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8:00am SS2+AS+HC+NS-TuM1 Use of Size Correlations to Probe Reaction
Mechanisms on Size-selected Model Catalysts, Scott Anderson, University
of Utah INVITED
The ability to prepare model catalysts by deposition of mass-selected metal
clusters allows the size and density of catalytic sites to be varied
independently and precisely, providing a new tool for mechanistic studies.
In addition, preparation of truly monodisperse samples alters the kinetics
for Ostwald ripening, thus changing the cluster stability under
thermal/reactive conditions. This talk will focus on use of size-dependent
correlations between catalytic activity and physical properties such as
cluster morphology and electronic properties, to probe the factors that
control catalysis and electrocatalysis by supported Pt clusters in the <25
atom size range. The stability of the clusters, and how this varies with size
under heating, adsorbate exposure, and potential cycling will also be
discussed.

8:40am SS2+AS+HC+NS-TuM3 Role of the Strong Metal Support
Interaction on the Catalytic Activity of Platinum Deposited on TiO:
Supports, R.Paul Hansen, R.S. Phillips, University at Albany-SUNY; E.T.
Eisenbraun, C.A. Ventrice, Jr., SUNY Polytechnic Institute

Several roadblocks prevent the large-scale commercialization of hydrogen
fuel cells, including the stability of catalysts and their substrates and the
high cost of the Pt involved in the oxygen reduction reaction (ORR). The
former of these problems can be solved by replacing the traditional carbon
support with a conductive metal oxide such as reduced TiO2, which will not
easily corrode and should result in longer lasting fuel cells. The Pt is
necessary in the cathode of the fuel cell to overcome the slow kinetics of
the ORR. In this study, Pt was deposited either by atomic layer deposition
(ALD) or physical vapor deposition (PVD). The typical size of the Pt islands
that were grown using these deposition techniques was 5-8 nm. One factor
that can inhibit the catalytic activity of a metal catalyst on a metal oxide is
the strong metal support interaction (SMSI). This is where a metal on a
reducible metal oxide can be encapsulated by a layer of the metal oxide
support material at elevated temperatures. The processing of materials
through atomic layer deposition can exceed this temperature. The TiO2
substrates used in this study were either grown by ALD, which results in a
polycrystalline anatase film, or were single-crystal rutile TiO2(110) samples
prepared in ultra-high vacuum (UHV). The Pt/TiO. samples were tested
electrochemically using cyclic voltammetry (CV) to determine the level of
catalytic activity. To determine the effect of the SMSI interaction on the
catalytic activity of the PVD grown samples, CV was performed on samples
that were annealed in high vacuum after Pt deposition. Additional
characterization was performed with scanning electron microscopy (SEM),
Auger electron spectroscopy (AES), x-ray photoelectron spectroscopy (XPS),
Rutherford backscattering spectrometry (RBS), and four point probe
analysis.

9:00am SS2+AS+HC+NS-TuM4 Adsorption and Adhesion Energies of Au,
Cu, and Ag Nanoparticles on CeO2(111), MgO(100) and Other Oxide
Surfaces, Charles T. Campbell, S.L.. Hemmingson, G.M. Feeley, University of
Washington

Heterogeneous catalysts consisting of late transition metal nanoparticles
dispersed across oxide supports are ubiquitous in industrial chemistry and
energy technology. We have used an ultrahigh vacuum single-crystal
adsorption calorimeter to study the adsorption energies of Au, Cu and Ag
gas atoms as they adsorb and grow nanoparticles on single-crystal oxide
surfaces as models for real catalyst systems. These measurements allow us
to determine the chemical potential of metal atoms in supported
nanoparticles as a function of particle size and the support upon which
they sit. The support effect manifests itself very directly on metal chemical
potential via the metal / oxide adhesion energy. Our earlier studies have
shown that metal chemical potential can be related to the metal
nanoparticle’s catalytic activity and deactivation rates through sintering, so
there is a great motivation to understand how it varies with particle size
and support, and how metal / oxide adhesion energies vary with the nature
of the metal and the oxide support material. Through these measurements
on a variety of systems, we have discovered systematic trends in these that
allow predictions of adhesion energies for system which have not been

Tuesday Morning, November 8, 2016

measured. We have also measured the adsorption energy of isolated Cu
atoms on Ce0»(111) terrace sites, which is possible at 100 K. This is the first
measurement of the adsorption energy of any late transition metal atom
on any oxide surface of the type used as catalyst supports in a situation
where the atom sits on the surface as an isolated monomer (as opposed to
sitting within a small metal cluster).

9:20am SS2+AS+HC+NS-TuM5 Effects of Nanoparticles on Surface
Resistivity: Ni on Au(111), Joshua Cohen, R.G. Tobin, Tufts University

The change in surface resistivity due to the formation of nickel
nanoparticles on gold(111) was studied by measuring the resistance of a
thin film of Au as a function of Ni coverage, 6. After annealing, Au(111)
configures into the herringbone reconstruction and provides a template for
the periodic nucleation and growth of Ni nanoparticles. The Ni islands grow
radially until 8 ~ 0.3 ML, after which, subsequent Ni atoms contribute
almost exclusively to a second layer [1].

Surface resistivity arises primarily from the scattering of the substrate’s
conduction electrons by foreign atoms or defects, and studies of the
dependence of surface resistivity on coverage yield insights into growth
dynamics, interadsorbate interactions, and interactions between the
adsorbed atoms and conduction electrons. For randomly distributed non-
interacting scatterers the resistivity change is linear in coverage. Since Ni
atoms on Au(111) grow in tight ordered nanoclusters, a nonlinear
dependence might be anticipated. Our results, however, show a linear
dependence on coverage for Ni atoms in the first layer, as if they were
independent point scatterers. At coverages above 8 ~ 0.3 ML, there is no
further change in resistivity, which we attribute to Ni atoms forming a
second layer and making no significant contribution to the surface
resistivity.

The samples were 150 nm thick epitaxial Au(111) films on mica prepared by
sputtering and annealing in ultrahigh vacuum. The resistance of the film
was measured as Ni was thermally evaporated on the surface. Ni coverage
was determined using Auger electron spectroscopy (AES), corrected for the
inelastic mean free path of the electrons.

The resistance and AES data were analyzed in terms of a growth model that
allowed for variation in the coverage at which a second layer begins, the
relative probabilities of first- and second-layer growth after that point, and
the relative contributions of first- and second-layer Ni atoms to the surface
resistivity. The results are consistent with the growth model observed with
STM [1], and serve as an indirect probe of the growth kinetics of this
interesting system, as well as determining for the first time the
contributions of the Niislands to the surface resistivity of the Au film.

1. Chambliss, D.D., R.J. Wilson, and S. Chiang, Ordered Nucleation of Ni and
Au Islands on Au (111) Studied By Scanning Tunneling Microscopy. Journal
of Vacuum Science & Technology B, 1991. 9(2): p. 933-937.

9:40am SS2+AS+HC+NS-TuM6 Three-Dimensional Control of Nanoparticle
Layer Deposition by “Click Chemistry”, Mackenzie Williams, A.V.
Teplyakov, University of Delaware

Our previous studies have focused on the formation of highly-controlled
nanoparticle mono- and multilayers of silica and magnetic iron oxide
nanoparticles through the copper(l) catalyzed azide-alkyne cycloaddition
reaction. By using the specific functionalization scheme in that method, we
achieved very high surface coverage and the formation of exactly one
nanoparticle layer per deposition cycle, as could be observed with scanning
electron microscopy (SEM) and atomic force microscopy (AFM). Formation
of the triazole ring from the “click” reaction was confirmed by infrared
spectroscopy and X-ray photoelectron spectroscopy (XPS), while density
functional theory calculations were used to confirm spectroscopic results
and investigate the reasons behind the high coverage. In the current work,
a higher level of control over the nanoparticle layers is being sought.
Conformal filling of the layer over high aspect-ratio features is being
studied and would allow this method to be used as a viable alternative to
traditional layer-by-layer techniques. Additionally, control of the spatial
resolution of the nanoparticle layers upon the substrate via alternative
methods of catalysis initiation is currently being investigated.

11:00am SS2+AS+HC+NS-TuM10 Spherical Metallic Nanostructures Based
on Fullerene Scaffolds with Tunable Bandgap, A Scanning Tunneling
Microscopy/Spectroscopy (STM/STS) Study, Ehsan Monazami, University
of Virginia; J.B. McClimon, University of Pennsylvania; J.M. Rondinelli,
Northwestern University; P. Reinke, University of Virginia

The current literature on annealing of fullerene molecules on tungsten
surfaces indicates a complete dissociation of the fullerene cage and the
formation of a carbide phase. However, our measurements with high
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resolution STM and STS illustrate a complex intermediate reaction
sequence. Upon annealing of Ceo adsorbed on a tungsten thin film grown
on MgO (001) in UHV, Ceo does not dissociate and the spherical Ceo shape is
retained up to a temperature of at least 973 K. During the annealing, the
band gap of the molecular layer decreases gradually from the wide
bandgap of fullerene to a fully metallic electronic state. This transition
occurs in a narrow temperature range between 600 K and 700 K. After this
transition, the near-spherical particles are termed “nanospheres.” This
progression was observed with a series of high resolution scanning
tunneling spectra and detailed spectral mapping. The bandgap variation
presents an approach to achieve the formation of densely packed
nanoclusters (nanospheres) with variable bandgap, which are stable at
elevated temperatures. Experimental results for sub-ML fullerene coverage
on tungsten show that the fullerene molecules are mobile at room
temperature, but they become stationary after annealing above 500 K. This
immobilization of molecules indicates a strong interaction and likely a
covalent bond between the molecule and substrate that is triggered by
annealing.

The progression to metallic nanospheres is hypothesized to occur either by
gradual substitution of W-atoms or by wetting the molecule with W-atoms
and thus formation of W-C bonds in a solid state reaction. These models
were tested using density functional theory (DFT) calculations. Two
simulation strategies were used. In the first, Ceo carbon atoms were
substituted by W in the molecule and the resulting electronic properties
and bandgap were calculated. In the second approach, different adsorption
geometries of a Ceo molecule on the tungsten (110) surface were
considered. The variation of the band gap due to different Ceoorientations
relative to the tungsten substrate and various types of hetero-fullerenes
will be discussed.

11:20am SS2+AS+HC+NS-TuM11 Facile Synthesis of Gold Nanoworms and
their Excellent Surface Enhanced Raman Scattering (SERS) and Catalytic
Properties, Waqqar Ahmed, COMSATS Institute of Information
Technology, Pakistan; J.M. van Ruitenbeek, Leiden University, Netherlands
Gold nanoparticles exhibit interesting optical properties because of the
surface plasmon resonance. The shape and size of gold nanoparticles can
markedly influence their optical properties. A spherical nanoparticle has a
single palsmon peak, while rod-shaped nanoparticles have two plasmon
peaks because of their shape anisotropy. Furthermore, slight deviations
from the rod morphology can markedly influence the optical properties.
For example, worm-shaped gold nanoparticles can have more than two
plasmon peaks. Moreover, nanoworms can display very high local field
enhancements upon plasmon excitation owing to their special shape and
surface roughness.

We have devised a simple, seedless, high-yield protocol for the synthesis of
gold nanoworms [1]. Nanoworms were grown simply by reducing HAuCls
with ascorbic acid in a high pH reaction medium in the presence of growth
directional agents. In contrast to the seed-mediated growth of gold
nanorods where a seed particle grows into a nanorod, nanoworms grew by
oriental attachment of nanoparticles. By varying different reaction
parameters we were able to control the length of NWs from a few
nanometers to micrometers. Furthermore, the aspect ratio can also be
tuned over a wide range.

Owing to their special morphology, gold nanoworms are much superior
than the conventional nanorods for numerous applications. For instance,
we have seen that they show markedly superior SERS and catalytic
properties compared to their nanorod counterparts. This is due to their
high-energy rough surface and twisted shape, which not only provides an
ideal platform for catalytic activities but also generates local hot-spots
upon plasmon excitation. Our study shows that both catalytic and SERS
properties of gold nanoworms are strongly dependent on their length.

[1] W. Ahmed, C. Glass, and J.M. van Ruitenbeek, Nanoscale, 6, 13222,
(2014)

11:40am SS2+AS+HC+NS-TuM12 Surface Hydrogen Enables Sub-Eutectic
Vapor-Liquid-Solid Semiconductor Nanowire Growth, S.V. Sivaram, H. Hui,
Georgia Institute of Technology, M. de la Mata, J. Arbiol, Catalan Institute
of Nanoscience and Nanotechnology, Spain;, Michael Filler, Georgia
Institute of Technology

Semiconductor nanowires are emerging as indispensable nanoscale
building blocks for next generation energy conversion, electronic, and
photonic devices. The bottom-up vapor-liquid-solid (VLS) mechanism —
whereby a liquid eutectic "catalyst" droplet collects precursor molecules
(or atoms) from the vapor and directs crystallization of the solid nanowire —
is a nearly ubiquitous method for nanowire synthesis. While VLS growth
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below the bulk metal-semiconductor eutectic temperature has long been
known, the fundamental processes that govern this behavior are poorly
understood. Here, we show that hydrogen atoms adsorbed on the Ge
nanowire sidewall enable AuGe catalyst supercooling and control Au
transport. Our experimental approach combines in situ infrared
spectroscopy to directly and quantitatively determine hydrogen atom
coverage with a "regrowth" step that allows catalyst phase to be
determined with ex situ electron microscopy. Maintenance of a
supercooled catalyst with only hydrogen radical delivery confirms the
centrality of sidewall chemistry. This work underscores the importance of
the nanowire sidewall and its chemistry on catalyst state, identifies new
methods to regulate catalyst composition, and provides synthetic
strategies for sub-eutectic growth in other nanowire systems. We leverage
this newfound understanding of nanowire growth chemistry to fabricate
large-area arrays of high quality axial Si/Ge heterostructures for the first
time.

12:00pm SS2+AS+HC+NS-TuM13 Ultrafine Sodium Titanate Nanowires
with Extraordinary Strontium lon-Exchange Property, Koji Nakayama,
Tohoku University, Japan

The removal of radioactive substances released to the environment by a
nuclear accident is an emergent issue. The water treatment based on the
ion exchange process is the most effective decontamination technology,
and inorganic ion exchangers, titanates, have been used for the capture of
Sr ions owing to their high radiation stability and extreme ion selectivity.
However, the reported adsorption capacity and ion exchange efficiency are
not satisfied. We show the formation of sodium titanate nanowires with a
few nanometers in diameter, having a mogul-shaped surface, forming
hierarchically a three-dimensional network skeletal structure, and
exhibiting remarkable Sr ion exchange properties [1]. They are produced by
unique and simple non-thermal processes through the simultaneous
selective leaching of Al and oxidation of Ti in a rapidly solidified Ti-Al alloy
ribbon in NaOH solution. The experimental saturated adsorption capacity is
tripledand the uptake rate is at least three hundredtimes faster than these
of the previous reports. The results demonstrate that the newly created
nanowires exhibit a potential application in the decontamination and
disposal of nuclear waste.

[1] Y. Ishikawa, S. Tsukimoto, K. S. Nakayama, and N. Asao, Nano Lett. 15,
2980-2984 (2015).
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