboratories, Albuquerque,
New Mexico.

Nanowires based on the direct bandgap semiconductor Group III
nitride (AlGalnN) materials system are attractive due to their
potential in novel optoelectronic applications, including LEDs, lasers,
high power transistors, and sensors. We have en1ployed a MOCVD
process to synthesize single-crystalline GaN nanowires in a standard
cold-wall rotating disk reactor on 2-inch dian1eter wafer substrates
coated with Ni catalysts. Notably, we have also been able to
synthesize using MOCVD novel core-shell heterostructure nanowires
consisting of a GaN cores and various III-nitride shell n1aterials,
including AlN, InN, and AlGaN, and InGaN. In this presentation,
several challenges and issues regarding control of the growth process
will be discussed, including selectivity of VLS growth versus film
nucleation, control of nanowire alignn1ent and spacing, and effects of
various process variables. Additionally, the ability to control
shell-layer uniforn1ity in heterostructure nanowires will be discussed.
The growth processes and reactor environn1ent en1ployed in this study
are typical of those used to synthesize device-quality III-nitride films
and should be scalable to larger conunercial reactors and substrates.
Data on the optoelectronic and electrical properties of the nanowires
and heterostructure nanowires will also be presented. Sandia is a
multiprogram laboratory operated by Sandia Corporation, a Lockheed
Martin Company, for the United States Department of Energy under
contract DE-AC04-94AL85000.
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Z3.1
Improved Crystallinity of Zinc Sulfide Nanoparticles in
Aqueous Environment. Navendu Goswan1i and P. Sen; School of
Physical Sciences, Jawaharlal Nehru University, New Delhi, Delhi,
Tnoia.

The thermodynamic behavior of nanoparticles differs from their bulk
counterpart due to the surface free energy term fA - the product of
the surface (or interfacial) free energy and the surface (or interfacial)
area. Due to larger surface to volun1e ratio, surface contribution to
the total energy beconles l110re iIllportant for sl11aller particles.
Therefore, the surface energy plays a vital role in deciding the final
structure of these nanoscale-n1aterials [1-2]. Here we present direct
evidence of water-induced structure buildup and stabilization of
nanocrystalline ZnS. Free-standing ZnS nanoparticles are synthesized
by en1ploying the exploding wire n1ethod, also known as,
electro-explosion of wire (EEW). Tn this method of preparation, pure
ZnS particles in the size range 1.67 - 3.86 lUll are stabilized through
electro-explosion of Zn wires in a sodiun1 sulfide solution. Broadening
of the characteristic x-ray powder diffraction (XRD) lines reveal the
reduced-size nature of ZnS particles. Moreover, changes in the XRD
data were observed on keeping in water after the explosion. This
illustrates the ren1arkable structural developlnent of ZnS derived in
this fashion, in an aqueous environlnent. Real space topographic
images recorded by atomic force microscope (AFM) partly reflect the
particle sizes but show aggregation. Fourier transforn1 infrared
(FTTR) spectroscopy allows us to establish the principal cause of this

stabilization through evolution of hydrogen-bonded sulfur peaks and
oxygen-bonded metal peaks whose intensity and peak positions scale
with the an10unt of ZnS prepared. Our non-equilibriun1 route of
preparation enhances the surface energy tenn of ZnS nanoparticles
and hence, provides an ideal platforn1 to investigate its influence in
microscopic details. The results presented here demonstrate the role
of S-H interactions in the time-evolution of crystalline behavior of
these particles [3]. These particles may possibly be used as an ideal
water sensor due to the observed gigantic changes seen in XRD ann
FTTR. [1] H. Zhang, B. Gilbert, F. Huang, J. F. Banfield, Nature 424
(2003) l02fi. [2] F. Huang, B. Gilbert, H. Zhang, J. F. Banfield, Phys.
Rev. Lett. 92 (2004) 155501. [3] Navendu Goswami & P. Sen, Volume
132, Issue 11, pp. 791-794 Solid State Communications (DOT
information 10.1016 jj .ssc.2004.09 .022)

Z3.2
Synthetic Chemistry on Controlling the Structure of
Cerium-Titanium Composite Oxide Nanoparticles. Jin Lu2,
Curt A. Hoffl11an l

, Vie-Shein Her l and Xiangdong Feng1.2;

1 Electronic Materials Systen1, Ferro Corporation, Independence, Ohio;
2CAMP, Clarkson University, Potsdam, New York.

Nano-ceria and its con1posite particles have generated lots of interest
due to their unique physical and chen1ical properties and n1ultiple
applications such as solid electrolytes in oxide fuel cells, catalysts,
optical additives, cosmetic materials, and abrasives for chemical
n1echanical planarization. However, the synthetic chen1istry and
particle forn1ation n1echanisn1 are still not well understood. The
physical and chen1ical properties prepared fron1 various chen1ical
processes differed significantly due to the presence of different
chen1ical speciation, which pron10te different chen1ical reactions and
in1pact different nuclei forn1ation and growth of the particles. In this
paper, we present a systen1atic study of the chen1ical species and their
reaction n1echanisn1 during hydrothern1al synthesis of ceriun1-titaniun1
composite oxide nanocrystalline particles starting from ceriun (TV)
an1n10nia nitrate, titaniun1 isopropoxide, acetyl acetone, and an1n10nia
hydroxide solution. Each reaction step and chen1ical intern1ediate are
studied using GC-MS, FT TR, 1H NMR, 13C NMR, XPS, XRD, SEM,
and TEM. This study confirms that the hydrothermal synthesis of the
ceriun1-titaniun1 con1posite oxide nanoparticles consists of the
following four steps: 1. Titaniun1 di-acetylacetone isopropoxide is
forn1ed through ligand exchange reaction between acetyl acetone and
Ti(iso-Pro)4 to enhance the stability of the starting n1aterials in an
aqueous system 2. Formation of homogenous Ce(TV)jIIT)jTi(IV)
solution or coupled =Ce-O-Ti= molecular solution to promote
uniform distribution of Ce and Ti before hydrolysis 3. Formation of
mixed hydroxide HO-Ce-O-Ti-O-Ce-OH by reaction with ammonium
hydroxide before hydrothermal treatment 4. Coversion of mixed
hydroxide into composite oxides O-Ce-O-Ti-O-Ce-O through in situ
dissolution and recrystallization A good understanding of these
chen1ical speciation and reaction n1echanisn1 enables us to have
precise control of the nanoparticle structure (prin1ary and secondary
particle sizes, particle shape, and crystallinity) and also improve the
production efficiency and econon1ics in con1n1ercializing the
nanoparticles.

Z3.3
Sol Gel Preparation of Ta205 Nanorods using DNA as
Structure-Directing Agent. Carlos Alberto Martinez', Perla Elvia

Garcia1, Hun1berto Alejandro Monrea12 and Alberto
Martinez-Villafane2; lCiencias Basicas del lIT, Universidad
Autonon1a de Cd. Juarez, Juarez, Chihuahua, Mexico; 2Deterioro de
Materiales, Centro de Investigacion en Materiales Avanzados,
Chihuahua, Chihuahua, Mexico.

N anostructed Inaterials have attracted considerable attention because
of their novel properties and applications unlike those of conventional
n1acroscopic n1aterials. Recent progress in the synthesis and
characterization of nanowires and nanorods has been driven by the
need to understand the novel physical properties of
onedin1ensional(I-D) nanon1aterials, and their potential applications
in constructing nanoscale electronic and optoelectronic devices. In
particular, nanostructured n1aterials transition-n1etal oxides such as
tantalun1, titaniunl, and vanadiul11 oxides are generally accepted as
the next generation n1aterials in fields such as electronics, and
advanced catalysts. There are several reports on the preparation of
Ti02 particles of nanOlneter size, otherwise, there are a few reports in
the preparations of tantalun1 and vanadiun1 oxides n1aterials in the
nanoscale size. In this work we present an easy route for the synthesis
of Ta205 nanorods by sol gel l11ethod using circular DNA as directing
agent, the DNA used as ten1plate was extract froln the plaslnid
pBR322 4,361 pb. The size of the nanorods were in the order of 40 to
150 nn1 in dian1eter and several Inicrons in length. This easy
preparation n1ethod can be useful in the synthesis
of nanon1aterials for electronics and optoelectronics as well as catalysts.
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Z3.4
Space Charge Conduction in Gallium Arsenide Nanowires
and the Meyer Neldel Rule for DC Conductivity in Gallium
Arsenide, Germanium Nanowires and BizS3 Nanowire
Bundles. April Dawn Schricker, Forrest M. Davidson, Michael B.
Sign1an, Tobias Hanrath and Brian A. Korgelj Chen1ical Engineering,
Center for Nano- and Molecular Science and Technology, and Texas
Materials Institute, University of Texas, Austin, Texas.

Large quantities of nanowires can easily be synthesized and used as
active C0111pOnents in device structures for various applications,
including sensing, inforn1ation storage, C0111puting, then110electric
refrigeration, photovoltaics, and illu111ination. For these applications,
having a thorough understanding of nanowire electrical properties is
critical. Although electrical transport through bulk sen1iconductors
and heterostructures is very well-studied, there is currently little data
on the transport properties of single-crystal sen1iconductor nanowires.
In this work, the temperature dependent electrical properties of
GaAs, Ge nanowires and BbS3 nanowire bundles were investigated
and con1pared. The GaAs and Ge nanowires were synthesized by the
supercritical fluid-liquid-solid (SFLS) approach seeded by gold
nanoparticles where as the BizS 3 was synthesized by a solvent less
synthesis technique. In each case, the nanowires were deposited on
device substrates pre-patterned by electron beam lithography (EBL)
with Au/Cr contact electrode arrays. Electrical contact between the
nanowires and the electrode arrays was n1ade by depositing local Pt
interconnects using focused ion bean1 (FIB) assisted n1etal deposition.
Specifically, in the case of the GaAs, at ten1peratures higher than
~428 K, the current-voltage (IV) curves exhibited linear (Ohmic)
behavior with activation energies for transport ranging froln 0.12 to
0.18 eV, consistent with expectations for doped nanowires. At lower
ten1peratures, the IV curves exhibited nonlinear behavior consistent
with the onset of space-charge lin1ited conduction. The observed
voltage dependence of the current density, J oc V 1+', indicated that
the space charge lin1ited conduction in GaAs was controlled by
trapped charge. The characteristic trap energies ranged fron1 0.05 eV
to 0.10 eV. In addition, the Ge, GaAs nanowires and BizS 3 nanowire
bundles all showed a Meyer-Neldel relationship due to variation in
defect concentration fron1 wire to wire. The Ge nanowires exhibited
an inverse Meyer-Neldel behavior with a characteristic Meyer-Neldel
energy (EMN ) of -0.018 eV. The GaAs nanowires and BizS 3 nanowire
bundles that were not annealed exhibited Meyer-Neldel behavior with
an E MN of 0.044 eV and 0.038 eV, respectively. In comparing the
characteristic Meyer-Neldel energies of all three wire types, our results
indicated that the orientation of nanowire lattice defects to current
flow and thick an10rphous surface coatings increase the electrically
active defect concentration which increases the nanowire variability in
resistivity.

Z3.5
Self Assembled Silver Nanoparticles on Nanostructured
Surfaces for Surface Enhanced Raman Scattering.
Surojit Chattopadhyay" Shih-Chen Shi3 , Hung Chun Lo!.3,

Kuei-Hsien Chen1.2, Chih-Hsun Hsu2 and Li-Chyong Chenz ;
llnstitute of Atolnic and Molecular Sciences" Acaden1ia, Sinica,
Taipei, Taiwan; 2Center for Condensed Matter Sciences, National
Taiwan University, Taipei, Taiwan; 3Materials Science and
Engineering, National Chiao Tung University, Hsinchu, Taiwan.

Surface enhanced Ralnan spectroscopy (SERS) has evolved as a
powerful and sensitive tool for detection and identification of a wide
range of adsorbate n101ecules down to the lilnit of single n101ecule
detection. In this paper we report the self assembly of silver
nanoparticles, with less than 10 nn1 dian1eter, on a variety of
nanostructured surfaces. The surface energies offered by these
ten1plates nan1ely, silicon nanotips (SiNNT), alun1inun1 nitride
nanotips (AINNT), nanorods (AINNR) and carbon nanotubes (CNT)
to an incident flux of silver aton1S culn1inates in organizing silver
naoparticles at an extren1ely high density on their surfaces that
readily exhibit SERS. These one dimensional nanostructured
ten1plates are prepared by conventional plasn1a or thennal chelnical
vapor deposition (CVD) techniques. Silver has been deposited on
these surfaces via ion bean1 sputtering technique. These specially
prepared substrates containing the nanoparticulates on the one
din1ensional nanostructured surfaces are SERS active. Molecules such
as Rhodamine 6G, or BPE adsorbed on these substrates show SERS
reproducibly. Such slnall size (10 lun) silver clusters are generally
prepared by wet chelnical techniques which are not suitable in device
processes. However our technique in generating SERS active
substrates are entirely plasn1a based and con1patible to device
processes. The large surface area of the nanostructured substrates and
the extren1e high density of the nanoparticulates distributed on then1
enable the substrate to behave as reliable and reproducible SERS
active substrates even at very low concentrations of the n101ecules
under study. A range of Ran1an enhancen1ent factors could be
obtained using these substrates in the range of lOG to 108 .

Z3.6
Self-Catalyzed Growth of Gallium Nitride Nanowires.
Blake S. Simpkins', Lars M. Ericson', Rhonda M. Stroud 2 and Pehr

E. Pehrsson'; 'Tribolgy Section 6176, Naval Research Lab,
Washington, District of Colun1biaj 2Magnetoelectronic Materials and
Devices Section 6361, Naval Research Lab, Washington, District of
Columbia.

Research activity on sen1iconductor nanowire (NW) structures has
surged recently due to advances in growth techniques [1] and an
increased demand for their applications, which include biological [2]
and chen1ical [3] sensors. The present work describes a new n1ethod
for producing self-catalyzed nanowires that has the potential to
overcon1e several disadvantages of conventional n1etal catalyzed
growth. In past reports on NW growth, precursor n1aterials have been
delivered in the forn1 of Inetal-organics, [4J heated pure n1etals, [5] and
even laser ablated species, [6] however, Inetal catalysts were also
needed to initiate nucleation and growth in these studies [7]
introducing the danger of chan1ber or wire contalnination. To address
these shortcOlnings, we have pursued the growth of GaN:NWs using a
Ga-based catalyst. This novel approach will potentially simplify
growth procedures and elin1inate the risks of wire and chan1ber
contan1ination. In this work, we will present and con1pare structural
and electrical characterization of both gallium nitrate (Ga(N03)3)
and Ni film-catalyzed GaN:NWs. We have employed CVD growth
using NH3 and Inetallic Ga as precursors to grow GaN:NWs on Si and
a-A1203 substrates and have grown wires using either a Ga(N03)3
solution or a Ni filn1 as catalyst. Wire size and areal density were
characterized using SEM while TEM with EDS and SAED were used
for con1positional and crystallographic interrogation verifying the
presence of wurtzite GaN. Carrier type, density, and n10bility in the
wires were evaluated through gated I-V n1easuren1ents. These results
indicate that Ga-catalyzed growth of GaN:NWs is possible and
further studies of substrate effects and growth paran1eters are in
progress. The significance of this work can be appreciated by
considering the possibility of completely catalyst-free growth of
GaN:NWs. Within an MOCVD growth chamber, Ga droplets could
first be accun1ulated on the growth surface by introducing a high flux
of Ga precursor. This step would be followed by standard NW growth
procedures. The Ga droplets would act as the NW catalysts
con1pletely ren10ving the need for any ex-situ deposited catalyst. 1. X.
Duan and C. M. Lieber, Adv. Mat., 12, 298 (2000). 2. G. Steinhoff,
et.al., Adv. Funct. Mat. 13, 841 (2003). 3. P. Qi, et.al., Nano Lett. 3,
347 (2003). 4. T. Kuykendall, et.al., Nano Lett. 3, 1063 (2003). 5. C.
H. Liang, et.al., Appl. Phys. Lett. 81, 22 (2002). 6. A. M. Morales and
C. M. Lieber, Science, 279, 208 (1998). 7. R. S. Wagner and W. C.
Ellis, Appl. Phys. Lett. 4, 89 (1964).

Z3.7
Novel Spray Technique for the Formation of Semiconductor
Nanocrystals. Lilac Amirav and Efrat Lifshitz; Chemistry and Solid
State Institute, Technion - Israel Institute of Technology, Haifa, Israel.

We present a novel spray technique for the forn1ation and production
of sen1iconductor nanocrystals that offers an attractive alternative to
conventional production n1ethods, epitaxial growth and colloidal
synthesis. According to this spray method, mainly thermospray,
aqueous or organic solutions of sen1iconductor salts are first sprayed
into monodispersed droplets, which subsequently become solid
particles by solvent evaporation. The concept of the spray process
assun1es that one droplet fonns one product nanocrystal upon the full
vaporization of the liquid. The average dian1eter and size distribution
of the final nanocrystals can be controlled and determined by the
solute concentration of the sprayed solution and the droplet size,
hence by spray production parameters. The spray produced
nanocrystals are collected on any selected solid support. In this
presentation we shall show preliminary results that demonstrate the
forn1ation of CdS nanocrystals in the zinc blend phase. These
nanocrystals were obtained in the size range of 3 to 6 nanon1eter with
a size distribution of as low as five percents, which den10nstrates the
usefulness of this novel technique. In addition, we also obtained CdS
crystal oval rings with a width of a few nanon1eters and a length
varying fron1 a few nanon1eters to a few hundred nanon1eters. The
appearance of rings can serve as evidence for the potential of the
novel technique to show new and previously unobserved structures.
The spray technique is further characterized by several new and
unique features and benefits such as: (a) production of free uncoated
sen1iconductor nanocrystals, which have the potential of creating the
densest possible assemblies; (b) the opportunity to dope the
nanocrystals, enabling the cOlnbination of quantun1 confinelnent with
the introduction of extra carriers or spins.

Z3.8
Synthesis in Supercritical Fluids of Functionalized Palladium
Nanoparticles for Catalysis. Cyril Aymonier', Sandy Moisan' ,

Victor Martinez2, Stefan Mecking2 and Francois Cansell l ; llnstitut
de Chimie de la Matiere Condensee de Bordeaux (ICMCB), CNRS,
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Pessac Cedex, France; 2Fachbereich Chelnie, Universitat Konstanz,
Konstanz, Gennany.

Over the past decade, chemistry of nanoscale metal colloids and
clusters has retained significant interest, especially in the field of
catalysis. As an intern1ediate forn1 between hon10geneous and
heterogeneous catalysis, colloidal catalysis, based on soluble transition
metal nanoparticles is more and more studied [1]. One of the
challenges in the developn1ent of this new kind of catalysts concerns
their synthesis in a control way, Inainly, in tern1 of size, n10rphology,
structure, chelllical con1position and surface properties. As a new
alternative, the synthesis of functionalized palladiun1 nanoparticles in
supercritical fluids is investigated in our laboratory. Beyond an
in1portant environn1ental aspect, supercritical fluids exhibit a range of
unusual properties that can be exploited for the development of new
reactions which are, in the field of nanon1aterials synthesis, different
fron1 those perforn1ed with classical way of solution chelnistry. The
n1ain interest of supercritical fluids as reaction n1edia to synthesize
nanon1aterial is the possibility to tune continuously the fluid
properties fron1 gas to liquid with slnall pressure and telnperature
variations [2]. Moreover, supercritical fluid technology of
nanon1aterials synthesis offers the possibility of n1assive production
which is, today, one of the luajor lin1iting factors to their industrial
development. After a brief overview of supercritical fluid properties
and their in1plication in the field of nanon1aterials synthesis and
functionalization, we propose to describe the process, developed in our
laboratory, to synthesize functionalized nanomaterials. The synthesis
of functionalized palladiun1 nanoparticles is based on a chelnical
transforn1ation of a palladiun1 precursor in supercritical C02 in
presence of a functionalizing agent, being, in this study, a n10dified
hyperbranched polyethyleneimine. Different kinds of modified
hyperbranched polyethylenein1ine are investigated. The influence of
the process operating conditions (pressure, ten1perature, residence
tin1e, n1etal precursor concentration, n1etal precursor to n10dified
hyperbranched polymer ratio) on the functionalized Pd nanoparticles
properties will be presented by n1eans of transn1ission electron
microscopy, electron diffraction, X-ray photoelectron spectroscopy. [1]
R. Sablong, U. Schlotterbeck, D. Vogt, S. Mecking, Adv. Synth.
Catal., 2003, 345, 333-336. [2] F. Cansell, C. Aymonier, A.
Serani-Loppinet, Curro Opin. Solid State Mater. Sci., 2003, 7, 331-340.

Z3.9
Preparation of Nano-Materials Using Pulsed Laser Ablation
and Arc Discharge in Water. Hiroharu Kawasaki, Yoshiaki Suda
and Tan1iko Ohshin1a; Sasebo National College of Technology, Sasebo,
Japan.

Interest in nanon1aterials has been rapidly growing for the past
several years. In particular, carbon nanon1aterials including fullerene
n10lecules, carbon nanotubes, nanohorns and nanoonions are
pron1ising new n1aterials for a variety of potential applications. This
paper describes a silnple production n1ethod of carbon nanoparticles
by intern1ittent arc discharge in water between pure graphite
electrodes. The carbon nanopartic1es were obtained in the fonn of
floating powders on water surface. High resolution TEM observations
of them revealed that the floating powders were of the shape of
spherical carbon nanotubes and multi-walled carbon nanotubes.
Spectroscopy of the intennittent arc discharge elnission in water was
perfonned to asses the arc plaslna con1ponents (i.e. H, C+ etc). The
result indicates that the carbon vapor produced by arc discharge is
transformed to CO gas by the reaction with water. The rates between
carbon soot products and graphite electrodes consun1ption by the arc
discharge n10de (dc or intern1ittent) in water are discussed.

Z3.10
NanD-Alumina Particle Dispersions in Polymers.
Dongsik Kin1 1

, Carol F. Barryl, Julie Chen2 and Joey L. Mead 1
;

'Plastics Engineering, U Mass Lowell, Lowell, Massachusetts;
2Mechanical Engineering, U Mass Lowell, Lowell, Massachusetts.

Nanocon1posites becon1e n10re in1portant as they could have in1proved
mechanical properties. Alumina is frequently used for strengthening
purpose as filler. Although the size of filler particles is critical,
breakdown of agglon1erates and dispersion are the essential part of the
in1provelllents. For con1n1ercial applications, continuous process is
better than batch process. Alumina/polyethyleneterephthalate (PET)
nanocon1posites were prepared using 38 11111 nanopartic1es by a twin
screw extruder. The nanoparticles were dispersed up to 5 wt%. The
effects of nano particles on the morphology of crystalline polymers
and the effects of the crystallinity of polymers on the degree of
nanoparticles dispersion in the con1posites were studied. The
con1posites were san1pled in front of the exit of the twin screw
extruder and they were frozen for preventing change of n10rphology.
The san1ples were analyzed by a transn1ission electron n1icroscopy
(TEM) and atomic force microscopy (AFM). The degrees of dispersion
were n1easured with the TEM in1ages by the in1age analyzing progran1

Scion@, which n1easured the average particle size in the con1posites.

The crystallinity of PET measured by a differential scanning
calorimeter (DSC) was changed by the amount of nanoparticles from
51 % to 45%. These changes seem to indicate that the nanoparticles
interfere with the n10tions of n10lecular chains so that the degree of
crystallization in polyn1ers was lowered. The degrees of dispersion in
the different crystallinity of matrix polymers were hardly correlated.

Z3.11
Doping and Planar Defects in the Formation of Single-crystal
ZnO Nanorings. Yong Ding, Xiangyang Kong and Zhonglin Wang;
Materials Science and Engineering, Georgia Institute of Technology,
Atlanta, Georgia.

The in1portant characteristics of the wurtzite structured ZnO an:~ the
non-central syn1n1etry and the polar surfaces. However, for a general
case, one-din1ensional ZnO nanostructures usually grow along the
c-axis and the side surfaces are {01-10} and/or {2-1-10} due to their
lower energies than that of (0001) ,resulting in the vanishment of
dipole n10n1ent and n1uch reduced piezoelectricity. To n1axin1ize the
effect of polar surfaces and the piezoelectricity, nanobelts grow along
[01-10] or [2-1-10] are preferred. We have previously reported
freestanding ZnO nanobelts that grow along [01-10], and we pointed
out that the [01-10] nanobelts are always accompanied with basal
plane stacking faults. This study indicates that energy barrier set by
the polar surfaces may be overcome by basal-plane planar defects
introduced by ions doping, such as In ions. Recently, we have
den10nstrated a large-yield and high purity growth of polar surface
don1inated ZnO nanobelts and nanorings by introducing In and/or Li
ions in the raw n1aterial in the vapor-solid growth process. An
in1portant fact is that each and every nanoring is n1ade of a nanobelt
that has basal-plane planar defects, which are suggested to be
in1portant for leading the fastest growth of the nanobelt as well as
lowing its elastic deforn1ation energy. Using high-resolution
transn1ission electron n1icroscopy (HRTEM), we have investigated the
nature of the planar defects in the nanobelts and in nanorings. The
data show that the planar defects were initiated and formed by
single-layer segregation of the doping elen1ent, such as indiun1, which
was introduced in the growth process. The accunnIlation of in1purity
ions forn1s two vicinal In-O octahedral layers. They serve as
head-to-head and tail-to-tail polar-inversion don1ain boundaries
(IDBs). The defects are considered to take a key role in controlling
the growth direction of the polar-nanobelt. The head-to-head and
tail-to-tail paired IDBs do not change the polarity of the nanobelt.
Therefore, the nanoring is initiated by circularly folding a nanobelt
due to long-range electrostatic interaction between the surface
polar-charges on the two sides, and a loop-by-loop winding of the
nanobelt forn1s a con1plete ring. This analysis supports the n1echanisn1
proposed for the formation of nanorings. References: 1. O. Dulub,
L.A. Boat.ner and U. Diebold, Surf. Sci., 519, 201 (2002). 2. Z. W.
Pan, Z. R. Dai, and Z. L. Wang, Science, 291, 1947 (2001). 3. P. Gao,
Y. Ding, and Z.L. Wang, Nano Lett., 3, 1315 (2003). 4. Z.L. Wang,
Z.W. Pan and Z.R. Dai, Microscopy and Microanalysis, 8, 467 (2002).
5. X. Y. Kong, Z. L. Wang, Nano Lett., 3, 1625 (2003). 6. X. Y. Kong,
Y. Ding, R. S. Yang and Z. L. Wang, Science, 303, 1348 (2004). 7. For
details please visit www.nanoscience.gatech.edu/zlwang

Z3.12
Self-Assembly of Nanowires for Making Nanoscale Organic
Transistors. Shuhong Liu and Zhenan Bao; Chen1ical Engineering,
Stanford University, Stanford, California.

Considerable efforts have been placed on searching for alternatives to
conventional silicon electronics in recent years. Present
photolithographic techniques grow exponentially n10re expensive with
decreasing feature size, and n1ay never reach the din1ensions required
for new technologies. In our work, we design a new nanopatterning
n1ethod that relies on self-assen1bly of nanowires to n1ake nanoscale
electrode gaps. Metal nanowires are prepared through electrochen1ical
deposition of n1etal ions into porous alun1ina ten1plate and are
derivatized by using positively and negatively charged self-assembled
n10nolayers. Self-assen1bly of nanowires on n1etal electrodes are
studied by controlling surface chemistry of the bottom electrode
contacting the nanowires, surface topography of botton1 electrodes,
n1icrofluidic conditions, or the con1bination of then1. Several
approaches such as n1icrocontact printing, topographically directed
etching and cold welding are employed here. Devices are fabricated by
using nanowires as source and drain electrodes, and growing organic
semiconductors selectively between them. Electronic properties from
transistors with different channel lengths are reported.

Z3.13
Surface Chemistry at Size-Selected, Aerosolized Silicon
Nanoparticles. Jeffrey Roberts1.2, Aluanda Nienow 1 and Uwe

Kortshagen 2; lChen1istry, University of Minnesota, Minneapolis,
Minnesota; 2Mechanical Engineering, University of Minnesota,
Minneapolis, Minnesota.
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A new n1ethod is described to conduct surface chen1istry and extract
surface kinetic rates fron1 size-selected aerosol nanoparticles. Results
will be presented on the oxidation of silicon nanoparticles of initial
n10bility dian1eter between 5 and 20 lUll. The particles were
investigated for changes in surface area and n10rphology using on- and
off-line nanoparticle characterization instrun1entation. Experin1ents
will be reported on the oxidation of crystalline silicon nanoparticles
by n101ecular oxygen and by water vapor. The particles were forn1ed
fron1 silane in a 1nicrowave plasn1a reactor, and were extracted
directly from the synthesis chamber into an aerosol How tube reactor.
We believe these to be an10ng the first 1neasure1nents of reaction
kinetics that have been conducted on size-selected, aerosolized
nanoparticles. The results are i1nportant because gas-to-particle
conversion is a potentially in1portant n1ethod for synthesizing
nanoparticles for 1naterials science applications. The principal
ele1nents of the at1nospheric pressure aerosol flow reactor were as
follows. Free flowing-strean1s of silicon particles were extracted fron1
the synthesis chan1ber. The particle strean1S were sent through a
bipolar diffusion charger to establish a known charge distribution, and
then a specific particle size was selected with a diH'erential mobility
analyzer (DMA). The monodisperse particle streams were swept by a
carrier gas into a reaction zone. The reaction zone was designed for
maximal flexibility, with variable temperature (25-1200 °C), particle
residence tin1e (1-10 s), and gas-phase con1position (0-100% oxygen
and 0-50% relative hun1idity). Particles that exited the reaction zone
were analyzed in two ways: (1) for size changes, with a second DMA
capable of n1easuring dian1eter changes as sn1all as 1% (i.e., less than
one n10nolayer), and (2) for nano-structural and nano-n10rphological
changes that are induced by surface processing, using transn1ission
electron microscopy (TEM). Silicon oxidation results in an increase of
particle size. The size increase 111easure111ents were analyzed using the
Deal-Gave n10del, and assun1ing a shrinking silicon core surrounded
by an oxide shell. Results indicate that under the conditions studied,
the extent of oxidation was largely controlled by diffusion through the
oxirle shell.

Z3.14
Transferred to Zl1.8

Z3.15
Magnetic Particle Formation by Rapid Expansion of
Supercritical Solutions. Silvia De Dea l 2, D0111inic Graziani2

David R. Miller' and Robert E. Continetti2
; 'Mechanical and

Aerospace Engineering, University of California, San Diego, La Jolla,
California; 2Chen1istry and Biochen1istry, University of California,
San Diego, La Jolla, California.

Rapid Expansion of Supercritical Solutions (RESS) was used to
produce sn1all n1agnetic particles by expanding a supercritical solution
of carbon dioxide and an organon1etallic con1pound. RESS is a
well-known n1ethod to obtain sn1all particles of uniforn1 size. In fact
when a solution of a dissolved solute in a supercritical fluid is
expanded across a micro-orifice, the density of the solution decreases
draInatically and the solute precipitates uniforn11y due to high
supersaturation ratios. Fine n1agnetic particles have n1any
applications as, for exa1nple, recording 1nedia, ferrofluids and targeted
drug delivery. Still unresolved in RESS type depositions is the difficult
question of quantifying where the final observed particles are forn1ed
and grown, in the expansion and/or on the substrate. In this study
the forn1ation of Fe203 by expanding a supercritical solution of
carbon dioxide and iron acetylacetonate on a hot silicon substrate has
been investigated. The ten1perature of the substrate was set above the
dec01nposition ten1perature of the con1pound so that the
decon1position would occur at the surface with subsequent fonnation
of Fe203 in an oxidizing atn10sphere. Many para1neters (te1nperature,
pressure and expansion conditions) influence particle size and
distribution. A very important aspect of RESS is that accurate
solubility data are necessary to completely characterize the
supercritical solution. For this purpose a viewing cell was introduced
in the process to allow both solubility and concentration
n1easuren1ents using UV-visible absorption spectroscopy just before
the expansion. The solubility data obtained will be presented and
con1pared with a fit using the Peng-Robinson equation of state for the
supercritical 1nixture. The current RESS apparatus includes two
supercritical pU1nps, an extraction cha1nber, a UV-vis cell followed by
an orifice nozzle and an expansion cha111ber into which the supersonic
expansion occurs. The experin1ental apparatus allows control on all
the process variables: pre-expansion te1nperature, pressure and
con1position of initial solution, ten1perature of the substrate, position
of the substrate with respect to the nozzle, and the expansion cha1nber
pressure. The latter two variables significantly affect the shock wave
structure of the expansion. At higher expansion chan1ber pressures
there are well-defined shockwaves in the expansion, which have been
recently studied in the current systen1, and the effect of the expansion
jet structure on particle n10rphology will be discussed. Recording the
experin1ental paran1eters and correlating then1 with the n10rphology of
the particles deposited on the substrate will allow optimization of the

RESS process for specific nanoparticles deposits. The deposited
particles were analyzed using scanning electron n1icroscopy and it was
found that the size distribution ranged fron1 1nicrons to nanon1eters
depending on the expansion conditions. In general sn1aller particles
are fanned when the expansion is into vacuun1.

Z3.16
Temperature, Pressure, and Catalytic Effects on the
Morphology of CdSe Nanostructures. Christopher Ma, Georgia
Institute of Technology, Atlanta, Georgia.

Cadn1iun1 Selenide (CdSe) is an in1portant optoelectronic,
lun1inescent, and lasing n1aterial. The successful synthesis of CdSe
nanobelts, nanosaws, and nanowires have previously been reported [1].
The nanosaws are suggested to be a result of ato1nic-tennination
induced asyn1n1etric growth due to the cation-tern1inated,
catalytically active (0001), while the anion-terminated (000-1) is
chen1ically inactive. By controlling the growth direction, selection of
the ionic side surfaces can by achieved, yielding the saw-like
nanostructure. En1pirical evidence indicates that ten1perature and
pressure have a strong affect on the growth kinetics of these
nanostructures. We present research den10nstrating a systen1atic
investigation of the effects of pressure, te1nperature, and catalyst on
the morphology of one-dimensional CdSe nanostructures. [1] Chris
Ma, Yang Ding, Daniel Moore, Xudong Wang and Z.L. Wang*
"Single-Crystal CdSe Nanosaws", J. Am. Chenl. Soc., 126 (2004)
708-709 (featured by Nature 427 (2004) 497). [2] For more details,
please visit: www.nanoscience.gatech.edu/zlwang

Z3.17
Synthesis of Si/metal One-dimensional Heterostructures.
Yang Jiao and Quan Li; Physics Departn1ent, The Chinese University
of Hong Kong, Hong Kong, Hong Kong.

Si-based one-dimensional (lD) heterostructures have attracted much
attention in recent years as they n1ay be easily integrated into the
current Si technology and thus serve as building blocks for various
nanodevices. In this study, we den10nstrate that several different types
of Si/n1etal ID nanostructures, including Si/n1etal nanowires,
n1etal-core/Si-sheath nanocables, and aligned n1etallic nano dots in
silicon oxide nanowires, can be fabricated using thern1al evaporation
by controlling the supersaturation of the Si-containing vapor phase. A
detailed n1icrostructure study of the nanostructure is presented.
Several critical growth paran1eters such as the an10unt and the
morphology of the catalyst material have been systematically
investigated in order to understand the growth n1echanisn1. Such
synthetic method can be widely applied to a variety of other materials
so that different Si-based 1D heterostructures can be readily obtained.
Novel electrical and optical properties are expected in these
nanon1aterials due to their special IV n10rphology.

Z3.18
Surface Modified Boehmite Aluminas: A Versatile Approach
to NanD-scale Particle Dispersion and NanocoITlposites.
Steven L. Baxter' and Olaf Torn02

; 'R&D, Sasol North America Inc.,
Westlake, Louisiana; 2Sasol Gern1any, Ha1nburg, Gern1any.

Certain forn1s of n10nohydrate alun1inun1 oxide, con1n10nly known as
boehn1ite or pseudoboehn1ite alun1ina, are known to disperse in water
at low pH to nano-scale din1ensions. The upsurge of interest in
nano-scale structures has pron1pted our study of the surface
n10dification of nano-scale boehn1ite alun1inas with organic acids in
order to achieve dispersion of these n1aterials in non-aqueous systen1s
and alkaline aqueous systen1s. This paper discusses the variety of
n10difiers used to achieve con1patibilization and dispersion of
nano-sized particles of these boehn1ite alun1inas in aqueous and
organic n1atrices, including: - Polyn1eric systen1s - Low pH aqueous
systen1s - High pH aqueous systen1s - Polar organic systen1s 
Non-polar organic systen1s Organic n10dification of a variety of
crystallite sizes (3-50 nm) and shapes (plates, needles, blocks) has
been achieved, including n1aterials of high aspect ratio. We describe
the properties of these dispersions, including prin1ary particle size,
dispersed particle size, and surface charge. Finally, we present
physical property data of polyn1er nanocon1posites prepared fron1
these n1aterials. These n1aterials are based on a con1n1ercial process
which has been in operation for over 40 years and which has global
production capacities of 70,000 tons per annun1.

Z3.19
Mass-productive Synthesis of Large-grained Multicrystalline
Inorganic Electride C12A7:e- by Melt Crystallization
Method and its Application to Field-emission Light-emitting
Device. Yoshitake Toda1

, Sung W ng Kin1 2, Takashi Sakai1, Masashi
Miyakawa2 , Toshio Ka111iya1.2, Masahiro Hiran02 and Hideo
Hosono1.2.3; 1 Materials and Structures Laboratory, Tokyo Institute of
Technology, Yokoha1na, Kanagawa, Japan; 2Hosono Transparent
Electro-Active Materials, Japan Science and Technology Agency,
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YokohaIua, Kanagawa, Japan; 3Frontier Collaborative Research
Center, Tokyo Institute of Technology, Yokohama, Kanagawa, Japan.

Inorganic elect ride C12A7:e- is a crystalline salt in which electron
anions are served as anions. Its base nlaterial is a nano-porous crystal
12CaO·7AbO, (C12A7), having twelve positively-charged cages (0.4
nnl in inner-dianleter) in a unit cell. It Iuay clathrate active anion
species such as O 2 - , 0 - , H - ann elect.ron (e -) in the cages, causing
various novel functions. C12A7 incorporating e- fornls the inorganic
electride C12A7:e- (1). This material is air-stable even at 500°C and
exhibit excellent electron emission properties that originate from
electrons loosely confined in the cages at a high density $~I021 cm- 3

(2). However, it takes 2 weeks or longer to prepare a 0.5-mm-thick
single crystalline CI2A7:e- sample because substitution of electron
for clathrated free oxygen ions is linlited by bulk diffusion and
extraction reaction at the sanlple surface. This process is not
applicable to powder or ceranlics C12A7 and requires single-crystalline
nlaterials. Therefore, we need to seek another nlethod to prepare
C12A7:e- at lower cost and higher throughput if aimed at
nlass-production use of the inorganic electride. Recently, we developed
a siinple nlethod to prepare large-grained (nlaxinlunl grain size is
$~3mm) multicrystalline C12A7:e- with electrons at $~IO'0cm-3. It
just solidifies melt of C12A7 sintered body in a reducing atmosphere
(nlelt crystallization nlethod). In this study, we exanlined electron
emission properties of multicrystalline CI2A7:e- synthesized by the
nlelt crystallization nlethod and conlpare the results with those
obtained on single-crystalline

3
CI2A7:e-. Multicrystalline CI2A7:e

was slIced Into 10x10xO.5nlnl plates. Electron enlission was nleasured
at $rv6x10- s Pa using a nlirror-polished surface to exanline the
fundanlental nlaterial properties. The distance between the enlitter
surface and an extraction electrode was adjusted precisely to be 0.05
nlnl using a 0.05-nlnl-thick nlica plate with a hole 6 nlnl in dianleter.
It was observed that electron enlission was controlled by thernlionic
enlission at low extraction voltages, while Fowler-Nordheinl (FN)
field-enlission donlinated at voltages higher than 2000 V and enlission
current reached 12 nlA cnl- 2. Field-enlission light-enlitting devices
were fabricated using the nlulticrystalline C12A7:e- as electron
enlitter, which displayed bright light enlission clearly visible in typical
anlbient light. These properties are alnlost the sanle as single
crystalline CI2A7:e-. (1) S. Matsuishi et aI., Science 301,626-629
(2003) (2) Y. Toda et aI., Adv. Mater. 16, 685-689 (2004)

Z3.20
Preparation of Mesoporous PdjSi3 N 4 Nano-composites via a
Non-aqueous Sol-gel Route. Fei Cheng, Stephen M. Kelly, Nigel A.
Young, Stephen Clark, M. Grazia Francesconi and John S. Bradley;
Chemistry, University of Hull, Hull, United Kingdom.

There has been considerable interest in the preparation of transition
nletal-loaded porous nlaterials due to their potential applications in
heterogeneous catalysis, catalytic gas filters and other fields. In our
group, we have developed a non-oxide sol-gel nlethod for the
preparation of high-surface-area nlesoporous silicon nitride, silicon
boron nitride and silicon alunlinunl nitride conlposites.1.2.3 In this
work, we report the preparation of nlesoporous Pd-Si 3 N 4

nano-conlposite nlaterials via a new sol-gel process as part of the
NANOSENSOFLEX program. All the experimental procedures were
perfornled under an anhydrous nitrogen atnlosphere using standard
Schlenk techniques or in a nitrogen-filled glove box. First, a
high-surface-area silicon diinlide gel was prepared by the
acid-catalyzed anlnlonolysis of tris(dinlethylanlino)silylanline
H2NSi(NMe2hl The silicon diimide gel was then reacted with 5% of
palladium (II) chloride to give a light yellow powder. Finally, pyrolysis
of the yellow powder under NH3 flow at 1000 °C gave the final
product. The FTIR, 20Si CP-MAS NMR, powder X-ray diffraction
and Pd K-edge EXAFS studies indicated that the final product was a
conlposite of crystalline Pd nletal anda-Si3N 4 . N2adsorption analysis
showed that the conlposite ceranlic nlaterial exhibited a nlesoporous
structure with a surface area higher than 400 n12/g. The heating rate
of the pyrolysis under NH 3 has a great effect on the pore size
distribution. Only one pore size distribution at 6 - 12 nln was
observed for the product pyrolyzed at a heating rate of 2°C/min, but
pyrolysis at a heating rate of 5 °C/min led to the formation of a
second pore size distribution at 15 - 25 11111. 1 F. Cheng., S. Clark, S.
M. Kelly, J. S. Bradley and F. Lefebvre, J. Am. Ceram. Soc., 2004,
87, 1413. 2 F. Cheng, B. Toury, F. Lefebvre and J. S. Bradley, Chem.
Comm., 2003, 242. 3 F. Cheng., S. M. Kelly, F. Lefebvre, S. Clark, R.
Supplit and J. S. Bradley, J. Mater. Chem., in press

Z3.21
Synthesis of Well Aligned ZnO Nanowires using Simple
Physical Vapor Deposition without Catalysts or Additives.
Xiaozhong Zhang l

, Lisheng Wang1
, Y. L. Zhou 2

, Junjie Qi 1 and

Guoyuan Zhou 1; 1 Materials Science and Engineering, Tsinghua
University, Beijing, China; 2Institute of Physics and Center for
Condensed Matter Physics, Chinese AcadenlY of Sciences, Beijing,

China.

Well aligned ZnO nanowires have been synthesized by simple physical
vapor deposition (PVD)approach using c-axis directed ZnO thin films
as substrate without the assistance of any catalysts or additives. The
synthesized nanowires have two typical average dianleters: 00nn1 in
nlajority and 120nnl in nlinority. The ZnO nanowires are about 4f.Lnl
in length and well aligned along the nornlal direction of the substrate.
XRD and HRTEM results confirmed that most of the ZnO nanowires
are single crystalline with a hexagonal structure and grow along the
[001] direction. It is believed that the ZnO nanowires grow following
VS nlechanisnl and the c-axis ZnO thin filnls control the growth
direction. We also proved that foreign atonlS are not necessary during
the growth procedure. In addition, PL spectruln has been nleasured
showing a single strong UV elnission (380nnl). Such result indicates
the ZnO nanowire arrays we report can be applied to optoelectronic
devices.

Z3.22
Growth of ZnO Nanowires Selectively on a Si Substrate
without a Metal Catalyst. John F. Conley, Lisa Stecker, Yoshi
Ono and Greg Stecker; IC Process Technology Lab, Sharp Labs of
Anlerica, Canlas, Washington.

Although nanostructured inorganic Inaterials such as nanowires have
shown pronlise for nlany applications, nluch of this work has been
acconlplished using crystal nlatched substrates such as sapphire or
SiC. Despite the prolnise of nanowires and other" bottonl-up"
nanotechnologies it is very likely that, at least initially, they will have
to be integrated onto a traditional "top-down" silicon CMOS
platforIn. Therefore, nanostructure fOrInation and placelnent should
be compatible with standard Si based processing and devices.
Fabrication of nanowire devices on Si substrates has typically involved
either dispersal of nanowires froln solution or a nletal catalyst.
Dispersal frOln solution typically results in randonl placenlent of
nanowires on the substrate and requires either that a wire fortuitously
span previously fOrIned electrodes or subsequent electron bealn
lithography on an individual nanowire in order to fOrIn a device. By
using either dispersed nanoparticles or a patterned thin filnl (rv<3
nnl) of a nletal catalyst (such as Au), one Inay grow nanowires
selectively onto a Si substrate. The metal catalyst is required for
vapor-liquid solid (VLS) transport, one of the primary methods of
nanostructure growth. Unfortunately, particles are never welconle in
an ultra clean fabrication environnlent and thin filnls of typical
nanostructure catalyst nlaterials are difficult to pattern via standard
processes such as etching and chenlical nlechanical planarization
(CMP). In addition, catalyst metals are a potential source of
contanlination that is detrinlental to device perfornlance (e.g. nlany
nletals act as efficient recolnbination centers in Si) and are thus best
avoided in a CMOS process. None of the above approaches is ideal for
integration into Si CMOS nlanufacturing environlnent. In this work,
we denlonstrate a siInple Inethod to achieve highly selective patterned
growth of ZnO nanowires directly on a (IOO)Si substrate without the
use of a nletal catalyst. Instead of a Inetal catalyst, a patterned thin
filnl ZnO layer is used to initiate and define regions of nanostructure
growth. Zn vapor is supplied via carbotherInal reduction of a
ZnO/ graphite Inixture. ZnO filnls are deposited via atonlic-layer or
nletal-organic spin-an-deposition. Transnlission electron nlicroscopy
(TEM), scanning electron microscopy (SEM), x-ray diffraction
(XRD), reveal selective growth of vertically aligned high quality single
crystalline NW with preferred c-axis orientation. The absence of
catalyst balls at the end of the nanowires indicates that growth likely
occurs via a vapor-solid rather than a VLS Inechanisln, with the thin
ZnO fihn acting as a seed. Photolulninescence (PL) nleasurenlents
reveal a strong intrinsic near-band edge PL peak at 380 nm with no
detectable visible spectrum PL, indicating a lack of defects. ZnO
nanostructure nlorphology was sensitive to ZnO seed layer deposition
technique and subsequent annealing conditions, as well as Si substrate
preparations such as inlplantation.

Z3.23
Interactions of Ge Atoms with Hi-k Oxide Dielectric Surfaces.
Scott K. Stanley and John G. Ekerdt; Department of Chemical
Engineering, The University of Texas Austin, Austin, Texas.

Gernlaniunl is beconling an increasingly inlportant nlaterial in
electronic applications due to superior carrier nlobility, lower band
edge, and enhanced quantunl confinenlent ability when conlpared with
silicon. Next generation flash nlenlory devices with Ge nanocrystals
encapsulated in Si02 or other dielectrics have been delnonstrated in
the literature. However, unlike Si upon which a high-quality oxide
nlay be fornled, Ge fornls unstable and volatile oxides conlplicating
the use of Ge. Despite the increasing interest in Ge applications,
surprisingly little is known about the reactions of Ge with various
oxide dielectric materials. In this work, GeH4 is thermally cracked
over a hot filament depositing 0.7-15 ML Ge onto Si02, Hf02, A12 0 3 ,

and Ti02 substrates. Ge bonding changes are analyzed during
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annealing sets from 300-1000 K with X-ray photoelectron
spectroscopy. Oe, OeH 4 , OeO, and Oe02 desorption is monitored
through tenlperature progranl111ed desorption in the tenlperature
range 300-1000 K. Low tenlperature desorption features are seen on
all substrates and attributed to OeH4 desorption. Various
tenlperature and substrate dependant surface reactions lead to Ge,
OeO, and Oe02 desorption. Interestingly, Oe02 (thought to be the
more stable oxide of Oe) actually desorbs before OeO on some
substrates. The stability of Oe, OeO, and Oe02 on oxide surfaces and
the chenlical vapor deposition of Ge on oxide surfaces are discussed.

Z3.24
Morpholog;y-Controlled Synthesis of Platinum
Nanostructures. Jingyi Chen, Thurston Herricks, Matthias Geissler
and Younan Xiaj Departnlent of Chelnistry, University of Washington,
Seattle, Washington.

We have synthesized Pt nanostructures with different morphologies by
controlling the reduction kinetics of a polyol process. Morphological
control was achieved by liIniting the reduction rate frolll Pt(II) to
Pt(O) through coupling with the Fe2+/Fe3+ redox pair and/or
blocking of self-catalytic sites with oxygen. X-ray photoelectron
spectroscopy (XPS) and UV-Vis spectral analysis helped to elucidate
the reaction 1118Chanis111. As a general trend, a slow reduction rate for
the Pt (II) species ultimately led to the formation of Pt
nanostructures with nlorphologies deviated fronl the thernlodynanlic
shape of a face-centered cubic nletal. To date, platinunl nanorods,
nanowires, nanocubes, tetrapods, and octapods have been obtained. It
is expected that this approach can also be extended to the
shape-controlled synthesis of other noble metals.

Z3.25
Abstract Withdrawn

Z3.26
Carbothermal Reduction of Titanium Dioxide Powder by
Solid Carbon. Oil-Oeun Lee', Oook-Hyun Ha2 and Byoung-Kee
Kin1 2; I Div . of Materials Science and Engineering, Pukyong National
University, Busan, South Korea; 2Korea Institute of Machinery and
Materials, Changwon, South Korea.

The titaniunl carbide powder is conuuercially produced prilnarily by
the carbothermal reduction of titanium dioxide powder by carbon,
especially carbon black, over a temperature range of l700-2i00K. The
reaction behavior of the titaniunl dioxide/carbon nlixture, especially
titaniunl carbide fonnation, in the carbothennal reduction nlethod is
very inlportant to obtain nanosized titaniunl carbide powder. The
nlanufacturing of the ultrafine titaniunl carbide powder with a
nonagglomerated state by this method should known to be the
reaction nlechanisnl. The chenlical nlechanisnl of this reaction is often
unknown, however, this is highly dependent on the conditions of the
process parallletere such as atlllosphere, pressure and tenlperature.
However, the paranleters related to the particle characteristics of
starting luaterial of the titaniunl dioxide, such as particle size and
phase structure, have been rerely studied exhaustively. In the present
study, the focus is on their role in the carbothermal reaction of the
titanium dioxide/carbon system. Four types of titanium dioxide
powders with various phase structures and nlean particloe sizes were
nlixed with carbon black. These nlixtures were heat treated under a
flowing argon atnlosphere. The changes in the phase structure and
thernlal gravity of the nlixtures during heat treatnlent were analyzed
using XRD and TG-DTA. Titanium dioxide powders with 100%
anatase phase structure exhibit a higher titaniunl carbide fonnation
ability than titaniunl dioxide powders with the nlixed phase structure
of the anatase and rutile structures. It was concluded that the phase
structure of the titanium dioxide plays a more important role than
the particle size on the carbothennal reduction of the titaniunl
dioxide/carbon system.

Z3.27
Synthesis of Au Coated Fe Nanopowders by Microemulsion
Process. Yong-Jin Kinl 1

, Ji-Hun Yu 1
, Gwiy-Sang Chung2 and

Jung-Ho Ahn3; 1 Departnlent of Materials Technology, Korea Institute
of Machinery and Materials, Kyungnanl, South Korea; 2School of
Infornlation Systenl Engineering, Dongseo University, Busan, South
Korea; 3Departnlent of Materials Engineering, Andong National
University, Kyungbuk, South Korea.

Nanopowders are one of the nlost attractive Inaterials because their
properties are very different fronl those of relatively large particles or
bulk nlaterials. The nanollleter-sized iron powders have attracted
nluch attention due to their potentials application in
nlagnetic-electronics and biotechnologies. However, the powders are
easily changed to iron oxide phase when contacting with air due to
their high reactivity. Many researchers try to prevent oxidation of the
nano sized particles by coating inert nlaterials such as Si02 or
polynlers on the powder. But these coated nlaterials also reduce the

nlagnetic properties. Gold is one of the interesting coating nlaterials
to prevent oxidation of nanoparticles without reducing the nlagnetic
properties and also prevent the corrosion from any kind of
environnlent. In this work, we have synthesized Au coated Fe
nanopowders by nlixing two nlicroenlulsion solutions containing the
nletallic salt and reduction agent solution. The particle size, structure
and nlagnetic properties of the synthesized nanopowders have been
characterized by transnlission electronic nlicroscopy, X-ray diffraction
and VSM. The luicroenlulsion solutions were prepared by stirring a
nlixture of CTAB, I-butanol and octane with an aqueous solutions of
HAuCl4 and FeCI3, respectively. For reducing the metallic ions,
another nlicroenlulsion solution containing reduction agents was
prepared in the sanle way but substituting NaBH4 aqueous solution
to nletallic ion containing solutions. Roth solutions were then
vigorously mixed. After the completion of the reduction reaction, the
resulting solution was centrifuged to separate the solid phase
products. These were then washed several tinles with a Inixture of
chlorofonu and nlethanol. The washed particles were dried in vacuunl
at 700C for 2 hours. The Au coated Fe nanopowders were successfully
synthesized by water in oil Inicroenul1sion systenl consisting of
water/CTAB and i-butanol/octane. The synthesized nanopowders
were less than 10 11111 in average powder size. The powder size was
nlainly controlled by the nlolar ratio of the water to surfactant. The
coating thickness of Au was also controlled by changing the anlount of
aqueous solution containing Au and Fe. The XRD results show the
particles were composed of the alpha iron and pure gold without any
oxide phase. The Au coated Fe particles also show superparanlagnetic
state at above the blocking temperature.

Z3.28
Formation of Self-assembled Monolayers (SAMs) in Vacuum
by using; Ti02 Interfacial Layer. Kwang M. Lee, Won S. Hwang

and Myung Mo Sung; Chemistry, Kookmin University, Seoul, South
KOff~a.

Self-assenlbled 1uonolayers (SAMs) are thin organic £1lnls which fonn
spontaneously on solid surfaces. They have been shown to be useful as
passivating layers and also for the nlodification of surface properties.
Potential applications include wetting, adhesion, friction, chelnical
sensing, ultrafine scale lithography, and protection of nletals against
corrosion. Alkylsiloxane nlonolayers are fornled on Si02 and Ti02
surface in vacuum. The Ti02 thin films were grown on Si(lOO)
substrate by atomic layer deposition from titanium isopropoxide and
water. Monolayers fornled on Si02 and Ti02 have been studied using
X-ray photoelectron spectroscopy(XPS), atomic force
microscopy(AFM), and contact angle analysis. Densely packed
alkylsiloxane monolayers similar in quality to those on Si02 in liquid
phase are fornled on Ti02 in vacuunl. SAMs are 1uore efficiently and
well formed on the Ti02 surface as compared to those on the Si02.

Z3.29
Ostwald Ripening Kinetics and Photoluminescence Shifts in
CdS-ZnS and CdSe-ZnSe Alloy Nanocrystals. Yun-Mo Sung,
Yong-Ji Lee, Kyung-Soo Park and Jung-Joon Na; Materials Sci. &
Eng., Daejin University, Pochun-si, Kyunggi-do, South Korea.

Semiconductor (II-VI) nanocrystals (CdSe, CdS, CdTe, ZnS, ZnSe,
ZnTe, etc.) have been intensively studied for their nniqne photo
absorption and enlission characteristics. They show specific quantunl
confinenlent effects and thus visible range elnissions with a particle
size. To inlprove quantunl efficiency those senliconductor nanocrystal
cores are covered with another senliconductor with a high-energy
band gap and core/shell nanocrystals have been achieved. Some
research results show that alloying of two selniconductors can inlprove
stability of nanocrystals compared to core/shell structures. Alloying
could be performed for II and VI elements, respectively. Although the
optical and electrical properties of nanocrystals are size dependent,
the Ostwald ripening kinetics of the alloyed nanocrystals have not
been defined in detail. In this study the CdS-ZnS and CdSe-ZnSe
alloyed nanocrystals were prepared by nlixing the starting precursors.
The Lifshitz-Slyozov-Wagner (LSW) theory was applied for Ostwald
ripening kinetics analyses of the alloyed nanocrystals, and
transnlission electron nlicroscopy (TEM) and photolunlinescence (PL)
data were used for this purpose. The diffusion constant (D) values
were deternlined fro1u the rate constant (!() values in the LSW
kinetics equation. Using Arrhenius-type plots the activation energy
values for the diffusion were detennined and the diffusion nlechanisnl
was discussed in the alloy systems. Also, the PL characteristics of the
alloyed nanocrystals were analyzed and conlpared to those of each
alloy component (CdS, ZnS, CdSe, and ZnSe). The systematic energy
band gap shifts, nleasured fronl PL data in the alloyed nanocrystals,
were considered and conlpared to those obtained fronl the Brus'
theoretical estinlation of a band-gap energy.

Z3.30
Highly Luminescent and Photostable ZnS/CdSe/ZnS
Quantum Wells for Biological Labeling via a Single Source
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Approach. Yang LI I , Steven M. Daniels l , Jianghua Feng2, Nigel L.

Pickett ' and Paul O'Brien ' ; 'School of Chemistry, University of
Manchester, Manchester, United Kingdonl; 2Division of Neuroscience,
Faculty of Life Sciences, University of Manchester, Manchester,
United Kingdom.

Quantum wells(QWs) of ZnS/CdSe/ZnS were prepared via single
source precursor nlethod. QWs with enlission fronl blue to red can be
obtained with quantunl yields ranging fronl 20 to 40%. Successive
injections of aliquots of Zn and sulfur precursors achieve several
nlonolayers thick ZnS shell for good photostability and high quantunl
yields. This synthetic method can be readily performed on a
nlultigranl scale. The nanoparticles were transferred into aqueous
solutions by encapsulation with an anlphiphilic polynler coating. The
coating was prepared by the hydrophobical nlodification of polyacrylic
acid with hexadecylanline using
N- (3-Dimethylaminopropy1)-N'-ethylearbodiimide hydrochloride
(EDAC) as a crossing reagent. This polymer and bis(3-aminopropyl)
terminated poly(ethylene glycol) were used to overcoat the surface of
ZnS/CdSe/ZnS to obtain the aqueous solution, which possessed
sinlilar optical properties to original QWs toluene solution. These
QWs sodiunl borate solutions were conjugated with tutfisn peptide,
which only has cell surface receptors on neutrophils and
nlonocyte-Inacrophages. Labeling these circulating pro-inflanlnlatory
cells can be monitored.

Z3.31
Alloying Kinetics of CdSe/ZnSe and CdS/ZnS Core-Shell
Nanocrystals. Yun-Mo Sung, Kyung-Soo Park, Yong-Ji Lee and
Jung-Joon Na; Materials Sci. & Eng., Daejin University, Pochun-si,
Kyunggi-do, South Korea.

II-VI semiconductor nanocrystals (CdSe, CdS, CdTe, ZnS, ZnSe,
ZnTe, etc.) have been intensively studied for their unique photo
absorption and enlission characteristics. They show specific quantunl
confinenlent effects and thus show visible range enlissions depending
on each particle size. To inlprove quantunl efficiency a senliconductor
nanocrystal core is often covered with another senliconductor shell
with a high-energy band gap. Sonle research results show that alloying
of two senliconductors can inlprove photoenlission stability of
nanocrystals conlpared to core/shell structures. However, sonletinles
alloying of two senliconductors with different atonlic size is inconlplete
and alloying effect is not fully achieved. In this study, CdSe/ZnSe and
CdS/ZnS core/shell nanocrystals were synthesized and further heated
at different temperatures for different time periods. The kinetics of
alloying was investigated using X-ray diffraction (XRD). The XRD
peaks from CdSe and ZnSe, and those of CdS and ZnS were shifted
with alloying temperature and time. The XRD quantitative analyses
were perfornled to obtain the volunle fractions of alloying and these
values were used for Johnson-Mehl-Avrami (JMA) isothermal kinetic
analyses. The JMA plots were produced and Arrhenius plots were also
produced using the y-intercepts of JMA plots. The activation energy
for alloying was obtained and discussed based upon diffusion of Cd 2 +
ions in CdSe-ZnSe and CdS-ZnS systems. Also, a kinetics equation for
Cd2+ ions was derived based upon an interfacial diffusion couple
model. The diffusion rates of Cd 2+ ions in ZnSe and ZnS, respectively
were estinlated and activation energy values for diffusion were
deternlined. The activation energy values were conlpared with those
fronl JMA analyses. The alloying nlechanisnls were suggested in detail
for the core/shell systems.

Z3.32
CdS and ZnS Nanoparticles Growth in Different Reaction
Media: Synthesis and Characterization. Francesco Antolini l ,
Enrico Trave2, Luciana Mirenghi l , Marilena ReI, Giovanni Mattei2,
Leander Tapfer l and Paolo Mazzoldi2; IMaterial Science Unit, ENEA,
Brindisi, Italy; 2Dip. di Fisica, Universita' di Padova, Padova, Italy.

In this work we report on the growth of cadlniunl sulfide and zinc
sulfide nanocrystals following three different synthesis routes. In
particular the nanocrystals were synthesized starting fronl a nletal
thiolate (i) in a solventless way by thennolysis, (ii) by a novel route in
tryoctilphosphine oxide (Tapa), and (iii) by direct synthesis in a
polystyrene nlatrix. The structural, nlorphological and
nlicroanalytical properties were investigated in detail by x-ray
diffraction (XRD), transnlission electron nlicroscopy (TEM) and x-ray
photoelectron spectroscopy (XPS). The experimental results show
that the nanocrystals fabricated by the different methods are under
optimized growth conditions single crystals of zincblende structure
and of regular spherical shape. The average size can be tuned between
1.5nm to 3.0nm and the size dispersion is less than 10%. The XPS
results indicate that for the nanoparticles obtained via solvent less
strategy the sulfur is present both as bonded to the nletal atonl and
to the organic residue while in the Tapa synthesized nanoparticles
the sulfur signal has only one conlponent associated to the
metal-sulfide bond. These evidences suggest that the role of capping
agent in the absence of Tapa is played by the alkyl group bound to

the sulfur ato111 on the surface. The optoelectronic properties were
investigated by absorption spectroscopy, photolunlinescence (PL) and
photolunlinescence excitation spectroscopy (PLE) at RT and at low
temperature (T=77K). The photoluminescence spectroscopy results
clearly evidence the typical enlissions of nanosized zincblende CdS
and ZnS nlonocrystalline particles. Furthernlore, the optical
spectroscopy data indicate that the size distribution of the (Cd,
Zn)-sulfide - TOPO nanoparticles seenlS to be generally larger than
that ones grown directly in polymer matrix. The metal-sulfide
nanocrystals dispersed in polystyrene exhibit an excitonic transition
at about 2eV that can be attributed to the hole-electron
reco111bination at the nanocrystal/111atrix interface.

Z3.33
Synthesis of Nanocarbon Materials by Carburization of
Nanocrystalline Iron. Urszula Narkiewicz l , Walerian Arabczyk l ,
Iwona Kucharewicz ' , Krzysztof J. Kurzydlowski2

, Michal J.
Wozniak2

, Hubert Matysiak2 and Nikolaous Gouskos3; 1 Institute of
Che111ical and Environluent Engineering, Technical University of
Szczecin, Szczecil1, Poland; 2Faculty of Materials Science and
Engineering, Warsaw University of Technology, Warsaw, Poland;
3Department of Physics, University of Athens, Athens, Greece.

Carbon nano111aterials are fascinating due to their unique physical
properties offering possibility for a wide range of applications. A
nU111ber of preparation luethods of nan0111aterials were developed
during last decade. Anl0ng thenl sinlple and non-expensive is a
chenlical vapor deposition (CVD) with use of transition nletal-based
catalysts. The preparation conditions are nlild and the process is easy
to control. The nlethod can also be up-scaled to industrial relevance.
The paper presents an exalnple of such a preparation nlethod based
on the carburization of nanocrystalline iron with ethylene.
Nanocrystalline iron was obtained by fusion of 111agnetite with s111all
a1110unt of pro1110ter oxides, followed by reduction under hydrogen.
The nlean size of iron crystallites, detennined using XRD, was 17 nnl.
The carburization process was carried out under pure ethylene at 550
oC and controlled using a ther1110balance. The saluples after
carburization were characterized using XRD, SEM, AFM, HRTEM
and FMR 111ethods. It has been found that the carburization reaction
at 550 oC is very fast and results in fornlation of iron carbide
(cenlentite) and residual carbon deposit which, as reveal AFM inlages,
encapsulates the crystallites of iron carbide. HRTEM studies show the
presence of nlulti-wall carbon nanotubes with a crystallite of iron
carbide at the end. The fine structure of graphene sheets
encapsulating iron carbide crystallite is visible in HRTEM images.
The FMR (ferrOluagnetic resonance) for the synthetized 111aterials
have been found intense and asynunetric. It has been also found that
the FMR signals depend strongly on the carbon concentration. It can
be explained in tenus of the carbon influence on the separation of the
Fe-rich luagnetic particles. Applications of the obtained luaterials are
discussed for drug delivery targeting and/or ferro-fluids.

Z3.34
Synthesis of Crack Free Highly Ordered Cubic
Mesostructured Ti02 Thin FilITls. Daniel Brian Carewl , Sung
Yeun Choi l , Marc Manlak l , Srebri Petrov l , Naveen Chopra2 and
Geoffr.ey A. OZinl~ IChenlistry, University of Toronto, Toronto,
Ontano, Canada; Xerox Research Centre of Canada, Toronto,
Ontario, Canada.

Described herein is a novel roonl tenlperature synthetic route capable
of producing crack-free highly ordered cubic 111esostructured titania
thin films. This synthetic strategy involves the use of an alternate
solvent that enhances the ordering of the liquid crystal phase, thereby
allowing the use of lower anlounts of surfactant tenlplate and
correspondingly higher concentrations of the inorganic precursor at
ambient conditions. Evaporation induced self-assembly (EISA) under
specific tenlperature and hunlidity conditions for a relatively short
period of time determines the liquid crystalline phase of the resulting
nlesostructure, which has a large pore dianleter, narrow pore size
distribution and high surface area. This roonl tenlperature synthesis is
the quickest of conlparable synthetic routes while still having relative
sinlplicity. The cubic 111esostructure c0111pared to the hexagonal one is
optinlal for nlany diverse applications. Key characteristics of this
cubic nlesostructure are the robust walls between pores exhibiting
nanocrystalline anatase conlposition, large structural donlains and
thermal stability above 400 0 C. The resulting films are crack free over
all length scales.

Z3.35
Electrodeposition of Bi,_"Sb.r Nanowire Arrays for
TherITloelectric Devices. Jennifer Keyani l , J. W. Sharp2 ann

Angelica M. Stacyl; I Departnlent of Chenlistry, University of
California, Berkeley, Berkeley, California; 2Research and Developnlent
Division, Marlow Industries, Inc., Dallas, Texas.

Thermoelectric materials (TE) have the unique property that
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application of an electric voltage results in the forn1ation of a
ten1perature gradient across the n1aterial, and vice versa. Bi, _,,,Sb:1" is
the best n-type, low-temperature bulk TE material and is well suited
for refrigeration applications, but it is not efficient enough to n1ake
large-scale use feasible. Dresselhaus etal. predict that quantum
confinen1ent of Bi1-:1: Sb a: as nanowires will lead to an increase in the
TE efficiency. We have fabricated nanowire arrays of Bi,_"Sb,. (0.07
::; x ::; 0.6) by electrochemical deposition within porous Al 2 0 3
templates (100 and 40 nm diameter pores). The as-deposited
nanowires are polycrystalline and have a SllloOth n10rphology. Larger
dian1eter nanowires have aspect ratios on the order of 500, and
sn1aller dian1eter nanowires have aspect ratios well over 1000. We have
constructed TE couples incorporating Bi1- a:Sba: nanowires, and have
n1easured AC resistance, DC voltage and .6.T of the couples to
estimate the properties of the Bi,_.,.Sb.,. nanowire / porous Al2 0 3
con1posite.

Z3.36
Synthesis and Aggregation of Bi2S3 Nanocapsules. Marina
Gonzalez Vega1, X. Bokhin1i1, A. Garcia-Ruiz2, M. Aguilar-Franco 1

and A. Morales'; 'Institute of Physics, The National University of
Mexico A.P. 20-364, 01000, Mexico DF, Mexico; 2 UP11CSA-COFAA,
National Polytechnic Institute. Te No. 950 Esq. Resina, 08400, Mexico
DF, Mexico.

Nanocapsules of Bi2S3 with diameters between 5 and 10 nm were
synthesized at roon1 ten1perature; they had shells with an an10rphous
aton1 distribution. Bisn1uth precursor was bisn1uth nitrate, while
sulfur precursor was thiourea; both were dissolved in
din1ethylforn1an1ide before its n1ixing. Capsule interaction depended
on bismuth concentration; in the samples prepared with 0.4 M
bisn1uth nitrate a black powder precipitated after aging the solution
for several days, because of capsules aggregation. This powder
produced a X-ray diffraction pattern containing a n1ixture of an
amorphous and the crystalline phase Bi2S3, which was confirmed with
the high resolution images of the samples obtained with a field
en1ission transn1ission electron n1icroscope. Micrographs also provided
infonllation about the n10rphology of capsule aggregates: When this
occur at r0O111 ten1perature, the don1inant aggregate were capsules
about 20 nn1 in diallleter n1ade fron1 the capsules with dialneters
between 5 and 10 nn1; the shell of these capsules continue having an
an10rphous aton1 distribution, when they interacted between each
other, however, the contact regions of the capsules crystallized into
the crystalline structure of bisn1uth sulfide, which explains the origin
of the crystalline phase observed in the X-ray diffraction pattern. At
this ten1perature coalescence of the slnall nanocapsules also gave rise
to necklaces of capsules, and bundles of thelll, which eventually gave
rise to nanotubes. When the solution was annealed at telnperatures
lower than 100° C, coalescence gave rise to capsules as large as 1 p,n1 in
diaIneter, and tubes with silnilar dian1eters; in this case aggregation
occured between sn1all and large nanocapsules. Because of the
n10non1ers aggregating had an external spherical syn1n1etry and the
low annealing ten1peratures, which were not high enough to produce
sintering, all capsules and tubes forn1ed during aggregation had porous
walls, n1aking these n1aterials interesting for n1any applications.

Z3.37
Self Catalyzed Growth of Nanocones during DC Magnetron
Sputtering of an ITO Target. John F. Conley', Devon McClain 2

,

Lisa Stecker1, Chun Fei2, Jun Jia02, Wei Gaol, Dave Evans1 and
Yoshi Ono1; 11C Process Technology Lab, Sharp Labs of An1erica,
Can1as, Washington; 2Dept . of Physics, Portland State University,
Portland, Oregon.

In203, a transparent wide bandgap sen1iconductor lnaterial with high
gas sensitivity, is an excellent candidate for nanostructure device
applications such as gas sensors or electrodes. We present a novel low
ten1perature lllethod for uniforn1 growth of In203 nanostructures on
6" Si substrates that does not require separate catalyst lnaterials, high
ten1perature, or telnplate-assistance. In203 nanotips are uniforn1ly
deposited on either bare or Si02 thin film coated Si substrates via DC
n1agnetron sputtering at 200-400°C using a 90% In203 / 10% Sn02
(ITO) target. The nanocones are investigated with scanning electron
microscopy (SEM), transmission electron microscopy (TEM), energy
dispersive x-ray spectroscopy (EDX), x-ray diffraction (XRD), field
emission (FE), and photoluminescence (PL). Nanotips are conically
shaped and sit atop a 100 nm conductive film. The tips are about 500
nn1 in length and "",,80 lUll in dian1eter at the base, tapering to a point
that is capped with a spherical " ball" , suggestive of a
vapor-liquid-solid (VLS) growth mechanism. XllD patterns indicate a
cubic In203 phase. TEM in1ages and electron diffraction patterns
show a single crystalline structure for the cone, while the ball appears
to be amorphous. Micro-spot EDX results indicate that the cone is
composed only of In and 0 while the ball contains In, Sn, and O. The
segregation of Sn in the ball strongly suggests a VLS n1echanisn1 in
which growth of h1203 nanocones is self-catalyzed by the Sn / In / 0
hall. (A similar mechanism was proposed by Yumoto, et al. for ITO

whiskers observed during e-beam evaporation of an ITO target.) Fielrl
en1ission was observed at a base pressure of 10-8 Torr with average
turn-on fields from 45-75 V /cm and average threshold fields from
64-105 V /cm. Excitation with a 266 nm wavelength Nd:YAG laser
excited no PL in as deposited samples in the wavelength range of 300
nn1 to 700 lUll. Deposition n10rphology was investigated with respect
to O 2 and Ar flow rates, telnperature, power, pressure, wafer rotation,
and tin1e. Oxygen flow rate (partial pressure), growth ten1perature,
and Ar flow rate were found to have the biggest in1pact. Nanocone
growth was observed at low 02 partial pressure (::; 1%, suppressed for
O 2 22%), at growth telnperatures 2200°C, and at high Ar flow rate
(100sccn1, suppressed at 50 sccn1). Longer tin1e depositions resulted in
longer rods. Chan1ber pressure, sputtering power, rotation, and throw
distance did not have a large in1pact on n10rphology.

SESSION Z4: One-Dimensional nanostructures 111:
Nanowires

Chair: Zhong Lin Wang
Wednesday Morning, March 30, 2005

Room 3016 (Moscone West)

8:30 AM Z4.1
Growth of [001] Oriented ZnO Nanorod Arrays with Electric
Field Assisted Nucleation. Huan1ei Shang1, Young J. Kin11.2, Ying

Wang 1 and Guozhong Cao1; 1MSE, University of Washington,
Seattle, Washington; 2Materials Systen1, Sun Moon University, Seoul,
South Korea.

Highly oriented ZnO nanorod arrays were grown on ITO glass
substrate fron1 zinc nitrate solution. An external electric field was
applied during the initial nucleation stage, and was found to be
critical in the orientation of initial crystal seeds. The presence of
other cations, such as Ni2+, AI3+, and Nb5+ in the solution, was also
found to have appreciable influence on the nucleation process and the
crystal orientation. Polyn1er additive, hexan1ethylenetetran1ine
(HTM), was added to promote anisotropic growth along [001]
direction. X-ray diffraction den10nstrated that the nanorods have
wurtzite crystal structure and the texture coefficient was found to be
0.99 in [001] direction. The diameter and length of single crystal ZnO
nanorod arrays can be well controlled and can vary fron1 50 nn1 to 700
nn1 and 0.5 n1p,to 3 n1p, respectively depending on the growth
conditions applied. However, in given growth conditions, ZnO
nanorods have near uniforn1 sizes in both dian1eter and length.
Photolun1inescence n1easuren1ents revealed a broad yellow PL band in
the wavelength range of 450-780 nn1 range, while no observable PL
peak at 380 nn1. These results strongly suggest that the grown ZnO
nanorods consist of interstitial oxygen but little or no oxygen
vacancies. Possible mechanisms of oriented nucleation under an
externally applied electric field and the relationships between the size
and density of ZnO nanorods, crystallinity, and growth condition are
discussed.

8:45 AM Z4.2
Polyaniline Nanofibers: Synthesis and Unusual Photothermal
Properties. Jiaxing Huang1.2.3 and Richard B. Kaner1.2.

'Chemistry and Biochemistry, UCLA, Los Angeles, California;
2California NanoSysten1s Institute, UCLA, Los Angeles, California;
3Chemistry, UC-Berkeley, Berkeley, California.

Mechanistic studies reveal that nanofibers of polyaniline form
naturally in the early stage of chemical polymerization. The key to
n1aking pure polyaniline nanofibers is to prevent secondary growth on
the nanofibers which leads to irregularly shaped particles as obtained
in conventional polyn1erization. This has been achieved by either
interfacial polyn1erization or rapidly n1ixed reactions. Both syntheses
are ten1plate-free, yet capable of producing pure polyaniline
nanofibers with relatively uniforn1 size distributions. The average
dian1eters of the nanofibers can be tuned fron1 30 to 120 nn1 by using
different doping acids in the polyn1erization. An unusual photothern1al
phenon1enon has been observed with these nanofibers, in which strong
pulsed light, e.g. a can1era flash, causes instantaneous welding and
turns a randon1 network of polyaniline nanofibers into a sn100th and
continuous film. This photothermal effect can potentially be useful for
n1aking asyn1n1etric nanofiber filn1s, n1elt-blending polyn1er-polyn1er
nanocon1posites and photo-patterning polyn1er nanofiber filn1s.

9:00 AM Z4.3
Controlled Growth of Silicon Nanowires for Device
Integration. Allon I. Hochbaun11, Rongrui He 1, Rong Fan1 and
Peidong Yang1.2; 1Chen1istry, University of California, Berkeley,
Berkeley, California; 2Materials Science Division, Lawrence Berkeley
National Laboratory, Berkeley, California.

Silicon nanowires (SiNWs) have been identified as pron1ising
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conlponents for nano-scale devices. To realize their full potential in
applications, however, SiNW nlust be integrated efficiently and
econonlically into various device architectures. Devices have been
constructed around single, or several, dispersed SiNWs, and Illethods
have been developed to Illanipulate as-grown SiNWs into geolnetries
amenable to large-scale device fabrication. Alternatively, controlled
growth of SiNWs in predeternlined configurations would elinlinate
nluch of the processing associated with device fabrication.
Furthermore, vertical growth (perpendicular to the substrate) W01l1rl
allow three-dinlensional integration of these wires in nlore conlplex
structures, such as vertical field-effect transistor (VFET) arrays. Such
arrays could afford higher transistor densities and novel
nlultidinlensional logic or nleIllory architectures. The vapor - liquid 
solid (VLS) growth nlechanisnl is an ideal synthetic technique to
control SiNW growth. VLS growth by chemical vapor deposition
(CVD), using SiCl4 as the precursor gas, produces epitaxially-aligned,
single-crystalline wires. Here we denlonstrate how gold colloids were
used as the VLS metal catalyst to precisely control SiNW diameter
and placement. Using a thin adsorbed polyelectrolyte layer, bare gold
colloids were deposited froln an aqueous solution onto a Si(111) wafer
to act as seeds for SiNW growth. The diameter of the colloids
precisely dictated the nanowire dianleter, and the colloid solution
concentration set the density of wire growth. SiNWs of thickness 39,
43, and 93 Iun exhibited the saIne dialneter distributions,
proportionately, as their respective seed colloids, and their growth
density was predictably varied over an order of magnitude. Patterned
growth was achieved by nlicro-contact printing the polyelectrolyte
layer. Colloid deposition was limited to 2/-'m lines stamped with
polynler, as were the SiNWs grown fronl these sanlples. Moreover,
vertically aligned SiNWs were directly grown into nlicrofluidic devices
to demonstrate the potential and flexibility of these techniques.

9:15 AM *Z4.4
Photoluminescence of Colloidal Semiconductor Quantum
Wires. Fudong Wang1.2, Rui Tang1.2, John J. Glennon1. 2, Hooi Ling
Kinl I , Christine Kinnaier l

, Dewey Holten l
, Richard A. Loonlis1.2 and

Willianl E. Buhro1.2; IDepartnlent of Chenlistry, Washington
University, St. Louis, Missouri; 2Center for Materials Innovation,
Washington University, St. Louis, Missouri.

Fundanlental studies of two-dinlensional quantunl confinenlent in
senliconductor quantunl wires will benefit fronl wire specinlens having
well-passivated surfaces, to nlininlize surface trapping of electrons and
holes. As for 3D-confined quantum dots, the quality of quantum-wire
surface passivation will likely be best assessed by the
photolunlinescence (PL) quantuln yields and lifetiInes, the higher and
longer the better, respectively. Typical room-temperature PL
quantunl yields for CdSe quantunl dots are now 30-50%, and Inay
reach as high as 80-90%. PL lifetimes are typically 20-30 ns. One
should expect PL quantum yields to be lower in quantum rods and
wires, because photoexcited carriers are delocalized over larger
volunles and thus sanlple larger defect-containing surface areas.
Indeed, the best PL quantunl yields nleasured in quantunl rods are on
the order of 15-30%. We are now determining how the PL quantum
yields and lifetinles of quantunl wires conlpare to those of the
corresponding quantunl dots and rods. Colloidal quantunl wires
having dianleters in the strong-confinenlent reginle have been prepared
by catalyzed solution-liquid-solid growth, using precursors, conditions,
and surfactants closely analogous to those enlployed in the best
quantunl-dot syntheses. Analyses of absorption spectra establish that
the size dependences of the quantunl-wire bandgaps are consistent
with 2D confinenlent. We have observed weak roonl-tenlperature PL
from both CdSe and InP quantum wires. Our studies show that the
quantunl-wire PL quantunl yields are influenced by several factors
previously known to influence the quantunl yields of quantunl dots.
These factors include preparative conditions, use of long-chain
prinlary anline surfactants, post-synthesis photoetching and
photoannealing, and introduction of wider-band-gap inorganic shells.
The best PL quantunl yields we have achieved to date are in the range
of 0.5-2.0%. We have determined a PL lifetime of 1.4 ns for a CdSe
quantunl-wire specinlen having a PL quantunl yield at the higher end
of our observed range. We are also deternlining how single-nanowire
spectroscopic behavior conlpares to the ensenlble spectroscopic
measurements. These and related studies will be described.

9:45 AM *Z4.5
Semiconductor Nanowires: Rational Synthesis and Optical
Properties. Peidong Yang, Univ. Calif. Berkeley, Berkeley,
California.

Senliconductor nanowires exhibit novel electronic and optical
properties due to their unique structural one-dinlensionality and
possible quantunl confinenlent effects in two other dinlensions. With a
broad selection of conlpositions and band structures, these
I-dinlensional senliconductor nanostructures are considered to be the
critical conlponents in a wide range of potential nanoscale device
applications. To fully exploit these I-dinlensional nanostructures, our

current research has been focused on rational synthetic control of
I-dimensional nanoscale building blocks, novel properties
characterization and device fabrications based on nanowire building
blocks, and integration of nanowire building blocks into conlplex
functional architectures. The understanding of the general nanocrystal
growth nlechanisnl serves as the foundation for the rational synthesis
of senliconductor heterostructures in I-dinlension. The availability of
these high quality senliconductor nanostructures allows systenlatic
structural-property correlation investigation, particularly those size
and diInensionality-controlled ones.

SESSION Z5: Surface and Interfacial Chemistry of
N anostructures

Chair: Jalnes Voigt
Wednesday Morning, March 30, 2005

Room 3016 (Moscone West)

10:30 AM *Z5.1
Interfacial Chemistry in the Fabrication of Complex
Nanostructures. Jun Liu l

, Qisheng Huo I , Zhengrong Tian2 and
Janles A. Voigt l ; lChelnical Synthesis and Nanolnaterials, Sandia
National Labs, Albuquerque, New Mexico; 2Departluent of Cheluistry,
University of Arkansas, Fayetteville, Arkansas.

Understanding and control of the interfacial chemistry is critical for
developing functional nanolnaterials. In this talk we will discuss three
inlportant aspects involved in the fabrication of conlplex
nanostructures: (1) nucleation, (2) morphology control, and (3)
renucleation and self-asselnbly. Controlling the nucleation size and
density is important in controlling the dimension and the orientation
of the nanostructures. Large arrays of oriented nanowires (oxides and
polynlers) are prepared by controlling the nucleation density. The
nlorphologies of the nanocrystals are deternlined by the surface
chenlistry. Appropriate growth nlodifiers can be used to
systenlatically control the nanocrystal shapes. Finally, conlplex
nanostructures with long range ordering are prepared by controlled
renucleation and self-asselnbly. We hope that our low-teluperature,
environnlentally friendly approaches can be inlplenlented for a wide
range of applications. Sandia National Laboratories is a nlulti
progranl laboratory operated by Sandia Corporation, a Lockheed
Martin Company, for the Department of Energy under Contract
DE-AC04-94AL85000.

11:00 AM *Z5.2
Organometallic Approach to Metal Nanoparticles: Synthesis
and Surface Chemistry. Bruno Chaudret, Laboratoire de Chimie de
Coordination, CNRS, Toulouse, France.

The use of organometallic precursors allows the synthesis in mild
conditions of nletal nanoparticles displaying a controlled size, shape
and surface environnlent. The nature of the surface ligands will have a
strong influence on the shape of the particles and on their ability to
change size and shape in solution. The surface ligands will also
influence the chenlical reactivity of the particles as well as their
organization. The lecture will focus on the synthesis of rutheniunl and
platinunl nanoparticles and to their evolution in solution as well as on
the characterization of surface ligands (hydrides, ancillary ligands
such as anlines and phosphines) and of their dynanlics. The use of
various characterization nlethods will be described including tools of
nlolecular chenlistry such as gas phase, solution and solid state NMR.
Finally, the influence of ligands on the shape and organization of
selected particles will be evidenced. References: 1) K. Philippot, B.
Chaudret Dendrinleres et Nanosciences (D. Astruc Ed),
Compte-Rendus Acad Sciences 2003, 6, 1019. 2) K. Soulantica, A.
Maisonnat, M.-C. Fronlen M.-J. Casanove, B. Chaudret, Angew.
Chem. (Int Ed) 2003, 42, 1945 3) F. Dumestre, B. Chaudret, C.
Anliens, M. Respaud, P. Fejes, P. Renaud, P. Zurcher, Angew. Chenl.
(Int Ed) 2003, 42, 5213. 4) F. Dumestre, B. Chaudret, C. Amiens, P.
Renaud, P. Fejes Science, 2004, 303, 821. 5) S. Jansat, M. Gomez, K.
Philippot, G. Muller, E. Guiu, C. Claver, S. Castillon, B. Chaudret J.
Am. Chem. Soc. 2004, 126, 1592.

11:30 AM Z5.3
Controlling the Capping Agent on Gold NPs. Adil Kassam,
Glen Bremner, Carl Bartels and R. Bruce Lennox; Chemistry, McGill,
Montreal, Quebec, Canada.

After the initial report of a relatively facile method to synthesize gold
nanoparticles(Au-NPs) by Brust et al.[l], the research into these
systems has exploded. In order for these Au-NPs to be used in
biological and nlaterials applications, their surface ligand conlposition
nlust be known and readily nlanipulated. The place-exchange reaction
of the surface-bound thiol is one reaction that enables the
functionalization of particles for these applications.[2] By developing a
methodology to study place exchange reactions of alkyl thiols of
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different chain length using gas chroillatography, we have been able to
study the entire course of the place exchange reaction with great
accuracy and precision. The kinetics of the place exchange reactions
have been fitted via diffusion controlled Langilluir kinetics. In
addition, the observed reactions proceed to a thernlodynaillic
equilibriunl governed by the ratio of the inconling thiol concentration
to the amount of thiol on the starting Au-NPs. These results should
enable researchers in the field to be able to make Au-NPs with known
conlposition. Other aspects of the reaction including tenlperature and
chain length dependence of the reaction will be discussed. (1) Brnst. et.
al. .T. Chem. Soc Chem. Commun.1994 801-802. (2) Host.etler, M.,
Templeton, A., Murray, R.W.. Langmuir 1999, 15, 3782-3789

11:45 AM Z5.4
Effect of Thiols on the Photophysical Properties of CdSe/ZnS
Quantum Dots in Solution. Sohee Jeong, Marc Achermann, Jagjit.
Nanda, Sergei Ivanov, Victor I. Klimov and Jennifer A. Hollingswort.h;
Los Alamos National Lab, Los Alamos, New Mexico.

The impact of thiols on the photophysical properties of CdSe
nanocrystal quantum dots (NQDs) is complicated and often
deleterious. It is commonly observed that thiol-derivatized CdSe
NQDs are not temporally stable, losing both photoluminescence
efficiency (initial decrease and additional loss over time following thiol
exchange reactions) and solubility. This has been attributed to
photocatalytic oxidation of the thiol ligands to disulfides (Peng,
.lACS, 2001). Recently, Hohng and Ha (.lACS, 2004) reported an
unexpected effect of thiol (;3-mercaptoethanol) when they added small
amounts to streptavidin-conjugated CdSe NQDs. They observed
complete suppression of blinking in the thiol-treated NQDs. The issue
of NQD blinking is critical for any application that relies on single-dot
enlission. The process was conlpletely reversible, and the authors
attributed the effect to passivation of surface electron traps by the
thiol moiety. In order to understand the contradictory reports
regarding thiolts contribution to NQD photophysics, we have
conducted an extensive study of the impacts of thiol concentration,
time, and pH. We studied carrier (electron and hole) dynamics using
transient absorption spectroscopy and photolunlinescence
up-conversion Ineasurenlents. Focusing pritnarily on water-soluble
CdSe/ZnS, we nevertheless avoided the use of thiols as the solubilizing
agent, as thiol ligand-exchange reactions require exposure of the
NQDs to high thiol concentrations. Instead, we prepared standard
nonpolar-soluble CdSe/ZnS core/shell NQDs and subsequently
transferred thenl to the aqueous phase using a polynler encapsulation
method. Our results indicate that the lIactivell moiety is not the thiol
but the deprotonated thiolate. Further, we observe that the effect of
IIthiolsll on NQD PL can be favorable or adverse depending on the
concentration of thiolate anion, where the thiol-thiolate equilibriunl is
influenced by absolute initial thiol concentration, pH conditions,
and/or exposure titnes. Lastly, our studies help point the way to
stable, bright thiol-derivatized CdSe/ZnS NQDs.

SESSION Z6: Nanocrystals and Nanoparticles I
Chairs: Park Hongkun and Dinlitri Talapin

Wednesday Afternoon, March 30, 200fi
Room ;)01 () (Moscone West)

1:30 PM *Z6.1
Shadow Nanosphere Lithography: Simulation and
Experiment. Michael Giersig, Center of Advanced European Studies

and Research (CAESAR), Bonn, Germany.

In this letter we describe the preparation of large-area,
two-dinlensional nletallic structures, using shadow nanosphere
lithography. By varying the position of the substrate with respect to
the evaporation source during the sanlple preparation, we nlake
nlorphologies such as cups, rods, and wires, that are not accessible by
the standard nanosphere lithography. This technique also allows for
an encapsulation of the nletallic structures, in order to prevent thenl
fronl oxidation. Morphologies predicted by our conlputer sinlulations
have been subsequently confirnled experinlentally.

2:00 PM *Z6.2
Shape-Controlled Synthesis of Metal Nanostructures.
Younan Xia, Chenlistry, University of Washington, Seattle,
Washington.

The concept of shape-controlled synthesis will be discussed by
elaborating on the nucleation and growth nlechanisnls for silver
nanostructures produced through a polynler-nlediated polyol process.
It has been found that the experinlental paranleters such as the
concentration of AgN03 (the precursor to silver), the nlolar ratio
between poly(vinyl pyrrolidone) (PVP, the capping agent) and
AgN03, the strength of chenlical interaction between PVP and
various crystallographic planes of silver, and the presence of trace

anlounts of contanlinants all play inlportant roles in deternlining the
crystallinity of seeds (e.g., single crystal vs. decahedral multiply
twinned particles). In turn, the crystallinity of a seed and the extent
of PVP coverage on the seed were both instrunlental in controlling the
morphology of final product. In addtion to silver, I will also discuss
shape-controlled synthesis of gold and platinunl nanostructures.

2:30 PM Z6.3
A Novel Approach for Metallic Nanoparticles Synthesis.
Chunwei Wu and Taofang Zeng; North Carolina State University,
Raleigh, North Carolina.

A large variety of synthetic methods for nanoparticles have been
developed. The emphasis of synthesis has been on the preparation of
nlonodisperse particles with well-defined size, shape and surface
properties. Unfortunately, little success has been achieved to realize
all these goals by one synthesis method. We have developed a facile
and flexible method for synthesizing stable suspension of polymer
protected nletal nanoparticles. It is a wet reductive synthesis with the
aid of fluid dynamics control. Nearly monodisperse nanoparticles of
Ag, Cu, and Ni with sizes ranging fronl 5 nnl to 50nnl were produced.
The particle size and particle size distribution (PSD) can be fine
tuned by controlling the concentration of nletallic cations, the relative
molar ratio of capping reagent poly(vinylpyrrolidone) (PVP) to the
cations, and the average reaction tinle of the continuously
agglonlerating particles in liquid phase. Particle nlorphology and
structure were characterized by translnission electron lllicroscopy
(TEM), x-ray diffraction (XRD) and electron diffraction (ED).

2:45 PM Z6.4
Synthesis of ColAu and ColAg Bimetallic Nanopartricles.
Guangjun Cheng, Danilo ROlllero and Angela Hight Walker; Physics,
NIST, Gaithersburg, Maryland.

Bioconjugated nlagnetic nanoparticles have shown the great potential
applications in Inedical sensors and drug delivery. Here we present the
synthesis of ColAu and ColAg bimetallic nanopartricles. These
binletallic nanoparticles are expected to nlaintain their nlagnetic
properties of Co component, while Au or Ag part can improve their
biocompatibility. Co/Au and ColAg Nanoparticles are prepared by
growing Au or Ag on the pre-synthesized Co nanoparticles.
Transmission electron microscopy (TEM), UV-Vis spectroscopy, and a
superconducting quantum interference device (SQUID) magnetometer
are used to characterize as-prepared binletallic nanoparticles.

3:00 PM Z6.5
Electrochemical Synthesis of Size-Controlled Metal
Nanoparticles as Catalysts for 1-D Materials.
Sreekar Bhaviripudi", Jifa Qi 1 and Angela M. Belcher1.2; 1 Materials

Science, Massachusetts Institute of Technology, Canlbridge,
Massachusetts; 2Biological Engineering Division, Massachusetts
Institute of Technology, Cambridge, Massachusetts.

We report a silllple, efficient, roonl tenlperature nanoparticle synthesis
technique using electrochenlical nlethod to achieve size and shape
monodispersity for controlled material properties. The physical
properties of one-dinlensional nlaterials such as carbon nanotubes and
senliconducting nanowires are largely dependent on dianleter.
Moreover the diameter of these 1-D systems depends on the size of
the catalyst fronl which they are grown using CVD. Thus achieving
unifornl electronic properties for 1-D systenls entails narrow size
distribution for the catalyst particles. However, this has been the
problenl at hand for nlany researchers. Secondly, nlonodisperse
nanoparticles on substrates can result in unifornl electronic, nlagnetic
and optical properties, which could be exploited for various nlaterials
science and biological applications such as detection and separation of
biomolecules. We have used novel electrochemical methods to deposit
nanoparticles of Fe, AI, Zn and Au on n-Si (100) substrates. The
nanoparticle size and nlonodispersity are dependent on the applied
current density and the deposition titne. These parall1eters are being
nlodulated to achieve narrow size distribution. The nanoparticles have
been characterized using AFM, TEM, EDX and XPS. AFM results
indicate nlonodispersity and unifonn deposition of nanoparticles.
Sanlples with different nanoparticle sizes were synthesized which
included 5nnl, 15nnl, 25 nnl and larger. As anticipated, the longer the
tinle scale for deposition and the higher the deposition voltage, the
larger the nanoparticle size. Moreover the different particle sizes that
could be obtained during synthesis were found to be material specific.
One of the exciting results that we obtained during synthesis occurred
during alunlinunl deposition where we observed self-aligned parallel
arrays of Al nanoparticles with average interarray spacing of 100nnl.
TEM results not only corroborate AFM results, but also reveal the
crystalline nature of these particles. We are currently investigating
nlagnetic properties of Fe nanoparticles on the silicon surface and the
SQUID results suggest ferroillagnetic behavior above a certain size
and paraillagnetic below it. Furthenllore, we intend to evaluate the
interactions between such functionalized nanoparticles and
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bion101ecules for separation and detection.

3:30 PM *Z6.6
Transition Metal Oxide Nanocrystals and Rirnoclal
Nanocrystal Superlattices. Stephen O'Brien, Applied Physics and
Applied Mathematics, Columbia University, New York, New York.

Nanocrystals of the transition metal oxides are of interest because of
nun1erous potential applications related to their size, surface l and size
depependent properties. Our materials chemistry techniques have
allowed us to prepare oxide nanocrystals of son1e of the first row
transition Inetals very successfully, with high yields, crystallinity and
monodispersity. Control over the quality of the nanocrystals can then
allow a rigorous understanding of the n1aterial properties at the
nanoscale. Control over monodispersity also allows the treatment of
nanocrystals as "hard spheres" in the assen1bly of an an1azing variety
of close packed structures, so called superlattices, that can consist of
more than one type of nanocrystal. Such methods could lead to the
rational design of functional n1aterials based on nanocrystal assen1bly.

4:00 PM *Z6.7
Doped Serniconductor Nanocrystals. S. C. Erwin ' , M. Haftel ' , T.
A. Kennedy', AI. L. Efros" Lijun Zu2 ami Davin .T. Norris2

; "Naval
Research Laboratory, Washington, District of Colun1bia; 2Chen1. Eng.
& Mater. Sci., Univ. of Minnesota, Minneapolis, Minnesota.

This talk will address the intentional incorporation of impurities (or
dopants) into sen1iconductor nanocrystals (or colloidal quantun1 dots).
While a variety of doped nanocrystals have recently been synthesized,
no detailed understanding exists about how this process works or how
it can be controlled. Moreover, it is not clear why it is possible to
introduce in1purities into son1e sen1iconductor nanocrystals but not
into others. These difficulties have hindered the development of a
whole class of new materials, including n-type and p-type
nanocrystals. Here we report a new n10del that addresses the doping
problen1. This n10del is intriguing because not only can it explain prior
results, but it also provides several key predictions that can be tested
by experiment. We use Mn-doped II-VI semiconductor nanocrystals to
explore these predictions. The results, including the influence of
several key parameters on the efficiency of doping, will be discussed.

4:30 PM Z6.8
Electroless Deposition of Silver Particles by Galvanic
Displacement on Aluminum Alloyed with Copper.
Dn1itri A. Brevnov, Tin1 S. Olson and Plan1en B. Atanassov; Chen1 &
Nuclear Engineering, University of New Mexico, Albuquerque, New
Mexico.

In this presentation, we report a procedure for the electroless
deposition of silver particles on filn1s containing 99.5 % alun1inun1 and
0.5 % copper. The deposition proceeds in the absence of external
reducing agents via the galvanic displacen1ent n1echanisn1 by which
silver cations are reduced and copper is oxidized. Although alun1inun1
is a stronger reducing agent than copper, the galvanic displacen1ent of
alun1inun1 by silver is not observed with pure (99.997 %) alun1inun1
substrates. By alloying alun1inun1 with copper, alun1inun1 filn1s are
n1ade an1enable to electroless deposition of silver by galvanic
displacement. Electroless deposition of silver becomes possible because
copper is pre-concentrated on the surface of the substrate. Enrichn1ent
of copper just beneath the film of anodic aluminum oxide is typically
observed during anodization of alun1inun1 / copper alloys. In order to
generate a clean surface for electroless deposition with a controlled
and n1inin1al thickness of surface oxide, the alun1inun1 filn1s alloyed
with copper are anodized in oxalic acid and etched in a Inixture of
chron1ic and phosphoric acids. Thinning of the barrier alun1inun1 oxide
during etching and deposition of silver particles are n10nitored with
electrochemical impedance spectroscopy (EIS). Analysis of EIS data
indicates that deposition of silver particles for 3 hours dralnatically
increases the interfacial capacitance froln 5-6 {LF /cn12, characteristic
for a thin layer of barrier aluminum oxide, to 30 - 40 I'F/cm2

, typical
for Inetal electrode surfaces. Scanning electron n1icrographs show that
electroless deposition results in the formation of films composed of
silver particles. The method for electroless deposition of silver and
electrodeposition of other n1etals on alun1inun1 / cooper alloys can be
utilized to synthesize quantum dots supported on electrically
conductive substrates. In addition, the silver particles deposited on
aluminum / copper films can be employed for the fabrication of
n1iniature silver-zinc batteries, optical devices for surface enhanced
Ran1an scattering and FT-IR spectroscopy, con1posite n1aterials with
photo-catalytic properties and surfaces with anti-n1icrobial properties.

4:45 PM Z6.9
Synthesis and Characterization of Novel Core-Shell
CdSe/Znl-xMnxS and CdSe/Cdl-xMnxS Quantum Dots.
Shizhong Wangl , Angelique Louie l and Susan M. Kauzlarich2;

IDepartn1ent of Bion1edical Engineering, University of California,
Davis, California; 2Departn1ent of Chen1istry, University of California,

Davis, California.

Doping Mn into CdSe quantun1 dots could produce a novel n1aterial of
dual properties of paran1agnetisn1 and lUIninescence. However,
previous research showed that the direct doping of a high level Mn
was restricted by the large difference of crystal lattice parameters
between Mn and CdSe. In this work, we present the design and
synthesis of novel core-shell CdSe/Zn1-xMnxS and CdSe/Cd1-xMnxS
quantun1 dots. In cOlnparison with Cd1-xMnxSe quantun1 dots fron1
the direct doping, these materials take the advantage of controllable
Mn-doping an10unt due to the optional shell thickness and the n10re
comparable crystal lattice parameters of Mn and ZnS (or CdS). In
addition, the presence of wider band-gap shell of Zn1-xMnxS or
Cd1-xMnxS on CdSe core greatly in1proved its lun1inescent efficiency.
Synthesis was perforn1ed vis high-ten1perature pyrolysis in
trioctylphosphine and hexadecylan1ine systen1. Structure, optical
properties, and paran1agnetic properties were characterized by a
con1bination of techniques including transInission electron n1icroscope,
UV-vis absorption, photolulninescence, and electron paran1agnetic
resonance spectroscopy.

SESSION Z7: Poster Session: Synthesis,
Characterization, and Applications of Nanostructures

Chair: Zhifeng Ren
Wednesday Evening, March 30, 2005

8:00 PM
Salons 8-15 (Marriott)

Z7.1
A Facile Synthetic Route using Autogenerated Air Bubbles
for the Spontaneous Formation of Nanostructures.
Seok Min Yoon and Hee Cheul Choi; Department of Chemistry,
Pohang University of Science and Technology, Pohang, South Korea.

Inorganic nanostructures are of great interests due to their possible
role as a building block for next generation electronic con1ponents and
sensor applications. Several synthetic methods have been developed
for the formation of quantum dots (OD), quantum wires and tubes
(1D) via gas phase reactions at high ten1perature as well as solution
phase reactions. With son1e obvious advantages such as low energy
consun1ption, varieties of precursor selection, opportunity of various
in situ analyses during the reaction, etc., n10re efforts are currently
being focused on the developn1ent of synthetic routes which can run
at a n1ilder condition. Here we present a new sin1ple n1ethod which
utilizes auto-generated bubbles for the generation of nanorod and
nanoring type structures at roon1 teInperature. Nanorod and nanoring
of iron are forn1ed by siInply Inixing Fe(III) ion containing water
solution with ethanol followed by hydroxylamine solutions under
vigorous n1echanical shaking. The fonnation of nanorod structures
was confirn1ed by atolnic force n1icroscope (AFM) as well as
transmission electron microscope (TEM). It seems that the role of
bubble is critical for the nanostructure forn1ation at roon1
ten1perature. Micro- or nano-sized bubbles are spontaneously
generated by n1ixing and shaking two solutions, water and ethanol.
Because of difference in densities, Inicro or nano-sized bubbles are
generated through the penetration of water n101ecules into the void
space of ethanol layer. Possible arrangen1ent of bubbles into the
microchannel array can confine Fe(III) ions and further treatment
with hydroxylmnine increases intern101ecular interactions to n1ake
theln rigid rod or filan1ent shape.

Z7.2
Cupreous ZnO Nanoclusters: Synthesis and Gas Sensing
Properties. Kaluran1 G. Kanade l

, Bharat B. Kale2, Yogesh
Sonawane3 and Rohini C. Aiyer3

; IDepartn1ent of Chen1istry,
Mahatn1a Phule College, Pune, India; 2Nanocrystalline Materials,
Center for Materials for Electronics Technology, Pune, India;
3Departn1ent of Physics, Pune University, Pune, India.

Methanol mediated Cu doped ZnO clusters were synthesized by
co-precipitation n1ethod. Dopant percentage of Cu was optin1ized
fron1 copper chloride to achieve the desired percentage of copper in
ZnO and same was confirmed with ICP-OES analysis. The ZnO
cluster size of 16 to 19 nn1 having hexagonal structure was obtained.
UV-visible, SEM, XRD and Photoluminescence were used for material
characterization. Fron1 UV-Visible, a single sharp peak corresponding
to 362nn1, equivalent to a band gap of 3.42 eV shows high
monodispersivity. Spherically shaped particles of synthesized powders
were observed in SEM and TEM. The synthesized powder was used in
the form of pellet for its gas sensing properties of CO and home
cooking gas (LPG). These sensors showed lowest optin1un1 operating
temperature, which is in the range 125?C -150?C. To the best of our
knowledge, this is the lowest operating ten1perature for ZnO based
sensors in the pellet form. The pellets having 1.0 % Cu have shown
high sensitivity response for CO gas, while that with 0.5% Cu showed
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n10re sensitivity for LPG gas. The response tilne of the sensors was
observed around 12-15 seconds. Keywords: Nano-clusters, zinc oxide,
gas sensors, crystal structure, copper For correspondence: Dr. B. B.
Kale*: Email: kbbb1@yahoo.com Prof. (Mrs.) R.C. Ayer **E-mail:
rca@physics.unipune.ernet.in Presenting Author: Prof. K.G. Kanao" :
Email: kgkanade@yahoo.co.in

Z7.3
A Systematic Study on Cadmium N-Alkyldithiocarbamate
Complex for the Synthesis of CdS Nanomaterials. Ashfaque
Ahn1ed Men10n 1, Mohan1n1ad Afzaal2 , Mohan1n1ad Azad Malik2 and
Paul O'Brien2 ; IShah Abdul Latif University, Khairpur, Pakistan;
2Chemistry, University of Manchester, Manchester, United Kingdom.

Group II-VI sen1iconductor nanon1aterials have continued to be an
active area of research because of their potential applications in
optoelectronic devices. In this study, cadluiunl sulfide nanopartic1es,
nanorods, and nanotripods capped with hexadecylan1ine (HDA) were
synthesised by using an air-stable single-source precursor based on
cadmium dithiocarbamates; [Cd(S2CNHC12H25)].1 This is the first
such study on cadlniun1 dithiocarban1ates where resulting
n10rphologies are analysed as a result of n10non1er concentration and
ten1perature. Such route also offers safer, low cost, high yields and
more controllable synthesis. It was established that shapes and sizes
of the CdS nanoparticles vary considerably on the concentration of
precursor and growth ten1perature. Nanon1aterials were characterized
by various techniques including UV / Vis, PL, XRD and
HR-TEM/EDAX. Reference 1) L. H. V. Poppel, T. L. Groy, M. T.
Caudle, lnorg. Chem. 2004, 43, 3180.

Z7,4
Synthesis of Ni(II), Pt(II) and Pd(II) Sulfide Nanoparticles
from Metal Ethyl Xanthate Precursors. Neerish Revaprasadu ' ,

Phumudzo Musetha ' , Mohammad Azad Malik2 and Paul O'Brien2
;

IChen1istry, University of Zululand, En1pangeni, South Africa;
2Chen1istry, University of Manchester, Manchester, United Kingdon1.

The use of single molecule precursors (SSP)is a well established route
to n10nodispersed, high-quality nanopartic1es.1 The xanthates as a
class of precursors have recently attracted interest in the preparation
of n1etal sulfides with varying n10rphologies.2,3 In this paper we
extend our initial work on cadmium xanthates [Cd(S2COC2H5)2] to
other metals such as Ni(II), Pt(II) and Pd(II).2 These compounds
were used as SSP for the synthesis of Ni, Pt and Pd sulfide
nanoparticles. The size and shape of the nanopartic1es was achieved
by controlling paranleters such as the reaction ten1perature, reaction
tin1e and concentration of the n10non1er. The nanopartic1es have been
characterized by X-ray diffraction (XRD) and translnission electron
microscopy (TEM). References 1. T. Trindade, P.OBrien and N.
Pickett, Chem. Mater., 2001, 13, 3843. 2. P. Sreekumari Nair, N.
Revaprasadu, T. Radhakrishnan, G.A. Kolawole and P.OBrien, J.
Mater. Chem., 2002, 12, 2722. 3. N. Pradhan, J:l. Katz and S. Efrima,
.T. Phys. Chem.B, 2003, 107, 13843.

Z7.5
Fabrication of Gold Nanowire by Self-Assembled
SupraITlolecule TeITlplate. Seung-a Kiln and Hee-tae Jung;
Departlnent of Chelnical & Biolnolecular Engineering, Korea
Advanced Institute of Science and Technology, Daejeon, South Korea.

Gold nanowire was fabricated by thern10tropic supran10lecule
ten1plate at roonl teluperature under air condition. Supralnolecule was
used forn1 an inverted hexagonal phase with several n1icrolneter
length. Suprmnolecule dissolved in ethyl acetate and acetone and
added NaOH aqueous solution to exchange H+ with Na+. The
solution was luixed with hydrogen tetrachloroaurate(III) trihydrate
(HAuCI4·3H20) aqueous solution to exchange Na+ ion with Au3+
ion by stirring. Then, deposits were arised in the solution. The
solution was separated in two phases. Gold nanowire was prepared by
reduction of HauCl4 using UV irradiation. Ingredients of each phase
in the solution were investigated by Thermal Conductivity Detector
(TCD) and X-ray Photoelectron Spectroscopy (XPS). TEM images
show the fabrication of nanowire.

Z7.6
A Study of the Influence of Precursor Concentration,
Reaction Temperature and Capping Groups on the
Morphology of CdS and PbS Nanoparticles. Sibusiso Mlondo ' ,
Neerish Revaprasadu l

, Paul Christian2 and Paul O'Brien2 ;
IChen1istry, University of Zululand, En1pangeni, South Africa;
2Chen1istry, University of Manchester, Manchester, United Kingdon1.

Research in n1aterials with critical din1ensions of the order of
nanon1eters has n1ade a huge in1pact in the scientific con1n1unity in
the past decade. The intense interest in these n1aterials is attrihnten
to their unique chemical and electronic properties which make them
potentially useful in a wide range of applications, including nonlinear

optics, solar cells, electronics, biotechnology and optoelectronics. The
control of particle size and n10rphology is an in1portant for the use of
nanoparticles in various applications. Recently, CdS and PbS
nanoparticles have attracted attention due to their variation in one
din1ensional n10rphology with changes in reaction conditions 1, ann
their interesting applications in the near-IR communications (PbS)
and in solar cells (CdS). We report the synthesis of metal sulfide
nanon1aterials with varying n10rphologies using single source
precursors based on the thiosemicarbazide ligand. The single crystal
x-ray structures of [Cd (NH2CSNHNH2 )C12 ]n precursor complex is
reported, along with results fron1 related lead con1plexes. The
precursors were thern10lysed in a hot co-ordinating solvents such as
hexadecylamine (HDA) using the one-pot single-molecule precursor
route.2 By varying the in1portant paran1eters such as precursor
concentration, growth tin1e and reaction ten1perature we have been
able to prepare various nanon1aterials with a range of n10rphologies
and sizes. UV/Vis and photolun1inescence spectra were used to study
the materials optical properties. The structural properties of the
materials were studied by X-ray diffraction and TEM. References 1. S.
M. Lee, S. N Cho, and J. Cheon, Adv. Mater., 15(5), 2003 2. M.A.
Malik, N. Revaprasadu, and P.O Brien, Chem.Mater.,13(3),2001

Z7.7
Morphology and Properties of Tetraleg ZnO Nanostructures
Fabricated by Zn-Powder Evaporation without Catalyst at
Lower TeITlperature. Yue Zhang1.2, Yunhua HuangI , Jian HeI ,

Ying Dai I, Sen Wang l and Cheng Zhou I; I Departn1ent of Materials
Physics, University of Science and Technology Beijing, Beijing, China;
2State Key Laboratory for Advanced Metals and Materials, University
of Science and Technology Beijing, Beijing, China.

Through precisely controlling ten1perature, gases flow rates, partial
pressures of argon, oxygen and zinc vapor, different n10rphology and
sizes of tetraleg ZnO nanostructures have been fabricated respectively
through pure zinc powder evaporation without catalyst at
temperature of 600~800 degrees centigrade. Such ZnO nanostructures
were fabricated by the following procedure. The silicon substrate was
placed face down on an alulnina ceralnics boat loaded with n1etal zinc
powder (99.9%) with thickness of 1~3 mm. The vertical distance
between the zinc source and the substrate was about 5""-'8 nl1n. And
then the alun1ina ceran1ics boat was inserted into the quartz tube (30
n1n1 inside dimueter) of a tubular furnace under a constant flow of
argon and oxygen. The total flow rate was 250""-'350 standard cubic
centilneters per Ininute (sccn1), and the fraction of oxygen was 3 ""-'
10% according to changes of the conditions. The quartz tube was
heated up to 600 ~ 800 degrees centigrade, i. e. the reaction
temperature, for 20~40 minutes. No catalyzer was utilized in all the
deposition process. The fabricated tetraleg ZnO nanostructures
exhibited several types in morphology with different shapes and sizes
of the legs. The shapes of the legs include hexagonal and columnar
rod, trumpet-like, needle, pin-like, etc. Some of the structures had not
been described in previous works. Son1e n1ulti-Ieg structures were also
synthesized. The length of the legs was about 2~10 micron and the
dian1eter was in the range of several tens to several hundreds
nanometers. The key of the fabricating method is to control the flow
rates of gases, partial pressures of argon, oxygen and zinc vapor. The
flow rates and partial pressures of argon and oxygen influence the size
and the shape. Experin1ents revealed that the synthesis ten1perature
influences the shapes by changing the partial pressures of Zn, and
affects the size too. As the ten1perature or partial pressure Zn vapor
increases, the nanostructures prefer being large size. The growth
n1echanisn1s of the nanostructures were proposed and discussed. The
nucleation accords with the octahedral n1ultiple twin (octa-twin)
nucleus n10dels put forward by Iwanaga. The growth of ZnO
nanostructures is controlled by vapor-solid n1echanisn1.
Photolun1inescence spectra and field en1ission property have been
n1easured. UV and green eluission peaks were observed at roon1
ten1perature. Such ZnO nanostructures are likely to be candidates as
building blocks for contructing photonic and field elnission crystals.

Z7.8
Synthesis and Electrochemical Properties of V205?nH20
Nanotube Arrays and Ni-V205?nH20 Core-shell Nanocable
Arrays. Ying Wang l

, Katsunori Takahashi 1. 2 , Huan1ei Shang l
,

Kyoungho Lee l and Guozhong Cao l
; IMaterials Science and

Engineering, University of Washington, Seattle, Washington; 2Steel
Research Laboratory, JFE Steel Corporation, Kawasaki-cho, Chuo-ku,
Chiba 260-0835, Japan.

Orthorhombic vanadium pentoxide (V205) is well-known for
applications in electrochen1ical supercapacitors because of its Li-ion
intercalation ability, whereas low-crystalline or an10rphous hydrated
vanadium pentoxide (V205?nH20) is generally considered to have
higher Li+ intercalation capacity than crystalline V205. We have
prepared nanostructured electrodes of V205?nH20 using the
template-based electrodeposition method. Nanotubes of V205?nH20
were deposited from VOS04 solution into the pores of a
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polycarbonate filtration nlenlbrane. This procedure produced an array
of ~200 nm dia and 10 ?m long nanotubes of V205?nH20. In similar
processes, Ni-V205?nH20 nanocable arrays were achieved in two
steps: first, Ni nanorod arrays were prepared through the
tenlplate-based electrochenlical deposition; then a coating of
V205?nH20 was applied over the Ni nanorods through
electrophoretical deposition from a V205?nH20 sol. TEM
nlicrographs clearly showed each Ni core was covered conlpletely and
uniformly by a V205'!nH20 shell. Electrochemical analysis
demonstrated that the intercalation capacities and charge j discharge
rates of both nanotube-array and nanocable-array electrodes were
much higher than those of V205 film electrode. With the Ni core
diameter as ~200 nm and the average V205?nH20 shell thickness as
40 nm, the Ni-V205'!nH20 nanocable arrays delivered 40 times the
capacity of the film electrode. Both energy density and power density
of such nanocable array electrodes were higher than the film electrode
by at least one order of nlagnitude. Such significant inlprovenlent in
electrochenlical perfornlance is due to the large surface area and short
diffusion path offered by the nanostructured V205·!nH20.

Z7.9
Synthesis of CdS@Ti02 Coaxial Nanotubular Materials Using
Liquid Phase Deposition with Precise Control of the Sheath
Thickness. Ming-Chi Hsu, lng-Chi Leu, Yu-Ming Sun and Ming
Hsiung Hon; Materials Sci. & Eng., National Cheng Kung University,
Tainan, Taiwan.

Ti02jCdS composites have been extensively investigated for their
applications in solar energy cells, catalysis, and electrochrolnic
rlevices. It has been well established that in the composites, CdS and
Ti02 serve for light collection and photo-induced charge transfer,
respectively. Due to the expanded contact area and excellent capacity
of charge transport in 1D nanostructures, the CdS@Ti02 conlposite
nanowires can be expected to present elninent prospects for both
fundanlental study and applications. In this study, a novel fabrication
route of CdS@Ti02 with the wall thickness controlled precisely hybrid
coaxial nanowires could be prepared using liquid phase deposition
(LPD) method with porous anodic aluminum oxide (AAO) as
templates. Using LPD method, the thickness of the Ti02 sheaths
could be controlled precisely by adjusting the reaction conditions.
Sequentially, the continuous and polycrystalline CdS nanorods were
deposited onto titaniunl oxide nanotubes by chenlical bath deposition
in order to fornl the coaxial CdS@Ti02 nanowires. The core/sheath
nanowires were characterized by scanning electron nlicroscopy (SEM),
transmission electron microscopy (TEM), X-ray diffraction (XRD)
and UV-visible spectroscopic techniques. And a possible growth
nlechanisnl of the fonnation of the conlposite nanowires was also
proposed.

Z7.10
A New Family of High-Temperature Thermal Insulators: IR
Opacified, Fiber-Reinforced Silica Aerogel Composite
Blankets. Dmitry Fomitchev, Roxana Trifu, Irene Melnikova,
Wendell Rhine and George Gould; Aspen Aerogels Inc.,
Northborough, Massachusetts.

The thernlal stability and high-tenlperature thernlal conductivity of
the fiber-reinforced, IR opacified silica aerogel conlposite blanket,
conlnlercially available fronl Aspen Aerogels Incorporated as AR5223,
are described. The aerogel conlposite blanket is fabricated via sol-gel
processing and supercritical drying with carbon dioxide. The nlaterial
has a nlesoporous structure with the average pore dianleter 8 nnl,
surface area 550 m 2 jg, and density 0.11-0.12 gjcm 3

. It is designed for
applications with the nlaxinlunl continuous use tenlperature not
higher than 650 ° C. The conlposite contains zirconiunl silicate
powder, which is the IR opacifier that effectively reduces the radiative
conlponent of heat transfer. Nanonleter sized dopants help to nlitigate
shrinkage and pore collapse upon exposure to high tenlperature.
Although the commercially available product is hydrophobic, it
irreversibly loses hydrophobicity after exposure to tenlperatures above
450°C. Thermal conductivity data up to 700 °c demonstrate that
AR5223 outperforms many types of non-load bearing thermal
insulation of comparable density such as Saffil and Q-fiber felt.
Thernlal conductivity data were also obtained for sinlilar conlposites
opacified with titanium dioxide and carbon black. The data show that
carbon black is the most effective IR opacifier among the tested
pignlents. Its utility, however, is linlited to non-oxidizing
environnlents or short ternl applications. Thernlal conductivity data
at 1 torr and 0.001 torr imply that gaseous component of heat
transfer in Aspen's conlposites is very snlall at these pressures. The
possibility of extending limits of performance for short-term exposure
to tenlperatures up to 1000 °C was investigated. Shrinkage, after
exposure to 1000 °C for short periods of tinle, was studied as a
function of density and dopant concentration.

Z7.1l
Nanomaterials Synthesis by Nanoparticle Beam Pulsed Laser

Deposition. Mevlut Bulut and Renato P. Camata; Dept of Physics,
Univ. of Alabanla - Birnlinghanl, Birnlinghanl, Alabanla.

Naturally occurring nlaterials often derive their outstanding
properties frOin optilnal anisotropic arrangelnents of nanoscale
constituents. This requires a hierarchical organization of nlatter over
several length scales, which is exceedingly difficult to achieve in
artificial nlaterials nlade by conventional physical and chelnical
nlethods. The cOinbination of laser and aerosol processes offers a
prolnising platfornl for creating thin filnl lnaterials with a level of
nlicroscopic organization sinlilar to that found in nature. In this work
we describe how we have used laser deposition principles and aerosol
technology to develop a novel nanomaterials synthesis technique
known as Nanoparticle Beam Pulsed Laser Deposition (NBPLD).
Contrary to conventional PLD, this approach allows decoupling of
deposition of nanoparticles and gas-phase species that often coexist in
ablation plunles so that these two processes are nlanipulated
independently. This is achieved by operating two independent
PLD-based sources, such that one source exclusively generates
nanoparticles while the other enlploys a gas-phase donlinated plunle.
In the NtlPLV sonrce gas-suspended nanoparticles are generated by
the ablation of a solid target in inert or reactive anlbient using the
focused beam of an excimer laser. A complex interplay of gas-phase
nucleation, vapor condensation, and Brownian coagulation gives rise
to a nanoparticle aerosol with average size in the 1-30 nnl range.
Through proper choice of target nlaterial, background gas reactivity
and tenlperature, and turbulent luixing conditions, gas-suspended
particles with well-controlled cheluical cOluposition and stable nunlber
concentration are produced. This nanoparticle aerosol goes through
an ionization zone where it acquires an equilibriunl charge
distribution. The charged nanoparticles are then sorted according to
size based on their different nligration velocities in an electric field
across a particle-free lanlinar gas streanl. Size-selected nanoparticles
are extracted fronl this classification region and delivered to a
substrate either as an unfocused nanoparticle spray (through free
expansion) or as a tightly focused nanoparticle beanl (through
aerodynanlic focusing). Gas-phase species of different nlaterials are
sinlultaneously or sequentially deposited by conventional PLD using
an independent laser source. We have used this technique in the
fabrication of nletal nanoparticles that can be incorporated in
nlatrices for property nlodulation as well as nanostructured zinc oxide
thin fihns and bioconlpatible calciunl phosphate nanostructures for
bionledical applications. Atoluic force nlicroscopy on sanlples
produced by this nlethod using silver nanoparticles size selected at
(8.0±0.6) nm and deposited on a silicon [110] surface show remarkable
unifonnity of the nanoparticle enselnbles, which extends to regions
several nlillinleters across. Nanoparticle size is tunable in the 3-20 11111

range while nanoparticle concentration nlay be adjusted between 108

and 10'2 cm- 2
.

Z7.12
Synthesis of Ti02 Nanoparticles Using Chemical Vapor
Condensation. Jie Wu, Guoren Bai and Jeffrey A. Eastluan;
Materials Science Division, Argonne National Laboratory, Argonne,
Illinois.

Nano-sized Ti02 particles are of interest for nlany applications l

including use as photocatalysts and in heat transfer fluids
(nanofluids). In the present study, Ti02 nanoparticles with
controllable phase and particle size have been obtained through
honlogeneous gas-phase nucleation using chenlical vapor condensation
(CVC). The phase and particle size of Ti02 nanoparticles under
various processing conditions have been characterized using x-ray
diffraction and transluission electron luicroscopy. Chanlber
tenlperature and pressure were found to be two key paranleters
affecting particle phase and size. Pure anatase phase was observed at
tenlperature as low as 600 ° C with chanlber pressure varying fronl 50
torr to 20 torr. When the furnace tenlperature was increased to
1000°C at a pressure of 50 torr, a lnixture of anatase and rutile phase
was observed, with the predonlinant phase being anatase. The average
particle size under all the experinlental conditions is less than 20 11111.

The chenlistry and thernlodynaluics of the fornlation of
nanocrystalline Ti02 particles will be discussed in this poster.

Z7.13
Synthesis of GaS Nanoparticles using [Ga(S2CNEt2)3] as a
Single-Source Precursor. Mohanlnlad Azad Malik1 , PaulO 'Brien1,

Neerish Revaprasadu 2 and Sibusiso N. Mlond02
; ISchool of

Chenlistry, University of Manchester, Manchester, United Kingdonl;
2Departnlent of Chenlistry, University of Zululand, Enlpangeni,
Kwazulu-Natal Province, South Africa.

The thermolysis of single-molecule precursors in high boiling point
co-ordinating solvents is an established route to high quality surface
passivated nanoparticles.l We report synthesis of GaS nanoparticles
in 4-ethylpyridine at 160 oC using a stable single source precursor
[Ga(S2CNEt2)31. The as-prepared nanoparticles show size-dependant
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properties such as a blue shift in the UV/Vis spectrum. Other
techniques used to investigate the properties of the nanoparticles
include PL, XllD and 'rEM. The results of this study are presented
and discussed. References 1. T. Trindade, P.O'Brien and N. Pickett,
Chem. Mater., 2001, 13, 3843.

Z7.14
Synthesis of Monodisperse, Submicron-Sized Spherical V205
Particles. Shinpei Yaulauloto, Mikio Takano and Yuchi Shinlakawai
Institute for Chemical Research, Kyoto University, Uji, Kyoto, Japan.

Monodisperse, Silbluicron-sized spherical 111etal oxide particles attract
HIllCh interest in 111any areas of science and technology, e.g., pignlents,
catalysts, raw 111aterials of advanced ceranlics, and photonic crystals.
Among a number of preparing methods, hydrolysis of metal alkoxide
in h0111ogeneous solution is one of the 1110St effective 111ethods to
prepare high purity spherical metal oxide particles. However,
application of this 111ethod for preparing s111all particles has been
linlited to less reactive 111etal alkoxides. In this study, we have
succeeded in synthesizing 1110nodisperse, subnlicron-sized spherical
V205 particles with narrow size distribution via hydrolysis of a
reactive vanadium isopropoxide (VO(OiPr)3) in acetone/pyridine
111ixed solution. Transn1ission electron n1icroscopic observations
revealed that the formed particles had almost perfect spherical shape
and were non-agglon1erated. Their sl7,es are 200 to ROO nl11 with
narrow size distribution of less than 7%. In addition, the particle size
can be easily controlled by changing the concentration of pyridine.
Another in1portant feature of our n1ethod is the extrelnely fast
forn1ation of the n10nodisperse spherical particles. They fonned at
n10st within 30 sec, or possibly llluch faster. The obtained particles
have layered structure and have a composition of V205 xPy yH20 (x
= 0.8, Y = 0.9) independent of their size. X-ray diffraction studies
also revealed that our V205 particles have an interlayer spacing of ca.
1.05 nI11, indicating intercalation of H20 and pyridine between the
V205 sheets. V205 particles are possibly used in catalysis, lithium
ion battery, electrochron1ic device, sensors and actuators. The
monodisperse spherical V205 particles obtained by our developed
n1ethod will greatly in1prove the perforn1ance in such applications.

Z7.15
Self-peeling of Porous Nickel Foam from the
Electrochemically Etched Porous Silicon. Xi Zhang and

King-Ning Tu; Materials Science and Engineering, University of
California, Los Angeles, Los Angeles, California.

A moderately doped p-type silicon wafer was wet-etched to form
n1acro-size pores in a straight high aspect ratio n1anner along the Si
(100) direction. It was then plated in a concentrated an1n10niun1
fluoride (NH4F) aqueous solution containing Ni2+. Metallic Ni was
rapidly deposited into the n1acro-pores without using a reducing agent
or any activation treatn1ent at a slightly elevated ten1perature. After
being extended for a long in1n1ersion duration, the initially single
crystalline Si sidewall on the pores was almost completely replaced by
a polycrystalline Ni filn1 while the original one-dilnensional deep
n1icron-size pore structure was still n1aintained. Newly generated
voids or nanopores were found inside the nickel n1etallized sidewalls of
the straight pores. When nickel became the dominant phase in the
entire porous part, the porous Ni n1etallic filn1 n10re than 200
micrometers thick was discovered to be able to peel off very easily
fron1 the silicon substrate beneath. In this way, a nickel foan1 with
straight pores of very high aspect ratio is self-formed and self-peeled.

Z7.16
The Photophysics of Si Nanowires Grown via Chemical Vapor
Deposition. Alex Richard Guichard', David Nicholas Barsic', Mark
L. Brongersn1a1

, Ted I. Kan1ins2 and Shashank Sharn1a2
; IMaterials

Sciecne & Engineering, Stanford University, Stanford, California;
2Quantum Science Research, Hewlett-Packard Laboratories, Palo
Alto, California.

Since the initial discovery of efficient, visible photoluminescence from
highly porous Si by Canhan1 et aI, n1uch effort has been devoted to
integration of Si nanostructures into photonics devices. Si nanowires
with dian1eters less than 10 nn1 are n10del systen1s for studying the
effects of quantun1 confinen1ent on the optical properties of Si
nanostructures. We have grown Si nanowires using Ti-catalyzed
chen1ical vapor deposition with dian1eters ranging fron1 8 nn1 to 35
nm. In subsequent processing steps, the wire diameter was reduced by
oxidizing the nanowire, followed by ren10ving the oxide by etching; the
surface was then passivated before optical n1easuren1ents. We have
observed photolun1inescence (PL) fron1 the nanowires with an
en1ission wavelength that is substantially shifted fron1 that
corresponding to the bandgap of bulk Si and long lun1inescence decay
lifetimes on the order of 10 MS. Both of these observations are in
agreen1ent with the quantun1-confined exciton n10del for light
en1ission. We will present transn1ission electron n1icroscopy and PL
studies that provide inforn1ation on the size-dependent optical

properties of the wires. Proper surface passivation of the nanowires is
essential to obtain efficient light elnission, and we will discuss different
passivation strategies. The result of this work n1ay have ilnplications
for the design and fabrication of future CMOS-compatible light
sources and photonic devices.

Z7.17
Ferromagnetism Above the Room Temperature of ZnO
Doped with Mn Thin Film and Nanowires Electrodeposited.
Mohamed Abid and Jean-Phillipe Ansermet; Physics, EPFL,
Lausanne, Switzerland.

Integrating spin functionality into otherwise nonlnagnetic solids has
become a highly desirable goal in the context of the rapidly developing
field of spintronics1,2. DMSs are selniconductor solid solutions, where
a sn1all percentage of cations are ren1placed by n1agnetic in1purities
such as Mn. Due to the host sp-Mn d interactions in these DMSs,
unusual n1agnetotransport and n1agnetooptical phenon1ena like large
faraday rotations, giant negative n1agnetoresistances and Inagnetic
field induced metal-insulator transitions have been observed. Recently,
it was reported that Mn doped with ZnO thin films as well as in bulk
exhibit ferrOl11agnetisn1 at roon1 ten1perature3. Here, we present the
forn1ation of ZnO doped with Mn thin filn1 and nanowires by
electrodeposition from a single bath. The electrodeposition was made
in an aqueous bath solution of low concentrations of zinc chloride and
n1anganese chloride at pH= 6.2. The one-phase zinc n1anganese oxide
is deposited in a classic three-electrode potentiostatic configuration at
-O.8V to -1.0V. With the right deposition parameters the evidence of
1-5% wt Mn within ZnO crystals were confirmed by using X-Ray
photoelectron spectroscopy (depth profile) and XRD to confirm the
presence only of one phase (Zincite). SQUID measurements show that
the film and nanowires prepared by this way leads to ferromagnetism
with a curie telnperature as high as Tc=500 K and still retaining its
optical transparency and sen1iconductivity properties. 1. H. Ohno,
Science 281, 951 (1998) 2. G. A Prinz, Science 282, 1660 (1998) 3.
Sharn1a, Parn1anand; Gupta, An1ita; Rao, K. V.; Owens, Frank J.;
Sharn1a, Renuj Ahuja, Rajeev; Guillen, J. M. Osorio; Johansson,
Boerje; Gehring, G. A. Nature materials 2 (10) , 673 (2003)

Z7.18
Preparation of Nanostructured Metals using Conducting
Polymers. Hsing-Lin Wang, Wenguang Li and Quanxi Jia; Los
Alan10s National Laboratory, Los Alan10s, New Mexico.

We report here a simple method to synthesize single-crystalline Ag,
Au, and Pt nanoparticles with a good size dispersity using
water-dispersible conducting polyn1er colloids con1posed of polyaniline
(PANI) and polyacrylic acid. The process involves incrementally
adding a n1etal ion solution to aqueous conducting polyn1er colloids
and does not require other reducing agents. The reduction of n1etal
ions takes place either within the colloidal particles or on the surface
of the nanoparticles. PANI colloidals actually act as tiny reactors.
With the tunable oxidation states of conducting pOlymers, we expect
this synthetic platforn1 can be used in preparing a wide range of
nanostructured metals with specific size, shape and property.

Z7.19
High Yield Synthesis of Few-Walled Carbon Nanotube.
Hang Qi, Cheng Qian and Jie Liu; Chen1istry, Duke University,
Durhan1, North Carolina.

Carbon nanotube (CNT) has at.t.rad,pd pxt.Pllsivp at.t.Pllt.ion dllP t.o it.s
unique electrical and mechanical properties and potential applications
since the discovery in 1991. Most of the research work till now has
focused on two kinds of CNT, single-walled carbon nanotube (SWNT)
that consists of only one layer of graphite sheet, and n1ulti-walled
carbon nanotube (MWNT) that consists of tens of or more layers.
Recently a new kind of CNT, Few-Walled carbon nanotube (FWNT)
has attracted n10re and n10re attention. FW NT can be considered as
the intermediate between SWNT and MWNT, which consists of
several layers of graphite sheets but has a very sn1all dian1eter, thus
n1ay have special properties due to its unique structure. For exan1ple,
FWNT shows excellent field emission effect, which is much better
than any other kind of CNT. Some potential applications require large
an10unts of FWNT. In order to cater to such a requiren1ent, we
explored Chemical Vapor Deposition (CVD) method. We employed
cobalt/molybdenum-doped magnesium oxide as the catalyst and
ethanol as the carbon source. To optiInize the reaction condition, we
explored several parameters such as the composition of the catalyst
and carrier gas, reaction teillperature and reaction tilne. Three gran1
of raw product with a 400% carbon yield (catalyst = 100%) can be
produced per day at present by the OptiIllUlll reaction condition. Next
step we will try to apply this method to larger reactor and produce
n10re raw lnaterials in unit titne.

Z7.20
Preparation of Copper Nanowire/Polymer Nanocomposites

565



by Melt Mixing and Solution Processing. Joel A. Haber',
Utandaralllan Sundararaj2, Orna Breuer2

, Genaro A. Gelves 1
,

Matthew Krantz 2
.
1 and Zakari T. M. Murakan1i\ IDepartn1ent of

Chen1istry, University of Alberta, Edn1onton, Alberta, Canada;
2Departn1ent of Chen1ical and Materials Engineering, University of
Alberta, Edn1onton, Alberta, Canada.

A scalable synthesis of 111etal nanowires has been developed using ac
electrodeposition into the pores of porous alu111inu111 oxide (PAO)
ten1plates, through the resistive barrier layer. Granl quantities of high
aspect-ratio eu nanowires (25 11111 in dian1eter by rv20,OOO 11111 in
length) were produced by ac electrodeposition into PAO templates.
The nanowires were liberated by dissolving the PAO film with
phosphoric acid or sodiu111 hydroxide solution. The surface chen1istry
of copper nanowires is controlled by the liberation method and by
post-liberation derivitization with n10lecular n10nolayers. The
agglon1erated nanowires were dispersed in n1ethanol by
ultrasonication, collected by centrifugation or filitration, and blended
into an10rphous polyan1ide, Nylon 6-6, Polycarbonate, Polyethylene,
Polystryrene, or EVA by n1elt processing, solution casting, and/or
spin casting. The dispersion and percolation of the nanowires in these
polymers was investigated by electron microscopy and conductivity
n1easuren1ents as a function of wire loading, polyn1er chen1istry, and
processing route. In well-dispersed composites percolation was
achieved with rv2 vol % of copper nanowires dispersed in the polyn1er
n1atrix. Mechanical properties were evaluated by tensile testing of
miniature (25 5 1 mm) dog bones.

Z7.21
One-Pot Synthesis Of Amphiphilic Dendritic Molecular
Nanocarriers By Chain Walking Polymerization.
Guanghui Chen and Zhibin Guan; Chen1istry, University of California,
Irvine, California.

Amphiphilic core-shell structured molecular nanocarriers have
attracted much attention recently because of their many potential
applications including controlled drug delivery and release, phase
transfer, preparation of nanon1aterials, and catalysis. As one exan1ple,
dendrimers having amphiphilic core-shell structures were shown to
have interesting unin10lecular n1icelle properties. Whereas perfect
dendrin1ers offer precise structural control and uniforn1ity, the
multistep synthesis involved in their preparations limits their general
applicability. Developing efficient synthesis of this type of soft
nanoparticles is challenging and highly needed. Using a n1ethodology
developed in our laboratory based on a special chain walking catalyst,
copolymerization of ethylene and a comonomer with a polyethylene
glycol (PEG) tail afforded, in one step, amphiphilic copolymer having
hydrophobic core and hydrophilic shell (J. Am. Chem. Soc. 2004, 126,
2662). In a sin1ilar n1anner, copolyn1erization of ethylene and a
fluorinated alpha-olefin con10ner afforded, again in one step, an
amphiphilic copolymer having a C02-phobic core and a C02-philic
shell. Light scattering, fluorescence and UVIVis spectroscopic studies
with Nile Red revealed unimolecular micellar properties for the
copolyn1ers in aqueous or C02 solutions. The unin10lecular n1icellar
properties coupled with the good water solubility and
biocompatibility of the PEG moieties make these molecular
nanocarriers proll1ising candidates for a variety of bioll1edical
applications. We are currently investigating these amphiphilic
dendritic nanoparticles as nanocarriers for drug delivery and
encapsulation of quantun1 dots, and as scaffolds for presenting
n1ultivalent ligands and proteins for biological applications.

Z7.22
Novel Liquid Metal Cathode for Prussian Blue Nanowire
Synthesis. Cengiz Sinan Ozkan l and Sathyajith Ravindran2;

1 Mechanical Engineering, University of California at Riverside,
Riverside, California; 2Chen1ical and Environn1ental Engineering,
University of California, Riverside, Riveside, California.

We report a novel technique utilizing a liquid metal (Hg) cathode
with porous alun1ina to n1ake nanorods. This technique elin1inates the
n1any steps involved in the conventional technique. With this new
technique Prussian blue nanowires were fabricated and characterized
using SEM,. TEM and EDS. The technique was also demonstrated for
the synthesis of metallic gold nanowires. Detailed SEM, TEM, EDS
and diffraction analysis are presented for the san1e. Hg contan1ination
on the nanorods was ren10ved by boiling n1ercury at 370C in vacuun1.
EDAX data before and after heating clearly indicates the elimination
of Hg from the nanorods.

Z7.23
A Large Scale One-Pot Synthesis of Highly Luminescent
CdSe-ZnS Core-Shell Semiconductor Quantum Dots.
Jae II Kim and Jin-Kyu Lee; School of Chemistry, Seoul National
University, Seoul, South Korea.

We have developed a simple and efficient one-pot process to produce

CdSe-ZnS core-shell quantum dots (QDs) in multi-gram quantity by a
deliberate modification of pyrolysis method. The obtained QDs are
highly luminescent (PL QY > 50%) and have nearly monodisperse
size distribution. Appropriate surface ligand exchange also produced
water-soluble QDs having high PL quantum yield (PL QY > 20%) in
multi-gram scale. All the prepared QDs are characterized by UV, PL,
TEM, XPS, and ICP-AES. This mUlti-gram synthetic technique is
expected to be easily applied to similar pyrolytic synthetic methods of
sen1iconductor quantun1 dots, ann to accfdp,ratp, thp, rp,latp,n fP,SP,fl.fchp,s
in QD applications.

Z7.24
Size-Dependent Electrochemical Behavior of Thiol-Capped
Nanocrystals in Aqueous Solution. Nikolai Gaponik l

, Sergey

Poznyak2
, Nikolai Osipovich 2

, Alexey Shavel ' , Dmitri Talapin 1 ,

Mingyuan Ga03 and Alexander Eychmuller ' ; 1 Institute of Physical
Chen1istry, University of Hall1burg, Han1burg, Genl1any;
2Physico-Chelnical Research Institute, Belarussian State University,
Minsk, Belarus; 3Key Laboratory of Colloid, Interface Science and
Chen1ical Thern10dynan1ics, Institute of Chelnistry, Chinese Acadell1Y
of Science, Beijing, China.

Electrochemical studies of thiol-capped CdTe nanocrystals in aqueous
solution have den10nstrated several distinct oxidation and reduction
peaks in the voltan1n10gran1s, with the peak positions being
dependent on the size of the nanocrystals. While the size-dependence
of the reduction and one of the oxidation potentials can be attributed
to altering the energetic band positions owing to the quantun1 size
effect, an extraordinary behavior was found for the oxidation peak
observed at less positive potentials. In contrast to a prediction based
on the quantun1 size effect, this peak n10ves to n10re negative
potentials as the nanocrystals size decreases. Moreover, the
contribution of the charge associated with this peak con1pared to the
total charge passed during the nanocrystals oxidation correlates well
with the PL efficiency of individual fractions of the CdTe
nanocrystals. These experiInental observations allow to assign this
peak to the oxidation of Te-related surface traps. The intra-band-gap
energy level assigned to these Te-related trap states shifts towards the
top of the valence band as the nanocrystal size increases, thus
allowing to explain the higher photostability of the larger
nanocrystals. At a certain nanocrystal size the trap level even can
move out of band gap. The applicability of the method to the probing
of surface states as well as the prediction of lun1inescence properties
of other thiol-capped nanocrystals (ZnSe, CdS) is oemonst.rat.eo.

Z7.25
Synthesis of Silicon Nanowires and their Heterostructures by
Thermal Chemical Vapor Deposition. WooSung Jang, Seung

Yong Bae and Jeunghee Park; Korea University, Seoul, South Korea.

The Si nanowires were synthesized using a novel catalytic thern1al
reaction under Ar flow. The average dian1eter is in the range of 50 rv
100 nm. They consist of defect-free single-crystalline cubic structure
with the [111] growth direction. The thickness of amorphous oxide
outer layers was controllable by growth conditions or surface
treatIl1ent. In order to protect the oxidation, the Si nanowires were
coated with boron nitride layer by the reaction of boron oxide mixture
wit.h NH~.

Z7.26
Preparation of Chitosan-Poly(acrylic Acid) Nanofiber and
Nanofibrous Structure via Self-Assembling. Chin-i Chen ' ,
Jian-Wen Wang2 and Ming-Hsiun Hong l ; lMaterial Science and
Engineering, National Chen Kung University, Tainan City, Taiwan;
2DepartIl1ent of Environll1ental and Safety Engineering, Chung Hwa
Colledge of Medical Technology, Tainan City, Taiwan.

Nanofibers appear several an1azing characteristics, especially very
large surface area to volun1n ratio. This property n1akes the polyn1er
nanofibers be useful for many applications. In this study,
Chitosan(CS)-Poly (acrylic Acid) (PAA) nanofibers have been
synthesized by a modified dropping method successfully. By selecting
proper carboxyl acid to dissolve CS and adjusting the reaction
solution pH value, CS-PAA nanofibers whose diameter ranging from
50 to 400nm can be formed in suspension solution. Also, a nanofibrous
structure can be formed after freeze-drying process. The CS-PAA
nanofibrous structure has a great potential in gas sensor which needs
large surface area.

Z7.27
Short-Period Superlattice Structure of In203(ZnO)x
Nanowires. Chan Woong Na, Seung Yong Bae, Doo Suk Han, Woo

Sung Jang and Jeunghee Park; Korea University, Seoul, South Korea.

The In203(ZnO)x (x=4 or 5) nanowires with short-period
superlattice structure have been successfully synthesized by
evaporating a n1ixture of ZnO, In, and Sn powders. The superlattice
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structure and optical properties were investigated by high-resolution
transmission electron microscopy and X-ray diffraction (XRD), X-ray
photoelectron spectroscopy, and photoluminescence (PL). They
consist of Sn-doped In-O and Zn-O layers stacked alternately
perpendicular to the long axis, with a modulation period of 1.6 or 1.0
nn1. XRD reveals the wurtzite structure with significantly expanded
lattice constants. As the In content increases, the NBE peak of PL
becomes broader with a lower energy shift. The electrical properties of
individual nanowire have also been measured by four probe method.

Z7.28
Covalent Linking; of CdTe Nanocrystals to
Amino-Functiona1i?;en Surfaces. Alexey Shavel, Alexander
Eychmueller and Nikolai Gaponik; Institute of Physical Chemistry,
University of Han1burg, Han1burg, Gennany.

A new method for modifying substrate surfaces has been developed:
prelilninarily mninated substrates of various con1positions and shapes
are linked with water soluble high lun1inescing CdTe nanocrystals
through the forn1ation of an an1ide bond between the carboxylic
groups of n1ercaptoacid-capped nanocrystals and the alnino groups of
the substrates. Carbodiin1ide con1pounds are used for the forn1ation of
an amide bond between the amino groups of the substrate surface (i.e.
of "an1inated" surfaces) and the carboxylic groups of the stabilizers of
the CdTe NCs. In order to apply this chemistry to the fabrication of
conjugates with CdTe NCs the substrate surface was pre-treated with
an1ino-functionalized silanes. The n1ethod described is not lilnited to
flat substrates but is of n10re generality as seen by our successful
atten1pts to coat glass spheres of n1icron size and silica beads by CdTe
NCs. For the generation of these conjugates CdTe NCs of two
different sizes were used, nan1ely 3 - 4 nn1 in dian1eter and 6-8 nn1 in
dian1eter, respectively. It is lnentioned that the larger particles exhibit
an elnission at around 800 nn1 which, thus, occurs at lower energies
than all CdTe-NC-emissions reported before opening the path to the
near-infrared spectral region hardly accessible with other n1aterials.
The absorption spectra of the conjugates posses well pronounced first
electronic transitions and strong en1issions. The position of the
absorption and lun1inescence n1axin1a relate well to the sizes of the
NCs in accord with the size quantization effect. This lun1inescence is
not altered for at least 3 months. The 1H NMR spectra of conjugated
silica particles exhibit obvious differences to those of the pure silica
particles. The conjugated n1aterials show additional peaks which are
attributed to the amide bond (7.81 ppm) and to the protons of the
NCs stabilizer molecules (2.75 and 2.90 ppm). Thus, also with NMR
the conjugation between the alnino groups of the n10dified substrate
surface and the carboxylic groups of the NCs' stabilizers leading to
the formation of an amide bond is detected.

Z7.29
Blue Luminescent SeITliconductor Nanocrystals and Their
Application to Lig;ht Emitting Diode. Eunjoo Jang, Shinae Jun,
Seong Jae Choi and Miyang Kim; Samsung Advanced Institute of
Technology, Yongin-Si, Gyeonggi-do, South Korea.

II-VI group colloidal selniconductor nanocrystals l showing
size-dependent optical properties in visible range, have been
extensively investigated in recent years for the application including
light emitting device (LED), biological fluorescent labels and lasers.
However, the preparation of high quality blue en1itting sen1iconductor
nanocrystal is difficult because crystal size should decrease below
~2nm to emit blue light and the resulting small crystal has unstable
surface trap to decrease the quantum efficiency. Therefore, proper
treatment of the nanocrystal surface to reduce defect sites is needed
to achieve high quantum yield. In this work, highly blue luminescent
nanocrystals were prepared by silnple surface treatn1ent at roon1
ten1perature with reducing agent like NaBH4. The quantun1 efficiency
of CdS nanocrystal was remarkably enhanced up to 75% at blue
region, about 50 tin1es in1provelnent after surface treatn1ent
n1aintaining original photolun1inescence peak position and narrow line
width. The TGA and XPS data revealed that some of the surfactants
on the nanocrystal surface were ren10ved by reacting with N aBH4 and
that the exposed cadlniun1 on the surface was converted to cadlniun1
oxide under air condition. The oxide layer functioned as a passivation
layer on the CdS surface and donated more electron density toward
the inside of the CdS core to enhance exciton recon1bination. The
surface treatn1ent was generally effective in in1proving the quantun1
efficiency of II-VI compound semiconductors including CdS, CdSe and
CdTe and other mixture type nano-sized materials. We also prepared
highly lun1inescent Inulti-con1ponent selniconductor nanocrystals
exhibiting high quantun1 efficiency in blue region by the design of new
structures. The resulting nanocrystals were en1bedded in the light
en1itting diode as an active n1aterial, and the external quantun1
efficiency of the pure nanocrystal electroluminescence was 1.5Cd/A at
470nm. The detailed results will be further discussed in the
presentation.

Z7.30
Controlled Synthesis of Chrysotile-Based Nanotubes Under
Hydrothermal Conditions. Bostjan Jancar and Danilo Suvorov;
Advanced Materials, Jozef Stefan Institute, Ljubljana, Slovenia.

In order to study the mechanisms that lead to the formation of
nanotubes from layered structures we chose chrysotile, which is a
naturally occurring nanotubular serpentine group n1ineral, as a n10del
system. We used hydrothermal conditions to follow the curling process
that leads to the formation of chrysotile. The curling of the layered
serpentine structures is believed to occur as one of the possible
n1echanisn1s that overcon1es the n1isn1atch between the lateral
din1ensions of the Mg-containing octahedral and Si-containing
tetrahedral components of the bilayer. In the case of several different
combinations of precursors involving crystalline Mg(OHh, MgO and
various types of an10rphous SiOz , we found that an10ng several varied
paran1eters the pH exerts the strongest influence on the curling of the
serpentine layers. Under acidic conditions the curling process seen1S to
be hindered and other types of n1echanisn1s for overcon1ing the
structural n1isn1atch are favored, which leads to the preferential
forn1ation of the antigorite and lizardite phases of the serpentine
n1ineral group. In a highly basic environn1ent, however, curling occurs
readily and leads to the formation of multiwall chiral chrysotile
nanotubes. The ten1perature, on the other hand, does not affect the
curling process but strongly influences the growth rate of the thus
forn1ed nanotubes. Further experin1ents involved the intercalation of
long-chain prin1ary alnines between the serpentine layers in order to
control the diameter and chirality of the chrysotile nanotubes.

Z7.31
Development and Control of Nano-Ag;g;lomerated Units in the
Protein Thin Films prepared by Pulsed Laser Deposition and
via a Colloid Chelllical Route. Man10ru Sennal , Sayuri
Nakayan1aZ

.
1

, Ichiro Taketani 1
, Jo Sagawa1 and Sanshiro NagareZ

.
1

;

IFaculty of Science and Technology, Keio University, Yokohan1a,
Japan; zTechnical Developn1ent, Nara Machinery Co., Ltd., Tokyo,
Japan.

Forn1ation and n1icrostructure of nano-agglolnerated units (NAU)
with their external size ranging fron1 2nn1 to n10re than 100nn1 in the
protein thin films were examined. Silk fibroin (SF) with and without
prelin1inary degun1n1ing and bovine serun1 albun1in (BSA) were
deposited on the Si(100) substrate either by laser deposition (PLD) or
via a colloid chen1ical route (CCR). Properties of NAU were exan1ined
n1ainly by n1icroscopic observation with TEM and AFM and chen1ical
analyses, IR spectra in particular, together with conventional
characterization, e.g. contact angle, QUM and ellipson1etry. Size,
frequency and degree of ordering of NAU were discussed in terms of
the laser fluence, species and concentration of the background gas for
PLD and the deposition conditions from various colloidal solutions for
CCR. Smoother films with suppressed NAU development were
obtained at smaller laser fluence close to the threshold (PLD) or
dilution of the colloidal solution (CCR). Post rinsing revealed
particular geometries without NAU, reflecting smaller units, i.e.
protein secondary structure (PSS). Relationship between PSS and
NAU was discussed in terms of the dispersed state in the deposition
chamber (PLD) or in t.he colloidal solut.ion (CCR) and nuclei-growth
processes therefron1.

Z7.32
White-Light Emitting Ge Nanoparticles by
lIlt.asound-Induced Solution Route. Soojin Lee, Woon Jo Cho, II
Ki Han, Won Jun Choi and Jung II Lee; Korea Institute of Science
and Technology, Seoul, Sout.h Korea.

There has been growing interests in nanoparticles of indirect band
gap, elen1ental sen1iconductors, such as Si and Ge, especially since
these show useful levels of photolulninescence in the visible region and
suggest possible applications in optoelectronics and n1icroelectronics.
Con1pared to Si, Ge nanoparticles are of particular interest, because
the Bohr radius is larger in Ge (17.7 nm) than in Si (~4.9 nm). The
quantun1 size effects will be n10re pron1inent in Ge nanoparticles even
for larger sizes of t.he cryst.allit.es. Ge nanoparticles are more likely to
undergo a transition to a direct band gap sen1iconductor since Ge is
nearly a direct band gap semiconductor in the bulk and the lowest
direct. band gap for Ge is 0.8 eV, which is only about. 0.1 eV above t.he
indirect band gap, thus lnaking it an interesting n1aterial for the
photonic applications in the near 111. region, too. We report here
white-light en1itting Ge nanoparticles prepared through a
sonochemical approach. The Ge nanoparticles were synthesized by
sonicating NaGe in glyn1e solvent (ethylene glycol din1ethyl ether)
under t.he condit.ion of below 100 °C and ambient. pressure. The
surface of nanoparticles was n10dified with hydroxyl group. The
nanoparticles were characterized by high-resolution translnission
electron microscopy (HRTEM), energy-dispersive X-ray spectroscopy
(EDS) and FTIR spect.roscopy. The average size of Ge nanopart.icles
emitting white-light was approximately 5 nm. The room temperature
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photoluminescence typically ranged from 350 lUn to 700 nm with the
peak center around 490 nm. The practical route presented herein
denlonstrated that Ge nanoparticles could be produced at an
accelerated rate due to the high energy generated by ultrasonic waves.
In addition, we could achieve the white-light using only a single-step
process, i.e., by controlling only size distribution without adding any
fluorescent ions. Due to its wide and continuous lU111inescence over the
whole visible spectrum, our method might be useful for white light
enlitting diodes using Ge nanoparticles as nanophosphor layer,
providing light-illuminating applications.

Z7.33
A hstract Withdrawn

Z7.34
Catalyst-Free Growth of Single Crystalline Ge and Core-Shell
GefSi-C-N Nanowires. Sanjay Mathur, Hao Shen, Vladimir
Sivakov and Vlf Werner; Leibniz Institute of New Materials,
Saarbruecken, Gernlany.

Senliconductor 111aterials (Ge, Si) in confined lD (nano)geoilletries
display interesting electronic and optical properties due to the partial
quantization of electronic states. We have prepared single crystalline
Ge and Ge/Si-C-N nanowires in high yields by the chemical vapour
deposition (CYD) of molecular precursors [Ge(C5H5)21 (1) amI
[Ge{N(SiMe3)2}2] (2). Whereas the decomposition of 1 provides
single crystal Ge nanowires with crystalline plane up to the surface, a
core-shell 111orphology is fornled in the case of 2 in which a crystalline
Ge core is wrapped in a Si-C-N amorphous overlayer. Given the
inherent advantages of 111etal-organic precursors, the nanowire
n10rphology is achieved at relatively lower ten1perature (1: < 300 oC;
2: < 600 oC) and the axial and radial dimensions of the ID structures
can be precisely adjusted by changing the precursor flux and
deposition ten1perature. The nanowires could be grown on different
substrates (AI203, Si, Fe, MgO, MgA1204) without any surface
treatn1ent or catalysts. In contrary to the VLS technique, which is a
popular growth 111echanislll for nanowires, nanowires in our case forn1
through a defect-assisted solid state diffusion. The model can be
supported by following observations: (i) preferable growth on artificial
defects created by nano-indenting a sapphire substrate and (ii)
cross-sectional HR-TEM of a single nanowire to reveal the bonding of
nanowires to the substrate. The 111icrostructure, n10rphology and
chen1ical con1position of the deposits have been characterized by
XRD, SEM, TEM and XPS techniques. The wires were several tens of
n1icron1eters in length with diallleter in the rangelO-lOO nn1. In the
case of Ge/Si-C-N systen1, an EDX line scan on a single wire revealed
a Ge-enriched crystalline core whereas Si is distributed locally in the
shell. A comparison of Si 2p binding energy proved that Si exists in
the Si-C-N con1position and not in the elen1ental forn1. In con1parison
to bulk Ge (~ 300 em-I), the micro-Raman spectra of both systems
revealed a low field shift « 300 em-I) which excluded the possible
formation of GeSi alloy in the CYD of 2 and indicated the quantum
confinen1ent in lD geollletries.

Z7.35
Interaction Control of Protein-Drug in the Nanocolllposites
Prepared by Pulsed Laser Deposition from MechanicaHy
Conjugated Mixtures. Sanshiro Nagare1.2, Jo Sagawa2 and

Man10ru Senna2 ; ITechnical Developn1ent Division, Nara Machinery
Co. Ltd, Tokyo, Japan; 2Faculty of Science and Technology, Keio
University, Yokohan1a, Japan.

In an atten1pt to develop a concept of nanopharn1acy, con1posites of
bovine serum albumin (BSA) and indomethacin (1M) were prepared
by pulsed laser deposition (PLD) using the targets of various
con1positions under varying operational conditions of PLD. BSA and
1M were prelin1inarily conjugated with widely varying con1positions by
n1echanical co-n1illing in a solid state, as well as fron1 colloidal
n1ixtures to optin1ize properties of the targets for laser ablation.
Morphological studies were carried out by FE-SEM, TEM and AFM.
Interactions between BSA and 1M were exan1ined in detail fron1
FT-IR and XRD. Effects of preconjugation on the deposition rate,
n10rphology of the nanostructures, and protein-drug interactions in
the nanocon1posites were exan1ined. Laser wavelength and fluence
were varied systematically to further control the structures of the
nanocon1posites. Focus is laid on the breakage of the intran10lecular
hydrogen bonds predon1inating 1M-1M or BSA-BSA interactions, and
the subsequent reorganization of intern10lecular hydrogen bond
between BSA and 1M.

Z7.36
Forlllation of Germanium Nanostructures from Molecular
Precursors Containing Labile Ge-Ligand Fragments.
Sanjay Mathur, Hao Shen, Vladin1ir Sivakov and Ulf Werner; Leibniz
Institute of New Materials, Saarbruecken, Gern1any.

Nanostructured sen1iconductor n1aterials are receiving increasing

attention due to the unique physical properties. Gernlaniunl is an
in1portant sen1iconductor, however, synthesis of pure Ge
nanostructures is difficult due to the easy formation of native oxide
and incorporation of heteroaton1s. We report here a general n10lecular
approach to obtain various Ge nanostructures by chen1ical vapor
deposition (CYD) of appropriate precursors (1: Ge(C5H5)2; 2:
Ge(OiPr)4; 3: Ge{N(SiMe3)2}2; 4: GeI2). We are exploring
low-temperature routes for the controlled synthesis of nanoscopic
st.flIctnrps (particles, films and 1D morphologies) by employing
precursors with labile metal-ligand bonding in the CYD process. In
con1parison to conventional physical n1ethods, the chen1ical vapour
deposition of n1etal-organic precursors is a viable low-ten1perature
route for the fabrication of Ge nanostructures. The labile Ge-L (L =
ligand atom) bonds in precursors 1-4 resulted in the formation of GeO
clusters and various volatile organic fragn1ents. The Ge
nanostructures are achieved at relatively lower ten1peratures (1: < ::100
oC; 2: < 600 oC; 3: < 650 oC and 4: < 600 oC). The presence of Ge
native oxide and incorporation of heteroatoms were ruled out by
rlpf,ailprl XRD and XPS studies. The HR-TEM investigation on single
wires exhibits single crystalline don1ains of Ge with no dislocations
and stacking faults and a preferred growth orientation «111». A
brief review focusing on the fabrication of Ge nanostructures fron1
chemically designed precursors will be discussed.
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8:30 AM Z8.1
Wafer-scale Nanopatterning and Nanomaterials Synthesis for
Functional Nanodevices and Nanosensors. Qi Ye, Alan M.

Cassell and M. Meyyappan; Center For Nanotechnology, NASA Ames
Research Center, Mountain View, California.

The key hurdle in nanoscience and nanotechnology is the large-scale
integration of nanoscale n1aterials with n1icron scale electronics and
structures to forn1 functional devices and sensors. We have developed
an innovative botton1-up wafer scale fabrication n1ethod that
con1bines nanopatterning and nanon1aterials synthesis with traditional
silicon n1icron1achining technologies. We have achieved nano-n1icro
integration through catalyst nanopatterning and registration at wafer
scale and through effective nanocatalyst protection and release before
and after n1icrofabrication. In this paper, we will address our device
and sensor design and fabrication considerations in detail, and present
our recent results on large-scale controlled patterning and synthesis.
We will den10nstrate an exan1ple of our wafer-scale nanopatterning
and nanon1aterials synthesis approach by presenting our recent
achieven1ents on integrating carbon nanotubes (CNTs) with silicon
cantilevers for reliable fabrication of CNT based probe tips for atomic
force n1icroscopy (AFM) critical din1ension in1aging applications. CNT
tip locations and diameters are defined bye-beam lithography. CNT
length, orientation, and crystalline quality are controlled by the
plasma enhanced chemical vapor deposition (PECYD) method. In
PECVD, an electric field is present in the plasn1a discharge to direct
the nanotubes to grow and align parallel to the electric field. With
effective catalyst protection schen1es, this fabrication process is very
sin1ilar to the conventional approach for fabricating wafer-scale silicon
AFM probe tips. Process control is therefore feasible and the overall
yield is greatly improved. This is a truly bottom-up wafer-scale CNT
AFM probe fabrication approach. Our method and technology can be
easily adapted to Inany other nanon1aterials (nanotubes and
nanowires) synthesis and processes for their rational design,
fabrication, and integration in their applications.

8:45 AM Z8.2
Integration of Multiple Functions into Nanoscale Building
Blocks. Vue Wu 1

, Jie Xiang1
, Hao Yan 1

, Wei LuI and Charles M.
Lieber1.2; lChelllistry and Chen1ical Biology, Harvard University,
Can1bridge, Massachusetts; 2Division of Engineering and Applied
Sciences, Harvard University, Call1bridge, Massachusetts.

Nanoscale building blocks, such as nanowires and nanotubes, have
been den10nstrated as functional units for nanoelectronic and
nanophotonics devices. Yet, the ultin1ate realization of large scale
nanoscale device arrays and integrated nanosysten1s will require
integration of n1ultiple functions into these single nanowire building
blocks. To this end, we have developed new approaches to the
controlled synthesis of con1positionally n10dulated nanostructures,
including axial superlattice and radial core/shell nanowire
heterostructures. First, we delllonstrate the controlled preparation of
nletal/sellliconductor nanowire superlattices through solid state
transforn1ation of silicon nanowires to single crystal n1etallic nickel
silicide. Second, rational synthesis of sen1iconductor/oxide insulator
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core/shell structures using vapor-phase atomic layer deposition will be
described. Electrical transport properties of the nickel silicide
nanowires, nickel silicide/silicon and silicon/oxide insulator nanowire
heterostructures den10nstrate unique potential of the 111ultifunctional
111aterials for integrated device arrays. Potential applications of these
nanowire building blocks for nanoscale C0l11puting will be discussed.

9:00 AM Z8.3
Nanoparticle Assembly Strategies for the Development of
Functional Mesoporous Materials. Jaya L. Mohanan, Indika
Arachcige and Stephanie L. Brock; Chemistry; Wayne State
University, Detroit, Michigan.

An inlportant hurdle for the incorporation of nanoparticIes into device
architectures is the development of methodologies that assemble
nanoparticles together for functionality while retaining the intrinsic,
size dependent properties of the individual components. A method has
been developed for the assembly of nanoparticles into porous
architectures using controlled surface deC0111plexation reactions
acco111panied by sol-gel processing and supercritical drying. The
exploitation of this methodology for the preparation of porous
nlaterials based on quantunl confined nletal chalcogenide
nanoparticles, and the physical characteristics of these materials, will
be presented. The generality of this approach for the synthesis of
functional nanostructures based on a variety of different chemical
systems will be discussed.

9:15 AM *Z8.4
Environmental and Health Impacts of Engineered
Nanoparticles. Vicki L. Colvin, Chemistry, MS60, Rice University,
Houston, Texas.

Traditionally, nanotechnology has been motivated by the growing
importance of very small (d < 50nm) computational and optical
elenlents in diverse technologies. However, this length scale is also an
inlportant and powerful one for living systenls. At Rice University, we
believe that the interface between the" dry" side of inorganic
nanostrllctllrps ann thp "wpt." side of biology offers enornlOUS
opportunities for nledicine, environnlental technologies, a well as
entirely new types of nanomaterials. As a part of our work on the
potential biological applications, we also consider the unintended
enVirOlllnental inlplications of water soluble nanonlaterials. Given the
breadth of nanOlnaterial systenls, we use a carefully selected group of
nlodel nanoparticles in our studies and focus on natural processes that
occur in aqueous systelHs. We characterize the size and
surface-dependent transport, fate and facilitated contanlinant
transport of these engineered nanonlaterials. Models fronl larger
colloidal particles can be extended into the nanonleter size reginle in
sonle cases, while in others entirely new phenonlena present
thenlselves. We also consider biological interactions of nanoparticles
and specifically address the interactions of a classic nanonlaterial,
C60, with cellular systems.

9:45 AM *Z8.5
Metal and Semiconductor Nanocrystals as Precursors for
Printp.n Electronics. Joerg Rockenberger, Kovio, Sunnyvale,

California.

Printed Electronics presents the promise of fabricating electronic
devices at greatly reduced costs, on cheap flexible substrates, and over
large areas. However, 111al1Y c0111nlercially interesting applications
require device perfornlances and stabilities close to the ones provided
by conventional semiconductor technology. Using metal and
senliconductor nanocrystals as precursors for printed electronics
conlbines the perforInance, stability, and integration schenles of
nlaterials well-known fronl conventional processing with the low cost
and flexibility of printing technologies. In this presentation, we will
discuss Kovio's approach to the production and application of Silver
and Silicon nanocrystals and inks.

10:30 AM *Z8.6
Molecular Wiring of Spin Coherence Between Semiconductor
Nanostructures. Min Ouyang, Jesse Berezovsky, Florian Meier,
Dwight Seferos, GuillerIno Bazan and David D. Awschalonl; Center
for Spintronics and Quantum Computation, University of California,
Santa Barbara, California.

Senliconductor quantunl dots are attractive candidates for scalable
solid state inlplenlentations of quantunl infornlation processing based
on electron spin states, where a crucial requirelnent for practical
devices is to have efficient and tunable spin coupling between thenl.
We focus on femtosecond time-resolved Faraday rotation studies of
self-assembled multilayer spintronic devices based on colloidal
quantunl dots bridged by conjugated nlolecules [1,2]. The data reveal
the instantaneous transfer of spin coherence through conjugated
nlolecular bridges spanning quantunl dots of different size over a
broad range of telnperature. The roonl tenlperature spin transfer

efficiency exceeds 20%, which approximately doubles the value
measured at T=4.5K. A molecular pi-orbital mediated spin coherence
transfer nlechanisnl is proposed to provide a qualitative insight into
the experinlental observations, suggesting a correlation between the
stereochemistry of molecules and the transfer process. The result.s
show that conjugated molecules can be used not only as physical links
for the assembly of functional networks, but also as efficient channels
for shuttling quantunl infornlation. This class of structures nlay be
useful as two-spin quantunl devices operating at alnbient
tenlperatures and nlay offer pronlising opportunities for future
molecule-based spintronic technologies. Work supported in part by
DARPA, ARO, and NSF. [1] M. Ouyang et aI., Science 301, 1074
(2003). [2] F. Meier et aI., Phys. Rev. B, in press (2004).

11:00 AM *Z8.7
Synthesis and Characterization of Metal-Oxide and
Chalcogenide Nanostructures. Hongkun Park, Departlnent of
Chenlistry and Chelnical Biology, Harvard University, Canlbridge,
Massachl1sPt.t.S.

In this presentation, I will discuss the syntheses and characterizations
of various transition-nletal-oxide and chalcogenide nanostructures
performed in my laboratory. The examples that will be discussed
induoe (1) the synthesis of BaTi03 nanowires ann t.he
characterization of finite-size scaling of their ferroelectricity, (2) t.he
synthesis of Lal_;rBa;J: Mn03 nanocubes and the investigation of their
magneto-transport property, (3) the synthesis of V02 nanowires and
the characterization of their Mott metal-insulator transition, ann (4)
the synthesis of NbSe,,, nanobelts and the investigation of
charge-density-wave transport.

11:30 AM Z8.8
1-D Semiconducting Nanowires: Chemical Synthesis and
Transistor for Logic Application. Bin Yu, Laura Ye and Meyya
Meyyappan; NASA Ames Center for Nanotechnology, Moffett Field,
California.

Following Moore..B Law for nearly three decades, silicon CMOS
technology will eventually reach its fundamental technological limits
in roughly 15 years. In the effort to fight with the transistor physical
linlits to scaling, the state-of-the-art nano-device architecture features
nluItiple gate control over a Si nanowire fabricated by extrelnely
aggressive photolithography and anisotropic plasll1a etching. Though
this type of device was proved to be scalable down to 10nm physical
gate length, labor- and cost-intensive integration effort is needed to
fabricate the nano-scale Si nanowires. The bottonl-up nanotechnology,
in which the critical device structures or conlponents are
self-assembled by specifically-designed chemical route, provides a
prolnising solution to produce Si or Ge nanowire-based field-effect
transistor for sub-l0nm gate length CMOS technology. In this paper
we will report the chenlical synthesis and nanonlaterials engineering
approach of one-dilnensional Si and Ge nanowires with appropriate
pre-treatment, gas-phase transport, chemical/physical vapor
deposition, and metal-mediated vapor-liquid-solid (VLS) growth.
Materials characterization of both conlpositional and nlesoscopic
structural features of these 1-D senliconducting nanowires will be
reported. Next, 4-inch wafer-scale very large arrays of MOSFET
transistor were fabricated with a cost-effective nanofabrication
integration process. Detailed device physics study will be presented,
focusing on anlbipolar channel conducting, subthreshold behavior,
parasitic resistance, carrier nlobility, gate leakage, nanowire interface
quality, and low-barrier metal-semiconductor Schottky junctions. The
feasibility of extending the bottom-up fabricated Si or Ge nanowire
transistors into sub-lOnnl CMOS logic technology, fronl nanonlaterial
synthesis, device integration, and device perfornlance perspectives,
will be analyzed and predicted.

11:45 AM Z8.9
High Performance Oxide Logic Devices based on Single
Crystalline Transparent Semiconducting Oxide Nanorods.
Won II Park, Jin Suk Kim, Je-Pil Yun and GYll-Chul Yi; POSTECH,
Gyeongbuk, South Korea.

Metal oxide nanostructures are potentially ideal functional
conlponents for nanonleter-scale electrical, optical, nlagnetic, and
superconducting device applications, thanks to a wide variety of
crystal structures and nletal ions that constitute oxides, along with
their great natural abundance and excellent environnlental
conlpatibility. In particular, nletal oxide senliconductors exhibit an
air-stable surface without fornlation of an insulating native oxide
layer, which can realize clean and abrupt nletal/senliconductor
interfaces without any specific oxide etching process. Nevertheless,
nanodevice applications using IHetal oxide nanostructures have rarely
been reported. Their applications into real electronic circuit level have
been linlited even for nletal oxide bulk nlaterials. This results fronl a
lack of high quality epitaxial or single-crystalline films and difficulty
in controlling nletal/oxide junction characteristics. However, single
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crystalline oxide nanostructures nlay solve these problenls as they
have already facilitated fabrication of high quality ZnO nanorod metal
oxide semiconductor field-effect transistors (MOSFETs) exhibiting
field effect electron mobility as high as 1000 cm2/Vs. Meanwhile,
further control of the metal/oxide junction characteristics to either
good ohnlic or Schottky contacts on oxide nanonlaterials would
readily enable creation of nlany oxide-based electronic nanodevices.
Here we report on fabrications of high perfoflnance nletal oxide
nanodevices including Schottky diodes, MOSFETs, metal
senliconductor field-effect transistors, and logic gate devices. These
sophisticated oxide electronic devices would greatly increase the
versatility and power of the building blocks for fabrication of
nunlerous nanodevices based on nletal oxides.

SESSION Z9: Nanocrystals and Nanoparticles II
Chairs: Vicki Colvin and Jun Liu

Thursday Afternoon, March 31, 200fi
H.oom 3016 (Moscone West)

1:30 PM *Z9.1
Excitons and Multiexcitons in SeITliconductor Nanocrystal
Quantum Dots: Single Dots, Many Dots, Applications.
Moungi G. Bawendi, MIT, Canlbridge, Massachusetts.

Nanocrystals of selniconductors access the regilne of strong exciton
confinenlent where exciton and nlultiexciton energetics and tilne
scales differ markedly from the bulk and quantum wells. In this talk
we will review recent work probing the energetics and dynalnics of
multiexcitons at both the single dot and the ensemble regime. We
show at the single dot level that a photon cascade can be generated
with ordered photons fronl the triexciton, biexciton, and finally the
exciton. We discuss optically punlped stinlulated enlission and lasing
fronl biexcitons and triexcitons. We also present recent results where
enlission fronl nanocrystal quantunl dots is used in hybrid
organic/inorganic light enlitting devices and in biolnedical inlaging.

2:00 PM *Z9.2
A Facile R.oute to Surface Terminated Si and Ge
Nanocrystals. Jing Zou, Hsiang Wei Chiu, Philip Sanelle and
Susan M. Kauzlarich; Chenlistry, UC Davis, Davis, California.

Silicon and gernlaniunl nanocrystals have been of interest for a large
number of applications, from optoelectronics to biological tags. There
are a large nUlnber of nlethods for synthesizing these nanoparticles,
however; they all have drawback such as requiring a specialized
apparatus such as high pressure vessel, specialized reagents such as
Zintl salts, or low yields. We have recently presented a roonl
temperature route to Si and Ge nanocrystals. This route allows for
surface termination with alkyl groups and enough product to
characterize by powder X-ray diffraction. There are two methods that
we have developed to ternlinate the surface, using alkyl Grignards and
silanization. Recent results from this synthetic route will be
presented. X-ray powder diffraction, TEM, FTIR, NMR, UV-vis and
photoluminescence data will be presented and compared with other
synthetic routes.

2:30 PM Z9.3
Synthesis of Ge Nanocrystals in a High Temperature
Supercritical Solvent. Xiannlao Lu, Keith P. Johnston ann Brain
A. Korgel; Departlnent of Chenlical Engineering, The University of
Texas at Austin, Austin, Texas.

Geflnaniunl (Ge) nanocrystals passivated with capping ligands have
been synthesized in supercritical organic solvent fronl
diphenylgermane or tetraethylgermane at 400-500° C and ~3000psi.

Group IV nanocrystals, such as Si and Ge, have been particularly
challenging to synthesize by solution-phase methods, primarily due to
their strong covalent bonding and the need for high tenlperatures to
promote crystallization. At high temperatures, supercritical fluids
may be used to solvate capping ligands and to thus stabilize
nanocrystals. Octanol is added to control particle growth, which
appears to serve as a capping ligand that binds to the particle surface
through an alkoxide linkage. The nanocrystals were characterized by
high resolution transmission electron microscopy (HRTEM), energy
dispersive X-ray spectroscopy (EDS), FTIR spectroscopy and X-ray
diffraction (XRD). The Ge nanocrystals with diameters of 3-4 ntH

exhibit blue-shifted optical absorbance and photolunlinescence spectra
relative to bulk Ge. Under the high reaction temperature, however,
the degradation of the solvent and capping ligand is significant, and
the renloval of the by-products is challenging. Variations in the
organic solvent and gernlaniulll precursor are used to nlininlize solvent
and capping ligand degradation and organic contanlination, while
increasing the reaction yield and selectivity.

2:45 PM Z9.4
Metal Sulfide Nanocrystals with Predictable Shapes and
Sizes. Wen Pei Linl1.2, Zhihua Zhang l , Hong Vee Low2 and Wee
Shong Chin l ; lChenlistry, National University of Singapore,
Singapore, Singapore; 2Institute of Materials Research and
Engineering (IMRE), Singapore, Singapore.

Architectural control of nanomaterials holds tremendous potential in
the synthesis and design of various advanced lnaterials. The
"bOttOlll-UP" preparation of nanocrystals with unifornl shapes and
sizes is enlerging as one of the pronlising approaches in the
developnlent of new nanodevices and the realization of novel
nanoscale properties. A general nlethod, using an air-stable precursor,
was developed for the preparation of metal sulfide nanocrystals under
nlild conditions in solution. Recent systenlatic investigation of various
critical reaction paranleters clearly denlonstrated that both the shape
and size of the nanonlaterials can be controlled in a predictable
manner. Well-defined shapes of metal sulfide nanocrystals such as
Ag2S and Cu J : S, fronl nanocubes, nanorods, nanodisks, faceted or
spherical nanocrystals, to dendrites can be readily produced and
illustrated in this presentation.

3:00 PM Z9.5
Synthesis of GerITlaniuITl Nanocrystals and Nanowires via
Ge(II) Precursors. Henry Gerung", Scott D. Bunge3

, Timothy J.

Boyle2, C. Jeffrey Brinker1.2 and Sang M. Han\ lChenlical &
Nuclear Engineering, University of New Mexico, Albuquerque, New
Mexico; 2Advanced Materials Laboratory, Sandia National
Laboratories, Albuquerque, New Mexico; 3Chenlistry, Kent State
University, Kent, Ohio.

We have developed a new synthesis route for Ge nanocrystals (Ge
NCs) via reduction of Ge[N(SiMe3)2b at 300°C and 1 atm. Literature
reports on Ge NC syntheses have focused mainly on direct reduction
of Ge(IV) to Ge(O), which requires a combination of high temperature
(>400°C), high pressure (>1 atm), and strong reduction agents. We
have developed a simple synthetic route that does not require strong
reducing agents or special additives (e.g., detergents) wherein no salts
or undesirable byproducts are formed. Ge[N(SiMe3)2b is chosen as
the Ge(II) precursor due to the ease of its synthesis in high yield, the
absence of potential halide contalnination, and the labile alnido ligand
sets. The synthesis involves the injection of Ge[N(SiMe3)2b dissolved
in oleylamine into octadecene/oleylamine solvent at 300°C and 1 atm
Ar. The resulting Ge NCs form quickly and show a high degree of
crystallinity with no oxide formation. The washed Ge NCs display the
characteristic infrared absorption peaks of NH2 and CN vibrational
modes, indicating that the oleylamines encapsulate the Ge NCs. An
alternative Ge(II) precursor, Ge[DBPb (DBP = 2,
6-ditert-butylphenoxide) is isolated from an amide alcholol metathesis
reaction between Ge[N(SiMe3)2b and 2 equivalents of DBP-H. The
use of Ge[DBPb under identical reaction conditions as discussed
above yields Ge nanowires (Ge NWs) instead of Ge NCs. These Ge
NWs display a strong emission at 360 nm when excited by a 325-nm
HeCd laser line and appear to be air stable.

3:30 PM *Z9.6
Chemical Transformations of Nanocrystals. Paul Alivisatos,
Chemistry, University of California, Berkeley, Berkeley, California.

Chenlical transfornlation of nanocrystals fronl one conlposition to
another can proceed rapidly and with remarkably simplified kinetics
conlpared to bulk solid state transfornlations. Two recent exalnples
we have investigated are the fornlation of hollow nanocrystals via
addition reactions and cation exchange reactions. Hollow nanocrystals
of many transition metal oxides and sulfides have been studied, and
fronl these we are learning how to predict the shell thickness. Cation
exchange from CdSe to Ag2Se proceeds completely, but is reversible,
and the nunlber of anions per nanocrystal renlains invariant. Ahove fl

critical size, the nanocrystals retain non-equilibriunl shapes over
nlultiple cycles of cation exchange.

4:00 PM *Z9.7
Generalized Synthesis of Monodisperse Nanoparticles and
UniforITl-sized Nanorods. Taeghwan Hyeon, School of Chenlical
Engineering, Seoul National University, Seoul, South Korea.

We developed a new generalized synthetic procedure to produce
nlonodisperse nanocrystals of nlany transition nletals, nletal oxides,
and metal sulfides without a size selection process. Highly-crystalline
and nlonodisperse nanocrystals of nlagnetite, MnFe204, CoFe204,
MnO, Ni, NiO, Ce02, and Pd were synthesized from the thermal
decomposition of metal-surfactant complexes. Very recently, we were
able to synthesize 40 granl of nlonodisperse nlagnetite nanoparticles
using inexpensive and environlnentally-friendly reagents such as nletal
chlorides. By controlling the nucleation and growth processes, we were
able to synthesize nl0nodisperse lllagnetite nanoparticles with particle
sizes of 6, 7, 8, 9, 10, 11, 12, 13, and 14 nm. We developed a new
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generalized synthetic procedure to produce various nanorods.
Diameter-controlled synthesis of magnetic iron phosphide (Fe2P)
nanorods was achieved frOlu the controlled thernlal decoluposition of
iron-trioctylphosphine complex delivered using a syringe pump. By
controlling the injection rate of syringe punlp, we were able to control
the length of the nanorods with keeping dialueter nearly unchanged.
Using a sinlilar procedure, we synthesized nanorods of iron phoshpide
(FeP), cobalt phosphide, nlanganese phosphide, nickel phosphide,
ZnO, and ZnS. Using a non-hydrolytic sol-gel processes, we were able
to synthesize various anisotropic nanocrystals of ZnO and Ti02.

4:30 PM Z9.8
Nonaqueous Routes to Crystalline Metal Oxide
Nanoparticles: ForITlation MechanisITls and Applications.
Markus Niederberger, Georg Garnweitner, Nicola Pinna and Markus
Antonietti; Colloid Chemistry, Max Planck Institute of Colloids and
Interfaces, Potsdanl, Gernlany.

The unique characteristics of transition nletal oxides nlake thenl the
nlost diverse class of nlaterials, with properties covering alnlost all
aspects of nlaterials science and solid state physics. The general trend
to further nliniaturization of functional devices in enlerging
technologies such as sensing, pignlentation, energy storage and
conversion and electroceraluics denlands for the production of these
nlaterials with the highest possible purities, sluall crystallite sizes,
well-defined particle nlorphologies and sluall particle size
distributions. In the last few months, we developed novel reaction
approaches using nonaqueous and halide-free procedures to synthesize
a wide variety of different luetal oxide nanoparticles including the
binary metal oxides of group IV and V, Sn02, In203 and perovskites
such as BaTi03, SrTi03 and LiNb03 [1]. The routes involve the
solvothenual reaction of nletal oxide precursors such as nletal
alkoxides or luetal acetylacetonates with oxygen supplying agents such
as alcohols, aldehydes and ketones. The careful characterization of the
oraanic species in the final reaction nlixtures provides infornlation
ab~ut possible condensation nlechanisnls. In the case of BaTi03, the
formation of the Ti-O-Ti bond most probably occurs via a novel
nlechanisnl involving a C-C bond fornlation between the isopropoxy
ligand and the solvent benzyl alcohol [2]. The use of oxydizing
solvents instead of alcohols allows the preparation of lead-based metal
oxides such as PbTi03, Pb(Ti,Zr)03 and PbZr03. Depending on the
nletal oxide precursor and on the solvent, different fornlation
nlechanisnls were found. In this presentation, we will give an overview
of the various nanoparticles synthesized via the nonaqueous sol-gel
approach, the particle fornlation nlechanisnls found in these systenls,
and first exanlples of applications in gas sensing devices [3], catalysis
and electroceramics. [1] M. Niederberger, N. Pinna, J. Polleux, M.
Antonietti, Angew. Chem. Int. Ed. 2004, 43, 2270 [2] M. Niederberger,
G. Garnweitner, N. Pinna, M. Antonietti, J. Anl. Chenl. Soc. 2004,
126, 9120 [3] N. Pinna, G. Neri, M. Antonietti, M. Niederberger,
Angew. Chem. Int. Ed. 2004, 43, 4345

4:45 PM Z9.9
Synthesis of Stable Near- to Mid-Infrared Emitting PbSe
Nanocrystals in High Yield. Jeffrey M. Pietryga' Richard D

Schaller l Jaajit NandaI Kenneth V. Salazar2 , Joanna L. Casson 1
,

Victor 1. 'Klil~lovl and J~nnifer A. Hollingsworth 1; 1 Chenlistry
Division, Los Alamos National Laboratory, Los Alamos, New Mexico;
2Materials Science and Technology Division, Los Alanlos National
Laboratory, Los Alanlos, New Mexico.

We recently reported the synthesis of the first colloidal PbSe
nanocrystal quantum dots (NQDs) exhibiting mid-infrared (mid-IR)
photoluminescence (JACS, 2004). Including these results, size-specific
syntheses of PbSe NQDs with room-temperature emission over the
range of just above 1 ,tIll to 3.5 I"m (NQD diameters of 2 to 17 nm)
have been reported. While these syntheses succeed in producing
predictable sizes and sluall size distributions, two iInportant
shortconlings renlain that prevent full application of these NQDs: low
chenlical yield and poor stability in air. This talk presents our recent
studies and developluents towards addressing these problenls. The
synthesis of highly emissive near-IR PbSe NQDs is inefficient (~40/0

yield for NQDs emitting @ 1.5"m), as much of the precursor
conlpounds reluain unreacted when the target size is reached. Recent
experinlents with new precursors have raised yield as nluch as 20-fold.
Both near-IR and mid-IR NQDs show marked changes in emission on
storina in air. Synchotron XPS studies reveal evidence that seleniunl
on the

b

surface of these particles is prone to oxidation, especially in the
larger, less-thoroughly passivated and less-brightly emitting mid-IR
NQDs. Through application of post-preparative treatnlents, we have
been able to reduce spectral "blue-shifting" in near-IR dots, and
enhance enlission intensity and stability in luid-IR dots.

SESSION Z10: Poster Session: Synthesis,
Characterization, and Applications of Nanostructures

Chair: Shawn Feng
Thursday Evening, March 31, 2005

R:OO PM
Salons 8-15 (Marriott)

ZIO.I
Abstract Withdrawn

Z10.2
Self Seeded ZnO Nanowire Growth by Ultrasonic Spray
Assisted Chemical Vapour Deposition. Ming Wei, Dan Zhi and
Juidith L. MacManus-Driscoll; Material Science and Metallurgy,
University of Canlbridge, Canlbridge, United Kingdonl.

ZnO, which exhibits a direct bandgap of 3.37 eV at room temperature
with a large exciton binding energy of 60 nleV,is of considerable
technological inlportance because of its potential use in
short-wavelength devices, such as ultraviolet (UV) light-eluitting
diodes and laser diodes. The fabrication and application of I-D ZnO
nanostructures has attracted considerable interest in recent years. In
this work, we produced single crystal nanowires of zinc oxide using a
novel self-seeded growth using ultrasonic spray assisted cheluical
vapour deposition, in which a nanocrystalline seed layer was first
deposited onto a glass substrate and the nanowires subsequently
grown using a different precursor concentration and substrate
tenlperature. The dialueter of the nanowires is in the range of 20-80
nnl and the length of the wires is as long as 10 lunl. The single crystal
nature of the nanowires was revealed by high resolution transluission
electron microscopy. The formation of liquid droplets due to the
reducina atnlosphere and the higher teluperature during the nanowire
growth ~as found to be the key step of the ZnO nanowire formation.

Z10.3
Chemical Vapor Synthesis of Complex Nanocrystalline
Oxides. Markus Winterer1.2 and Vladinlir V. Srdic3 .

2; IDepartnlent
of Engineering, University of Duisburg-Essen, Duisburg, NRW,
Gernlany; 21nstitute of Materials Science, qarnlstadt University o.f
Technology, Darnlstadt, Hessen, Gernlany; Departnlent of Matenals
Engineering, University of Novi Sad, Novi Sad, Serbia, Yugoslavia.

Functional nlaterials such as ferroelectrics are often based on conlplex
nlaterials. The synthesis of such nlultinary, nanocrystalline oxides is
highly deluanding because it requires the control of conlposition /
stoichionletry on the level of a few thousand atonlS per particle. The
challenae is especially difficult in case of chemical vapor synthesis
(CVS) ~f compounds such as perovskites where often only solid
precursors with low volatilities are available. We will discuss several
approaches to solve this problenl and report on a novel flash
evaporating nlethod to produce stoichioluetric, nanocrystalline
strontiunl zirconate fronl tetraluethylheptanedionates. This precursor
delivery method may also be applied to the chemical vapor deposition
(CVD) of thin films.

ZIO.4
All Inorganic Light Emitting Diodes based on Active Layers
of CdSe Nanocrystals. Alexander H. Mueller', Elshan A.
Akhadov1

, Melissa A. Petruska2, Marc Achernlann2, Daniel D.
Koleske 3

, Victor I. Klimov2 and Mark A. Hoffbauer ' ; I C;ADI, Los
Alanlos National Laboratory, Los Alanlos, New Mexico; -C-PCS, Los
Alamos National Laboratory, Los Alamos, New Mexico; 3Sandia
National Laboratory, Albuquerque, New Mexico.

Encapsulation of colloidal nanocrystals (NCs) in an inorganic
senliconductor nlatrix is difficult owing to the harsh conditions
typically needed for the deposition of semiconductor films.
Conventional III-nitride growth techniques require high substrate
tenlperatures and reactive organoluetallic precursors to achieve
growth, leading to the deconlposition of the NCs during the
encapsulation process. If the deposition paralueters are adjusted to
nlore benign conditions, the resulting filIus are of low seluiconducting
quality, liluiting their usefulness in electronic devices. The use of
reactive nitrogen atonlS with kinetic energies between 1 and 5 eV and
an evaporated nletal flux pernlits the deposition of seluiconducting
nitride filnls at significantly lower tenlperatures than conventional
nlethods (e.g. CVD, sputtering, laser ablation, etc.). FilIus grown by
energetic neutral atonl bealu lithography/epitaxy (ENABLE), a
unique thin film deposition technique developed at LANL, allow the
growth of high-quality senliconducting nitride filnls on thern~ally

unstable and non-epitaxial substrates. Successful encapsulatwn of
CdSe NCs by GaN layers using ENABLE allows NC light emission by
direct carrier injection fronl the seluiconducting layers into the NCs I .
Light enlitting devices based on a conlbination of non-contact energy
transfer2 and direct carrier injection luay be fabricated using this
deposition technique, allowing for inlproved efficiencies in the
electrical pumping of CdSe nanocrystals. 1. Mueller et a!., submitted
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October 2004. 2. Achermann et. al. Nature, vol. 529, no. 6992, p. 642,
2004.

Z10.5
Electroless Synthesis of Gold Nanoparticles in SBA-15.
Tewooros Asefa ann R. Bruce Lennox; Chemistry, McGill University,
Montreal, Quebec, Canada.

The chelllical synthesis of nanostrnctured lnaterials is a very
inlportant area of research for the developnlent of nanoscale devices.
In this talk, the synthesis of Au/SBA-15 nanocoluposite 111aterials via
electroless deposition in the nan0111eter confined channels of
mesoporous SBA-15 will be discussed. Subsequent etching of the silica
fro111 the C0111posite 111aterials with HF in the presence of alkane thiol
resulted in lUg quantity of stable lllonodisperse gold nanoparticles.
Both the Au/SBA-15 nanocomposite material and the extracted gold
nanoparticles were characterized by XRD, TEM, EDX, and UV- Vis
spectroscopy. This novel synthetic route is shown to be more
advantageous c0111pared to traditional thernlal and chelnical routes as
it offers higher loading of aligned nanoparticles in the channels to
forn1 and synthesis of lUg quantity of luonodisperse alkane thiol
capped possible. Furthern10re, the extracted gold nanoparticles were
obtained to be stable in various solvents for n10nths and fonn unique
aggregates when deposited on substrates.

ZIO.6
Carboxylic Acids as Solvent for the Preparation of Metal
Sulphides Nanoparticles. Lidia Anuelao1.2, HeIInut Bertagnolli3,
Daniele Can10zz01

.
2 , Silvia Gross1.2, Dieter Holzinger4

, Guido

Kickelbick4
, Venkata Krishnan3 and Eugenio Tondello1.2;

'Department of Chemical Sciences, ISTM-CNR and University of
Padova, Padova, Italy; 2Consorzio Interuniversitario per la Scienza e
la Tecnologia dei Materiali, INSTM, Firenze, Italy; 3Institute of
Physical Chemistry, University of Stuttgart, Stuttgart, Germany;
4Institute of Materials Chemistry, Vienna University of Technology,
Vienna, Austria.

Dispersions of transition n1etal sulphide nanoparticles into
polyn1erisable solvents can find wide applications as fillers for
polYlneric n1aterials, as UV-Vis filters, nanopign1ents and to in1prove
and tailor optical and n1echanical properties of the final n1aterials in
which they are embedded. A novel method to prepare copper sulphide
nanoparticles has been developed, which is based on the fast
nucleation of the sulphide by using carboxylic acids as solvents. The
particles have been synthesized by reaction of thioacetic acid with
copper carboxylates (acrylate, n1ethacrylate, propionate,
isobutyrrate), in presence of a sluall an10unt of water, using the
correspondent carboxylic acid (acrylic, luethacrylic, propionic,
isobutyrric) as solvents. The use of a carboxylic acid as solvent gives
several advantages. First, the acid environlnent catalyzes the
hydrolysis of carbon-sulphur bond, producing a fast CuS
supersaturation and a high nucleation rate. Secondly, especially in
heavier solvents (lnethacrylic and isobutyrric acid) the reduced
n10bility of the precursor n10lecules favours the nucleation events
against particle growth. Finally, the low dielectric constant stabilises
the dispersion by reducing the critical coagulation concentration. The
prepared nanoparticles were investigated by UV-Vis spectroscopy and
by light scattering. The nanoparticle suspensions are clear and are
characterized by an adsorption edge which is blue-shifted with respect
to that of the bulk sen1iconductor. Light scattering n1easuren1ents
evidence the forn1ation of n10nodispersed nanoparticles with average
dian1eters of ca.10 nn1.

ZIO.7
Wurtzite ZnO, ZnCoO, and CoO NanOlnaterials. Aditi Risbud,
Ran1 Seshadri and Lauren Snedeker; Materials, UCSB, Santa Barbara,
California.

Wide bandgap n1aterials in the wurtzite structure are currently of
interest due to their potential in nun1erous applications, ranging fron1
hulk n1atprials to thp nanosc:alp; ZnO is a well-known piezoelectric
n1aterial; Co-substituted ZnO is a candidate dilute n1agnetic
sen1iconductor for spintronic applications, and ZnO nanoparticles are
useful when ultraviolet absorption along with a high degree of optical
transparency is required. The synthesis of ZnO nanoparticles was
perforn1ed via thern1al decon1position of zinc acetylacetonate,
[Zn(acac)2] in benzyl ether solvent at 300°C to form ZnO
nanoparticles. While n1aintaining the wurtzite structure, nanoscale
Zn,_."Co"O particles with x= 0.05, 0.10, and 0.15 were formed by
decomposing [Co(acac)2] and [Zn(acach] in the appropriate ratios,
with C02+ substituting for Zn2+ in the wurtzite lattice. The synthesis
of nanosized ZnO and Zn,_"Co"O from bulk powders of the
respective oxides will also be presented. Additionally, the end-member
of this systeln, novel wurtzite CoO was synthesized using a silnilar
thern10lysis route. Characterization of these luaterials is perfonned
via x-ray diffraction, neutron diffraction, transluission electron
n1icroscopy, and DC n1agnetization n1easuren1ents.

ZIO.8
A hstrad Withdrawn

ZIO.9
Synthesis, Characterization, and Growth Mechanism of
Silicon Oxide Nanowires. Lifeng Dong', Michael Coulter2

, Neil

Ford3 and Jun Jiao'; 'Department of Physics, Portland State
University, Portland, Oregon; 2Harvard University, Can1bridge,
Massachusetts; 3Departn1ent of Chen1ical Engineering, Oregon State
University, Corvallis, Oregon.

In this study, two n1ethods have been investigated to synthesize
silicon oxide nanowires. One was catalytic thern1al evaporation
n1ethod in which silicon n10noxide was used as the precursor and Au
particles served as the catalysts. Our study suggests that the growth
position of silicon oxide nanowires could be controlled by catalyst
locations. For the second method, we explored the procedures for
growing silicon oxide nanowires directly fron1 the silicon substrate,
which n1eans without the silicon n10noxide as the precursor and
without the aid of Au catalyst. We have also carried out a series of
experin1ents to study effects of reaction tin1e, ten1perature, and
hydrogen on the growth of nanowires. Experimental results show that
hydrogen plays an in1portant role in the forn1ation of oxide nanowires
along the <110> direction of the silicon substrate. Without the
introduction of hydrogen, there was no growth of silicon oxide
nanowires. Scanning electron n1icroscope (SEM), transn1ission electron
n1icroscope (TEM), and energy dispersive x-ray spectron1eter (EDX)
were used to characterize n10rphologies and internal structures of the
silicon oxide nanowires and to analyze their con1positional
distributions, respectively. In this report, the characterization results
of different silicon oxide nanowires and their forn1ation n1echanisn1s in
relation to both preparation methods will be discussed.

ZIO.IO
Low Temperature Synthesis of Silicon Nanowires.
Rezina Siddique, George Sirinakis and Michael A. Carpenter; College
of Nanoscale Science and Engineering, University at Albany, Albany,
New York.

Silicon Nanowires (SiNWs) have n1any potential applications that
include diodes, transistors, logic gates, circuitry, and sensors. SiNWs
also open the possibility for integrating optoelectronics with
n1icroelectronics, since silicon has sen1iconducting properties and
an1orphous silicon nanowires have been shown to en1it blue light. It
has also been deluonstrated that SiNWs have tunable electrical
properties, depending on the dopant used. With such a range of
applications, the ability to n1ass-produce silicon nanowires sin1ply and
easily with no other source of silicon needed other than the substrate
itself, will prove very useful. Such methods have previously been
reported, but we report a methodology that produces SiNWs at a
lower temperature than those widely observed. A (100) silicon
substrate was cleaned for five minutes each in ethanol followed by
acetone. Films with thicknesses of less than 20nm of either Gold,
Palladium, or 60/40 Gold/Palladium were deposited on the substrate
through physical vapor deposition to serve as the growth center for
the SiNWs. The san1ples were placed in a furnace and annealed to
900°C, under a 1500 sccn1 flow of Argon at atn10spheric pressure.
SEM and TEM were used for characterization of the SiNWs. The
resulting SiNWs were an10rphous in structure and very convoluted,
with lengths on the order of tens of lnicrons, dian1eters of 40nn1 and a
bed thickness of approximately 10 I'm. The effect of varying gold
concentration, annealing tin1e, ten1perature, and gas flow rate were
then investigated. The results, which will be discussed in further
detail, indicate that adjusting these paran1eters allows for control over
the length, thickness, density, and morphology of the nanowires.

ZIO.l1
Abstract Withdrawn

ZIO.12
Synthesis and Applications of the Hollow Nanocrystals.
Yadong Yin 1.3, Can Erdonlnez2.3 , Andreu Cabot2, Justine A.

Shaw2.3 and A. Paul Alivisatos2 .1.3; 'The Molecular Foundry,
Lawrence Berkeley National Laboratory, Berkeley, California;
2Chen1istry, University of California, Berkeley, Berkeley, California;
3Materials Science Division, Lawrence Berkeley National Laboratory,
Berkeley, California.

We demonstrate the successful synthesis of hollow nanocrystals of
various lnaterials based on the concept of nanoscale Kirkendall Effect.
Cobalt sulfide is used as a typical example to discuss the mechanism
for forming the hollow morphology. Carefully studies show that the
pore size and shell thickness depend on the size of the original
nanocrystals, and the relative concentration of the two species in the
diffusion couple. We will discuss the feasibility to extend the same
n1ethod to the synthesis of hollow nanocrystals of other lnaterials,
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such as semiconductors and metals. We will also discuss the potential
applications of these new 111aterials.

ZIO.13
One-Step Synthesis and Assembly of Gold Nanoparticles by
Direct Reduction through Termini of Self Assembled
Molecular AsseIl1blies. Ashavani KU111ar, Pethuraja Gopal Ganesan
and Ganapathiran1an Ran1anath; DepartIllent of Material Science and
Engineering, Rensselaer Polytechnic Institute, Troy, New York.

Metallizing organized 1110Iecular assen1blies and porous structures with
nanoparticles is of interest to exploit the unique properties of
nanoparticles for addressing 1110lecular devices, obtaining high-loading
of nanoparticle catalysts, and ten1plating for further functionalization.
Conventional protocols of synthesis and assembly of nanoparticles
require 111ultiple steps and reagents for synthesis, surface 111odification,
phase transfer, and subsequent assen1bly in predefined ge01118tries.
Here we denlonstrate a siIuple and versatile roolu-tenlperature nlethod
to synthesize and assenlble nanoparticles in two dinlensional or three
dinlensional structures such zeolites, and luolecular assenlblies directly
fronl nletal ions without external reducing agents. The nlain prenlise
of the strategy involves the reduction of metal ion directly by using
ternlinal nloieties of nlolecular layers that fornl asselnblies, or
functionalize pores and external surfaces. We illustrate the flexibility
of the direct reduction strategy through by demonstrating it on three
exanlple of surfaces, nanlely, (a) tubular asselnblies of octadec-9-enoic
acid (6-amino-pyridine-2-yl)-amide, (b) pores of 4-aminophenyl
trymethoxy silane (APTMS)-terminated MCM 41 zeolites, and (c)
APTMS-modified planar silica. In all three cases, nanoparticles form
via nligration and coalescence luetal ions reduced by the alnine
ternlini of the surfaces. The particle size can be precisely controlled
from 3 to 5 nm, with a very narrow distribution (e.g., +1 nm), by
varying the functionalization process paranleters. Other key features
include unifornl surface coverage on planar surfaces, high loading
fractions (e.g., rv20 wt %) in porous channels, and electrically
addressable nletallization nodes on surfaces of nlolecular assenlblies.
We also denlonstrate selectively nanoparticle fornlation on
anline-ternlinated patterns on planar surfaces generated by surface
probe-induced chemical modification and photolithography. Finally,
we describe a nlechanistic nlodel of the direct reduction based on
transnlission electron nlicroscopy, X-ray photoelectron spectroscopy,
Infrared Spectroscopy, and UV-visible Spectroscopy measurements.

ZIO.14
Synthesis of Silica Films with Orthogonally Aligned Ordered
Nanopore Arrays by Controlling Surface Chemistry.
Venkat R. Koganti and Stephen E. Rankin; Chenlical & Materials

Engineering, University of Kentucky, Lexington, Kentucky.

Mesoporous thin filIns can find nlany applications in nlenlbrane based
separations, nlodel surfaces for heterogeneous catalysis, low dielectric
constant nlaterials, etc. A popular way to prepare these filIns is by
surfactant tenlplation of dip coated sol-gel solutions. However,
interactions with the substrate align the 2-D hexagonal close-packed
(HCP) cylindrical channels in these films parallel to the substrate
when the filnls are coated onto nonnal hydrophilic glass substrates,
thus nlaking these channels inaccessible. Even hydrophobic surfaces
like graphite align these channels parallel to the substrate. Prior
efforts to control the orientation using electric, nlagnetic and flow
fields were effective, but could not achieve perfect orthogonal
orientation. Molecular sinlulations and block copolynler literature
suggest that perfect orthogonal orientation of anisotropic nlesophases
should be promoted by chemically neutral surfaces. To test this
approach for nlesoporous ceralnic filIns, we have nlodified nonnal
hydrophilic glass surface in several ways create chenlically neutral
surfaces. We modified the surfaces by cross linking (a) random
polyethylene oxide (PEO)-polyproplyene oxide (PPO) copolymers (b)
triblock PEO-PPO copolymers, or by (c) partially replacing the
ternlinal hydroxyl groups with nlethyl groups by silylation. We have
used Brij-56 and (PEO)-(PPO) triblock (PI23) surfactants as
tenlplating agents. Brij-56 was used as the tenlplating agent on
silylated slides, and P123 was used in conjunction with cross-linked
copolymers. X-ray diffraction supplemented by TEM shows that
sandwiching freshly deposited films between two modified slides
conlpletely aligns the pores orthogonal to the substrate. The pores in
films cast onto unmodified slides align completely parallel to the
substrate. The pores in filnls cast onto nlodified slides, but which are
exposed to air, partially align parallel to the substrate. Thus, we
report a simple and effective method to prepare completely
orthogonally aligned nlesoporous ceralnic filIns.

ZIO.15
Solution-Phase Synthesis of GaN Nanoparticles. Jifa Qi ' and

Angela M. Belcher1.2; 1 Departnlent of Materials Science and
Engineering, Massachusetts Institute of Technology, Canlbridge,
Massachusetts; 2Departnlent of Bioengineering, Massachusetts
Institute of Technology, Cambridge, Massachusetts.

The synthesis of GaN nanocrystals is of inlportance for understanding
the fundanlental properties of a wide band gap senliconductor and for
developing optoelectronic devices operated in the ultraviolet and blue
ranges. GaN and the related III-V nitride compound semiconductors
have at.t.ractecl intense at.t.ention clue t.o recent. successes in conln1ercial
production of blue/green light emitting diodes, lasers, and other
devices. Although, significant progress has been nlade in fornling sonle
senliconductor nanocrystals, e.g. CdSe and CdS, there are no good
chen1ical n1ethods to produce hon10geneous GaN nanoparticles in
solution so far. We are interested in the synthesis of CaN
nanoparticles in solution, since free standing solution phase
nanoparticles are easy to nlanipulation, especially through the
biological method that developed in our laboratory. Here, we report a
solution phase synthetic method of colloidal CaN nanocrystals that
using the conuuercial available precursors and through the reaction
and nucleation process in solution at nl0derate tenlperatures. The
purification method of the products was investigated, and the
nanocrystals were characterized by transnlission electron nlicroscope
and x-ray difl·raction. TEM observations revealed that the size of CaN
nanoparticles ranged from 2 to 17 nm depending on the synthesis
process. The optical absorption band exhibits size dependent blue
shifts comparing with that of bulk GaN. Further, GaN nanoparticles
synthesized by this method have high fluorescent efficiency in blue or
green color ranges. The enlission band in violet reginle is observed,
which nlay originate fron1 the quantun1 confined excitonic transition
in GaN nanoparticles. The GaN nanocrystal surfaces can be coated
with a variety of organic and biological n10lecules, giving then1
functionality that that enables self-assembly, patterning
biocompatibility and cell labeling.

ZIO.16
How Cationic Fluorinated Surfactant Structure Influences
Mesoporous Silica Particle Architecture. Stephen E. Rankin ' ,

Bing Tan 1
, Sandhya M. Vyas2 , Hans-Joachinl Lehn1ler2 and Barbara

L. Knutson 1
; lChenlical and Materials Engineering, University of

Kentucky, Lexington, Kentucky; 2Departn1ent of Occupational and
Environnlental Health, University of Iowa, Iowa City, Iowa.

Fluorinated surfactants are a special class of surfactants that assen1ble
into aggregates and forn1 novel" intern1ediate" n1esophases nlore easily
than hydrocarbon surfactants. These properties should allow
co-assen1bly with ceran1ic precursors to create luaterials with a wider
range of pore sizes, shapes, and orientations than are available fronl
hydrocarbon surfactants. Fluorinated surfactants also possess
processing advantages for organic functionalization and supercritical
carbon dioxide processing. We report a con1prehensive investigation of
the use of cationic fluorinated surfactants as ten1plates for ordered
nanoporous silica. A hon1010gous series of perfluoroalkylpyridiniun1
chloride surfactants with tail lengths between 4 and 12 carbons is
synthesized. Using these surfactants, nlaterials are synthesized by
precipitation fronl either aqueous or ethanol-water solutions. Pore
structures obtained include worm-like pores, 2D close-packed
hexagonal cylindrical pores, pillared layers of silica with a randon1
n1esh phase structure, and porous sheets of silica. Particle
n10rphologies include irregular particles, solid spheres, hollow spheres
/ vesicles, and foan1-like structures. The 4-carbon straight chain
surfactant produces materials with unusually small (~1.6 nm
diameter) pores. The layers of the mesh phase structure prepared with
the lO-carbon surfactant align orthogonal to the nlain axis of the
particles, to give rod-like particles rather than platelets. Ethanol
pron10tes the forn1ation of ceranlic aggregates with long-chain
fluorinated surfactants, and pron10tes spherical particle forn1ation.
Interestingly, the pores in the spherical particles are usually oriented
radially, whether the pores are cylindrical or slit-shaped. The variety
of pore architectures found in this study is n1uch greater than would
be found for a homologous series of hydrocarbon surfactants. We
relate this structural variety to the known variety of lnicelle
aggregates and n1esophases forn1ed by fluorinated surfactants

ZIO.17
One-Dimensional Nanostructure of Polycyclic A rornatic
Hydrocarbon Molecule Fabricated by Low-Temperature
Vacuum Evaporation. Shieh-Chang Suen1.2, Wha-Tzong Whang2,

Kuo-Rong Huang2, Tsung-Che Tsai2 and Bau-Tong Dai 1
; INational

Nano Device Lab., Hsinchu, Taiwan; 2Departluent of Materials Science
and Engineering, National Chiao Tung University, Hsinchu, Taiwan.

The synthesis of one-dinlensional (lD) nanonlaterials has attracted
intensive research recently owing to their unusual physical properties
and unique applications in nanoscale devices. Most of studies concern
inorganic nlaterials. However, the organic lD nanon1aterials, which
possess an1azing electronic and optical properties, renlains poorly
studied, and only a few successful exanlples have been reported. In
this study, we successfully fabricate lD nanostructure of coronene,
one of polycyclic aromatic hydrocarbon (PAH) molecules, whose bulk
forn1 is norn1ally used as a dye for the organic light elnitting diode or

573



a selniconductor layer of organic thin fihn transistor. With the
vacuunl evaporation nlethod, coronene nanofibers (CNFs) with
dianleter ca. 66nnl have been synthesized at roonl tenlperature
without the aid of catalyst that are nornlally needed for growing
ca,rhon nanntllhps (CNTs). The novel method mainly makes use of the
intermolecular 1r-1r interaction of PAH molecules, which can
self-assenlble into colunlnar aggregates. Besides, the surface energy of
substrate, which relates to the unsaturated surface bond, also strongly
affects the geometry of PAH-CNFs. The nanofibers exhibit excellent
field emission characteristics when biased under vacuum. Moreover,
the high aspect ratio morphology provides a lotus effect that greatly
enhances hydrophobic property of a film. This relative easier process
provides a broad range of applications in nanoscience and technology.

ZIO.IS
Dynamics of Silicon Nanoparticle Synthesis by Pulsed Laser
Ablation. Terry Murray2.1 and Larry Grazulis2 j IGraduate Materials

Engineering, University of Dayton, Dayton l Ohio; 2Research Institute,
University of Dayton, Dayton, Ohio.

Si nanoparticles have been synthesized by pulsed laser ablation in an
Ar atnlosphere, and the size distribution was deternlined by AFM and
by tinle of flight nlass spectronletery. The nlean particle size
deternlined by both techniques was 3 nnl at an Ar pressure of 133 Pa,
and this shifted to a slightly larger size at 266 Pa. The kinetic energy
distribution of the nanoparticles was deternlined by varying the delay
tinle between ablation and photoionization lasers; the results indicated
the nanoparticles had a kinetic energy on the order of 5 eV at the end
of the growth process. The implications for Si thin film growth from
Si nanoparticles will be discussed. Finally, the photoionization
dynanlics of the nanoparticles were investigated. The results indicated
that sonle nlultiply charged nanoparticle ions underwent Coulonlb
explosion upon photoionization as indicated by broadening in the Si+,
Si+ 2 , and Si+ 3 peaks. This was modeled by the liquid drop model.

ZIO.19
Preparation of Free-Standing Nanoparticles.
Rabindra Nath Das1.2 and Panchanan Pranlanik1; lChenlistry, IIT
Kharagpur, Kharagpur, West-Bengal, Indiaj 2Materials Science,
Cornell University, Ithaca, New York.

With the growing interest in building advanced nlaterials using
nanoscale building blocks, there is a need for general approaches to
controlling the sizes of nanoparticles. Size controlled free-standing
nanoparticles are crucial for addressing sonle inlportant fundanlental
issues such as the finite size effect on electronic properties. Here we
denlonstrate relatively sinlple synthetic strategies for preparing
free-standing nanoparticles that can be translated fronl one systenl to
another. Nanoparticles with free-standing fornl have been prepared by
solution evaporation process. The process involves the preparation of
nletal ion ligand (tartarate, citrate, oxalate, EDTA etc.) conlplex
solution followed by evaporation. Conlplete evaporation results in
fluffy dried precursor mass. Calcination of precursor mass at low to
nloderate tenlperatures produce phase pure nano sized powders. TEM
studies clearly show free-standing individual nanoparticles. Metal ion
conlplex routes playa crucial role in preparing the nanoparticles
having good physical properties. In conlplex process precursor nlass
originates frOln a honlogeneous nlixture of nletal ions, and careful
control of the removal of the organic ligands permits the production of
free standing nanoparticles without agglolneration. The exanlples
discussed include perovskites, i.e. lead zirconate titanate
(PbZrxTil-x03), lead magnesium niobate (PbMgl/3Nb2/303) and
lead iron niobate (PbFel/2Nbl/203).

ZIO.20
Cobalt-Nickel Nanoparticles with Hybrid Shapes Synthesized
by Heterogeneous Nucleation in Liquid Polyols. Diane Ung,
Guillaume Viau and Fernand Fievet; ITODYS, University Paris 7,
Paris, France.

Magnetic nanoparticles with anistropic shape are desired for various
applications such as nlagnetic recording or electronlagnetic absorbers.
In our laboratory we study the synthesis of cobalt and cobalt-nickel
particles by reduction of acetate salts in liquid polyols. By acting
upon the experinlental conditions (heterogeneous nucleation with
ruthenium and basicity) we obtained recently Co and CoxNi(l-x)
particles (x = 1 - 0.3) with anisotropic shapes, such as wires or
platelets. The fornlation of the hexagonal close-packed phase was
found to be the driving force for the anisotropic growth of the
particles. The shape was controlled by the sodium hydroxide
concentration in solution: growth occurs preferentially along the c axis
or perpendicular to it for low and high hydroxide concentrations,
respectively, giving either wires or platelets. Particularly interesting
are the intennediate hydroxide concentrations for which CoxNi(l-x)
particles (x = 0.8 - 0.3) with shapes like nails, dumbbells and
diabolos, are obtained. All these shapes are hybrid shapes between
wire and platelet: the central part of the particles is a wire with

dianleter of 10 nnl and length varying fronl a hundred to a few
nanonleters depending on the sodiunl hydroxide concentration and on
the CoNi conlposition, and the edges are hexagonal platelets with a
dianleter in the range 20-30 11111. High resolution electronic nlicroscopy
showed nearly monocristalline particles with the crystallographic
c-axis parallel to the wires but did not showed any hexagonal-cubic
structural segregation within the particles. In contrast local energy
dispersive X-ray analysis showed a chenlical cOlnposition gradient: the
Ni content of the platelet edges is higher with respect to the global
conlposition. These hybrid shape particles are thus conlplex
nanocrystals that can be qualified as a new class of bimetallic
particles, neither solid solution, nor core-shell particles. The study of
growth nlechanisnl showed that a high nunlber of rutheniunl seeds
allows complete separation between the nucleation and growth steps.
The hydroxide concentration controls the supersaturation
concentration by acting upon the equilibriunl between the solution
and the unreduced solid phase in which are involved the Co(lI) and
Ni(lI) species when the reduction takes place. Moreover the
unreduced solid phase depends on the metal cations, a Co(lI) alkoxide
and a Ni(lI) hydroxy-acetate were evidenced. Difference in the
coordination chenlistry of the two nletal ions nlay be responsible of
the segregation within the final nletal particles. Magnetic
nleasurenlents showed a ferronlagnetic behaviour at roonl tenlperature
with saturation nlagnetization close to the bulk and coercivity in the
range 1500-2000 Oe, for the wires and the hybrid shape particles. The
coercivity is nlainly governed by the shape anisotropy of the particles
but increasing density of stacking faults density as inferred fronl
X-ray diffraction studies is found to lower the coercivity.

ZIO.2I
Ab Initio Analysis of the First Elementary Processes of BN
and BCN Nanotubes Formation. Vladimir Makarov, Brad Weiner
and Gerardo Morell; University of Puerto Rico, San Juan, PR l Puerto
Rico.

Ab initio analysis of the BN and BCN nanotube structure,
spectroscopy and physical properties are available in the open
scientific literature. In the present study, we have undertaken the
investigation of the first elementary processes of the BN and BCN
nano species growth. Experinlentally, the process is induced by
focusing laser radiation on the bulk sanlple surface. We propose that
the initial internlediates induced by the laser radiation are BN, BNB
and NBN. The first step of our analysis includes calculation of
enthalpy of the elementary processes: 1. BN + BN ? BNBN; 2. BNB
+ NBN ? ; 3. BNBN + BN ? ; 4. and so on. The next step being
undertaken is to calculate potential surfaces for the listed processes
and their transition state configuration. Both the first and second
steps will allow to estinlate the rate constant of the relevant
processes, and to further carry out nlodeling of the BN and BCN
nanotube fornlation process.

ZIO.22
Process Control of Nanocrystalline Grain Size in
Gold-Copper Eleetrodeposits. Alan Jankowski, Lawrence
Livernlore National Laboratory, Livernlore, California.

The enhancenlent of nlechanical properties and structural stability are
attributes sought for nletal alloys used in the fonn of thick coatings
for high-strength capsules. Grain refinenlent is a known
nlicrostructural path to increase the hardness and flow stress of Inany
metal alloys. In this study, the growth of ten to thirty micron-thick
foils is pursued using the method of pulsed electrodeposition from an
aqueous potassiunl-cyanide solution of gold and copper. The process
paralneters of current and potential affect both the structure and
composition of the foils. The alloy foils are found to have an equiaxed
nanocrystalline structure as revealed by electron and x-ray diffraction.
The crystallite size is quantified using the Debye-Scherrer fornlltlation
for peak-broadening of the Bragg reflections in the x-ray diffraction
scans. The conlposition of the gold-copper foils is deternlined by
analysis of energy dispersive x-ray spectra. A decrease in the current
density and cathode voltage favors deposition of the nlore noble nletal
species. A short current pulse favors nanocrystalline grain sizes. The
nlechanisnl for nucleation and growth as deternlined fronl current
transients yield relationships for nucleus density and nucleation rate.
However, to develop a greater understanding of the role of process
variables on grain size (as a design structural paranleter to control
strength), a formulation is developed to model the effect of the
electrodeposition energetics on grain size. The relationship between
the aqueous process variables with the resultant grain size is presented
using an equation-of-state analogy to grain growth phenonlena in the
solid-state. 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.

ZIO.23
Dispersion of Polymer-Stabilized Gold Nanoparticles in High
Molecular Weight Polymer Matrices. Muriel K. Corbierre', Neil
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S. Canleron2 and R. Bruce Lennox\ IChelnistry, McGill University,
Montreal, Quebec, Canada; 2 IMI-CNRC, Boucherville, Quebec,
Canada.

We studied the dispersion of small « 10 nm) polymer-covered gold
nanoparticles (PS,o-Au and PS ,2G-Au, where the subscript number
indicates the nunlber of polystyrene repeat units) in high nlolecular
weight polynler Inatrices in the preparation of nanoconlposite
nHl,t.erials. The dispersions were assessed by translnission electron
microscopy, UV-visible spectroscopy and small angle X-ray scattering.
The dispersions are interpreted in ternlS of wetting of the polynler
brushes bound on the gold core by the polymer matrix. PS,o-Au
exhibits conlplete dispersion in a low nlolecular weight PS nlatrix
(2000 g/mol) and partial dispersion in higher molecular weight
matrices up to 80000 g/moI. Because the theoretical limit for wetting
of a dense brush is reached when the molecular weights of both the
polynler brush and the polynler nlatrix are the sanle, the partial
dispersion of the PS I9-Au nanoparticles in nlatrices of nlolecular
weight higher than the brush molecular weight is attributable to the
existence of a high volunle fraction of voids within the brush. These
voids arise fronl the geolnetry of the gold core. Conversely, conlplete
dispersion was nevertheless achieved in the case of PS I2S -Au in all
polystyrene matrices up to 80000 g/moI. This is probably due to the
PS ,2G-Au lower grafting density on the gold core and/or the high
fraction of void volunles caused by the facets on the gold cores. This
allows for their dispersion when the Inatrix nlolecular weight is
greater than that of the brush.

ZlO.24
Nucleation and Growth of A120 3 , Ti02 and V 20 G Films
Prepared by Atomic Layer Deposition for Catalytic
Membrane Fabrication. Piotr W. Klamut1.4, Jeffrey W. Elam2,
Guang Xiong3, Catherine Y. Han l

, Hsien-Hau Wang l
, John N. Hryn2

and Michael J. Pellin l
; IMaterial Sciences Division, Argonne National

Laboratory, Argonne, Illinois; 2Energy Systenls Division, Argonne
National laboratory, Argonne, Illinois; 3Chelnistry Division, Argonne
National Laboratory, Argonne, Illinois; 4Departnlent of Physics l

Northern Illinois University, DeKalb, Illinois.

Atomic layer deposition (ALD) is a thin film growth technique
allowing precise, confonnal oxide layers to be deposited on a variety of
nanoporous nledia including nlenlbranes, nanotubes and powders.
Characteristics of the ALD growth make it an ideal method for
developing new nanocatalysts. We have recently fabricated novel
nanostructured catalytic membranes by depositing A1z03, Ti02 and
V 20G layers onto anodic aluminum oxide (AAO) scaffolds. To
fabricate these membranes effectively, it is necessary to understand
the chemistry underlying the nucleation and growth of the different
ALD layers. In this study, the nucleation and growth of ALD A1z03,
Ti02 and V 2 0 G on each other were studied by depositing ALD films
on planar substrates and then analyzing the filnls using spectroscopic
ellipsometry and x-ray photoelectron spectroscopy. It was found that
by varying the underlying oxide layer, the growth rate of the
subsequent overlayers could be enhanced or suppressed. In addition to
these ex situ analyses, in situ quartz crystal nlicrobalance (QCM)
nleasurenlents were perfornled during the nucleation and growth of
the ALD A1z0 3 , Ti02 and V 20 G containing bilayers. These QCM
nleasurenlents reveal details regarding the interfacial chelnistry during
the nucleation of the mixed oxide layers. Using the growth rates
determined for the various ALD layer on the planar substrates, ALD
films were deposited on the inside surfaces of AAO to fabricate
nanostructured catalytic nlenlbranes. These nanostructured catalytic
membranes synthesized using ALD showed enhanced selectivity for
oxidative dehydrogenation when cOlnpared with conventional powder
catalysts.

ZlO.25
Synthesis of Complex Metal Carbides using Biological
Templates. Yongsoon Shin, Xiaohong S. Li, Chonglnin Wang,
Willianl D. San1l1els, Yong Wang, Larry R. Pederson and Greg J.
Exarhos; Materials Departnlent, Pacific Northwest National Lab,
Richland, Washington.

Biological structures are distinguished by the extremely high precision
of their self-assembly, replication, and functionality. Diatoms,
bacteria, cornstarch, pollen and wood have been used for the
bionlilnetic synthesis of a range of organized inorganic architectures
with potential applications in catalysis, nlagnetisnl, separation
science, electronics and photonics. In this presentation, we describe a
facile nlethod for replicating the conlplex surface structures of wood,
tree and grass pollen grains, and rice hull, which in the case of nletal
carbide produces conlplex hierarchical cellular structures nlorphology
with surface areas high than 250n12/g. Such nlaterials show highly
nanocrystalline (100-500nm) in particle sizes and extreme thermal
stability up to 1500°C in air. Cellulose is a critical component to
nlaintain the original structures due to its crystalline network, while
lignin helps the nletal carbides nanocrystalline. The synthetic

procedures and surface characterizations including nlicroscopic
nleasurenlents will be presented in detail.

ZlO.26
One-Dimensional Boron-Based Nanostructures: Synthesis and
Characterization. Terry Xu ' and Rod Ruoff2; 'Department of
Mechanical Engineering & Engineering Science, The University of
North Carolina at Charlotte, Charlotte, North Carolina; 2Departnlent
of Mechanical Engineering, Northwestern University, Evanston,
Illinois.

Catalyst-assisted growth of one-diInensional (lD) boron-based
nanostructures was achieved by pyrolysis of diborane (B2H o) at
850-900 °C and ~200mtorr. Gold (Au) or platinum/palladium
(Pt/Pd) alloy are effective catalysts. The as-synthesized
nanostructures were characterized by scanning electron Inicroscopy
(SEM), transnlission electron nlicroscopy (TEM), and Ranlan
spectroscopy. In addition to the crystalline a-tetragonal boron
nanowires, novel tube-catalyst-wire hybrid nanostructures were
discovered. Increasing tube length by post-annealing was also realized.
By tuning the size of catalyst particles, boron
nanotube-catalyst-nanowire hybrid structures with slnaller dianleter
"-'8nnl were synthesized. Possible Inechanisnls for the growth of these
crystalline boron nanowires and nanowires-catalyst-nanotubes hybrid
structures will be presented. The 1D horon-haseo nanost.met.nres will
find applications in nanolectronics, nanoconlposites and
t.hermoelectric energy conversion devices. We appreciate t.he support
of the National Science Foundation (grant. EEC-0210120), ano t.he
Office of Naval Research grant. (No. NOO0l40210870).

ZlO.27
New Gold Nanoparticle Preparation from Soluble
Gold(I)-Thiolate Materials. Muriel K. Corbierre and R. Bruce
Lennox; Chenlistry, McGill University, Montreal, Quebec, Canada.

A novel preparation nlethod of thiol-stabilized gold nanoparticles is
int.roduced. Soluble Au(I)-thiolat.e complexes wit.h bulky thiol ligands
were prepared from Au (III; salts and isolated in order to st.udy the
reductive transition to Au( . These isolated and stable internlediates
were chenlically reduced in suitable inert solvents. The resulting gold
nanoparticles were conlpared with those prepared using conventional
methods ( i.e. t.hat use a mixture of Au (III) salt.s and thiols as the
initial reagent.s). The st.epwise synthet.ic t.echnique permitted the
exmnination of the effect of adding ions during the synthesis process
on the gold nanoparticle sizes. The dianleters and dispersities of the
t.hiol-capped gold nanoparticles synthesized here are typically
comparable to those prepared by t.he convent.ional methods used. This
preliminary work lends support to our hypothesis that further study
of the effect of reaction conditions on the controlled reduction of
Au(I)-t.hiolate salts will shed light on the tailored preparat.ion of gold
nanoparticles.

ZlO.28
Synthesis and Consolidation of Microemulsion-Derived
Zirconia Nanopowders. Olivia A. Graeve and Harpreet Singh;
Metallurgical and Materials Engineering, University of Nevada, Reno,
Reno, Nevada.

N anocrystalline powders of yttria-stabilized zirconia and pure zirconia
were synthesized using a reverse nlicelle synthesis procedure using
zirconiunl oxychloride, Na-AOT, and iso-octane as precursors. X-ray
diffraction, surface area analysis, differential thernlal analysis,
dynanlic light scattering, scanning electron nlicroscopy, fourier
transfornl infrared spectroscopy, and transnlission electron nlicroscopy
studies were performed to fully characterize the as-synthesized and
heat. treat.ed powders. The pure zirconia powders exhibited a
crystallite size of 2-5 lUn in the as-synthesized state. Upon
heat-treatnlent, nletastable tetragonal phase was stabilized at heat
treat.ment t.emperat.ures below 500 degrees C. Above 500 degrees C,
the powders start.ed changing to the stable monoclinic phase.
Synthesis of 3 mol% and 8 mol% yttria-stabilized zirconia produced
pure tetragonal and cubic phases, respectively, with a crystallite size
snlaller than 6 nl11. The use of a novel wash nledia allowed the
synthesis of ultrapure powders with no nleasurable organic or
inorganic inlpurities. Reaction paralneters such as precursor
concentration, aging tinle, and water-to-surfactant ratio were varied
to optinlize the synthesis process. The nanoparticles were further
sint.ered using a spark plasma sintering (SPS) method. Dense
compacts of >98% density were obtained in 20 minutes. The grain
size of the conlpacts was around 50 nnl.

ZlO.29
Melting of Alkyl-Terminated Ge Nanoparticles.
Hsiang Wei Chiu1, Christopher Chervin1.2 and Susan Mary

Kauzlarich l
; IChenlistry, University of California Davis, Davis,

California; 2University Outreach, Lawrence Livernlore National
Laboratory, Livernlore, California.
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Crystalline Ge is an ideal surface for growing GaAs for high efficiency
photovoltaics. In order to grow a crystalline Ge filn1 on a flexible
substrate, we are exploring the use of Ge nanoparticles. Ge
nanopartic1es have been synthesized by solution routes. In here, we
concentrated on a high yield reduction synthesis that gives good
surface passivation. The 1'00111 ten1perature as-prepared Ge
nanopartic1es are crystalline. The transluission electron 111icroscopy
(TEM) showed crystalline Ge and the average size is 5-8nm depending
on synthetic conditions. The typical size distribution of the Ge
nanoparticles is 5.0 (1.0) nm. Heat treatment at 300C produces
amorphous alkyl terminated Ge that is still soluble in nonpolar
organic solvent. Further heating up to 420C shows that 1110St carbon
is ren10ved and the product contains both crystalline and an1orphous,
non aggregated Ge nanoparticles. X-ray powder diffraction (XRD),
Raman spectroscopy, TGA/DTA and TEM data will be presented.

ZIO.30
Energetics of ZnS Semiconductor Quantum Dots in Zinc
Phosphate Glasses. Riham M. Morcos, Alexandra Navrotsky and
Subhash Risbud; Thermochemistry Facility and NEAT ORU,
University of California at Davis, Davis, California.

The goal of this research is to investigate the energetics of zinc sulfide
quantU111 dots doped in a zinc phosphate glass 111atrix using high
ten1perature solution calorin1etry and differential scanning
calorin1etry. Nucleation and coarsening processes playa n1ajor role
in the synthesis of nanocrystals in glasses. ZnS is a well-studied II-VI
sen1iconductor n1aterial having a bandgap in the visible and just into
the ultraviolet. The following questions will be addressed. When the
glass is initially doped with several percent ZnS, and no quantun1 dots
are detected, is the ZnS truly dissolved or is it present as
nanoclusters? As the particles coarsen, how does their enthalpy
depend on size? At what size is their enthalpy the san1e as that of
bulk ZnS? A con1bination of thern10dynan1ic and structural tools will
be used. The techniques used are drop solution calorin1etry into a
n10lten oxide solvent at 700 or 800 oC, differential scanning
calorin1etry, transn1ission electron n1icroscopy, x-ray diffraction, and
nuclear n1agnetic resonance. Each provide inforn1ation on specific
aspects of the structure or dynan1ics of con1plex disordered n1aterials
such as glasses. The DSC analysis of ZnS doped glass n1atrix
[(P205)0.5 (ZnO)0.5] detected a glass transition (Tg) temperature of
480 oC for glasses containing 20 % ZnS quantun1 dots, con1pared with
500 oC for glass with nominally dissolved ZnS and 4500C for glass
with no ZnS at all. Drop solution calorin1etry , which obtains the
heat of forn1ation of the systen1, is in progress.

ZIO.3I
Doping Kinetics in SeITliconductor Nanocrystals. Lijun Zu 1

,

David J. Norris ' , Steven C. Erwin2
, Michael Haftel 2

, Thomas A.
Kennedy2 and Alexander L. Efros2 ; lChen1ical Engineering and
Materials Science, University of Minnesota, Minneapolis, Minnesota;
2Naval Research Laboratory, Washington, District of Colun1bia.

Growth kinetics has recently been studied in the context of the shape
control of sen1iconductor nanocrystals. For exan1ple, quantun1 rods
and other more exotic shapes (e.g., tetrapods) have been fabricated
fron1 CdSe by varying the precursor and surfactant concentrations
during growth. It has been proposed that these shapes arise in CdSe
when extrelnely high precursor concentrations (i.e., high n10non1er)
exist. With high n10non1er concentration, strongly non-equilibriun1,
diffusion-controlled growth con1bines with the anisotropic hexagonal
crystal structure of wiirtzitic CdSe. Further, if the precursors are
subsequently depleted, the shape of the quantum rods can revert to a
n10re isotropic shape during continued growth. This occurs due to
diffusion of material between facets on the same nanocrystal
(" intraparticle ripening"). Here, we will utilize this knowledge of the
kinetics of shape control to explore sill1ilar issues in the kinetics of
doping of sen1iconductor nanocrystals. We have recently observed
n1any parallels between these two subjects during our studies of
Mn-doped ZnSe nanocrystals. For exan1ple, we have observed strong
ripening effects of Mn incorporation if the precursor concentrations
are allowed to fall during continued growth. The in1plications of this
and other observed phenomena on the doping process will be
discussed.

ZIO.32
Transferred to Z3.37

ZIO.33
A hstract Withdrawn

ZIO.34
Tnflllenc.e of Linker Molec.llles on Charg:e Transport through
Self-Assembled Sing;le-Nanoparticle n"vi""s. Al-Amin Dhirani,
An1ir Zabet and Yoshinori Suganun1a; University of Toronto, Toronto,
Ontario, Canada.

We investigate electrical characteristics of single-electron
electrode/nano-island/electrode devices formed by alkanedithiol
assisted self-assen1bly. Measuren1ents of single electron charging
energies determined by Coulomb blockade (eB) voltage thresholds
exhibit a significant discrepancy with the Orthodox model. The
energies do, however, scale with particle sizes, consistent with single
electron charging phenoluena. We propose that the discrepancy is
caused by a n1ulti-barrier junction potential that leads to a voltage
divider effect. Ten1perature and voltage dependent conductance
measurements performed outside the blockade region probe the
junctions directly and are consistent with this picture. We sin1ulated
our data using a suitably n10dified Orthodox n10del.

ZIO.35
Synthesis and Characterization of Cuprous Oxide Nanodots,
Nanorods and Thin FilITls. Haitao Zhang1

, Zigeng Yin 2
, Duane M.

Goodner ' , Michael J. Bedzyk ' , Tobin J. Marks3
, John B. Ketterson2

and Robert P. H. Chang ' ; 1 Department of Materials Science and
Engineering, Northwestern University, Evanston, Illinois;
2Departn1ent of Physics and Astronon1y, Northwestern University,
Evanston, Illinois; 3Departn1ent of Chen1istry, Northwestern
University, Evanston, Illinois.

Cuprous oxide (Cu20) is an important p-type oxide semiconductor. It
is a pron1ising candidate for observing Bose-Einstein condensation of
excitons, and also a potential n1aterial in applications as solar cell,
photocatalysis and chen1ical sensor. We have fabricated different
Cu20 structures, such as nanodots, nanorods and thin filn1s. Using
n1etalorganic chelnical vapor deposition (MOCVD), Cu20 nanodots
have been grown on LaAl03 (001) substrates. X-ray diffraction
reveals that the nanodots are fully relaxed, and grow epitaxially with
a Cu20 (001)--LaAI03 (001) and Cu20 [100]-- LaAl03 [100]
epitaxial relationship despite the large lattice Inislnatch of 12.7%
between Cu20 and LaAI03. The dots are pyramid-shaped islands
with {HI} side facets which have a steep slope of 54.7° with respect
to the (001) surface plane. Kinetics study indicates that restrained
Ostwald ripening plays an ill1portant role in the forn1ation of the
dislocated nanodots. A non-catalyst growth of Cu20 nanorods on
silicon substrates has been achieved using a two-step MOCVD
process. After the initial seeding step, Cu20 nanorods are grown
laterally only on the sidewalls of silicon substrates. The nanorods are
single crystal Cu20 with a diameter of 100-250 nm, a length up to 3
n1n1, and a growth direction of <110>. The fonnation of nanorods is
explained using a vapor-solid growth Inechanisnl. To our knowledge,
this is the first report on the synthesis of single crystal Cu20 1D
nanostructures directly on the substrates using a non-solution
approach. Continuous epitaxial Cu20 filn1s on MgO (011) have been
synthesized using DC n1agnetron sputtering. Scanning electron
n1icroscopy in1ages reveal that surfaces of the filn1s are flat and
continuous, and a closer exan1ination by atoll1ic force n1icroscopy on
the filn1s shows terrace structures on the surface, which is
characteristic of two-dimensional (2D) growth. The 2D growth is
contributed to the bOll1bardn1ent effect of energetic particles in the
sputtering growth. Optical properties and excitonic structures in these
materials are studied and will be reported.

ZIO.36
Combined lJHV and Liquid Phase (CULP) Processing of
Self-AsseITlbled Nanostructures. San1il En1re Ogun and
Raymond T. Tung; Dept. Physics, Brooklyn College, Brooklyn, New
York.

Self-assen1bled nanostructures are in1portant for a wide range of
applications. Present techniques employed for the self-assembly of
quantum dots use surface/interface energies and/or limited reaction
kinetics to achieve nanon1eter characteristic size, and are in general
limited to specific material systems. Here we present results from an
entirely novel, "combined UHV and liquid-phase processing" (CULP)
n1ethod for the fabrication of quantun1 dots fron1 a wide range of
n1aterials. This novel approach n1akes use of an inert liquid filn1, to
mediate the growth of physically deposited thin films and to
accommodate the self-assembly of nanoparticles. The intenoeo
n1aterial is co-adsorbed, along with a cheluically inert gas species as a
mixture at an appropriate (cryogenic) temperature onto a substrate in
ultrahigh vacuum (UHV). Because of the high-vacuum and
low-temperature conditions employed, co-adsorbed films are in the
"solirl" phase. The n1ixed filn1 is then pressurized, without exposure to
air, with cold high-purity helium gas to above the triple-point pressure
of the gas species before the tell1perature is also raised to above the
triple-point temperature. This sequence brings the thin film to the
liquid phase and uses the high diffusivity in the liquid film (> 1xl 0-,';
cm2/s) to allow atoms to self-assemble into particles. Nano-particles
of semiconductors (Si, Ge), metals (Co, Ni, Mo, Ti), alloys (NiSix,
TiNi), and oxides (TiOx, SiOx), with diameters of 5 - 50 nm, have
been fabricated using the CULP technique operated at ~100K, using
molecules of sulfur hexafluoride (SF6) and hexafluoroethane (C2F6)
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as co-adsorhat.es. The pressurization was typically carried out at
50-200 kPa. The size and density of nanodots were found to depend
sensitively on the concentration of the starting solid film, the film
thickness, the surface condition of the substrate, and the pressurizing
and drying conditions. Results of "selective deposition" of
nanoparticles with partially dried liquids on pre-patterned substrates
and the use of freeze-drying for a unifornl deposition of particles are
also presented. Essentially, this technique cOlubines the cleanliness
and fine control associated with UHV deposition with the favorable
kinet.ic (physical) processes available in the liquid phase for
self-assenlbly. Results obtained fronl scanning probe lnicroscopy,
scanning electron luicroscopy, and optical luethods will be discussed.
Electrical characteristics of junctions containing CULP-grown
nanoparticles are also presented. We also conlnlent on the soft-landing
contact formation capability offered by the present scheme, which has
inlportant bearings for delicate nlaterials and interface control. This
work is supported by an NER grant from NSF-DMR.

Z10.37
Solution Approaches to Organizing One-Dimensional
Nanostructures on Substrates. Z. Ryan Tian I and J. Liu, 2;

IDepartInent of Chelnistry and Biochenlistry, University of Arkansas,
Fayettevile, Arkansas; 2Sandia National Laboratories, Albuquerque,
New Mexico.

Large arrays of highly oriented one-dinlensional nanonlaterials
(1DNMs) have nlany inlportant technological applications. Here we
report generalized solution approaches to direct syntheses of oriented
nanowires, nanorods, and nanotubes. Results fronl the structural
analyses suggest that a variety of 1DNMs (e.g. Ti02, ZnO, conducting
polyaniline, etc.) can be organized on nearly any substrates under the
helps of nanoseeds and self-assembled monolayers (SAMs). Due to
their unique physical and cheluical properties, these oriented arrays of
IDNMs are expected to have novel potential applications in catalysis,
filtration, sensing, and photovoltaics.

Sandia is a nlultiprogranl laboratory operated by Sandia Corporation,
a Lockheed Martin Company, for the United States Department of
Energy under contract DE-AC04-94AL85000.

SESSION Zl1: Applications and Devices of
N anomaterials II

Chairs: Shawn Feng and Dongyun Zhao
Friday Morning, April 1, 2005
Room 2010 (Moscone West)

8:00 AM Zll.l
Solution-Phase Methods for Synthesis of Complex Hybrid
Nanostructures. Erik David Spoerke ' , Julia Hsu2 and James A.

Voigt l ; IChenlical Synthesis and Nanonlaterials, Sandia National
Laboratories, Albuquerque, New Mexico; 2Surface and Interface
Sciences, Sandia National Laboratories, Albuquerque, New Mexico.

We have investigated the synthesis and characterization of
nlulticonlponent nanocrystyalline hybrid nlaterials and filnls.
Nanoscale nlaterials present unique optical, electrical, and structural
properties with significant technological inlplications. Such unique
properties are strongly dependent on the chenlical and structural
composition of these materials. We have explored synthetic strategies
to create hybrid nlaterials whose chenlical and structural conlposition
nlay be controlled on nlultiple organizational levels. By applying
nlicropatterning techniques, we have created organized surface
nlodifications on various nletal and oxide surfaces. Utilizing these
selective patterns we have explored solution-phase growth of conlplex
hybrid nlaterials with luultiple levels of organization. The solution
phase nature of these crystal growth processes allows for the use of
organic crystal nlodifiers, such as functional peptides. These organic
tools facilitate the controlled, directed nanostructure fonnation,
interfacing functional lnaterials such as cadlniunl sulfide nanoparticles
and zinc oxide nanorods. Using luultiple levels of organizational
control allows for the creation of intricate nanoluaterials with varied
chenlical and structural characteristics. These nlethods for the growth
of cOlnplex nanostructures represent powerful tools for the synthesis
of new lnaterial systelns. Sandia is a nlultiprogranl laboratory
operated by Sandia Corporation, a Lockheed Martin COlnpany, for the
United States Departnlent of Energy's National Nuclear Security
Administration under Contract DE-AC04-94AL85000.

8:15 AM Zl1.2
Optical Applications and Characterization of Mesostruetured
Fluorocarbon-Modified Titania. Shannon Wachter Boettcherl ,
Michael H. Bartl1.3, Jerry G. Hu2 and Galen D. Stucky1.2;
IChenlistry, University of California, Santa Barbara, Santa Barbara,
California; 2Materials Science, University of California, Santa
Barbara, California; 3California NanoSystenls Institute, University of
California, Santa Barbara, California.

We have developed a new inorganic/organic nlesostructured conlposite
consisting of a fluorocarbon-nlodified titania precursor and block
copolynler phase segregated into hexagonal or cubic nanoscale
architectures. This approach enables facile processing of the
titania/block copolymer surfactant precursor solution into optically
activated, transparent, and crack-free fibers, planar waveguides, and
micropatterns. These dye-activated, high refractive index, Ti02-based
conlposites show efficient waveguiding and nlirrorless lasing at low
thresholds without the need of an ultralow refractive index support
layer such as nlesoporous Si02. The waveguiding properties and lasing
thresholds for these nlaterials are investigated for different
nlesostructures and surface nlorphologies. Structural characterization
is realized by 2D SAXS and TEM combined with IR and modern solid
state NMR spectroscopic techniques.

8:30 AM Zl1.3
Nanocrystalline Mixed Metal Oxides and their use as Novel
Photocatalysts. Blake Sinlnlons l , Tonl Zifer l , Heather Gardea l ,
Tinl Boyle2 , Gene Lucadanlo l , Daniel Morsel, Sherrika Daniel2,
Richard Kenlp2 and Kevin McCartyl; ISandia National Laboratories,
Livernlore, California; 2Sandia National Laboratories, Albuquerque,
New Mexico.

Titanium dioxide (Ti02) has long been a research focus in many
research groups since it is a highly stable, nontoxic, and highly
reactive photocatalyst that can be used to effectively deactivate
chenlical and biological agents in either air or water. The nlechanisnl
of photochemical oxidation produced by anatase Ti02, after
illulnination by light of the appropriate wavelength, is a universal
nlechanisnl for biological and chenlical deactivation. The nlultitude of
processes by which Ti02 powders have been previously synthesized
have lead to extrenle variations in its photoactivity and overall
efficiency. We are developing a science-based engineering approach to
synthesizing photoactive nanoparticles for decontanlination
applications. Nanocrystalline photocatalysts are of increased interest
due to the surface donlinated characteristics that are expected to
exist at these confined length scales. Certain types of doped
nanocrystalline Ti02 have been shown to possess an altered and
decreased band-gap energy requirenlent for activation, thus nlaking
thenl nlore desirable as photocatalysts. Our initial work was focused
on two alternative schenles for the doping of Ti02: (i) coating Ti02
nanoparticles with nletals and (ii) coating nletal nanoparticles with
Ti02. We have recently employed a co-hydrolysis route to produce
nanocrystalline nlixed nletal oxides conlprised of Ti02 and rare earth
nletal oxides that show inlproved photocatalytic efficiency when
compared to undoped nanocrystalline Ti02. We will present results
that denlonstrate that these doped nanocystalline photocatalysts are
efficient in the deactivation of both chemical and biological agent
sinlulants. The chenlical sinlulant is a dye that has been shown to be
susceptible to photocatalyzed deactivation in the scientific literature.
Monitoring of biological activity, as nleasured by ATP production, is
the nletric by which rate of biological deactivation is nleasured. In
both cases, the doped lnixed nletal oxides produce superior
deactivation rates when conlpared to cOlunlercially available
nanocrystalline Ti02.

8:45 AM *Zl1.4
Synthesis, Characterization, and Catalytic Applications of 1-3
nrn-Diarneter Dendrirner-Encapsulated Nanoparticles.
Richard M. Crooks, Robert W. J. Scott, Orla M. Wilson and Joaquin
C. Garcia-Martinez; Department of Chemistry, Texas A&M
University, College Station, Texas.

In this talk we show that dendriIuers can be used as both tenlplates
and stabilizers for preparing nearly luonodisperse transition-nletal
nanoclusters suitable for fundalnental studies and for use in catalysis.
These interesting new lnaterials are prepared by sorbing nletal ions
(Cu, Pt, Pd, Au, Ru, etc.) into poly(amidoamine) (PAMAM)
dendrinlers where they conlplex with interior tertiary alnine groups.
Subsequent chemical reduction of the metal ions yields
dendrilner-encapsulated nletal nanoparticles, ranging in size fronl 1-3
nnl, that contain the sanle nUluber of atolus as were initially
preloaded into the dendrimer. By preloading the dendrimer templates
with two different types of metal ions it is possible to prepare
nanoparticle alloys. Likewise, core/shell nanoparticles can be
synthesized by loading the dendrinler with nletal ions, reducing theln
to yield a nletal nanoparticle seed, reloading the dendrilner with a
different type of nletal ion, and reducing a second tilne. Using these
approaches, we have prepared PdPt, PdAu, and AuAg alloys, as well
as Au/Ag and PdfAu core/shell nanoparticles. UV-vis spectroscopy,
TEM, EDS, SAXS, and selective extraction experiments confirm the
properties of these nlaterials. The honlogeneous and heterogeneous
catalytic properties of these nlaterials depend on their size,
conlposition, and structure.

9:15 AM *Zl1.5
Synthesis of Ordered Mesoporous Materials for
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BiD-Applications. Dongyuan Zhao, Chenlistry, Fudan University,
Shanghai, China.

Supranlolecular tenlplated nlesoporous nlaterials have drawn nlore
attention since the discovery of ordered silica or aluminosilicate
nlesoporous nlaterials one decade ago. The strategy should be
extended to the synthesis of mesoporous materials with new structure
that exhibit nlarvelous properties for bio-applications such as
separation and analysis of protein since the size of their pore channels
is similar to the size of the proteins. Here, we report the synthesis of
ordered nlesoporous nlaterials with new cubic (Fn13nl) structures. We
take the advantages of their unique structural properties to introduce
new type of nano-reacting devices for sensitive and efficient
proteolysis. Highly ordered nlesoporous bioactive glasses (MBGs) with
compositions of CaO-P205-Si02 have also been synthesized and
shown superior bone-fonning bioactivities. A large cavity (10 rv 27
nm) cubic (Fm3m) mesoporous silica (FDU-12) has been synthesized
by using triblock copolymer F127 as a template. The entrance sizes of
FDU-12 are quite large and can be adjusted in the range of 4 ~ 1()
nnl. The inlnlobilization nleasurenlents of proteins such as lysozynle
(with an average spherical dianleter of rv 3.2 nnl) within FDU-12 are
revealed that the entrance size of FDU-12 is much more facilitated for
the proteins or enzynles transportations and diffusions. We use
FDU-12 as a nano-reactor for sensitive, conlplete, and efficient
proteolysis. With its unique 3D nanopore cavities, FDU-12 is capable
of facilitating simultaneously multiple steps of protein
capture/enrichnlent, structural unfolding/denaturation, and rapid in
situ proteolytic digestion. In less than 15 min, the peptides derived
fronl conlplete digestion of a protein nlixture at the low-fenltonlole
level are detected with very high sequence coverage of digests of 84%
(MOWSE scores 170). Highly ordered MBGs with
15%CaO-5%P205-80%Si02 compositions have been synthesized by
block copolymer P123 templating. XRD pattern of the calcined MBG
shows a well-ordered 2D hexagonal mesostructure with a cell
paranleter of 8.50 nnl. The surface area, pore size, and pore volunle is
351 m2g-1, 4.7 nm, and 0.49 cm3g-1, respectively. The in vitro
bone-fornling activity of MBGs is tested by inlnlersing MBGs in
simulated body fluid (SBF) to monitor the hydroxycarbonate apatite
(HA) fornlation at different tinle periods. It is surprising to note that
after soaking for 8 h, exclusively rod-like morphology of crystalline
HA (rv 100 nnl in length) is observed. Further growth leads to an
increasing in the Ca/P nlolar ratio while the rod-like nlorphology of
crystalline HA sinlilar to that in the hunlan bone retains. For
conlparison, bioactive glass (BG) with the sanle conlponents
synthesized in the absence of tenlplates shows nlllch slower HA
fornlation behavior than MBG, nloreover, the rod-like HA nlaterials
cannot be observed even after 4 days. Obviously, MBG leads to
superior bone-fornling bioactivities than conventional BG.

10:00 AM *Zl1.6
Polyoxometalate Based Multifunctional Nanoarrays and
Crystalline Nanoporous Materials. Craig L. Hill, Wade A.
Neiwert, Huadong Zeng, Jong Woo Han, Travis M. Anderson, Rui Cao
and Xikui Fang; Chelnistry, Enlory University, Atlanta, Georgia.

The design, preparation, characterization and use of two new types of
nanonlaterials based on polyoxolnetalates will be described.
Condensation of labile polyvanadates with trifunctional organic
linking groups leads to hexavanadate containing Inaterials that trap,
detect and catalytically renlove target nlolecules (e.g. pollutants, toxic
agents). One well characterized exanlple involves condensation of a
tris( trial) linker Inolecule with decavanadate to fonn an ensenlble of
nanoarrays conlprised of esterified hexavanadate units. Five
independent lines of experinlental evidence: snlall angle X-ray
scattering, solid state NMR, single crystal X-ray diffraction of a
nlodel conlpound, atonlic force Inicroscopy and elelnental analysis,
indicate that the donlinant species is a nanoarray conlprised of 72
esterified hexavanadate units. This Inaterial entraps and gels Inany
target liquids. The entrained nlolecules are then detected by reduction
of the polyvanadate units or by electron donor acceptor interactions.
The fonner involve intervalence charge transfer transitions with
naturally high extinction coefficients. Finally, the entrained and
detected molecules are removed by catalytic 02 oxidation. A second
new class of nlaterials fronl when carboxylate tenninated
bis(triester)hexavanadate precursor units react with lanthanide
conlplexes under appropriate conditions. The resulting crystalline
nanoporous or lllicroporous lllaterials have been characterized by
single crystal X-ray diffraction and several other nlethods and are also
nlultifunctional. Nanlely they associate key Inolecules and catalyze
their oxidation without need of energy sources or reagents. We thank
the U.S. National Science Foundation and Department of Defense for
funding this work.

10:30 AM *Zl1.7
Syntheses and Applications of Chalcogenide Tetrahedral
Clusters and their Superlattices. Pingyun Feng1

, Nanfeng Zheng 1

and Xianhui Bu2; lChelllistry, University of California at Riverside,

Riverside, California; 2California State University of Long Beach,
Long Beach, California.

Open fralllework based on chalcogenide tetrahedral clusters represents
an interesting class of lllaterials that cOlllbines uniforlll porosity with
high electrical conductivity and tunable optical properties. They
consist of single-sized tetrahedral clusters that act as lllolecular
building blocks in the formation of well-ordered superlattices from
zero to three diInensions. Tetrahedral clusters can be joined directly
to produce purely inorganic frallleworks or by llllIltidentate organic
ligands to fornl inorganic-organic hybrid franleworks. A nunlber of
lllain-group and transition llletais have been incorporated into clusters
to allow the modification of structural and physical properties. The
structural analysis based on single crystals reveals detailed
inforlllation that could help the structural elucidation of larger
colloidal nanostructures. The syntheses, structures, and various
properties such as porosity, photoluminescence, photocatalytic
property, and fast ion conductivity will be discussed.

11:00 AM Zl1.8
Nano-scale Ordered Structure in Nonoxide Ceramics.
Julin Wan, Patrick Malenfant, Seth T. Taylor, Azar Alizadeh, Sergio
M. Loureiro and Mohan Manoharan; Ceralllic and Metal Technologies,
GE Global Research, Niskayuna, New York.

Inspired by the observation of excellent mechanical properties in
natural ceranlics such as seashells, a bottonl-up approach was explored
in an effort to build nanOllleter scale structures with long-range order
in the high telllperature ceralllic systelll Si-C-N. Using block
copolynler as structure-directing agent, polYlner precursor which can
lead to desired non-oxide ceralnic COlllposition was self-asselllbled into
various types of ordered structures. Nano-scale ordered structure in
block copolymer/precursor hybrid can be maintained throughout the
ceramization process, thereby leading to ordered structure in the
pyrolysis product. Structural and compositional evolution during this
templated synthesis was analyzed by TEM and SAXS.

11:15 AM Zl1.9
AC Electrodeposition of Uniform High Aspect-Ratio Metal
Nanowires in Porous Aluminum Oxide Templates.
Nathan Gerein, Shazllla Mithani and Joel Haber; Departlllent of
Chenlistry, University of Alberta, Ednlonton, Alberta, Canada.

Nanotechnology requires new fabrication nlethods that are cost
effective, easily executed, and industrially scalable. One such
pronlising route to nanostructured nlaterials is via porous alunlinunl
oxide (PAO) templates and AC electrodeposition. The use of AC
electrodeposition permits deposition through the resistive Al 2 0 3
barrier layer, enabling the use of the as-grown PAO tenlplate. This
results in a process that is cost effective, silllple, and scalable.
However, achieving uniforlll filling of deep pores using this technique
is challenging. The non-uniforlll nature of the insulating barrier layer
nlakes it difficult to achieve consistent growth conditions in all pores,
leading to variations in growth rates and erratic pore filling. For AC
electrodeposition to be used to its full potential, a more detailed
understanding of the cOlllplex systelll is required. We have carried out
a systenlatic study of the effect of nlultiple variables (barrier layer
thickness, AC frequency, AC voltage, continuous or pulsed
electrodeposition, and deposition bath composition) on the AC
electrodeposition of copper nanowires with large aspect-ratios (wire
length to dimneter) using a fractional factorial design of experilnent
(FFDOE). These experiments led to the identification of template
danlage that occurs when continuous wave AC deposition conditions
are enlployed, as well as to effective pulsed wave AC electrodeposition
conditions. Further rational exalnination of the effects of pulse
polarity (the order in which oxidative and reductive conlponents of
the pulse are applied), and wave shape (sine wave vs. square wave)
was carried out based on current transients collected during the
deposition process, and characterization of the quality and extent of
pore filling. These experinlents have led to a nlore detailed
understanding of the behavior of the Ab03 barrier layer and the
effect of electrodeposition conditions on wire growth and uniforlllity,
resulting in the identification of pulsed AC electrodeposition
conditions that produce nlore unifornl wire growth than has
previously been reported using siInilar techniques. Results obtained
on the deposition of copper nanowires have also been extended to the
deposition of iron nanowires with silnilar results. Pore filling of PAO
templates was quantified using scanning electron microscopy (SEM) of
pore cross-sections and of as-deposited and ion-lnilled surfaces of the
tenlplates. Wire characterization has been carried out using in-situ
X-ray diffraction (XRD) and transmission electron microscopy (TEM)
of wires liberated from the PAO template.
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