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Producing hydrogen directly from water through the use of solar energy from an efficient
photoelectrical (PEC) system is key in cultivating a sustainable and renewable economy. Hydrogen
sourced energy can have tremendous impact and application on industry, especially concerning fuel
cells. However, limitations, such as cell corrosion, prevent this technology from full implementation. This
research focuses on the fabrication of Diamond-Like Carbon (DLC) through Plasma-Enhanced Chemical
Vapor Deposition (PECVD), which is used as an anti-corrosion layer. By testing different annealing
temperatures, we can observe how the carbon structure is affected. It was found that synthesizing DLC
at low temperatures (~100°C) in conjunction with annealing enhances diamond structures on the
substrate. This allows for an increased resistance towards corrosion and higher transparency within the
film.
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In this work, we demonstrated a nanoparticle-based electronic nose system that
distinguishes 35 flavors of teas, ranging from black teas, green teas, and herbal teas.
Four types of gold nanoparticles (AuNPs) with chemically diverse ligands were chosen
as sensing elements. The functionalization includes DMAP (4-dimethylaminopyridine),
ODA (octadecylamine), 3-MPA (3-mercaptopropionic acid), and 4-ATP (4-
aminothiophenol). To assemble the electrodes, nanoparticle solutions were drop-cast on
the active sensing region that consists of castellated microstructures with 2-um gap. The
sensor chip was designed with separated active sensing regions so that each AuUNP can
have 12 working sensors maximum. This allowed diversity as well as redundancy for
sensing experiment. Fresh tea powders were added to a glass syringe and the dosing
was completed by a syringe pump with controlled delivery speed. Dry nitrogen gas was
used for purging. Sensing responses, expressed as AR/Ro, were measured
simultaneously for all sensors using a switch matrix/multimeter system. Raw data
processing and statistical analysis were performed using MATLAB to evaluate the
performance of the chemiresistive electronic nose array.

Depending on flavors, sensing elements, and baseline resistance difference, AR/Ro
of 1-20% were achieved. The resulting variation enables statistical analysis, such as
principal component analysis (PCA), linear discriminant analysis (LDA), support vector
machine (SVM), and random forest (RF). With five-fold cross validation, we have
achieved 99% accuracy with LDA for all 35 flavors of teas. We also found that multi-
particle assembly works better than using single type of particles. For example, by
choosing two working sensors from each particle, we obtained 91.4 + 3.3% accuracy for
13 black and green teas, and 88.6 + 3.7% for 22 herbal teas. On the other hand, if we
chose 8 sensors from each of the four particles, the classification accuracy dropped. This
is a significant improvement (> 10%) from single particle assembly. The results showed
accurate classification of 35 flavors of teas and provided a promising approach to monitor
the quality and grade of tea products. Moreover, by increasing the chemical variation in
ligands, it is possible to select the ligand combination that gives the best overall
performance.
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Ir layers are sputter deposited onto polished MgO(001) and Al,O3(0001) substrates and their
resistivity p is measured in situ and ex situ at 298 K and in liquid N2 at 77 K as a function of layer
thickness d = 5 — 100 nm in order to quantify the resistivity size effect. The resistivity size effect
represents a major challenge for continued down scaling of integrated circuits due to increased
signal delay and power consumption caused by increasing electron scattering at the surfaces and
grain boundaries as the interconnect line widths approach the electron-phonon scattering mean
free path A. Iridium has a low predicted product p, x 4 = 3.69x 10 QOm?, suggesting that
contributions from surface and grain boundary scattering to overall resistivity is small. Thus, Ir has
great promise as low-resistivity material for highly scaled interconnect lines.

Deposition of Ir at Ts = 700 °C on MgO(001) substrates results in epitaxial Ir(001) layers but with
a poor crystalline quality. Increasing the growth temperature to Ts = 1000 °C improves the
crystalline quality but leads to dewetting for films with thickness d < 10 nm. Growth on Al,O3;
(0001) substrates vyields Ir(111) layers with a high crystalline quality but a polycrystalline
microstructure with two 111-oriented epitaxial domains, causing electron grain boundary
scattering. Lastly, Ir deposited on MgO(001) at Ts = 700 °C and stepwise annealed in situ to 1000
°C results in a multi-domain polycrystalline microstructure with an excellent crystalline quality that
is facilitated by renucleation of Ir grains at the Ir-MgO interface. Despite the grain boundaries, the
resistivity increase with decreasing d for this last series is quite small, with p = 6.41, 6.70, and
1.87 uQ-cm for a 9.9-nm-thick Ir layer measured in situ and ex situ at 298 K and 77 K, respectively.
This room temperature value is just 23% above the bulk resistivity p, = 5.2 pQ-cm, indicating an
electron mean free path 1 = 5.2 nm. The measured product pox A = 2.70x 10 Qm? is 27% below
the above-mentioned theoretical prediction and 60%, 63%, and 47% below reported
measurements for Cu, Co, and Ru, respectively. This demonstrates a very low resistivity scaling
for Ir and suggests that the Ir conductivity outperforms these competing metals for narrow
interconnect lines.
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Conventional wafer fabrication involves many process steps. And this top down
processing has met challenges to future scaling, such as edge alignment, cost of
lithography and step compatibility. Area selective atomic layer deposition (ALD) is one
bottom up process to deposit material only where is desired. It can simplify fabrication
process and eliminate compatibility issues like use of etchants. Selectivity is essential
factor that should be quantified when area selective ALD is used. Current selectivity is
compared in terms of film thickness in selective area and non-selective area. However,
selectivity in initial nucleation and growth process has not been well studied.

In our study, photon enhanced area selective ALD is used to deposit disc
nanostructures. Selective growth on disc nanostructures and non-selective growth on
substrate have been defined. When light intensity increases, growth per cycle (GPC) of
different sizes of discs increase respectively. And non-selectivity growth becomes
significant when light intensity reaches 1.49x104 W/m?. Grain size and density are
measured by ProSEM and ImageJ to quantify non-selective growth. At last, selectivity in
growth area and non-selective area is compared.

Pre-ALD 0 W/m? 0.8 X10* W/m?

1.07 X 10* W/m? 1.49 X 10* W/m? 2.5X10* W/m?

Figure 1. SEM images of area selectivity ALD in different light intensities.
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Tungsten carbide films were sputter-deposited onto MgO(001) substrates at 400 °C in 5 mTorr
Ar-CH4 gas mixtures with a varying CH, fraction fcua = 0.4 - 6.0 %. High resolution cross-sectional
transmission electron microscopy and X-ray diffraction (XRD) @26 scans, w-rocking curves, and
reciprocal space maps (RSM) on 10-nm-thick layers indicate a heteroepitaxial growth of rock-salt
WC, with a cube-on-cube epitaxial relationship: (001)wc || (001)mgo and [100Jwc || [L00]mgo.
However, continued growth to a layer thickness d = 600 nm leads to the nucleation of grains with
a hexagonal W>C phase for fcha < 1 %, and to a nanocrystalline microstructure with cubic WCy
grains embedded in an amorphous carbon a-C:H matrix for fchna > 1 %. The measured out-of-
plane coherence length matches the film thickness for d = 10 nm, and remains nearly unaffected
by a 60-fold increase in layer thickness to d = 600 nm, suggesting that the critical thickness for
epitaxial breakdown is ~ 10 nm. The relaxed lattice constant of cubic WC, increases monotonically
from 0.419 to 0.425 nm with increasing fcna. Comparing these measured lattice parameters with
predictions from first-principles indicates a C-to-W ratio y = 0.47 - 0.68. However, composition
measurements using Energy-dispersive X-ray Spectroscopy, Rutherford Backscattering
Spectrometry and Nuclear Reaction Analysis yield measured C-to-W ratios of 0.57-1.25,
suggesting that a considerable fraction (18 — 46 %) of C does not incorporate in the cubic phase
but may form an amorphous carbon phase.

fena=04% 1% 6%
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Fig. 1. Representative XRD RSMs of asymmetric 113 reflections from 10-nm-thick
WC,(001)/MgO(001) layers deposited with fcha = 0.4%, 1%, and 6%.
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A class of polymer-absorbed silica nanoparticle reinforced polymer nanocomposites were found
to have a peculiar thermal stiffening response with increasing temperature that not only provides
a new method to manipulate mechanical properties as a function of temperature but also offers
the opportunity to develop new products based on thermal stiffening. The next step towards
mass production requires testing these new class of materials’ processability via traditional
polymer processing techniques such as extrusion. In the current work, a laboratory mixing
extruder was used to evaluate the processability and the effect of processing conditions on
thermal stiffening behavior. Polymers with different rigidities were absorbed on to silica
nanoparticles before they were dispersed in a poly(ethylene oxide), PEO, matrix. Then these
nanocomposites were melt-extruded under various extrusion conditions. The resultant
extrudates were characterized using Fourier-transform infrared spectroscopy (FTIR), electron
microscopy and small angle x-ray scattering (SAXS). Thermal stiffening behavior of the
extrudates were characterized using a parallel plate rheometer. In systems with highly rigid
adsorbed polymers, the storage modulus values dropped drastically after extrusion. Whereas
systems with less rigid adsorbed polymers recovered and even experienced a slight
reinforcement in storage modulus after extrusion. The current work probes the processability of
a novel nanocomposite system and also provides new insights into its dynamics under complex
deformation conditions.
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There has been increased focus on magnetically activated polymer nanocomposites in
recent years. These smart materials exhibit tunable properties and are of interest due to
their many possible applications in areas such as shape memory polymers, drug
delivery, and membrane technology. The response of magnetic polymer
nanocomposites is triggered by external stimuli in the form of an alternating magnetic
field. Current work investigates the impact of two surfactants, polyethylene glycol a—, w—
diphosphate, and aminopropyl triethoxysilane on the magnetic heating response of iron
oxide (magnetite) nanoparticles dispersed in polyethylene oxide (PEO). These
nanoparticles were loaded into PEO at low concentrations varying from 0.010-0.750%
by weight. PEO was chosen due to its known biocompatibility and use in the healthcare
industry. A significant increase in temperature was observed considering the low
loading of particles in all samples. Analysis of heating curves shows that amine
functionalization of nanoparticles improves the heat generating efficiency of our
magnetic nanocomposites significantly. This unusual behavior of amine coated
nanoparticles persists at higher loading concentrations. These results are opposite to
the expected decrease of magnetic phase (and therefore heating efficiency) with the
addition of surface coatings to magnetite nanoparticles.
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Current research aims to quantify self-healing capabilities of iron oxide nanopatrticle
infused polyethylene oxide. Iron oxide nanoparticles of varying surface chemistries
(bare, aminopropyl triethoxysilane coated, and polyethylene glycol o—, w—diphosphate)
are used to prepare nanocomposites of varying concentrations by weight (0.05%,
0.01%, 0.25%, and 0.50%). Each sample is indented with LECO M400 Microindenter at
five different locations between the center and edge. The indentation site is examined
before and after being placed in an alternate magnetic field (AMF) to induce healing. A
control sample of PEO without nanoparticles is also examined before and after
exposure to the AMF. The micrographs of each indent were collected with an Olympus
PMEG microscope at the same imaging parameters. Healing efficiency is quantified
using image analysis with ImageJ. Multiple methods of image analysis have been
explored and results were best examined overlaying the before and after images to
quantify the percentage of healing as a function nanoparticle concentration.
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| will present an overview on my work on the dynamics of the synthesis of colloidal nanocrystals
in organic solvents, and the ongoing efforts on functionalising surfaces with these nanocrystals.

The synthesis of colloidal nanocrystals offers wide possibilities for the adjustment of the physical
and chemical properties of the resulting nanocrystals. | will present two procedures that offer
insights in an early stage of the growth, the nucleation. One allows to slow down the growth in
order to observe the formation of magic-size-clusters, which can be understood as nanocrystals
of particular stability. The second method allows for a controlled introduction of defects during
the nucleation, which then result in the formation of branched nanocrystals.[1]

There are two principle pathways for exploiting the properties of the nanocrystals. In the
first case, the particles are considered constituents of a larger ensemble and their
collective response is used as their signal. An example of this are screens where a
certain number of nanocrystals are excited in order to produce a fluorescence signal.
The second pathway would be to address individual nanocrystals. For the latter, a
higher control over their deposition onto a substrate is required. | will present a method
for the deposition of the particles at a controlled density [2] and a method for the
analysis of thin, dense films of nanocrystals by scanning photocurrent microscopy [3].

Finally, I will present a method that allows for the post-deposition alteration of the
physical properties of nanocrystals, based on cation exchange. The method can be
applied to individual nanocrystals [4] or to sections of a film of nanocrystals.

[1] Kudera S, Maus L, Zanella M, Pelaz B, Zhang Q, del Pino P, Parak WJ. Inorganic Core—
Shell Nanopatrticles. In: Reference Module in Materials Science and Materials Engineering,
Elsevier; 2016
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Shape-Controlled Colloidal Nanoparticles at Variable Interparticle Distances. Particle & Particle
Systems Characterisation. 2013;30: 102-10
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[4] Dogan S, Kudera S, Dang Z, Palazon F, Petralanda U, Artyukhin S, et al. Lateral epitaxial
heterojunctions in single nanowires fabricated by masked cation exchange. Nature
Communications, 2018;9: 505.

Researcher poster



In situ ToF-SIMS Analysis of FIB Prepared Li lon Battery Anodes
Vincent S. Smentkowski, Richard Hart, Hongbo Cao
GE — Research, 1 Research Circle, Niskayuna NY 12309
Felix Kollmer, Julia Zakel, Henrik Arlinghaus

IONTOF GmbH, Heisenbergstrale 15, 48149 Munster Germany

Depth profiling (1D or 3D) is often used to determine the depth distribution of species in
a material. Depth profiling works well when the surface of a sample is smooth and
when the depth(s) are in the nm to micron thickness range. For thicker layers, one can
mount the material in epoxy and generate a cross section which can be imaged.
Unfortunately, cutting and polishing often damages (or at least smears) fragile materials
such Li ion batteries. Over the two past decades, Focused lon Beam (FIB) has proven
to be a viable approach to expose sub surface layers 10s of microns thick which is often
analyzed by SEM or TEM in conjunction with EDS [1]. Unfortunately, most EDS
detectors are not able to detect light species such as Li and C (especially at the
degraded vacuum which most SEM’s operate under), and definitely cannot detect H.
ToF-SIMS not only detects all elements (and their isotopes), it also allows for the
analysis of molecular fragments which is often critical for understanding the material.
FIB/ToF-SIMS has been used to analyze other material systems [2, 3].

In this late breaking poster, we will provide preliminary in-situ FIB/ToF-SIMS results
which were generated on an anode taken from a Li ion battery. In order to
simultaneously obtain high lateral resolution images at high mass resolution, the
delayed extraction data collection mode was utilized [4]. The advantages of multivariate
statistical analysis (MVSA) for these complex data sets will be demonstrated.
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