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10:30 AM *B101.01.01
Materials Discovery One Standard Deviation from The Mean: Finding Avalanches in Nanoparticles Bruce E. Cohen; Lawrence Berkeley National Laboratory, United States

The first applications of luminescent nanocrystals to bioimaging were semiconductor quantum dots with optoelectronic properties that largely mirrored those of organics and proteins, but with
substantially increased stability and brightness that have enabled single molecule and other challenging imaging applications. Building on this success, newer nanocrystals have been engineered

with optical properties unlike anything found in traditional probes, including perfect photostability,® anti-Stokes emission a billion-fold more efficient than 2-photon excitation, and most
recently, photon avalanches hosted within nanostructures.® Avalanches are steeply nonlinear events in which outsized responses arise from a series of minute inputs. With light, photon
avalanching (PA) had been observed only in bulk materials and aggregates, often at cryogenic temperatures, preventing its application to bioimaging. In two recent studies,®* we describe the
engineering and imaging of avalanching nanoparticles (ANPs), which are ~25-nm Tm®*-doped NaYF, upconverting nanoparticles that efficiently convert near infrared excitation to higher

energy emission. Avalanches are steeply nonlinear events in which outsized responses arise from a series of minute inputs and, with light, photon avalanching had been observed only in bulk
materials, often at cryogenic temperatures. The extreme nonlinearity of ANP emission enables sub-70 nm spatial resolution using only simple scanning confocal microscopy and before any
computational analysis. Two-way NIR photoswitching of ANPs enables full optical control of photodarkening and photobrightening, and we find indefinite photoswitching of individual
nanoparticles in ambient or aqueous conditions without measurable photodegradation. This enables unlimited photon collection for calculation of sub-Angstrom localization accuracies, and we
can distinguish individual ANPs within tightly packed clusters. For application of ANPs to live-cell imaging, we have developed synthetic chemistry-free methods for conjugating engineered

antibodies to NP-surface SpyCatcher proteins,5 which bind and spontaneously form covalent isopeptide bonds with cognate SpyTag peptides. This enables controlled and irreversible
attachment of antibodies to nanoparticle surfaces, for specific targeting of cell-surface receptors in quantitative live-cell study of their distribution, trafficking, and physiology.

1. Wu, S. et al. Non-blinking and photostable upconverted luminescence from single lanthanide-doped nanocrystals. Proc. Natl. Acad. Sci. U. S. A. 106, 10917-10921 (2009).

2. Tian, B. et al. Low irradiance multiphoton imaging with alloyed lanthanide nanocrystals. Nat. Commun. 9, 3082 (2018).

3. Lee, C. et al. Giant nonlinear optical responses from photon-avalanching nanoparticles. Nature 589, 230-235 (2021).

4. Lee, C. et al. Indefinite and bidirectional near-infrared nanocrystal photoswitching. Nature 618, 951-958 (2023).

5. Pedroso, C. C. S. et al. Immunotargeting of nanocrystals by SpyCatcher conjugation of engineered antibodies. ACS Nano 15, 18374-18384 (2021).

11:00 AM BI01.01.02
Design of Iron Oxide Nanocatalysts for The Magnetic Induction-Assisted Degradation of Emergent Contaminants Alvaro Gallo Cordova, Belen Corrales-Perez, Jesus G. Ovejero and M.
Puerto Morales; Instituto de Ciencia de Materiales de Madrid, Spain

The application of nanomaterials in environmental remediation is of utmost importance in addressing the pressing ecological challenges of our time. Nanomaterials offer unique advantages,
such as their high surface area and reactivity, which make them exceptionally effective in adsorbing, degrading, and immobilizing various pollutants in air, water, and soil. Within these
nanomaterials, iron oxide nanoparticles (IONPs) stand out as great alternatives due to their low price, biodegradability and magnetic properties. Specifically, IONPs when subjected to
alternating magnetic fields (AMF), generate localized heat through their physical motion or rotation of their magnetic moments [1]. This controlled heating can be harnessed to accelerate the
degradation of various pollutants, including emerging contaminants (e.g. microplastics, antibiotics, cosmetics, etc.). Furthermore, the ability to manipulate the nanoparticles' movement through
the application of external magnetic fields enables reduced operational costs for separation processes, while minimizing ecological disruption.

In this study, we developed a catalytic system via the polyol process, designed specifically for the magnetic induction-assisted degradation of organic matter. The resulting nanocatalyst (NC)
displayed a multi-core structure measuring 40 nm, comprising small magnetic cores of 12 nm each [2]. These magnetic cores exhibited a well-ordered crystalline aggregation, which contributed
to a collective magnetic behavior, enhancing magnetic induction heating and facilitating efficient separation due to the substantial magnetic moment per particle. To assess the industrial
applicability of this approach, we successfully scaled up the production of NCs to a gram-level with remarkable reproducibility in terms of both structure and magnetic properties.

The scaled NCs were used for the magnetic induction-assisted degradation of microplastics (MPs). For this purpose, polyethylene MPs were extracted from a commercial facial scrub and we

investigated a combined treatment approach for their degradation. Initially, we subjected the MPs to a hydrolysis process at 150 °C, breaking them down into monomers. Subsequently, we
conducted a Fenton-like reaction, employing the as-prepared NCs in the presence of hydrogen peroxide, to degrade the hydrolyzed molecules via highly oxidative species. To assess the efficacy
of this process, we monitored the changes in the Total Organic Carbon (TOC) content of the supernatant before and after each stage, which provided insights into the MPs' degradation.

Notably, we observed that the mineralization of TOC was temperature-dependent, increasing from 20 to 65% at room temperature (RT) and 90 °C. This yield saw a further boost when

employing IONPs as a heat source under the influence of an alternating magnetic field, likely attributable to the creation of hot spots on the surface at temperatures exceeding 80 °C.

In general, the use of magnetic nanoparticles in environmental remediation processes brings the advantages of magnetic induction heating, which can significantly reduce energy consumption
and enhance the overall catalytic efficiency. As we continue to tackle the challenges of diminishing contamination and advancing sustainable energy solutions, magnetic nanoparticles represent
a compelling avenue for achieving environmental remediation, making them a promising technology with the potential to reshape our approach to mitigate climate change.

Acknowledgements
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[1]1 J.G. Ovejero, et al. Nanoletters. 21, 17 (2021) 7213-7220
[2] Gallo-Cordova, et al. J. Colloid. Inter. Sci. 608, (2022) 1585-1597

11:15 AM BI101.01.03
The Future of Industrial Decarbonization and Nanotechnology through Atomic Layer Processing David S. Bergsman; University of Washington, United States

Recent years have seen a surge of interest in the development of scalable tools for nanomaterials synthesis. Many emerging technologies, like solar cells, batteries, catalysts, and membranes,
rely on atomically-precise materials design to operate effectively. Tools for creating these materials with increased scalability and decreased costs are thus required to enable the widespread
adoption of these technologies. One suite of tools, known collectively as atomic layer processing (ALP), is particularly interesting for nanomaterials synthesis, due to its ability to create
ultrathin films with sub-nanometer thickness and compositional control. ALP has also been used in the semiconductor industry over several decades, making it easy to deploy in other
manufacturing processes. Commercial solar panels and battery electrodes have already started to incorporate ALP-deposited films as passivation layers. However, as demand for
nanotechnology increases, there is a continued need to expand the library of materials that can be made with these tools and to accelerate the pace with which these materials are deployed.

In this presentation, in addition to highlighting my journey navigating the academic job search as a qay scientist, I will highlight how my research group at the University of Washington is
expanding the applicability of ALP to create new technologies in sustainability. First, the use of vapor phase infiltration (VPI) to modify polymers will be discussed, highlighting our work to
make polymer membranes conductive and to upgrade their chemical and thermal stability. Next, | will describe how molecular layer deposition (MLD) can be used create hybrid organic-
inorganic thin films, exploring our work to make atomically precise catalysts for improved electrochemical stability and activity. Last, I will describe how high-throughput materials testing is
needed for rapid materials deployment, exploring our group’s work to construct a high-throughput deposition system and to collect data on processing conditions into a database for additional
analysis. Through these projects, our group expects to greatly expand the library of materials accessible to ALP and improve the speed with which these new materials can be translated into
commercial technologies.

11:30 AM *BI101.01.04
Materials Science Challenges in Ocean-Based Carbon Removal Solutions Kristin M. Poduska; Memorial University, Canada

There is a critical knowledge gap in understanding the kinetics and mechanisms of mineral formation and degradation in the context of potential technologies that are targeted for carbon
capture, utilization, and storage [1]. Both crystallization and dissolution of carbonate minerals figure prominently in many such climate-change-mitigation strategies that aim for carbon dioxide
removal. For example, different approaches to ocean-based alkalinity enhancement involve processes that depend on mineral surface and interfacial chemistry in order to increase water pH with
concomitant atmospheric carbon removal. In this context, | will describe my team’s work related to tracking changes in carbonate mineral phases, including surfaces and bulk structures, due to
dissolution and recrystallization processes. In doing so, | will emphasize the urgent need for collaborations between researchers who do foundational materials science with those involved in
developing monitoring, reporting, and verification protocols for potential carbon dioxide removal strategies.

[1] Basic Energy Sciences Roundtable, Foundational Science for Carbon Dioxide Removal Technologies, US Department of Energy (2022) DOI: 10.2172/1868525
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8:30 AM BI101.02.01
Interrogating the Effects of Neutron Activation on Noble Metal Nanoparticles Simon Scheel, Liane M. Moreau and Debashree Roy; Washington State University, United States

Gold nanoparticles are widely explored for applications in energy and medicine. One potential application of gold nanoparticles is the use of Au-198 nanoparticles as effective agents in prostate
cancer therapy. One challenge to the synthesis of such nanopatrticles is the high radioactivity and short half-life of beta-emitting Au-198 as a radiotherapeutic isotope. One solution towards
generating Au-198-containing nanoparticles would be to use in-situ neutron activation of Au-197 nanoparticles. This would reduce the need to handle active material and open up options for
the wide library of Au nanoparticle morphologies and ligand chemistries that have been developed. Unfortunately, to date, there is not a comprehensive understanding of how Au nanoparticles
would behave in the high temperature high neutron-flux environment of a nuclear reactor. In our studies, we are looking at Au nanoparticle structure pre- and post-irradiation within a nuclear
reactor. We are using both morphology and local-structure techniques to evaluate the change in chemistry that occurs upon irradiation. In particular, SAXS and TEM will be used to analyze
nanoparticle size and shape changes and XAFS and gamma spectroscopy will be used to characterize composition and local structure changes upon irradiation and beta decay of Au-198 into
Hg-198.

As an LGBTQ-identifying researcher, | am deeply committed to fostering an inclusive and diverse environment within the STEM research community. It is crucial to acknowledge that
embracing a broad spectrum of identities not only enriches the fabric of our scientific endeavors but also serves as a cornerstone for dismantling the challenges faced by LGBTQ+ scholars and
other marginalized groups within this field. In the past, my identity has often left me feeling alienated and unwelcome in academic spaces. In primary and high school, | had to hide who | am
and who | like. The schools were filled with bigotry towards the LGBTQ+ community, which left me not knowing if | was "normal" in comparison to others. This along with my parents being
unsupportive of who | am made it hard for me to be excited about academia and STEM even though it's a passion of mine. In college, | have had to actively search for spaces that are explicitly
LGBTQ+ friendly, which has allowed me to discover more about myself due to being able to be the true me in these situations. Luckily, in the Moreau group, | have found a scholarly space
that is exceedingly accepting and inclusive of all identities. Inclusivity is more than a mere act of acceptance; it is the active cultivation of an environment where everyone can engage in their
scholarly pursuits without fear of prejudice or discrimination. When the research community honors and respects the identities and experiences of all its members, it not only amplifies
creativity and innovation but also empowers individuals to bring their authentic selves to their work. This authenticity, in turn, drives excellence and propels scientific progress.

8:45 AM *B101.02.02
Modeling Small Polaron-Induced Ultrafast Ferroelectric Relaxation in BiFeO5 Xiaosong Li® and Wei Xiong?; University of Washington, United States; 2University of California, San
Diego, United States

In this report, we employed a combination of ultrafast spectroscopic techniques and high-level calculations to uncover the complex interplay between electronic and lattice degrees of freedom
in a class of strongly correlated materials. Our observations revealed a transient reduction in the electronic dipole upon optical excitation, which then recovers on 0.5 and 10 ps timescales.
Time-dependent density functional theory calculations show that both ligand-to-metal charge transfer and local excitation transitions can be excited. The transient EUV dynamics captured both
ultrafast free charge carrier relaxation to excitons and polaron formation. Multireference configuration interaction calculations suggest that only polaron formation is associated with the 0.5 ps
electronic dipole relaxation, while the faster electronic relaxation does not contribute to changes in ferroelectric properties. Our results decode the multi-degrees of freedom associated with this
ultrafast ferroelectric modulation and pinpoint the critical motion—a local polaron formation—essential for rapid ferroelectric recovery. These findings offer crucial insights into the specific
lattice distortions capable of modulating the properties or phase transitions of strongly correlated materials.

9:15 AM BI101.02.03
Elimination of Tg-Confinement Effects and a Recently Revealed, Technologically Important Interfacial Phenomenon in Styrene-Based Random Copolymers Containing 2-Ethyl
Hexyl Acrylate John M. Torkelson; Northwestern University, United States

For two decades, i.e, slightly more than half of my professorial career, my research group has been interested in nanoscale confinement effects and the important roles of polymer interfaces,
including the polymer-air interface or free surface, polymer-substrate interface, and polymer-polymer interface, on polymer dynamics. Much of this work has concerned confinement effects on
the glass transition temperature (Tg) and physical aging. With ultrathin polystyrene (PS) films, the free surface plays a significant role in perturbing polymer chain dynamics, with Tg
decreasing significantly with decreasing thickness below ~100 nm. Past studies by my research group have shown that changes to the PS chain architecture, from linear PS coils to cyclic PS
chains with no chain ends, dense PS brushes, or PS bottlebrushes can eliminate the Tg-confinement effect in PS films as thin as ~15 nm. However, such unusual polymer architectures are
unlikely to be mass produced or adopted at large scale because of complex syntheses and purifiction steps. Recently, we have demonstrated that such Tg-confinement effects can be eliminated
in simple styrene (S)-based random copolymers containing very low levels (2 mol%, 6 mol%) of 2-ethyl hexyl acrylate (EHA). Related results are obtained with ultrathin films of 4-methyl
styrene/EHA random copolymers. The special nature of the EHA comonomer is made evident by the fact that the elimination of the Tg-confinement effedt is not generalizable to n-alkyl
acrylate comonomers, e.g., n-butyl acrylate and n-octyl acrylate. A study of the Tg-confinement effect in 98/2 mol% and 94/6 mol% S/EHA copolymers on both piranha-treated and
dicholorosilane-treated silicon wafers indicates that hydrogen bonding plays no significant role in eliminating the effect. Instead, we find a strong correlation between Tg-confinement and
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fragility-confinement effects, indicating that the presence of the very low levels of EHA comonomer can substantially reduce fragility in bulk copolymer, which is correlated with packing
efficiency of polymer chain segments. Our results indicate that the presence of as little as 2-6 mol% EHA comonomer can fundamentally alter chain packing efficiency and the effect of a free
surface on the cooperativity of polymer segmental mobility. We hypothesize that the EHA units can interdigitate due to van der Waals interactions, thereby reducing bulk fragility and the
fragility-confinement effect. Capitalizing on this, we will also discuss a very recently discovered interfacial behavior of EHA-containing copolymers that is of significant technological and
commercial importance. Finally, a brief comment will be made on the long-standing diversity within the materials community.

9:30 AM *B101.02.04
Intersecting Polymer Chemistry with Sustainability in Lignin-Derivable Macromolecular Systems Ty Christoff-Tempesta and Thomas Epps; University of Delaware, United States

The valorization of lignin-derivable (LD) small molecules to polymeric materials offers a promising avenue to reduce dependences on petrochemical feedstocks in material design. However,
challenges in achieving semicrystallinity and material circularity of chain-growth, LD macromolecules have limited the practical application of lignin-based polymers. Here, we describe
strategies to address these targets through considerations in LD monomer design. First, we demonstrate the development of LD vinyl monomers that can undergo living polymerizations to yield
stereoregular, semicrystalline macromolecules. Tailored monomer design enabled polymerization under mild synthesis conditions and gave rise to desirable crystallinities and thermal
properties in the resulting macromolecules. Then, we detail the development of advanced recycling methods to thermally deconstruct high-glass-transition temperature (> 100 °C) LD
polymethacrylates to their constituent monomers in high yields and purities. Understandings of the thermodynamics and kinetics underlying depolymerization enabled bulk chemical recycling
to monomers that were then upcycled to value-added polymers. The discoveries described herein offer pathways to broaden the application potential of LD macromolecules and design circular
LD polymeric materials.

10:00 AM BREAK

10:30 AM *B101.02.05
Superconducting Thin-Films for Quantum Devices with Off-Line Quality Assessment Clara M. Barker, Finn Squires and Susannah C. Speller; University of Oxford, United Kingdom

Quantum computers are capable of high-speed calculations, far superior to modern supercomputers. The data of each strand of the calculation does not need to be stored permanently, but
challenges include maintaining the integrity of the data (coherence) for long enough for calculations to be performed with a low error rate. To increase coherence times to useful values for
multi-qubit systems, research has focussed on the design of resonators and qubits, often overlooking the design of the materials used [1]. Smart materials selection and control of the chemistry
and microstructure to optimise the Q-factor of the resonators (ratio of stored energy to input energy) and increase coherence times can help make superconductor-based quantum computers
more viable.

Most materials used in quantum circuitry are selected for ease and reliability of deposition of multi-layered JJ structures with reasonable superconducting properties. However, it is known that
other materials may have better properties if they could be optimised. For example, control of deposition flux can affect the surface roughness of a material, a parameter that can increase
surface resistance and reduce the Q-factor of a quantum resonator. The structure and chemistry of the material can also impact superconducting properties. For example, changes in crystal
structure, degree of crystallinity, crystallographic texture and chemical composition can affect the critical temperature of the superconductor of the film. A systematic study of carefully
controlled deposition properties, linking film growth and superconducting properties, would be invaluable for assessing alternative materials for quantum resonators.

In this presentation, the results of a thorough, systematic study of the growth of superconducting materials of merit for use in quantum circuits will be reported. This study links growth
parameters, material properties and superconducting performance. Initially, metal thin films- specifically niobium and molybdenum - have been deposited using magnetron sputtering, with the
aim of fully understanding the deposition window before moving on to more complex materials, such as alloys and nitrides. The thin films have been analysed using SEM, XRD, XPS and AFM
to determine microstructural and crystallographic properties. Electrical transport measurements have been performed to determine room temperature resistivity, transition temperature and
transition width, critical field and critical current. We also aim to present preliminary low temperature microwave measurements on resonator devices.

Conditions for the growth of high-quality superconducting films will be identified and this presentation will explore any links between deposition properties and material properties, to assess
whether high quality room temperature and low temperature properties can be used to predict ultra-low temperature performance of materials for quantum devices.

1. Oliver, W.D. and P.B. Welander, Materials in superconducting quantum bits. MRS Bulletin, 2013. 38(10): p. 816-825.

11:00 AM B101.02.06
Modification of Perovskite Solar Cell Architecture to Increase Thermal and Mechanical Resilience Melissa Davis, Kelly Schutt, Duong Nguyen-Minh, Kaitlyn VanSant, Axel F.
Palmstrom and Joseph Luther; National Renewable Energy Laboratory, United States

On the cusp of commercialization and market breakthrough, perovskite solar cells have emerged as a competitor to silicon technology. Their efficiency rivals commercial products and the
decreased energy for production and overall cost give perovskite solar cells an edge. However, parts of this technology still require improvement, in particular addressing thier thermal and
mechanical instability. These instabilities can give rise to device degradation. Comprehensive knowledge of these degradation mechanisms is required to address and solve these downfalls. In
this research, we present the results of a myriad of tests, including water contact angle, kelvin probe, and double cantilever pull apart tests, designed to address these issues. As a result of the
connection between instability and decreased performance, we have correspondingly altered the device architecture of standard p-i-n perovskite solar cells to improve performance. More
specifically, thermal stability of devices was studied with the use of water contact angle and kelvin probe tests. Modified hole transport layers, or HTLs, were developed to ease delamination
seen during tests due to thermal stress. The mechanical stability of devices was tested with double cantilever beam tests to determine mechanical weak layers. Additional modifications were
added to the electron transport layers, or ETLs, to address the mechanical instability. With the adoption of these modifications within the HTL and ETL layers, this research introduces
perovskite solar cells with improved thermal and mechanical resilience. These improvements will aid in this technology’s path to commercialization.

11:15 AM BI101.02.08
Teaching Density Functional Theory to Students of Art Conservation Joseph W. Bennett; University of Maryland Baltimore County, United States

As an assistant professor that identifies as LBGTQIA+ and is employed at a minority serving institution, I am well aware of the multitude of issues surrounding diversity, equity, inclusion at the
university level. My chosen field in STEM is computational materials chemistry and an issue that plagues this field is diversity in students, specifically their identities and backgrounds. This is
why I’ve spent 3 summers as an instructor for the Baltimore SCIART program, teaching computational methods to students interested in art conservation science. While many of the students in
the program identify as LGBTQIA+, the majority of students that have learned to compute surface interactions are women. Funded by the Andrew W. Mellon Foundation, the Baltimore
SCIART Consortium offers a 10-week summer research experience for undergraduate students at the interface between science and art and has been developed for students from Baltimore area
academic institutions with a diverse background and strong interest in art conservation science and engineering. The development of density functional methods as a nondestructive probe to
study works of art is still in its infancy and here, | will discuss aspects of our inclusive teaching pedagogy and our recent successes both computing surface interactions of objects important to
cultural heritage and student outcomes.

SESSION BI101.03: Materials Research by the LGBTQIA+ Community and a Vision for Inclusivity 111
Session Chairs: Ty Christoff-Tempesta and Alvaro Gallo Cordova
Wednesday Afternoon, April 24, 2024
Room 326, Level 3, Summit

1:30 PM B101.03.01
A Tale from The Queer Resistance: Activism from with(in) Materials Science Jerry A. Yang and Eric Pop; Stanford University, United States

Broader sociopolitical movements toward inclusivity have brought attention to LGBTQIA+ issues in materials science, including the marginalization of LGBTQIA+ materials scientist
professionals and students in the field. Previous work on LBGTQ+ students in engineering disciplines highlights the continued struggles for non-straight, non-cisgender people in STEM [1].

In this talk, | [JAY] present my current research in both materials science and engineering education while narrating my interdisciplinary journey straddling two vastly different fields of study.
As a cisgender, gay, Asian-American man, my dual existence within both the materials science and engineering education research disciplines has given me unique insights into the nature of
science and has substantially informed how | conceptualize equity and inclusivity in materials science.

My materials science work in two-dimensional (2D) semiconductors has shaped a large portion of my professional life. In my graduate studies at Stanford University, | currently study strain
engineering 2D materials. With Prof. Eric Pop, my advisor, we have electrically and optically characterized the strain response of monolayer tungsten disulfide and molybdenum disulfide,
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demonstrating a ~2x improvement in electronic mobility for tungsten disulfide under ~0.3% biaxial tensile strain [2]. While my materials science work continues to satisfy me intellectually, my
experimental work has often felt sterile compared to the complexities of my queer experience.

Engineering education research provides systems of thinking that enables me to deconstruct my experiences as an “outsider within” materials science [3]. In a recent study, | explored the
experiences of LGBTQ+ undergraduate engineering students with a departmental survey (n = 854 students) and focus groups (n = 10). While the LGBTQ+ students in my study experienced
tokenization, misgendering, and social ostracism, they found ways to actively combat these experiences and create their own supportive communities within engineering [4], [5]. With this
work, | began to formulate my own understanding of inclusivity in materials science and leverage my position to advocate for queer issues. | continue my engineering education work alongside
my materials science work through projects on queerness, race, and privilege in engineering education.

Before entering academia, | thought that my existences as a materials scientist, engineering education researcher, and resident gay were distinct, destined to never intersect. However, | have
discovered that science is fundamentally a social endeavor, rife with the complexities of human social interaction. While using cleanroom tools may not directly summon my queerness, how |
interact with my colleagues, how | present my work to my group, and how I communicate my work to the scientific community call for me to craft a professional image of myself — one that, for
me, is fused with my gay identity.

I contribute my work and my story to argue for two key elements in a vision for inclusivity in materials science: first, to look beyond quantitative metrics for “diversity” and uplift the work that
marginalized people are doing to resist systemic inequities, and second, to spark conversations with (queer) social justice scholars outside of materials science, who can provide valuable insight
into the equity challenges facing the discipline. Inclusivity rests on recognizing both the existing climate and the agency that queer people hold in materials science and centering marginalized
voices in materials science policy. | acknowledge support from the National Science Foundation Graduate Research Fellowship for this work.

[1] K. J. Cross et al., Queering STEM Culture in Higher Education (2022).
[2]J. A. Yang, E. Pop et al., arXiv:2309.10939 (2023).

[3] P. H. Collins, Soc. Probl., 33, s14 (1986).

[4]1J. A. Yang et al., IEEE. Trans. Educ., 64, 345 (2021).

[5]J. A. Yang et al., J. Women Minor. Sci. Eng., 27, 1 (2021).

1:45 PM BI101.03.02
Materials Science in The Anthropocene: Learning from Queer Advocacy William Livernois; University of Washington, United States

The Anthropocene [1], an epoch defined by human-driven planetary changes, beckons the materials science community to reconsider its role in shaping the world. [2] Although materials
science offers potential sustainable solutions, the messages from both the scientific and activist communities are clear: the scale and timeline of a green transition must address the urgency of
the climate crisis and the disproportionate impacts to frontline communities. [3] The queer community’s history of activism provides a blueprint of ways for materials scientists to engage in
envisioning alternative futures, and the willingness to engage in transformative change. This talk will draw parallels between the messages of moral urgency from groups like Act Up during the
AIDS crisis and messages of moral urgency from climate justice groups today. The theory of change of these groups will also be discussed, with the presenter drawing from personal experience
as a queer scientist engaging in activism.

References:

[1] Lewis, Simon L., and Mark A. Maslin. "Defining the anthropocene." Nature 519.7542 (2015): 171-180.

[2] Gardner, Charlie J., and Claire FR Wordley. "Scientists must act on our own warnings to humanity." Nature Ecology & Evolution 3.9 (2019): 1271-1272.
[3] McCauley, Darren, and Raphael Heffron. "Just transition: Integrating climate, energy and environmental justice." Energy policy 119 (2018): 1-7.

2:00 PM *B101.03.03
The "Materiality" of Sexual Orientation and Gender Identity to Materials Science: Exploring LGBTQ Participation in the Sciences Bryce E. Hughes; Montana State University, United
States

In the realm of scientific pursuit, the prevailing notion often asserts that one's sexual orientation and gender identity are irrelevant—that the quality of scientific contributions is solely
determined by an individual's skills and abilities. However, LGBTQ individuals exhibit a disproportionately higher attrition rate from the sciences when compared to their heterosexual and
cisgender counterparts.

In this presentation, | will summarize my research on LGBTQ participation within undergraduate STEM (Science, Technology, Engineering, and Mathematics) majors. My research delves into
various facets of this phenomenon, shedding light on how LGBTQ undergraduates find a sense of belonging within the heteronormative landscape of STEM disciplines. Additionally, my
research investigates the influence of LGBTQ students' social networks on their commitment to pursuing STEM majors as well as how identifying as LGBTQ shapes students' perceptions of
future prospects within STEM careers.

Collectively, these findings emphatically affirm that LGBTQ identities do, indeed, matter within the sphere of scientific endeavors. Moreover, this research underscores how the intricate
interplay between different forms of privilege and oppression continues to structure participation in STEM fields in ways that impede the overarching goals of broadening participation in
STEM. My talk will then conclude with concrete recommendations and take-aways to improve the climate within materials science as well as STEM broadly.

2:30 PM BREAK

3:30 PM BI01.03.04
Designing Novel Materials for Energy Applications by Leading an Open-Minded and Diverse Research Group Edgardo Saucedo; Universitat Politécnica de Catalunya, Spain

The design of novel materials for energy applications, is a fascinating field that combines in equal parts knowledge in materials science, imagination, risk, and open mind to accept and adapt
non-conventional ideas. In the first part of this work, a complete novel family of van der Waals materials based on pnictogen chalco-halides ((Sb,Bi)(S,Se)(Br,1)) will be presented, as an
example of out-of-the-box compounds that in principle, does not fulfil the requisites to be excellent semiconductors for energy applications, but that in real are being revealed as very promising
compounds. The most relevant non-standard properties of these materials will be presented for the first time, showing that non-conventional ideas can be widely accepted with the right
approach. The versatility and adaptability of this family of materials will be described, as an example of how the diversity in materials science is very relevant for progressing in this field.

In the second part of this work, the development of these new family of materials will be compared, as an example, with my career in the materials science world, where being different has
been always an extra motivation. I will explain how to be part of the LGBTQIA+ community has impacting in my research career from the very beginning, starting with my PhD, my
postdoctoral experience abroad, and my consolidation as independent researcher, giving me an open mind character that | have also applied in my day-to-day work through the development of
new materials. Currently, I’m leading a group of 20 very diverse scientists in Barcelona, working in the development of materials and devices for energy applications, from where I’m always
very committed and proactive with the visibility of the LGBTQIA+ community, and where | have created a very safe space for the diversity. | will explain how | manage my visibility as
LGBTQIA+ community member, considering that | have coordinated several big European Projects with consortiums including the most relevant academic institutions, and I’m granted with a
European Research Council (ERC) Consolidator Grant, which has help me to consolidate my position as Group Leader. | will also explain my interaction with my students, my colleagues in
my Institution, and with collaborators worldwide, and how I apply my commitment with the diversity and visibility of the LGBTQIA+ community in my life, helping me to progress as
researcher, but more important, as human being.

3:45 PM ROUNDTABLE DISCUSSION
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SESSION BI02.01: Broadening Participation in Materials Research and STEM |
Session Chairs: Chartanay Bonner, Lisa Neshyba, Kristen Rahilly and Michael Scheibner
Thursday Morning, April 25, 2024
Room 326, Level 3, Summit

8:15 AM *B102.01.01
Best Practices for Engaging HBCUs: Increasing URM Engagement in Materials Research Michael L. Curry® and Michael Schwartz2; INorth Carolina Agricultural and Technical State
University, United States; 2University of Wisconsin—Madison, United States

Only 7.7% of Chemists and 4.4% of Engineers in the US are Black, even though greater workforce diversity drives innovation and contributes to America's economic power. This warrants the
exploration of new partnerships and approaches to maintain our competitiveness in the marketplace. Since its inception, Historically Black Colleges and Universities (HBCUs) have contributed
to the nation’s scientific and technological dominance by producing exceptional talent and cutting-edge research. HBCUs have an unparalleled impact on the education and professional
development of underrepresented minorities in chemistry, engineering, and related fields. While African Americans comprise 9% of the STEM workforce, HBCUs produce more than 24% of
Black STEM undergraduates & 30% of Black science/engineering doctorates. Hence, finding new and innovative ways to tap into the human potential of the nation’s 101 Historically Black
Colleges and Universities for mining and investment purposes is critical. In this discussion, we will explore best practices for partnering with HBCUs as a promising approach to increase broad
participation in the Materials Research community.

8:45 AM B102.01.02
When The University and City Hall Join Forces: The STEAM BSM_UPC Project Luis Carlos Pardo Soto®, Artur Paz! and Alba FeriaZ; tUniversitat Politécnica de Catalunya, Spain;
2Barcelona de Serveis Municipals, Spain

Barcelona's iconic landmarks, including the Olympic Stadium, Gaudi’s Park Guell, the Zoo, and the amusement park Tibidabo, serve as the backdrop for a series of STEAM activities that bring
together 6,500 students from across the Barcelona metropolitan area every year. This ambitious project is made possible by the collaboration between the academic expertise of a public
university like the Polytechnic University of Catalonia and the public enterprise B:SM, which oversees from Barcelona's parking system to the Zoo or the amusement park. During these events,
students aged 10 to 18 engage in a range of experiments and scientific shows tailored to the unique characteristics of each location.

For example, at the Zoo, students explore life and the materials that constitute it, such as DNA and the energy-giving substances essential for life. At the Olympic Stadium, chemistry concepts
are taught through an interactive show, and physics is demonstrated through a blend of a contemporary dance quartet and a scientist. In the amusement park, mobile phone sensors are utilized to
investigate the movements and forces behind the rides. At the world-renowned Park Gell, we investigate how Gaudi used materials inspired by nature.

However, the project doesn't end with students. Every year, we organize training courses for teachers and public shows designed for a broader audience. These shows feature unique
presentations, such as one conducted by a physicist and a violinist or a jazz band exploring the connection between music and mathematics.

Overall, this highly successful project is the result of researchers stepping out of their labs and engaging with a broad audience, and the willingness of the town hall to organize and support such
impactful scientific activities.

9:00 AM B102.01.03
Utilizing Cross-Program Collaboration to Sustain & Enhance STEM Outreach Portfolios Mark Licurse, Ashley Wallace and Eric A. Stach; University of Pennsylvania, United States

Effective management and growth of STEM outreach programs remains an ongoing challenge for many organizations and institutions. While the goals of broadening participation are clear and
commonly shared, there is little established guidance on how to build and sustain a successful portfolio of programs. Newly funded initiatives, especially, face pressure to quickly establish
programs to compete with more experienced organizations and centers but can often overwhelm limited staff. We have recently implemented an innovative model that engages participants as
active contributors to improving and sustaining our portfolio of outreach programs. Rather than treating each program in isolation, this approach specifically utilizes the diverse experiences and
skill sets of program participants to enhance the activities and objectives of other programs within the same portfolio. In doing so, we believe this allows for a more robust set of programs to be
created and supported. We highlight how this model was implemented for three of our core programs: a summer research experience for undergraduates, a research experience for high school
teachers, and a summer camp for high school students focused on materials science and engineering. The integration and exchange across programs provides benefits and extends beyond just
the sharing of resources. It fosters an inclusive community in which participants contributions matter beyond just their own experience. While tested on materials research education and
outreach programs, we believe this approach of utilizing participants' strengths to enhance a portfolio of programs could be applied to STEM outreach broadly across disciplines. Crucially, the
model can be integrated into existing outreach efforts, leading to continuous improvement and increased impact over time.

9:15 AM BI02.01.04
The Emergence of Transdisciplinary Material Science in Diverse Applications: Towards The Development of Frameworks for Inclusive and Diverse Perspectives of Material Science

Research and Education David Ryman?!, Saquib Ahmed??2 and Sankha Banerjee®?; 1California State University, Fresno, United States; 2Buffalo State College, United States; SUniversity of
California, Davis, United States

The field of material science is undergoing a transformative shift towards transdisciplinary approaches, demonstrating its relevance in a variety of applications. This shift is paving the way for
the creation of comprehensive frameworks that foster inclusivity and diverse perspectives in material science research and education. By embracing a transdisciplinary perspective, material
science is adapting to the complex and interconnected challenges of our time, promoting innovation and sustainability in a broader range of applications. This abstract provides an overview of
the evolving landscape of material science, highlighting the importance of inclusive and diverse frameworks to advance the field and meet the evolving demands of modern society.

The following work focuses on the transdisciplinary aspects of material science research and education in the areas spanning materials fabrication and their application in water treatment,
biomedical devices, environmental impact, and economic assessment. It delves into the intersections of material science with these critical fields, emphasizing the need for a holistic
understanding of materials' roles in addressing contemporary challenges. By examining materials science through the lenses of water treatment, biomedical devices, environmental
sustainability, and economic evaluation, this work contributes to a more inclusive and diversified approach, fostering a more profound comprehension of the pivotal role materials play in our
interconnected world.

Moreover, this work extends its examination to the implementation of these approaches within the semiconductor industry. It sheds light on how these methodologies are being employed to
enhance research, development, and education within this industry, ensuring the widespread dissemination of innovations and their potential to drive advancements in material science. By

Abstract_Book_Final2_Sessions_mrsspring2024_05-Jun-2024-09-11-02 (1).htmI[6/5/2024 11:46:47 AM]



exploring the intersections of material science, using machine learning-based approaches, and diversity-related issues within the context of the semiconductor sector, this research contributes to
a more inclusive, sustainable, and technologically advanced future.

9:30 AM BI02.01.05
How can TA Meetings Effectively Prepare TA Instruction? Eugenia S. Vasileiadou; Northwestern University, United States

A General Chemistry course consists of multiple components, amongst these are recitation and office hour sections. These sections are centered on enhancing students’ conceptual
understanding and honing their problem-solving skills. Even without the current realization of online teaching, these objectives require a skillful synthesis of technical and pedagogical
planning. The goal of this project was to examine how teaching assistant (TA) meetings can effectively prepare TA instruction in General Chemistry discussion sections with inclusive
practices, considering an online teaching environment. Firstly, the challenging areas of virtual TA instruction were probed. Subsequently, five quarterly objectives for the TA meetings were
determined related to the pedagogical and learning needs TAs’ reported. Accordingly, biweekly presentations serving the quarterly objectives were developed, containing pedagogical strategies
and resources to aid TAs’ preparation for effective and inclusive instruction. Following the biweekly presentations, TAs” completed a reflection journal based on a survey format, where overall
4 journal entries were requested. The TA reflection journal inquired if TAs accomplished the learning objectives of the biweekly presentation, as well as it included space for TAs to generate
prompts and questions for the next presentation. Importantly, the TA reflection journal incorporated demographic information of TAs, where no corresponding demographics of graduate
students had been collected in our Chemistry department prior. Altogether, utilizing the collaborative and informative nature of the TA meetings to the highest extent, serves as a vehicle for the
pedagogical development of TAs to make effective instructional decisions that result in enhancing student learning.

9:45 AM BREAK
10:15 AM ROUNDTABLE DISCUSSION

10:45 AM *B102.01.06
Overcoming Technology Barriers and Incorporating Culturally Responsive Outreach in Materials Research Kyle Johnson®? and Ngozi Ezeokekel; AVELA - A Vision for Engineering
Literacy & Access, United States; 2University of Washington, United States

In 2020, 11% of undergraduate students in the University of Washington’s Materials Science and Engineering (MSE) department were from underrepresented minority (URM) backgrounds,
with only 8% of graduate students in the department identifying as URM. In contrast, the URM population in Washington State was 21% in 2017, and 34% nationwide. High barriers of entry to
the field of materials research limits who is learning about and gets involved in the field. For primary and secondary school students, these barriers include limited access to the expensive
technologies required to perform materials research such as load frames, high magnification microscopes, and autoclaves. Not only is it difficult to have K-14 students engage with application
or research-based material science lessons in primary or secondary school, but inequitable access to technology for Black and Latine communities are compounded by persistent economic
challenges, social injustices, and human rights issues. We present sociotechnical access inequalities for Black and Latine urban communities, and our findings show that many students are
hesitant to engage with already available technologies due to a lack of enticing support systems. We analyze the AVELA (A Vision for Engineering Literacy & Access) nonprofit’s holistic
student-led STEM engagement model leveraging near-peer mentorship, experiential learning, mentor embodied community representation, and culturally responsive lessons. Through 24 semi-
structured interviews with college AVELA members, an analysis of 171 survey responses from AVELA's secondary school class participants, and an autoethnographic analysis we evaluate the
model's impact on decreasing sociotechnical access inequalities. Using data from AVELA’s 4 years of operation, where more than 200 university student instructors have taught to 2,500+
secondary school students in 110+ classrooms, we identify access barriers and provide principled recommendations for designing STEM education programs with a focus on materials science
lessons and activities.

11:15 AM BI102.01.07

Experimenta con PREM: Outcomes and Best Practices from a Two-Decade Materials Research Summer Program for Underrepresented High School Students Idalia Ramos!, Jose O.
Sotero Esteval, Vibha Bansal?, Francisco Bezares®, Ezio Fasolil, Mark Licurse*, Rolando Oyola!, Nicholas Pinto®, Juan Santana?, Eric A. Stach* and Ashley Wallace*; tUniversity of Puerto
Rico at Humacao, United States; 2University of Puerto Rico at Cayey, United States; University of Puerto Rico at Mayaguez, United States; “University of Pennsylvania, United States

A long-standing partnership between the University of Puerto Rico (UPR) and the University of Pennsylvania (PENN) Laboratory for Research on the Structure of Matter aims at diversifying
the materials research community by identifying and guiding students through a pathway from high school (and K-8) to STEM undergraduate programs, and then onto graduate school. The
program is supported by the National Science Foundation Partnerships for Research and Education in Materials (PREM) program. The UPR-PENN PREM program targets women and
students from disadvantaged backgrounds, such as low-income families, first-generation college students, and those living in geographically isolated areas in Puerto Rico, where the student
population is approximately 99% Hispanic.

The Experimenta con PREM (ECP) summer program for high school (HS) students is a highlight of the UPR-PENN PREM. Since 2005, this two-week research experience has attracted
talented students to materials research. The program started at the Humacao campus of UPR and extended to the Cayey campus in 2016. To date, approximately 400 students (68% women),
from 34 towns and 59 schools in Puerto Rico have taken part in ECP. All of them graduated from high school, with 78% pursuing STEM fields.

ECP aims to foster scientific literacy and inquiry skills among students and inspire them to pursue research-oriented careers. The experience is expected to be like what they would face in a
Research Experience for Undergraduates (REU), from the application process to presenting their findings. The program introduces materials science as a field that welcomes diverse interests
and skills, such as materials characterization, devices, soft matter, crystals, and experimental and theoretical-computational methods. Nine UPR faculty mentors create laboratory experiences
that are closely aligned with their own PREM research and that incorporate, within the time constraints, the relevant aspects of conducting research such as literature review, data collection and
analysis, report, and final oral presentation. In the laboratories, HS students work in groups of up to 4 members with constant guidance from the faculty researcher and undergraduate PREM
students.

Before the research experiences, the students participate in a series of workshops that help them develop soft skills that are essential for scientific research, such as diversity awareness, public
communication, and laboratory safety. Additional training includes hands-on workshops on scientific writing, programming, and spreadsheet skills. The PENN partners actively contribute to
the learning experience. Graduate students, post-docs and faculty members from PENN give talks, workshops and interact with the students on various topics related to materials science.

This presentation will cover the goals, components, and achievements of ECP, along with the challenges and lessons learned. We will discuss some of the best practices that emerged from our
experience and how they can inform future initiatives in science education.

11:30 AM B102.01.08
AfterSchool Academy and Teachers Camp for a Diverse Undergraduate Population Andre Schleife and Cecilia Leal; University of Illinois at Urbana-Champaign, United States

It is our goal to broaden participation in materials research starting from the undergraduate level and we particularly focus on increasing our number of students from all underrepresented
groups. We find it challenging to accomplish this goal through traditional recruitment practices, including social media, email, and mail-based approaches. Our hypothesis is that we do not
effectively reach our target population or reach them too late when they either have decided against college or for a different major. To mitigate this, we started pursuing a two-pronged
approach reaching out to (i) high-school students directly through a newly established AfterSchool Academy and to (ii) high-school teachers by organizing a teacher’s camp every summer,
together with the ASM Materials Education Foundation. If successful, we envision to advertise materials research to a population of students that is still considering their college career and a
population of high-school teachers that can inform students about materials research much earlier and more efficiently and deeply than mail or online campaigns. Our early success indicators
are that participating students and teachers were very excited and engaged in the experimental activities and we envision to turn this into better, more diverse undergraduate enrollment over the
next years. In this presentation details about both activities and their implementation from scratch will be discussed.

SESSION BI102.02: Broadening Participation in Materials Research and STEM I
Session Chairs: Chartanay Bonner, Lisa Neshyba, Kristen Rahilly and Michael Scheibner
Thursday Afternoon, April 25, 2024
Room 326, Level 3, Summit

1:30 PM B102.02.01
Materials Science and Engineering Program Needs: Students! Thomas Stoebe; University of Washington, United States

Materials Science and Engineering is a multidisciplinary field that works between the physical and biological sciences, engineering and medicine. Engineering students sometimes have
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difficulty determining the difference between the many opportunities in MSE and the more well defined opportunities in other engineering areas. In particular, entering undergraduate students
who see themselves focused on industrial jobs often choose other engineering departments over MSE because of perceived potential future jobs.

Materials engineering, which applies the principles of materials science to practical systems, devices and processes, is an area that Materials Science can be used to attract interest among
students. This has been shown based on enhanced interest in both applied experiments and demonstrations used in high school classrooms, and in special programs and camp projects in many
locales. These programs include

1. Technology education workshops for teachers

2. Science and technology curriculum development based on material science and engineering, and

3. After school activities such as designing and building a guitar

The National Resource Center for Materials Technology Education (MatEdU) has collected and developed resources that provided means for materials concepts to impact areas as diverse as
electronics education and advanced manufacturing, energy and critical materials utilization. Such areas can be used to inform students of their prospects in MSE. These opportunities will be
developed in this presentation. General reference www.materialseducation.org.

1:45 PM B102.02.02
Design and Delivery of Low-Cost Science Laboratory Kits for Primary- and Secondary-Level Classrooms in Eastern Africa Jill Wenderott!, Joyce Elisadiki2, Julie Fornaciari®, Danielle
Butts*, Cecilia China®, Gloriana Monko? and Sossina M. Haile®; 1Drexel University, United States; 2University of Dodoma, Tanzania, United Republic of; 3University of California, Berkeley,

United States; 4University of California, Los Angeles, United States; 5Nelson Mandela African Institution of Science and Technology, Tanzania, United Republic of; SNorthwestern University,
United States

Only about 30% of women students in higher education globally select science, technology, engineering, and mathematics (STEM)-related subjects, with particularly low enrollment in

engineering, manufacturing, and construction (8%) and in natural science, mathematics, and statistics (5%).% Improving this representation is a multi-faceted challenge. Women Supporting
Women in the Sciences (WS2) has been focused on spurring K-12 girls' interests in STEM and promoting women scientists as mentors to younger students. With the support of a 2020

American Physical Society (APS) Innovation Fund,2 WS2 spearheaded the Lab Kit Initiative during which low-cost materials science and physics laboratory kits for K-12 students were
designed and distributed to schools in eastern Africa. During the design phase, seven international teams composed of 59 volunteers (over 70% women) created 3 lab kits for primary level
students and 4 lab kits for secondary level students on the topics of food science, electrostatics, light and color, and energy transfer. A key feature of the lab kits is the use of easy-to-source
supplies to ensure low-cost and wide accessibility. Working with eleven partners in Ethiopia, Kenya, Rwanda, Tanzania, and Uganda, WS2 provided lab kits that engaged over 5100 students at
over 40 school sites in hands-on science learning, with 62% being girls. This talk will discuss the outcomes of the Lab Kit initiative which concluded in early 2023 and future endeavors in
which WS2 has been involved that are broadening the reach of our lab Kits.

Women Supporting Women in the Sciences (WS2)? is an international organization unifying and supporting graduate and professional-level women and allies in STEM.

1. Cracking the code: girls’ and women’s education in science, technology, engineering and mathematics (STEM) - UNESCO Digital Library. at
<https://unesdoc.unesco.org/ark:/48223/pf0000253479>

2. APS Innovation Fund. at <http://www.aps.org/programs/innovation/fund/index.cfm>

3. Sciences, W. S. W. in the. Women Supporting Women in the Sciences. Women Support. Women Sci. at <https://ws2global.org/>

2:00 PM B102.02.03
More Inclusive Q&A Sessions Will Lead to Better Science Christopher Rom; National Renewable Energy Laboratory, United States

Traditional question and answer (Q&A) sessions are a sub-optimal use of conference time because they do not engage the full audience. Since 2017, several studies in a range of academic
disciplines have identified that women are under-represented among question-askers after scientific talks. Insufficiently inclusive Q&As leave thought-provoking questions un-asked, meaning
our communities miss out on ideas worth hearing. Throughout my PhD and into my postdoc, | have collected data on question asking behavior at the conference talks | attended (ceramics,
materials, and solid-state chemistry, broadly speaking), revealing that this disparity is present in our community too. Fortunately, prior research shows that merely discussing this trend can help
balance Q&A sessions. In this presentation, | will summarize existing research on gender equity in Q&A sessions, present my own data relevant to the MRS community, and describe
preliminary results from possible alternative Q&A formats. This work will spark conversations around how to structure our scientific talks to better foster learning and collaboration, boosting
our ability to conduct cutting edge science.

2:15 PM B102.02.04
Computational Course-Based Undergraduate Research Experience (CURE) for Condensed Matter Physics David A. Strubbe! and Enrigue Guerrero'2; 1University of California,
Merced, United States; 2California State Polytechnic University, Humboldt, United States

Course-based Undergraduate Research Experiences (CURES) are a way of bringing the excitement of research into the classroom and potentially reaching more students and reaching them
earlier in their studies than would happen with the typical summer research experience or senior thesis project. Key aspects are of a CURE are: students learn and use research methods, give
input into the project, generate new research data, and analyze it to draw conclusions that are not known beforehand. I will show a paradigm for a computational CURE in an
undergraduate/graduate condensed matter physics class at the University of California, Merced. It is based on computational studies with density functional theory, provided by a convenient
GUI tool on nanoHUB (https://nanohub.org/tools/uch_compnano) that we co-developed which requires minimal computational skills. After preparatory exercises, students calculated structures,
energies, and Raman spectra of different structures and compositions of a monolayer alloy MoS,,Sey(1.)- They followed a defined protocol to contribute to a novel class dataset which they

analyzed, and also calculated an additional property of their choice in consultation with the instructor. Studies show that CURESs improve learning, foster a sense of belonging in the field,
increase retention of students in science (including going on to do summer research), and are especially beneficial for minoritized/underrepresented students such as at a Hispanic Serving
Institution like UC Merced.

2:30 PM BREAK

3:00 PM B102.02.05
Designing Inclusive Research Experiences for Undergraduates Rajan Kumar; Northwestern University, United States

Research Experiences for Undergraduates (REU) programs are a key driver for broadening participation in materials research. Every year, over 100 REU sites offer essential opportunities for
students to gain hands-on exposure to materials research and develop technical skills that extend beyond the classroom. Furthermore, several of these programs aim to increase access to
materials research for underrepresented students in order to help diversify academia and other research disciplines. But with increasing participation, how do we tailor REU programs to benefit
students from all backgrounds? And how can we provide research opportunities that actually promote continued interest in STEM careers? In order for REU programs to have an ever greater
impact, we need to focus on designing inclusive research experiences that support all students and foster a sense of belonging in materials science and engineering.

In this talk, I will introduce a template for designing inclusive undergraduate research experiences as demonstrated through the Stanford Materials Science and Engineering REU Program.
Overall, our goal is to help undergraduates self-identify as materials scientists and engineers in order to encourage broader participation in STEM careers. Several important components of the
REU Program will be described to identify best practices that promote positive outcomes in undergraduate research experiences, regardless of student background or preparation level. These
components include program recruitment and selection, research project design, mentorship training, student programming, and program evaluation. Specific efforts related to research and
communication skill development, career guidance, and community-based mentorship will also be discussed along with key outcomes from these initiatives.

3:15 PM *B102.02.06
Empowering Diversity: Inclusive Strategies in STEM Education Debora Monegol’z; THeidelberg Institute for Theoretical Studies, Germany; 2Heidelberg University, Germany

In Materials Science and other STEM fields, the inclusion of diverse perspectives is more than just an added advantage, it is a necessity. Drawing from my experiences as a first-generation
Latina teaching science at Columbia University, my talk will focus on fostering strategies for inclusive teaching, enhancing a sense of belonging, and empowering students to take agency in
their STEM education. Practical tactics for curriculum design will be highlighted, along with discussions on challenges faced by students from underrepresented backgrounds. The goal is to
craft a more inclusive environment that resonates with every student's unique journey in STEM.
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3:45 PM ROUNDTABLE DISCUSSION

SESSION BI02.03: Poster Session: Broadening Participation in Materials Research and STEM
Session Chairs: Chartanay Bonner, Lisa Neshyba, Kristen Rahilly and Michael Scheibner
Thursday Afternoon, April 25, 2024
Flex Hall C, Level 2, Summit

5:00 PM B102.03.01
Integrating Art in Materials Science Education: An Interdisciplinary STEAM Course on Metal Craft for Engineering Students In-Suk Choi and Bog-Ki Min; Seoul National
University, Korea (the Republic of)

We introduced an innovative interdisciplinary STEAM course for undergraduates in collaboration with the College of Fine Arts, titled “Metal Craft for Engineering Students.” Designed for
freshmen, this course enables students to create their own metal crafts under the guidance of Fine Arts professors. Although most participants were new to hands-on activities, they engaged in
metal craftwork such as casting, hammering, and polishing, all while utilizing CAD/CAM programs for design. In conjunction with the practical craftwork, introductory lectures on physical
metallurgy topics like hardening, annealing, and dislocation were delivered, contextualizing the applied theories. This hands-on approach allowed students to directly observe material
thermodynamic and deformation phenomena. By melding fabrication techniques with scientific principles, the course offers a comprehensive understanding of materials science. Feedback has
shown high student satisfaction, underscoring our belief that the course not only broadens perspectives but also ignites an interest in multidisciplinary research. Notably, it fills a critical void for
materials science students who typically lack hands-on fabrication experience due to a curriculum predominantly focused on analysis, characterization, and theoretical modeling.

5:00 PM B102.03.02
Broadening the Participation in Materials Research by Creating Science Identity using Near Peer Mentoring Mary Sajini Devadas, Jim Coombs and Ellen Hondrogiannis; Towson
University, United States

Science/STEM identity” is the sense of who students are, what they believe they are capable of, and what they want to accomplish with respect to science by interacting with others in the field.
This requires intervention to help the “socializers” (i.e., STEM faculty and UGs) better understand the value and purpose of science literacy themselves so as to encourage students to appreciate
science, be aware of possible career options in science, and enjoy learning and doing science. The project involves building “science identity” via the active involvement of Towson
University’s (TU) undergraduate student researchers (UG) in 1) engagement in research with the high school (HS) recruits through the apprenticeship model, 2) outreach activities in local high
schools. This results in science identity among undergraduate and high school students as they assist in workshops and internships (where they carry out authentic research) involving synthesis
and characterization of nanoparticles. Through surveys collected, we show that we have built science identity and broadened the participation in student participants and in the near-peer
mentors. The retention of students in STEM using this method will be discussed.

5:00 PM B102.03.04
Elementary Arts Lab: Building a Community of Scientists, Artists and Educators to Impact Local Elementary Education Elizabeth K. Allan-Cole!, Emma Antonio™, Katarina Lott!,
Thomas P. Chaney?, Lacey Roberts?, Andrew J. Levin®, Mary Powell? and Michael Toney!; 1University of Colorado Boulder, United States; 2Boulder Valley School District, United States

Elementary Arts Lab is a group of artists, scientists and educators who are passionate about cultivating enthusiasm and curiosity for how we explore and interact with the world around us. We
work with K-12 schools to develop and deliver curriculum that integrates movement, art and music with the physical sciences. We aim to educate and inspire children and ourselves while
challenging the stereotypes of scientists and artists. Our approach uses the concept of integrated learning, or the process of making connections between multiple concepts and topics and using
experience-based learning [1]. Integrated learning plays on the idea that when you experience something you are more likely to internalize the concepts you were aiming to learn [1]. Our
primary aim is to create a long-term network between educators, scientists, and artists and through this network create arts-based science resources for elementary school teachers and their
students.

We began our journey in 2020 at the height of the pandemic, working virtually with University Hill Elementary School in Boulder. We started with eight CU Boulder graduate students, a post-
doc, and two elementary school educators, an art and music teacher, in our first phase. Together, we built science lessons for third graders that we communicated through art, dance, and music.
Our initial endeavor demonstrated that students were learning and starting to internalize the science concepts we were communicating [2]. Our first expansion included building off the fourth-
grade curriculum in the Boulder Valley School District (BVSD) and implementing our work at a larger scale by making lesson plans that were available to all BVSD school teachers [2]. We
also worked with a class at Heather Wood Elementary School during this time and doubled our CU Boulder student involvement as well as started to incorporate undergraduate students in both
science and arts. Our current phase implements continuing education for current Denver Public Schools (DPS) elementary school teachers. We work directly with DPS teachers throughout a
full school year in multidisciplinary diverse teams to build integrated learning lesson plans based on class curriculum. By supporting this approach and maintaining a long-term relationship with
these teachers we can indirectly impact all the students that they teach throughout their career. We have worked with more than 10 DPS teachers and have now brought in more than 50 CU
Boulder graduate and undergraduate students in arts, science, and education working as a network to impact more than 350 elementary school students to date in Colorado.

Beyond our direct impact, we also aim to combat the image of a scientist or engineer for these students. We aim to bring together a diverse community and show students on classroom visits
that they, too, can become scientists.

Reference:

[1] Leslie U. Bradbury (2014) Linking Science and Language Arts: A Review of the Literature Which Compares Integrated Versus Non-integrated Approaches, Journal of Science Teacher
Education, 25:4, 465-488, DOI: 10.1007/s10972-013-9368-6

[2] Elementary Arts Lab Website, https://www.colorado.edu/project/elementaryartslab/

5:00 PM B102.03.05
Multimodal Core-Shell Nanocomposites for Biomedical Applications Munirah Ghariani'?3, Caroline O'Sullivan! and Yurii K. Gun’ko>%3; 1Trinity College Dublin, Ireland; 2Advanced
Materials and Bioengineering Research (AMBER), Ireland; 3science Foundation Ireland (SF1), Ireland

Multimodal nanomaterials are an important class of materials in the rapidly developing field of nanoscience. These nanomaterials have deserved a lot of attention due to their wide variety of
applications including targeted cell drug delivery, biomedical imaging and cell labelling.! The main aim of this project was to develop new magnetic metal carbonate core-shell structures for
potential biomedical applications. Calcium carbonate (CaCO3) and magnetite (Fe;O,) were chosen as the functional materials for this research, thus combining the modalities of

biocompatibility and magnetisation. 23

Magnetic nanoparticles (NPs) have been prepared by a precipitation approach using both Fe?* and Fe3* salts as iron precursors in the presence of poly(sodium styrene sulfonate) (PSS). These
stabilised NPs exhibited high monodispersity and stability making them ideal for further functionalization.
For the very first time, the PSS-Fe30, NPs were encapsulated into CaCO4 shell by a novel dry ice carbonation method resulting in distinctive morphological structures.

The new composites were loaded with a specific cationic dye as a model to investigate their potential drug uptake and release processes. The testing was monitored using UV-Vis spectroscopy.
This research opens up a route to new multimodal nanomaterials with unique properties making them of great interest.

Bibliography

1. S. D. Anderson, V. V. Gwenin and C. D. Gwenin, Nanoscale Res. Lett., , DOI:10.1186/s11671-019-3019-6.

2. H. Bahrom, A. A. Goncharenko, L. I. Fatkhutdinova, O. O. Peltek, A. R. Muslimov, O. Y. Koval, I. E. Eliseev, A. Manchev, D. Gorin, I. I. Shishkin, R. E. Noskov, A. S. Timin, P. Ginzburg
and M. V. Zyuzin, ACS Sustain. Chem. Eng., 2019, 7, 19142-19156.

3. A. G. Niculescu, C. Chircov and A. M. Grumezescu, Methods, 2022, 199, 16-27.
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Enhanced Immobilization of EDTA on Graphene Oxide Sponge by Siloxane Bridge for Multi-Pollutants Removal in Wastewater Yi-Ting Lai , Chen-Jie Liao , Dhanaprabhu

Pattappan?, Da-Wei Huang?, Yu-Chin Liao®, Yu-Hsuan Huang?, Shu-Jun Lu?, Po-Chun Hsu? and Ching-Lung Chen?; IMing Chi University of Technology, Taiwan; 2The University of
Chicago, United States

This work developed an ethylenediaminetetraacetic acid (EDTA)-modified graphene oxide (GO) sponge to remove multi-pollutants in wastewater. During the grafting of the silicon-based
EDTA (EDTA-Si) on the GO sponge, the abounded functional groups on the GO surface can interact with silane groups to form silane-bridging by removing water molecules. Thus, the silanol
molecules can anchor EDTA-Si on the surface of GO, leading to stable adhesion toward the GO sponge. This proposed EDTA-Si/GO sponge can not only adsorb and chelate various heavy
metals in wastewater but also degrade organic dyes by producing super radicals. This work provides a facile and eco-friendly strategy to remove heavy metals and organic pollutants in
wastewater to achieve the availability and sustainable management of water with industrial applicability.

5:00 PM B102.03.09
The Effects of Substrate Growth on VS, by Chemical Vapor Deposition Clara L. Jackson®, Kedar Johnson?, Elycia Wright!, Selena Coye!, Indika Matara Kankanamge and Michael

Williams?; 1Clark Atlanta University, United States; Morehouse College, United States

Vanadium disulfide (VS,) has grown popular for its potential applications in energy storage and renewable energy due to its thin layered structure, metallic conductivity, and ability to form
highly crystalline structures. Our research focuses on investigating the impact of vanadium disulfide growth on various substrates, such as sapphire, silicon oxide on silicon (SiO,/Si), and
gallium oxide (Ga,03), using the chemical vapor deposition (CVD) technique. Furthermore, the research aims to identify the optimal growth parameters, including growth temperature, and
carrier gas flow rate for each substrate to achieve a large coverage film. To achieve this, we use the carrier gases (Ar, Ar + H,) while implementing the growth temperatures of VS, during the

sample growth. We will measure the resulting materials using spectroscopic probes like photoluminescence, Raman, Fourier transform infrared (FTIR), and confocal laser optical microscopy to
examine the surface morphology, structural quality, absorption, and reflection of materials.

5:00 PM B102.03.10
Comparison of Seeding Promoters in Growth of Tungsten Disulfide by Chemical Vapor Disposition. Kedar Johnson2, Clara L. Jackson?, Elycia Wright?, Selena Coye?, Indika Matara
Kankanamge? and Michael WilliamsZ; *Morehouse College, United States; 2Clark Atlanta University, United States

Seeding promoters have been utilized to facilitate the growth of transition metal dichalcogenides via chemical vapor deposition (CVD). The choice of seeding promoter can significantly impact
the resulting film's properties, including its crystallization, growth area, phase, and composition. Our study will investigate the effects of different seeding promoters on tungsten disulfide
(WS,) growth on sapphire, which is known to be challenging to control in terms of layer area, quality, and thickness. The seeding promoters we will be using in our study are sodium chloride

(NaCl), zinc oxide/zinc sulfate (ZnO/ZnS0O,), and sodium sulfate (NaSO,). We will analyze the effect of each seeding promoter on the properties of WS, to determine their correlation and
identify the best promoter for future growth. To analyze the properties of WS,films, we will use confocal laser microscopy, photoluminescence spectroscopy (PL), Raman spectroscopy, Fourier

transform infrared microscopy (FTIR), and x-ray photoemission spectroscopy (XPS). Our focus will be on studying these films' photoluminescence, absorption, layer thickness, impurity,
optical phonon modes, and bandgap.

5:00 PM B102.03.11
RAFT Iniferter Photopolymerization of PNIPAM based Block Copolymers Eabian Rodriguez; The University of Texas Rio Grande Valley, United States

Poly(N-isopropyl acrylamide) (PNIPAM) has been studied for various biomedical applications such as drug delivery, wound dressings, and, specifically, sensing via hydrogels due to a
characteristic phase transition around 32°C. Previous work focused on the fabrication and characterization of PNIPAM based microfibers. The fibers were subsequently processed into a fibrous
hydrogel to be used as biosensor. The fibrous structure was maintained as it functions as an avenue to improve the sensitivity of the biosensor by increasing the surface area. Current work
focused on improving the viscoelastic behaviors of the hydrogel through the synthesis of block copolymers (BCPs) containing PNIPAM. These BCPs were synthesized using photo reversible
addition-fragmentation chain transfer (RAFT). While RAFT is a commonly used controlled polymerization technique, photoinitiated RAFT can yield polymers with ultra-high molecular
weights and can be performed under mild conditions. Therefore, photoinitiated RAFT is promising for synthesizing polymers ideal for ultra-thin fibers and hydrogels due to enhanced
viscoelastic and mechanical properties. Alongside PNIPAM, the highly hydrophilic poly(N,N-dimethyl acrylamide) (PDMA) is a promising candidate as a stabilizing block since it improves
the mechanical properties of hydrogels. A compact UV setup was implemented using a commercially available nail curing device, while also varying the distance between the reaction/light
bulbs, and the light intensity through the number of said bulbs. The methodology was optimized using common lab equipment to enable widespread implementation. The physical setup was
kept intentionally simple with the intent to allow small undergraduate institutions and even high schools to perform polymer synthesis, while maintaining a level of scientific refinement via the
use of photo-iniferter RAFT. This project offers an avenue to broaden participation for young students and researchers to engage with and contribute to materials research by validating the
potential of using commercially available equipment.
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10:30 AM *QT01.10.02
Light Control of Charge Transport and Phase Transitions Sheng Meng; Chinese Academy of Sciences, China

Photoexcitation is a powerful means in distinguishing different interactions and manipulating the properties of matter, especially for charge transport and phase transitions in complex quantum
systems.

Here we show that laser-controlled coherent phonon excitation enables orders of magnitude enhancement of carrier mobility via accelerating polaron transport in a prototypical material, lithium
peroxide (Li202). The selective excitation of specific phonon modes, whose vibrational pattern directly overlap with the polaronic lattice deformation, can remarkably reduce the energy barrier
for polaron hopping. The strong nonadiabatic couplings between the electronic and ionic subsystem play a key role in triggering charge transport. These results extend our understanding of
charge transport dynamics to the nonequilibrium regime and allow for optoelectronic devices with ultrahigh on-off ratio and ultrafast responsibility competitive with those of state-of-the-art
devices. We also investigate photoexcitation induced ultrafast phase-transition dynamics in two-dimensional materials, where we identify a laser-induced collective pathway from 2H phase to
1T phase in MoTe2 that is significantly different from thermal phase transitions. Our results provide insights from a new perspective on the coherent electron and lattice quantum dynamics in
materials upon photoexcitation.

References:

H.M. Wang, X.B. Liu, S.Q. Hu, D.Q. Chen, Q. Chen, C. Zhang, M.X. Guan, S. Meng. Giant acceleration of polaron transport by ultrafast laser-induced coherent phonons. Science Advances 9,
eadg3833 (2023).

R.J. Zhao, P.W. You, S. Meng, Ring polymer molecular dynamics with electronic transitions, Phys. Rev. Lett. 130, 166401 (2023).

C.Y. Wang, X.B. Liu, Q. Chen, D.Q. Chen, Y.X. Wang, S. Meng. Coherent-Phonon-Driven Intervalley Scattering and Rabi Oscillation in Multivalley 2D Materials. Phys. Rev. Lett. 131,
066401 (2023).

M.X. Guan, X.B. Liu, D.Q. Chen, X.Y. Li, Y.P. Qi, Q. Yang, P.W. You, S. Meng. Optical control of multi-stage phase transition via phonon couplings in MoTe2. Phys. Rev. Lett. 128, 015702
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(2022).
J.Y. Xu, D.Q. Chen, S. Meng. Decoupled ultrafast electronic and structural phase transitions in photoexcited monoclinic VO2. Science Advances 8, eadd2392 (2022).

11:00 AM B102/MT01/QT01/QT04.01

Photoinduced Modulation of an Excitonic Resonance Coupled to Coherent Optical Phonons and The Role of Dynamical Screening in a Layered Semiconductor Selene Mor!?,
Valentina Gosetti2, Alejandro Molina-Sanchez®, Davide Sangalli*, Simona Achilli* and Stefania Pagliara*%; 1Universita Cattolica del Sacro Cuore, Italy; 2Interdisciplinary Laboratories for
Advanced Materials Physics (I-Lamp), Italy; 3University of Valencia, Spain; “Universita degli Studi di Milano, Italy

The ultrafast light-matter interactions in semiconductor materials are intensively studied due to their technological relevance in the field of, e.g., photovoltaics or data processing. The
elementary photoexcitation of a semiconductor is the formation of an electron-hole pair, called exciton, as a result of the weak screening of the Coulomb interaction between the electron and
the hole. The coupling of excitons with other excitations like, e.g., lattice vibrations (phonons) plays a pivotal role on the nonequilibrium optical properties of semiconductors, eventually
governing their optoelectronic functionalities. However, how exciton-phonon coupling manifests in the time and energy domains has raised an active debate between experiment and theory in
the last years [1]. Moreover, the effect of dynamical screening, i.e. of transient changes in the screening by the photoexcited quasi-free carriers, on the coupling of excitons to phonons has
remained elusive. These open questions represent a forefront fundamental research challenge in semiconductor optics and an essential step toward the development of novel protocols for
optoelectronic applications.

Layered semiconductors formed by van-der-Waals stacked atomic planes offer a great quantum materials platform for the study of coupled dynamics with accessible and technologically
relevant energy and time scales. The quantum space confinement of mobile carriers reduces the dielectric screening, stabilizing the excitons and favoring their coupling to lattice vibrations [2].
In our work, by means of ultrafast broadband optical spectroscopy combined with ab-initio calculations of the layered semiconductor bismuth triiodide (Bils), we set the spectral fingerprints for

the optical detection of exciton-phonon coupling in van-der-Waals layered semiconductors [2]. Our joint experimental and theoretical effort allows us to unravel the impact of exciton-phonon
coupling by microscopically relating a photoinduced coherent energy modulation of the excitonic resonance to coherent optical phonons. This further enables us to track the extent of the
photoinduced atomic displacement in real space with unprecedented subpicometer resolution. These findings eventually solve the debate between experiment and theory on the spectral
evidences of exciton-phonon coupling, and establish the role of exciton-phonon coupling on the ultrafast exciton dynamics.

Further, we address the effect of dynamical screening on the exciton-phonon coupling in Bils [3]. To this goal, we investigate the ultrafast broadband optical spectroscopy under excitation
condition either resonant or off-resonance with the excitonic resonance in order to either exclude or enable the excitation of a population of quasi-free carriers. We find evidences that that the
dynamical screening breaks the coupling of excitons to coherent optical phonons, thereby hindering the photoinduced modulation of the excitonic resonance.

Finally, these complementary works move a step forward in the detection of many-body couplings in layered materials by ultrafast optical spectroscopy, paving the way to optical control of an
excitonic resonance on the picosecond timescale.

[1] F. Paleari, Phys. Rev. Lett. 122, 187401 (2019); C. Trovatello, ACS Nano 14, 5700 (2020); D. Li, Nat. Comm. 12, 954 (2021); H.-Y. Chen, Phys. Rev. Lett. 125, 107401 (2020); J. Fu,
Advanced Materials 33, 2006233 (2021)

[2] A. Chernikov, et al, Phys. Rev. Lett., 113, 076802 (2014); C. Jin, Nature Nanotechnology, 13, (2018); S. Dal Conte, Trends in Chemistry, 2, 1 (2020)

[3] S. Mor, et al, Phys. Rev Research, 3, 043175 (2021)

[4] S. Mor, et al., in prep.

11:15 AM BI102/MT01/QT01/QT04.03
Temperature-Dependent Phonons and Photoluminescence of WS, Monolayer to Bulk rown by CVD. Selena Coye?, Kedar Johnson?, Indika Matara Kankanamge® and Michael Williams®;

1Clark Atlanta University, United States; 2Morehouse College, United States

WS, is a layered material with unique band gap properties, making it highly promising for developing advanced electronics and optical devices. While bulk WS, has an indirect band gap in the
near-infrared, monolayer WS, has a direct band gap in the visible spectrum. The optical and bandgap characteristics of WS, can be temperature dependent. Understanding the temperature-
dependent phonon properties of materials is crucial for managing heat in electronic devices, as they impact thermal properties and scattering effects. In addition, self-heating can alter the
vibrational properties of WS, layers, and the way electrons and phonons interact. Further, understanding the temperature-dependent A and B excitonic peaks is significant in device
applications. Temperature-dependent photoluminescence and Raman spectroscopy can be utilized to identify these materials' different optical transitions and phonon properties. In this study,
we will present a systematic analysis of temperature-dependent bandgap, optical transitions (including A and B exciton), electron-phonon coupling, and strain effect of WS, grown by chemical

vapor deposition. The layers will be analyzed using photoluminescence and Raman spectroscopy techniques.

11:20 AM BI102/MT01/QT01/QT04.04
Quantum Machine Learning for The Synthesis of Photocathodes by Epitaxial Growth Salil Bavdekar, Jason B. Gibson and Richard Hennig; University of Florida, United States

We present a high-throughput, material-agnostic strategy to study promising new photocathode materials for their epitaxial growth. Cs;Sb films grown on 3C-SiC(100) substrates with

molecular beam epitaxy (MBE) display lattice parameters intermediate to fully epitaxial layers and bulk structures, indicating partial relaxation at a thickness of only 38 A. The surface phase
diagrams and structures for monolayer thin films of epitaxial Cs-Sb photocathodes on SiC substrates have been predicted using a genetic algorithm (GA) coupled with density functional theory
(DFT) calculations. This information helped identify the experimental growth conditions for uniform and stoichiometric films and possible surface reconstructions. However, the computational
cost of DFT calculations limits the study to a single monolayer, and the nucleation and growth of these films cannot be studied with this method.

Hence, we employ machine learning accelerated GA simulations to predict complex surface structures with larger in-place unit cells and increasing film thickness to model the transition from
monolayer to bulk. Following this, the growth of Cs-Sb layers on (100) and (001) 3C-SiC substrates is studied with exascale molecular dynamics (MD) simulations. Our atomistic modeling
aims to elucidate the structural transition from potentially epitaxial monolayers to bulk structures and identify structures, nucleation mechanisms, and film growth processes on (100) and (001)

3C-SiC substrates. The GA and MD simulations are powered by machine-learned ultra-fast force fields (UF) trained on the data from the previous GA/DFT studies, greatly reducing the
computational cost. The resulting structures obtained from the simulations are compared with experimental XRD and RHEED patterns, and the structural energies provide the basis for a thin-
film phase diagram.

While the work here is presented for Cs-Sb films on a SiC substrate, the framework can be applied to any material system to create similar phase diagrams. These phase diagrams, along with
kinetic information gleaned from the molecular-dynamics simulations, can help identify optimal experimental processing conditions during MBE growth and guide the selection of other
materials systems.

11:35 AM B102/MT01/QT01/QT04.05
Data-Driven Discovery of Dynamics from Time-Resolved Coherent Scattering Nina Andrejevic, Tao Zhou, Qingteng Zhang, Suresh Narayanan, Mathew Cherukara and Maria K. Chan;
Argonne National Laboratory, United States

Coherent X-ray scattering (CXS) techniques, including X-ray photon correlation spectroscopy (XPCS), play a critical role in the investigation of mesoscale phenomena evolving at time scales
spanning several orders of magnitude. However, obtaining accurate theoretical descriptions of complex dynamics is often limited by one or more factors — the ability to visualize dynamics in
real space, computational cost of high-fidelity simulations, and accuracy of approximate models. Here, we aim to bridge the gap between theory and experiments by extracting mechanistic
models of dynamics directly from CXS data. To do so, we develop a data-driven framework which employs neural differential equations to parameterize unknown real-space dynamics and a
computational scattering forward model to relate real-space predictions to reciprocal-space observations. This framework is shown to recover dynamics of several computational model systems,
including domain synchronization, particle clustering, and source fluctuation, under various simulated conditions of measurement resolution and noise. We further demonstrate the practical
application of this approach in the context of two proof-of-concept experiments. Our framework represents a general and versatile platform to discover dynamics from time-resolved CXS
measurements without solving the phase reconstruction problem for a complete time series of diffraction patterns.

11:50 AM BI02/MT01/QT01/QT04.06
Pressure-Dependent Thermodynamics of Cubic Lu-H-N Solid Solutions by First-Principles Calculations and Graph Neural Networks Pinwen Guan, Matthew Witman, Catalin Spataru,
Vitalie Stavila and Peter A. Sharma; Sandia National Laboratories, United States

Metal hydrides are an important class of materials with high scientific significance, finding applications in various fields such as hydrogen storage, batteries, gas sensors, nuclear reactions and
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high-temperature superconductivity. Pressure, among others, is an important variable to control their properties. Previous computational studies of metal hydrides under high pressures usually
treat them as stoichiometric compounds, without lattice disorder considered. However, when pressure becomes more moderate, lattice disorder gets more significant, as shown in the recent
claimed room-temperature superconductor at near-ambient pressures, N-doped Lu hydrides, where three constituents (hydrogen, nitrogen and vacancy) have disordered occupancies in the
tetrahedral and octahedral interstitial sites in the fcc Lu lattice. To consider lattice disorder dependent on pressure, in addition to other variables including temperature and composition, first-
principles calculations are computationally demanding. In this work, a model of the cubic Lu-H-N solid solutions is developed by combining first-principles calculations and lattice graph neural
networks to learn pressure-dependent thermodynamic quantities in the configurational space, and composition-pressure-temperature phase diagrams are derived to describe the relationship
between the synthesis conditions and the resulted phase equilibria. This work can improve the thermodynamic understanding of the Lu-H-N system and help rational synthesis of N-doped Lu
hydrides, as well as demonstrate an efficient approach to model pressure-dependent thermodynamics of multi-component solid solutions.
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8:00 AM *BI102/SB01/SB03/SB05.01
Biodegradable Luminescent Porous Silicon Nanoparticles in Cancer Diagnosis and Therapy Liubov A. Osminkina2; 1.omonosov Moscow State University, Russian Federation;
2Institute of Biological Instrumentation, Russian Academy of Sciences, Russian Federation

The development of new intelligent drug delivery systems to overcome unwanted side effects and maximize the therapeutic effectiveness of chemotherapy for cancer diseases is one of the main
tasks of modern medicine. Active research is being conducted to explore various nanosized drug carriers (nanocarriers) for these purposes.

The use of porous silicon nanoparticles as the basis for nanocarriers is due to the unique properties of these solid-state nanomaterials, such as high biocompatibility [1] and complete
biodegradability into non-toxic silicic acid [2]. The porous structure of the nanoparticles, with porosity values reaching up to 80% of their volume, provides a high drug-loading capacity for
efficient drug delivery [3]. The simplicity of surface modification methods for the nanoparticles enables specific targeted delivery of various hydrophobic and hydrophilic drugs,
radiopharmaceuticals, proteins, peptides, RNA, etc. into cells.

The presence of efficient luminescence in porous silicon nanoparticles allows their utilization as contrast agents for bioimaging of cells and tissues [5]. The properties of porous silicon
nanoparticles, acting as photosensitizers [6], sensitizers of high-frequency electromagnetic fields [7] and therapeutic ultrasound [8], provide them with therapeutic functions and the potential for
stimuli-triggered drug release from the nanopores of nanocarriers.

The research is supported by Russian Science Foundation Grant No. 24-45-20009.

References:

1. Low S.P., Voelcker N. H. "Biocompatibility of porous silicon." Handbook of porous silicon. Springer, 2014. 381-393.

2. Qurrat. S. "Biodegradability of porous silicon." Handbook of Porous Silicon (2014): 395-401.

3. Maximchik, Polina V., et al. "Biodegradable porous silicon nanocontainers as an effective drug carrier for regulation of the tumor cell death pathways." ACS Biomaterials Science &
Engineering 5.11 (2019): 6063-6071.

4. Tieu T., et al. "Advances in porous silicon—-based nanomaterials for diagnostic and therapeutic applications." Advanced therapeutics 2.1 (2019): 1800095.

5. Tolstik E., et al. "Linear and non-linear optical imaging of cancer cells with silicon nanoparticles." International journal of molecular sciences 17.9 (2016): 1536.

6. Timoshenko V. Yu, et al. "Silicon nanocrystals as photosensitizers of active oxygen for biomedical applications.” Jetp Letters 83 (2006): 423-426.

7. Tamarov K.P., et al. "Radio frequency radiation-induced hyperthermia using Si nanoparticle-based sensitizers for mild cancer therapy." Scientific reports 4.1 (2014): 1-7.

8. Osminkina L.A., et al. "Porous silicon nanoparticles as efficient sensitizers for sonodynamic therapy of cancer." Microporous and Mesoporous Materials 210 (2015): 169-175.
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8:30 AM BI102/SB01/SB03/SB05.02

Ultrasound-Guided STING Activation by Nucleotide Nanocomplex-Decorated Microbubbles for Cancer Immunotherapy Sina Khorsandi', Xuefeng Li2, Yifan Wang?, Kristin
Huntoon?, Adam Woodward?, Nazia Hafeez!, Katheryne Nguyen®, Connor Endsley!, Julien Santellil, Wen Jiang? and Jacques Lux®; University of Texas Southwestern Medical Center,
United States; 2MD Anderson Cancer Center, United States

The recent success of immunotherapy for treatment-refractory metastatic melanoma, lung cancer and renal cell carcinoma has provided a new hope that immunotherapy can be generalized to a
broader range of cancers. However, many cancers do not respond to immune checkpoint inhibitors, which has limited their use to a subset of patients. There is now greater recognition that to
generate optimal antitumor immunity requires activation of both innate and adaptive immune systems in patients. Innate immune cells, including macrophages and dendritic cells (DCs), possess
phagocytic and antigen presenting capabilities that enable the initial immune recognition of tumor cells and serve as a link between the innate and adaptive immune systems through antigen
cross-presentation and subsequent priming of T cells. In order for these professional antigen-presenting cells (APCs) to perform these immune functions, several cellular processes must be
activated, including the innate immune sensor cyclic GMP-AMP synthase-stimulator of interferon genes (CGAS-STING). Agents that target the innate immune regulators, such as STING
agonists are now being investigated as potential therapeutics for a wide range of human cancers. However, because STING is a cytosolic innate immune sensor, the intracellular delivery of
agonists such as the negatively charged 2'3-cyclic-GMP-AMP (cGAMP) is very challenging. Equally important, non-specific global STING activation can cause systemic inflammatory
responses and toxicity. Systemic administration of STING agonists leads to dose-dependent T cell death that facilitates tumor immune evasion, further hindering the translation of STING
agonists into the clinic.

To address this technical challenge and meet the clinical need, we developed a technology termed MUSIC (Microbubble-assisted Ultrasound-guided Immunotherapy of Cancer) that utilizes
gas-filled microbubbles (MBs) conjugated with APC-targeting antibodies, and cationic polymers to efficiently load cGAMP via formation of nanocomplexes on the MB surface.

Our preliminary results show that, upon exposure to US, MUSIC produces robust STING activation and type | interferon responses in APCs and more efficiently primes antigen-specific CD4*

and CD8" T cells in vitro. These immune stimulatory effects of MUSIC directly translated into antitumor responses in vivo, where we showed that the MUSIC was able to generate antitumor
effects against syngeneic orthotopic primary (EO771) and metastatic (4T1) murine breast cancer models. Both models showed dramatic antitumor responses following local treatment of the
primary tumor. Specifically, 6 out of 10 EO771 tumor-bearing animals were tumor-free after 50 days while 4T1 tumor-bearing mice exhibited a significant decrease of the systemic disease
burden including lung metastases. We also confirmed the establishment of systemic immune memory following MUSIC treatments as mice rejected tumor cells upon re-challenge. MUSIC was
also evaluated in two syngeneic murine melanoma models (B16-F10 and D4M) with 100% of D4M-tumor bearing animals and 50% of B16-tumor-bearing animals achieving complete
remission when treated with a combination of MUSIC and immune checkpoints inhibitors.

MUSIC showed efficient antitumor immune responses in localized and metastatic murine breast cancer models as well as in two melanoma models leading to the establishment of immune
memory (i.e., in situ vaccination). This nanocomplex-conjugated microbubble platform enables more efficient loading and release of cGAMP and provides a new drug delivery vehicle for
further functional modifications including for loading drug or gene delivery for cancer treatment and/or vaccines.

8:45 AM *BI102/SB01/SB03/SB05.03
Neuromorphic Thin-Film-Devices for Process-In-Sensor Applications Sung Kyu Park; Chung-Ang University, Korea (the Republic of)

These days, the development of sensory systems for observing the surrounding environment information is drawing a lot of attention in various fields such as self-driving, security, robotics, and
internet of things (10T). In order to efficiently convert and recognize an external stimulus into an electrical signal, the high-performance sensory system is required. However, conventional
sensor devices have been difficult to maintain and pre-process the transformed information due to their rapid recovery properties. In this regard, the human-like neuromorphic sensory systems
that can efficiently recognize external information by sensing and memorizing the incoming stimulus signals is emerging. Nevertheless, to interpret incoming information, many electronic
systems often need more complementary components, such as various filters or logically connected circuit structure. Such architectural complexity can limit the development of high-density
and high-resolution system.

In this talk, neuromorphic sensory systems based on thin-film-devices such as amorphous indium-gallium-zinc-oxide (a-IGZO) and CNT thin-film-transistors(TFTs)/circuits are demonstrated
by constructing hybrid heterojunction structure with various nanostructured materials as a sensing material. Specifically, through utilizing a quantum dot, nano-scaled materials, and metal
chalcogenide layers integrated with a-IGZO TFTs exhibits evidently enhanced environmental detection ability with neuromorphic memory function. Furthermore, we will discuss a promising
strategy for the facile artificial sensory systems such as neuromorphic olfactory, self-defensive, and auto controllable visual system that have low power and small size which are significant
factors in neuromorphic applications.

9:15 AM BI102/SB01/SB03/SB05.04
Biomolecular Neuristors from Voltage-Activated Lipid Membranes Michelle Makhoul-Mansour and Stephen A. Sarles; The University of Tennessee, United States

Spiking neural networks (SNNs) show promise as energy-efficient and fast computing devices for adaptive spatiotemporal data processing and classification, which is critical for applications
requiring efficient acquisition, and processing of time-dependent data. Taking inspiration from their biological counterparts, the artificial neuristors in SNN hardware systems have been
typically designed to generate dynamic voltage spikes -i.e., action potentials- when a cumulative stream of received electrical inputs crosses a critical threshold. However, unlike biological
neurons, action potential generation in man-made systems is achieved using complex circuitry of many solid-state devices that are often non biocompatible. Examples of artificial neurons, and

neuristor circuits, include those based on threshold-switching memristors!t and organic electrochemical transistors!2l.

We recently demonstrated the use of voltage-activated lipid membranes as artificial synapses for neuromorphic computing. Advantages of this approach include the available diversity of
functional biomolecules, the low voltage and power requirements, and the potential for greater biocompatibility and scalability. To-date, we have demonstrated that voltage-activated

biomembranes can exhibit tunable memory resistancel3], memory capacitance[4], and various forms of activity-dependent plasticity that provide specific computational advantage[5].

Herein, we study the behaviors of biomolecular neuristors consisting of voltage-activated lipid membranes exposed to alamethicin (ALM), protamine and histidine peptides. Remarkably, two
distinct types of action potentials—fast (~10 ms) and slow (~1s)—have been observed, with their characteristic speeds and spike shapes differing based on the composition of the device and the
direction and amplitude of the applied current. We have conducted experiments at varying compositions and concentrations of species to identify the molecular mechanisms for spike generation
and develop mathematical models able to capture these behaviors.

While earlier approaches depended on complex multi-device circuitry, a biomolecular neuristor achieves this within a single stimuli-responsive biomembrane. This simplifies the fabrication
process by reducing complexity, material volume, and cost, all while maintaining its adaptability to various input types. Leveraging the characteristics of synthetic biomembranes, this work can
help unlock the potential for creating compact, energy-efficient, and biocompatible neuristors, thus driving progress in the realm of neural interface technology and spiking neural networks
(SNNs).

[1] M. D. Pickett, G. Medeiros-Ribeiro, R. S. Williams, Nature Materials 2013, 12, 114.

[2] T. Sarkar, K. Lieberth, A. Pavlou, T. Frank, V. Mailaender, I. McCulloch, P. W. M. Blom, F. Torricelli, P. Gkoupidenis, Nature Electronics 2022, 5, 774.
[3]J. S. Najem, G. J. Taylor, R. J. Weiss, M. S. Hasan, G. Rose, C. D. Schuman, A. Belianinov, C. P. Collier, S. A. Sarles, ACS Nano 2018, 12, 4702.

[4]J. S. Najem, M. S. Hasan, R. S. Williams, R. J. Weiss, G. S. Rose, G. J. Taylor, S. A. Sarles, C. P. Collier, Nature communications 2019, 10, 1.

9:30 AM BI102/SB01/SB03/SB05.05
Single-Pulse Control of *“Trans-Memristor* Artificial Synapses Sander Smink, Renée Meijer, Lennart Cool and Hans Hilgenkamp; University of Twente, Netherlands

As field-effect transistors (FETs) form the backbone of contemporary digital electronics, artificial synapses form the backbone of various realizations of analog electronics. Inspired by the
operation of the brain, these elements determine the degree to which other circuit elements are coupled to each other, the synaptic weight. This weight can be programmed at will or evolved
using a training algorithm, typically as a non-volatile response to pulsed input. Among other characteristics, the ideal artificial synapse has an as large as possible number of deterministically
programmable states; as low as possible energy costs and delay times for both programming/training and processing; robustness against repeated cycling and stable over time; and scalability to
nanoscale dimensions.

Here, we investigate the long-foreseen application of FETSs as artificial synapses [1], of which a proof-of-concept was recently demonstrated by various groups [2]. A pulse-controlled switching

element — in the simplest realization, a second FET - is used to place charges on the gate electrode of a FET. The channel conductivity responds to the number of charges in a well-defined,
analog manner, which allows defining a synaptic weight deterministically. Like digital electronics, both programming and readout can in principle be extremely fast (picosecond timescales) and
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scaling is straightforward.

We present experimental results on the temporal response of the so-realized 'trans-memristors' to the application of a few voltage pulses, and discuss the dependence of this response on pulse

width (~10 — 10* ns), frequency (~1 — 108 Hz), and charging voltage (~ +2V). We observe that charging obeys simple resistor-capacitor behavior, which allows us to control the associated
characteristic time by introducing lump circuit elements such as a series resistor. The FETs under study are micrometer-sized Au-LaAlO5-SrTiOj transistors [3], which have the advantages of a

single-crystalline dielectric — boosting endurance — and a low room-temperature mobility of ~1 cm?/Vs — lowering the conductance G to ~1 pS and thus readout power P ~ U%G.

Our experimental results reveal various transient effects, which we identify to be related to characteristic RC times and the FET transit time. Some transients affect the final state of the synapse
and must therefore be related to the charging behavior of the gate; other transients do not and must therefore be related to the response of the channel to this charging. These results establish
experimental methods to study the dynamics of field-effect artificial synapses —and FETs themselves — in detail, which are key to developing design principles that will reveal the true potential
of field-effect artificial synapses as building blocks for neuromorphic hardware.

References

[1] C.A. Mead, Proceedings of the IEEE 78, 1629 (1990)

[2] J. Liu et al. Proceedings IEDM 2021; H. Baba et al., Proceedings IEDM 2021; S. Park et al., Adv. Electronic Materials 9, 2200554 (2023)
[3] B. Forg et al. Appl. Phys. Lett. 100, 053506 (2012); P. D. Eerkes, et al., Appl. Phys. Lett. 103, 201603 (2013)

9:45 AM B102/SB01/SB03/SB05.06
Economical and Convenient Fabrication of Antifouling Hydrogels for Implantable Medical Devices Hasani G. Jayasinghe and Arunachalam Muthaiyan; The University of New Mexico -
Gallup, United States

Hydrogels garnered special attention as a biomaterial because these soft materials can mimic the natural environment of human tissues and are compatible with the human body. Poly(2-
hydroxyethyl methacrylate)-based [poly(HEMA)-based] hydrogels have been used for biomedical applications such as soft contact lenses for decades. Despite the versatile applications of
poly(HEMA)-based hydrogels attributed to their excellent biological, chemical, and mechanical properties, they show poor cell attachment. The low cell attachment on this soft material is
beneficial for fabricating antifouling materials. Thus, poly(HEMA)-based hydrogels have potential applications in the medical field to prevent the growth of biofilms on medical implants and
devices that stay in the human body for prolonged times. When a device remains in the human body for a long time, bacteria attach to the substrate and grow into clusters of cells known as
biofilms. Biofilms are thick cell masses and resistant to antibiotics, so treating biofilms-related infections is challenging. Consequently, the biofilms grown on an implant may cause detrimental
issues to the patient or damage the medical device. Therefore, searching for materials that can prevent biofilms has a vital importance. This study investigates the fabrication of a HEMA-based
hydrogel with antifouling properties. Surface charge and functional groups are the key factors controlling bacterial attachment to a substrate. Therefore, we synthesize copolymers by blending
HEMA with monomers such as 2-(Dimethylamino)ethyl methacrylate (DMAEMA). We prepare the polymers by changing the composition of the monomers in the reaction mixture to optimize
the chemical composition of the polymer. The polymer with the optimum chemical composition should restrict the attachment of bacteria while maintaining the desired chemical and
mechanical properties. The crosslinked network structure of a hydrogel determines its mechanical properties and supports the mechanical integrity of the polymer. Crosslinks also allow the
polymer to absorb water excessively, making high water retention a unique feature of a hydrogel. However, the number of crosslinks in the polymer regulates its water retention capacity.
Therefore, we vary the number of crosslinks by changing the amount of crosslinking agent in the reaction mixture to obtain the polymer with desirable mechanical and water retention
properties. Furthermore, we investigate the effect of surface charge on controlling the bacterial attachment by introducing ionic groups to vary the surface charge. Additionally, we look into the
conditions that make the synthesis process more controllable. In this study, we use a thermal initiator to initiate the polymerization reaction. Since the thermal initiation does not require
sophisticated instruments, our technique makes the synthesis process convenient, simple, and economical.

10:00 AM B102/SB01/SB03/SB05.07
Biomaterials Research Mentoring for High School Students Andrew Ulaszek, John Peponis and Yawen Li; Lawrence Technological University, United States

As a primarily undergraduate institution (PUI), Lawrence Technological University (LTU) provides ample opportunities for students to participate in research. Over 50% of the undergraduates
in the Biomedical Engineering (BME) Department have conducted at least one research project before they graduate. The most active research in the BME Department is on biomaterials, with
strong student interest and facility support. Over the past five years, many high school students are also involved in semester-long biomaterials research with the BME faculty, staff and
students.

One group of high school students are from the Bloomfield Hills High School (BHHS) Biomedical Pathway Program (BPP), the first and only Center for Advanced Professional Studies
(CAPS) program in Michigan and a nationally recognized innovative high school program that partners with industry and post-secondary institutions to provide authentic immersive learning
experience for students. BPP students spend two class periods each week in their junior and senior years to develop biomedical related knowledge and skills in an immersive project-based
environment. In the first year, students take classes that provide formative skills in biomedical engineering with limited classroom exposure to research and career pathways. During the second
year, they are placed in host organizations that fit their career interests. Built on partnership between the BPP program and the BME Department, BME students with ongoing research projects
can choose to mentor and train BPP students in the second year. Students from other high schools participate in research in the BME department either through their school
internship/externship programs or over the summer. Since Fall 2019, 19 high school students have conducted research with BME faculty, staff and students. 16 of these 19 students worked on
biomaterials related projects, ranging from decellularized spinach leaves, metal 3D printing, to skin tissue engineering, and bioprinted wound dressing mesh.

We have developed a process to effectively mentor high school students on biomedical research. This includes targeted orientation and training of BME mentors and high school mentees, clear
definition of the research scope and objectives, regular progress check and oversight of the faculty and staff, and periodic evaluation of the student learning. We report in this talk our high
school research mentoring process, example projects, experience gained and lessons learned in our continuing effort to involved high school students in biomaterials research to produce high
quality project outcomes with enhanced learning for all students involved.
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10:30 AM *SB01.01.01
Engineering Biofunctional Metal-Phenolic Materials via Supramolecular Assembly Erank Caruso; University of Melbourne, Australia

The development of rapid and versatile coating strategies for interface and materials engineering is of widespread interest. This presentation will focus on our studies on the formation of a
versatile class of metal-organic materials, metal-phenolic networks (MPNs), which can be formed on various substrates by coordinating polyphenols and metal ions through self-assembly.
This robust and modular assembly strategy is substrate independent (covering organic, inorganic, and biological substrates) and has been used for the preparation of various materials, including
thin films, particles, superstructures and macroscopic assemblies. It will be shown that a range of polyphenols and a library of metal ions are suitable for forming MPNs and that by altering the
type of metal ions, different functions can be incorporated in the MPN materials, ranging from fluorescence to MRI and catalytic capabilities. Furthermore, the use of polypeptides and proteins
to form engineered films and particles for a range of biological applications will be highlighted. The ease and scalability of the assembly process, combined with the tuneable properties of
MPNs, provide a new avenue for functional interface engineering and make MPNs potential candidates for biomedical, environmental, and advanced materials applications.

11:00 AM SB01.01.02
DNA Origami Directed Virus Capsid Polymorphism Iris Seitz and Mauri Kostiainen; Aalto University, Finland

Most known viruses protect their genome by encapsulating it inside a protein capsid. Viral capsids can adopt various geometries, most iconically characterized by icosahedral or helical
symmetries. The assembly process of native capsids is highly cooperative and governed by the protein geometry, protein-protein as well as protein-nucleic acid interactions. Importantly, the
high control over the size and shape of virus capsids would have advantages in the development of new vaccines and delivery systems. However, tools to direct the assembly process in a
programmable manner are exceedingly elusive or strictly limited to specific structures. Here, we introduce a modular approach by demonstrating DNA origami directed polymorphism of single
protein subunit capsids. We achieve control over the capsid shape, size, and topology by employing user-defined DNA origami nanostructures as binding and assembly platforms for the capsid
proteins. Binding assays and single-particle cryo-electron microscopy reconstruction show that the DNA origami nanoshapes are efficiently encapsulated within the capsid. Further, we observe
that helical arrangement of hexameric capsomers is the preferred mode of packing, while a negative curvature of the origami structure is not well tolerated. The capsid proteins assemble on
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DNA origami in single- or double-layer configurations depending on the applied stoichiometry. In addition, the obtained viral capsid coatings are able to efficiently shield the encapsulated
DNA origami from nuclease degradation. Our approach is, moreover, not limited to a single type of virus capsomers and can also be applied to RNA-DNA origami structures. We have for
example demonstrated folded mRNA structures and identified key folding strategies to enable protein translation, without a separate origami unfolding step. Therefore, these findings may in
addition find direct implementations in next-generation cargo protection and targeting strategies.

1. Seitz et al. Nature Nanotechnology, 2023, in press. (https://doi.org/10.1038/s41565-023-01443-x)

11:15 AM SB01.01.03
Protein Cages as Responsive Tools for Nanomedicine Jeroen Cornelissen; University of Twente, Netherlands

Different types of protein cages are nowadays studied in the fields of nano- and materials science, because of their well-defined size and structure in the nanometer regime. Compared to more
traditional polymer-based nanoparticles, these — often — virus-based materials are extremely uniform, and the position of functional groups is precisely defined. Encapsulins are protein cages
found in bacteria that have interesting properties with respect to (thermal) stability and cargo loading. In the past we and others have studied the application of encapsulins, but so far, their

preparation, durability and functionalization are restricted to fundamental studies.

Recently, we reported the design of encapsulins from two different origins (e.g., T. maritima and B. linens) with functional loops on its surface.? This allows for future site specific genetic or
chemical modification. We, furthermore, optimized the cages’ production and showed that, under the selected conditions, these are stable over time periods of a least a year. Both the genetic
and chemical manipulation of the encapsulin based protein cages allows for the introduciton of functional compounds, such as fluoresecent proteins for recognition of enzymes for therapeutic
applications. Exciting new developments are the introduction of moieties that respond to an external trigger, where promising results are obtained with - amongst others - light responsiveness.
The research presented in the contribution, therefore, paves the way for further design, engineering and production of encapsulins, for instance for drug delivery, vaccine development or other
theranostic applications.

11:30 AM *SB01.01.04
Continuous Growth of Monodisperse Water-Dispersible Iron Oxide Nanoparticles for Potential Biomedical Applications Jing Qul, Joanna Wang?, Jianghong Rao? and Yongfeng Zhao;
Ljackson State University, United States; 2stanford University, United States

A direct synthesis of highly water-dispersible magnetic nanoparticles has been of great interest for biomedicine, but systematic control over size has not been achieved. Here, we have
developed a general method to synthesize monodisperse water-dispersible iron oxide nanoparticles with nanometer-scale size increments, ranging from 4 nm to 15 nm, in a single reaction.
Precise size control was achieved by continuous growth in an amphiphilic solvent, diethylene glycol (DEG), where growth step was separated from nucleation step by sequential addition of
reactant. There was only one reactant used in the synthesis, and no additional capping agents and reducing agents were required. This approach suggests the “living growth” character of the
synthesis of iron oxide nanoparticles in an amphiphilic solvent. The synthetic method demonstrates high reproducibility. The as-prepared iron oxide nanoparticles are highly water dispersible
without the need for any surface modification. Furthermore, the synthesized 9 nm iron oxide nanoparticles exhibit extremely high transversal and longitudinal relaxivities, as reported in the
literature for sub-10 nm spherical nanoparticles. Additionally, the iron oxide nanoparticles were studied for magnetic particles imaging (MPI). The performance of MPI increases with the
increase of nanoparticles size. This study will not only shed light on the continuous growth phenomenon of iron oxide nanoparticles in amphiphilic solvent but also stimulate the synthesis and
application of iron oxide nanoparticles.
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1:30 PM *SB01.02.01
Understanding Nanomaterial Behavior in a Physiological Environment Promotes their Translational Exploration Tianjiao Chu, Christy Maksoudian, Irati Perez Gilabert, Mukaddes lzci,
Bella Manshian and Stefaan Soenen; KU Leuven, Belgium

The interest in the biomedical use of nanomaterials has been quite strong for several years, yet

despite the excellent preclinical proof of concept data, the clinical translation of nanomedicines has

remained somewhat low. One potential issue in this regard are the uncertainties related to the

biodistribution and bio-effects that nanomaterials will have upon systemic administration. In the

present contribution, we aim to provide an overview of some recent examples on how developments

in imaging and analysis can help to overcome some of the hurdles currently associated with

biomedical research involving nanomaterials.

This presentation itself will focus primarily on the role that non-invasive (optical) imaging can play in better determining the true therapeutic efficacy or potential toxicity of nanomaterials.
Recent data will be discussed on the detailed characterization of tumor heterogeneity and how nanomaterials delivery to solid tumors can be improved through manipulating tumor physiology.
These gained insights also led to recent advances in nanomaterial effects at the tumor site, where we specifically look at the combined effects of nanomaterial chemistry and tumor parameters
on the degree of metastases and how this can influence the choice of nanomaterials to be used. We also explore the use of engineered nanomaterials to promote anti-tumor immunity and lastly,
demonstrate the ability to investigate the use of pDNA-loaded nanomaterials for therapeutic use. Together with examples of novel imaging modalities and the need for fully quantitative data,
we

hope that this presentation will help any interested scientists in uncovering the full potential that

nanomedicines have to offer.

2:00 PM SB01.02.02
Core-Shell Semiconducting Polymer Nanoparticles for Detection and Photothermal Ablation of Breast Cancer Nicole Levi and Santu Sarkar; Wake Forest University School of
Medicine, United States

Triple negative breast cancer (TNBC) is one of the deadliest among other subtypes of breast cancers due to its absence of standard biomarker expressions, and the aggressive nature of TNBC
leads to low patient survival. Current treatment strategies include surgery, chemotherapy, and radiation therapy, although photothermal therapy is an evolving treatment strategy. It has recently
been shown that breast cancer can harbor intracellular bacteria, which may impact therapeutic responses. Here we present the use of semiconducting theranostic polymer nanoparticles
composed of a photothermal poly[4,4-bis(2-ethylhexyl)- cyclopenta[2,1-b;3,4-b]-dithiophene-2,6-diyl-alt-2,1,3-benzoselenadiazole-4,7-diyl] (PCPDTBSe) core with a fluorescent poly[(9,9-
dihexylfluorene)-co-2,1,3-benzothiadiazole-co-4,7-di(thiophen-2-yl)-2,1,3-benzothiadiazole (PFBTDBT10) shell for detection and treatment of TNBC cells harboring Staphylococcus aureus
bacteria. These dual polymer core-shell nanoparticles (CSNPs) had absorption maxima at 450 nm and 740 nm corresponding to PCPDTBSe and DBT10 respectively. The quantum yield was
9.64% The core diameter was 83 nm and the CSNPs were 125 nm, both with negative zeta potential. Exposure of TNBC cells (MDA MB 231) to the CSNPs for 24 h resuslted in a 50%
reduction in viability, wheras non-tumorigenic breast epitherlial cells (MCF 10A) were not impacted at 250 ug/ml in the absence of infrared light. Exposure to 800 nm resulted in a temperature
change of 15°C at 250 ug/ml of CSNPs exposed to 3W of 800 nm light for 60 s. This led to a 75% reduction in uninfected MCF 10A cells, but only a 60% reduction when this cell line was
infected. Uninfected MDA MB 231 cells subjected to 250 ug/ml of CSNPs and 800 nm (3W for 60 s had a 40% reduction in viability, and the infected cells had a 70% reduction. Differences in
cell response to PTT whether the cells were infected or not indicates that infected TNBC cells may be preferentially more sensitive to CSNP-induced PTT. The CSNPs could be imaged within
the cells, setting the stage for using this CSNPs for detection of breast cancer and precision photothermal ablation.

2:15 PM SB01.02.03
Remote Stimuli-Responsive Nanomaterials for Regenerative and Cancer Therapy Heemin Kang, Yuri Kim, Hyunsik Hong, Nayeon Kang, Sungkyu Lee and Sunhong Min; Korea
University, Korea (the Republic of)

Cells constantly interact with native nanostructured extracellular matrix at the molecular level. Nanomaterials responsive to tissue-penetrative remote stimuli can be designed to present

bioactive ligands or deliver functional molecules as a nanomedicine to regulate or elucidate dynamic nanoscale cell-material interactions. In this talk, | will demonstrate the design of dynamic
nanomaterials that can be remotely and spatiotemporally controlled via various remote stimuli, such as magnetic field, light, self-assembling molecules, or their combinations.
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In particular, 1 will show that magnetic field can control the motion of magnetic nanomaterials, such as reversibly controlling RGD ligand nano-coupling, nano-blocking, nano-stretching, and
nano-interconnectivity with graph theory-based analysis, which can regulate the focal adhesion-mediated mechanotransduction and resultant differentiation of stem cells. Near-infrared light can
activate photonic nanomaterials to trigger photoisomerization, thereby mediating the swelling of liganded supramolecular self-assembly, which can be reversibly deswelled by visible light.
Such photonic control enables in vivo stability imaging and spatiotemporally controlled molecular delivery to regulate the adhesion-dependent pro-inflammatory vs. pro-regenerative
polarization of macrophages. Furthermore, molecules and ions can reversibly induce in situ self-assembly of biofunctional nanomaterials.

1 will also introduce a couple of representative examples of recent cancer therapies and diagnostic imaging controllable by remote stimuli, such as magnetic field, light, and ultrasound, which
utilize mechanical force, 1-D nanomaterials, in situ self-assembly, ferroptosis, and others. These strategies can present benefits for safe personalized precision therapies while minimizing drug
resistance and side effects.

2:30 PM *SB01.02.04
Recent Progress on Phototherapy Juyoung Yoon; Ewha Womans University, Korea (the Republic of)

Switchable phototheranostic nanomaterials are of particular interest for specific biosensing, high-quality imaging, and targeted therapy in the field of precision nanomedicine. Here, we develop
a “one-for-all” nanomaterial (NanoPcTBs) that self-assembles from flexible and versatile phthalocyanine building blocks. Fluorescence and reactive oxygen species (ROS) generation could be
triggered depending on a targeted, protein-induced, partial disassembly mechanism, which creates opportunities for low-background fluorescence imaging and activatable photodynamic
therapy (PDT). On the other hand, the in vivo specific binding between albumin and PcS, arising from the disassembly of injected NanoPcS, was recently confirmed using an inducible
transgenic mouse system. In a recent investigation, we devised a novel molecular design approach to create heavy-atom-free photosensitizers for thionapthalimides and BODIPYSs. The
thionaphthalimides display dramatically enhanced quantum yields for photosensitized singlet oxygen formation.

Photodynamic antibacterial therapy is also regarded as an innovative and promising antibacterial approach due to its minor side effects and lack of drug resistance. Recently, we suggested that
reactive differences may pave a general way to design selective photodynamic agents for ablating Gram-positive bacteria-infected diseases.

3:00 PM BREAK

3:30 PM SB01.02.06
Advanced Tissue Engineering Scaffolds Incorporated with Gold Nanoparticle-Based Theranostics for Postoperative Cancer Patients Lin Guo, Qilong Zhao, Li-wu Zheng and Min
Wang; The University of Hong Kong, Hong Kong

Cancer causes millions of human deaths each year and surgery has been the most commonly used method for treating many types of cancers. After surgical removal of the tumor, new tissues
need to be formed at the resection site for restoring body functions. Scaffold-based tissue engineering has emerged as a viable approach for regenerating tissues in the body. Another major issue
for many cancer patients, such as suffers of gastrointestinal (Gl) tract cancer, is the high cancer recurrence rate. Therefore, new strategies should be investigated to detect and treat recurrent
cancer for patients after their initial cancer treatment. In nanomedicine, nanodevices that provide both diagnostic and therapeutic functions (the so-called “theranostics™) appear to be highly
promising for the early detection and effective treatment of cancers. In the current study, a new concurrent electrospinning and co-axial electrospray technology was developed for fabricating
advanced tissue engineering scaffolds incorporated with gold nanoparticle (AuNP)-based theranostics for treating cancer patients. Model scaffolds designed for GI tract cancer patients were
made using this technology. It was shown that a controlled release of AuNP-based theranostics could be achieved for the advanced scaffolds. The study using NIH/3T3 mouse fibroblasts
indicated good biocompatibility of released theranostics. HeLa cells, which have a high-level of folate receptor (FR) expression, and MCF-7 cells, which have a low-level FR expression and
thus could provide a negative control in the current study, were employed for investigating the designed functions of the theranostics. In vitro investigations showed that the theranostics
released from scaffolds could provide both diagnostic and therapeutic functions, including strongly amplified Raman signals via the surface enhanced Raman scattering (SERS) effect, active
targeting, cellular imaging and photothermal therapy for HeLa cells. Our other studies also showed the potential of these advanced scaffold for Gl tract tissue regeneration. Altogether, these
novel scaffolds are highly promising for offering the treatment for postoperative cancer patients.

3:45 PM *SB01.02.07
Structural Immunotherapy: Spherical Nucleic Acid (SNA) Immunotherapy for HPV-Associated Head and Neck Cancer Chad A. Mirkin®2 and Sergej Kudruk®?; *Northwestern
University, United States; 2International Institute for Nanotechnology, United States

Squamous cell cancer of the head and neck (SCCHN), ranked 6th in global cancer mortality, is witnessing a transformative shift in its causation due to the escalating prevalence of human
papillomavirus (HPV). Current HPV-SCCHN treatment options include surgery, chemotherapy, and radiation. Immunotherapy for HPV-SCCHN has so far been limited to commercially
available immune checkpoint inhibitors targeting PD-1 or PDL-1 as a synergistic treatment to chemotherapy. However, even with these options, on average 50% of patients with SCCHN will
experience a recurrence/metastasis which has a poor prognosis and a median overall survival <1 year. Therefore, there is a critical need for the development of new and improved treatment
options for HPV-SCCHN. To that end, HPV oncoproteins E6 and E7 have emerged as promising targets for vaccine-based therapies. Here we employ chemically tunable spherical nucleic acid
(SNA) nanostructures, consisting of a nanoparticle core densely functionalized with DNA, that incorporate selected HPVV-SCCHN-specific antigens in a controlled orientation. Indeed, the
three-dimensional presentation and overall structural design of SNAs enables effective entry into cells and perturbations to structural and compositional parameters can be altered to achieve a
desired therapeutic outcome. Thus, SNAs for immunotherapy allows one to explore the implications of structural presentation of vaccine components in generating epitope-specific T cells. In
this study, SNA-based therapeutic cancer vaccines are designed to efficiently deliver adjuvants and tumor-specific antigens, thus activating both innate and adaptive immune systems. We
evaluated multiple HPV-16 antigens, with the goal of maximizing immune responses in tumor-burdened humanized murine models and patient-derived tumor spheroid samples. To identify the
most potent antigen-SNA formulation, generation of antigen-specific CD8+ T-cells, cytokine production, and HPV cancer-specific cell killing are evaluated. Overall, this work highlights how
the structure of SNAs is critical to designing effective therapeutics while providing insights into the molecular interactions between the immune system and cancer cells.

4:15 PM SB01.02.08
Spatiotemporally Delivery of Multiple Growth Factors from Electrospun Scaffolds through Photothermal Effect to Manipulate Skin Wound Regeneration Xindan Zhang and Jiajia
Xue; Beijing University of Chemical Technology, China

Due to the increasing incidence of full-thickness skin injuries caused by mechanical trauma, burns, as well as conditions like diabetes and malignant tumors, the repair of skin wounds has
become a major medical challenge in the field of wound healing. During the process of skin wound repair, different types of growth factors play specific roles at various stages, collectively
promoting wound healing. In this study, we fabricated a nanofiber scaffold with surface topographical features using electrospinning. Furthermore, the scaffold was functionalized to provide
the required microenvironment for skin wound repair by incorporating growth factors. To enable the spatiotemporal controlled release of these growth factors, we combined photothermal
therapy with phase change materials and introduced a photomask strategy. Specifically, a three-layered sandwich-like photothermal scaffold was prepared by in conjunction with coaxial
electrospraying, using polycaprolactone as the base material. The scaffold consisted of an inner layer of radially aligned nanofibers, an outer layer of random nanofibers, and an intermediate
layer containing growth factors and photothermal agents in the form of phase change microspheres. By utilizing near-infrared light irradiation and the photomask strategy, the spatiotemporal
controlled release of the growth factors was achieved. The multi-layered structure of the scaffold was confirmed by surface morphology analysis, and the modified surface was found to
promote cell adhesion according to water contact angle measurements. Photothermal experiments and studies on growth factor release demonstrated that the scaffold could achieve
spatiotemporal controlled release while maintaining photothermal stability, and the released growth factors retained their pro-angiogenic activities. In vitro experiments showed that the scaffold
not only promoted cell proliferation but also facilitated cell migration through the combination of its topographical surface and the spatiotemporal controlled release of growth factors. Finally,
an animal full-thickness skin wound model was employed to evaluate the wound healing effectiveness of the scaffold, revealing the regulatory patterns and effects of growth factors in vivo
under programmable photothermal stimulation. In conclusion, the nanofiber scaffold with photothermal-triggered controlled release of growth factors effectively integrates the topographical
structure of the nanofibers with the controllable release of growth factors. It provides a novel approach for the design of skin wound repair scaffolds and their combination with photothermal
therapy to promote skin wound healing. This research holds significant potential in the fields of tissue regeneration and controlled release.
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Programming Injectable DNA Hydrogels Yields Tumor Microenvironment-Activatable Chemo-Immunotherapy Yu Fan'*?; 1DWI-Leibniz Institute for Interactive Materials, Germany;
2RWTH Aachen University, Germany

Injectable hydrogels have been investigated extensively to incorporate with drugs for tumor treatment because those materials can simultaneously deliver multiple drugs to the target sites with
rational ratios and minimal invasion, and elevate their tumor accumulation, blood stability, and half-lives. Importantly, the local treatment of hydrogel-encapsulated drugs showed superior
tumor growth inhibition compared to the local or systemic delivery of non-encapsulated chemotherapeutics and immunomodulators. However, since current studies regarding injectable chemo-
immunotherapeutic hydrogels are mainly based on the intratumoral gelation of soluble precursors, sol-gel transformation may be impeded by the complex physiological environment, resulting
in the reduced cross-linking degree, abrupt drug leakage, and unpredictable pharmacokinetics. Besides, conventional polymers lack molecular, structural, and functional programmability, which
results in significant challenges in tailoring the biofunctionalities of hydrogel scaffolds for intimately interacting with tumor tissue.

Here, we describe an unprecedented injectable DNA hydrogel in which the repeats of cytosine-phosphate-guanine oligodeoxynucleotide (CpG ODN) and adenosine triphosphate (ATP) aptamer
are encoded on the ultralong DNA building blocks by RCA-mediated DNA polymerization. By sequentially incorporating DNA hydrogel with immune checkpoint inhibitor anti-programmed
cell death protein ligand 1 (aPDL1) and chemotherapeutic agent doxorubicin (DOX), a chemo-immunotherapeutic DNA hydrogel adjuvant (aPDL1/DOX@DNA Gel) is formed. Due to its
super-soft property, this DNA hydrogel encoded with ATP aptamers can be readily injected into tumor tissues in which the overexpressed ATP binds to the corresponding aptamer. This results
in the conformational change of aptamer and volume expansion of the gelmatrix to stimulate the distinct release kinetics of co-encapsulated therapeutics. DOX is first released to induce
immunogenic cell death that intimately works together with the polymerized CpG ODN in gel scaffold for effectively recruiting and activating dendritic cells. While, the polymerized CpG
ODN displayed very high tumor retention with a significant reduction of the systemic circulation, which is attributed to the restricted in vivo motility and metabolism of the polymerized CpG
ODN, thereby reducing the adverse effects of CpG ODN while enhancing its tumor immunomodulatory efficacy. Furthermore, aPDL1 antibody was subsequently released from DNA hydrogel
to block the immune inhibitory checkpoint molecules PD-L1 on the tumor cell surface, thus reversing the tumor microenvironment immunosuppression through potentiating T-cell mediated
immune responses. The programmed aPDL1/DOX@DNA Gel demonstrated potent suppression of tumor growth and lung metastasis via the induced strong systemic immune response and
immune memory effect. This work thus contributes to the first proof-of-concept demonstration of a programmable super-soft DNA hydrogel system that perfectly matching the sequence
programmability to the synergistic therapeutic modalities based on chemotherapeutic toxicity, in situ vaccination, and immune checkpoint blockade. With the high programmability of design
principle, we believe that our approach can be combined with DNA-protein conjugation chemistry, DNA nanotechnology, and microfluidic technique to develop a library of biomaterial
systems in new biomedical applications beyond chemo-immunotherapy of tumors.

5:00 PM SB01.03.03
Magneto-Responsive Textile modified by (Nano)Materials Arkadiusz Jozefczak?, Rafal Bielas!, Bassam M. Jameel', Ivo Safarik? and Peter Kopcansky®; 1Adam Mickiewicz University,
Poland; 2Czech Academy of Sciences, Czechia; 3Slovak Academy of Sciences, Slovakia

Textiles are materials made by interlocking bundles of yarns or threads The inherent flexibility of the textile materials opens the possibilities for their functionalization. The space between the
single fibers and their surface can carry additives of different functionalities, such as magnetic nanoparticles and drug molecules. Magneto-responsive textiles have emerged lately as an
important carrier in various applications, including those in biomedical fields such as drug delivery, tissue engineering, and regenerative medicine. We designed and characterized simple woven
and non-woven textile materials with magnetic properties that can become potential candidates for a smart magnetic platform for hyperthermia treatments [1]. When heat was induced by
magneto-responsive textiles under the influence of a high-frequency alternating magnetic field, the temperature increase in tissue-mimicking phantoms depended on several factors, such as the
type of basic textile material, the type of materials used for textile surface modification (magnetic fluids, magnetic Pickering emulsion), and the number of layers covering the phantom. The
values of temperature elevation, achieved with the use of magnetic textiles, are sufficient for potential application in magnetic hyperthermia therapies and as heating patches or bandages.
Controlled release of substances and/or nano-sized objects from the textiles triggered by high-intensity ultrasound is also possible. This paves the way for the potential use of the proposed
textile materials in the theranostics paradigm.

This work was supported by project no. 2019/35/0/ST3/00503 (PRELUDIUM BIS) of the Polish National Science Centre, and project no. APVV-22-0060 of the Slovak Research and
Development Agency.

[1] A. Jozefczak, K. Kaczmarek, R. Bielas, J. Prochdazkova, I. Safarik, Magneto-Responsive Textiles for Non-Invasive Heating, International Journal of Molecular Sciences 24(14) (2023)
11744.

5:00 PM SB01.03.05
Highly Efficient Photothermal Therapy of Tumors Using Easily Prepared Nanoparticles Songyi Lee; Pukyong National University, Korea (the Republic of)

The simple molecular design of small molecule-based photothermal nano-agents with high photothermal conversion efficiencies () remains a highly challenging obstacle in the development of
new anti-tumor drugs. Although several efficient small agents have been reported, they tend to contain bulky alkyl chains and/or aromatic rings, which were introduced to enhance the
photothermal effect, but result in complicated preparation procedures. Herein, we report the preparation of nano-agents from commercial reagents using a one-step organic reaction with facile
purification and a subsequent simple self-assembly process in water under a flow of air overnight. The obtained nano-agents exhibited high photothermal conversion efficiencies (n) of up to
92.5%. This photothermal effect originated mainly from twisted C=N bond-induced non-radiative decay with completely inhibited radiative decay and the intersystem crossing process. In
addition, the photothermal effect was enhanced by synergistic twisted intramolecular charge transfer, strong donor—acceptor interactions, various intramolecular vibrations, and the presence of
rotators. The obtained nano-agents efficiently inhibited tumor growth after 10 d of photothermal therapy, and they exhibited a good biocompatibility in a mouse tumor model. This simple
approach can conveniently facilitate the further development and testing of such systems.

5:00 PM SB01.03.06
Design of One-For-All Near-Infrared Aggregation-Induced Emission Nanoaggregates for Boosting Theranostic Efficacy Huilin Xie and Ben Zhong Tang; The Hong Kong University of
Science and Technology, Hong Kong

Fluorescence-guided phototherapy with integrated diagnostic and therapeutic functions has great potential in the field of precision medicine, as they fully utilize light for energy conversion or
transduction, and have the advantages of multifunctionality, low cost, and convenient. From a diagnostic perspective, near-infrared fluorescence imaging (FLI) has lower interference from
autofluorescence, improved imaging depth, and higher sensitivity compared to conventional imaging in the visible light region. On the other hand, photothermal therapy (PTT) and
photodynamic therapy (PDT) have received great research attention due to their non-invasive, controllable, and low drug resistance characteristics. PTT uses non-radiative transitions of excited
molecular states to convert light energy into heat for therapy, while PDT involves energy transfer processes of excited state molecules, producing highly reactive oxygen species, inducing cell
damage and apoptosis. Combining PTT and PDT with fluorescence localization of lesions could lead to better diagnostic and therapeutic effects. However, the competitive energy relaxation
pathways of molecules are difficult to regulate, and the fluorescence of many planar organic molecules is quenched upon aggregation, making it difficult to achieve efficient FLI, PTT, and PDT
simultaneously. Aggregate science offers more opportunities to solve this problem, as the energy dissipation pathways of aggregates are more diverse, providing more possibilities for
constructing "one-for-all" phototheranostic agents and realizing their multifunctionality. Based on this, this study reports a multifunctional diagnostic and therapeutic platform with near-
infrared emission, high fluorescence quantum yield, reactive oxygen species generation efficiency, and photothermal conversion efficiency. In vivo studies show that the use of aggregation-
induced emission (AIE) nanoaggregates in this platform can make mouse tumors show bright fluorescence, while exhibiting good photodynamic and photothermal therapy effects, ultimately
completely eliminating the tumors. This study is of great significance for the rational design and synthesis of multifunctional near-infrared nanoaggregates with high energy dissipation
utilization efficiency for precise diagnosis and effective treatment of tumors.

5:00 PM SB01.03.10
Continuous Metal-Organic Framework Thin Films for High-Resolution X-Ray Imaging Jianxin Wang and Omar F Mohammed; King Abdullah University of Science and Technology,
Saudi Arabia

In the realm of scintillator material science, the significance of scintillator screens lies in their ability to enhance imaging resolution and X-ray sensitivity.1,2 These two factors are of utmost
importance for achieving accurate medical diagnoses and treatments, improving safety inspections, and enabling comprehensive examinations of industrial equipment.3 Presently, the dominant
methods employed for creating scintillator screens primarily involve high-temperature sintering, crystal growth, and polymer doping techniques. However, these methods come with stringent
synthesis requirements and grapple with challenges related to achieving uniform and extensive growth across large surfaces while minimizing light scattering.4 The in-situ electrochemical
synthesis of continuous metal-organic framework (MOF) thin films offer a solution that increases material density, reduces light dispersion, and ensures long-lasting durability. The tightly
interconnected and precisely oriented growth structure of continuous MOF thin films results in a significant reduction in light scattering.5 Consequently, the inherent characteristic of
diminished light dispersion holds great promise for enhancing spatial imaging resolution in X-ray scintillators.

Herein, we present a versatile approach rooted in in-situ electrochemical-directed assembly, dedicated to crafting MOF thin films tailored for exceptional X-ray imaging capabilities. Through
this electrochemical process, a series of coherent MOF thin films have been successfully synthesized, employing interconnected lanthanide metals and terephthalic acid linkers. This specific
MOF thin film emerges as a standout contender, enabling high-resolution X-ray imaging while retaining X-ray sensitivity. This achievement is attributed to its superior material density,
reduced light scattering, and simplified manufacturing procedure. Notably, this particular MOF thin film surpasses the majority of documented organic and traditional inorganic scintillators,
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achieving an X-ray imaging resolution exceeding 32 line pairs per millimeter (Ip/mm). This research has the potential to elevate MOFs as highly efficient scintillators for X-ray imaging,
opening up exciting opportunities in the fields of radiology and security screening applications.

References

1.Yi, L., Hou, B., Zhao, H., Tan, H. Q. & Liu, X. A double-tapered fibre array for pixel-dense gamma-ray imaging. Nat. Photon. 17, 494-500 (2023).

2. Wang, J.-X. et al. Heavy-atom engineering of thermally activated delayed fluorophores for high-performance X-ray imaging scintillators. Nat. Photon. 16, 869-875 (2022).

3. Chen, Q. et al. All-inorganic perovskite nanocrystal scintillators. Nature. 561, 88-93 (2018).

4. Han, K. et al. Seed-crystal-induced cold sintering toward metal halide transparent ceramic scintillators. Adv. Mater. 34, €2110420 (2022).

5. Zhou, S. et al. Asymmetric pore windows in MOF membranes for natural gas valorization. Nature. 606, 706-712 (2022).

5:00 PM SB01.03.14
Advanced Breast Cancer Therapy: Thermosensitive Hybrid Hydrogel (PLGA-PEG-PLGA) with Metallic Nanoparticles Enhancing Withaferin-A Release Mythili Srinivasan; School
of Health Sciences and Technology, Dr. Vishwanath Karad MIT-World Peace University, India

Background: Drug-delivering copolymers respond to temperature through sol-to-gel transitions. Lower transitions involve micellar growth, while upper transitions bring about micellar
structure breakage. The fine-tuned PLGA-PEG-PLGA hydrogel, embedding silver or zinc nanoparticles, achieved a prolonged release of Withaferin-A.

Aim: This study sought to develop a hybrid hydrogel with in situ gel-forming for sustained release, utilizing the PLGA-PEG-PLGA copolymer and incorporating silver and zinc nanoparticles
entrapped with Withaferin-A to address breast cancer.

Materials and Methods: PLGA (75:25) to PEG copolymer (3:1 ratio) formulated as in situ gel-forming hybrid hydrogel. Characterization involved 1H NMR, dynamic light scattering, and
rheology. Silver and zinc nanoparticles were green synthesized using Camillia sinensis extract, and the characteristics of the prepared nanoparticles were analyzed through FTIR, Zeta potential,
XRD, TEM, and FE-SEM. Subsequent to the drug entrapment into a hybrid hydrogel, in vitro drug release studies were conducted using a trans-diffusion cell apparatus. In vitro cell line studies
using MCF-7 and MDA-MB-231 were conducted.

Results: Silver and zinc nanoparticles exhibited a particle size of 255 nm and 128.5 nm, respectively, with zeta potentials of -17.5 mV and -12.9 mV. XRD analysis confirmed 2-theta (deg)
values of 56.20 and 56.64 for silver and zinc nanoparticles, respectively. FE-SEM and TEM reports displayed spherical-shaped silver nanoparticles and cylindrical-shaped zinc nanoparticles.
Hydrogels demonstrated controlled release of Withaferin-A over 39 to 43 days based on polymer concentration. Effective internalization and antiproliferative impact in MCF-7 and MDA-MB-
231 breast malignancy cell lines with negligible hemolytic effects. Zinc Nps induce selective cytotoxicity and apoptosis. Silver NPs exhibited dose-dependent cytotoxicity, inducing cell death
and cell cycle hindrance in breast carcinoma cells.

Conclusion: The temperature-responsive PLGA-PEG-PLGA copolymer-based hybrid hydrogel, developed by incorporating silver and zinc nanoparticles, facilitated the sustained and
controlled release of Withaferin-A. The formulation exhibits potential for efficient drug delivery in breast cancer therapy, with promising physicochemical properties and drug release kinetics.

5:00 PM SB01.03.15
Advancing Glioblastoma Treatment: Aptamer-Mediated, Long-Circulating, Cationic, PEGylated Hybrid Liposomes with Bavachalcone Ashwini Y. Chandane; Abhinav Education
Society's, College of Pharmacy, India

Background: Glioblastoma, a formidable brain tumor, poses a significant therapeutic challenge. Current treatments face limitations due to the infiltrative nature and resistance of glioblastoma
cells.

Aim: To explore the brain-targeting efficacy of cationic, long-circulating, targeting PEGylated liposomes incorporating transferrin, folate vitamins, and cationic albumin as aptamers (hybrid-
liposomes). These liposomes are entrapped with poly (lactic-co-glycolic acid) (PLGA) nanoparticles containing the anticancer ligand Bavachalcone (BCN), with the goal of advancing
therapeutic strategies for glioblastoma.

Materials and Methods: PLGA nanoparticles were formulated to encapsulate Bavachalcone. Characterization involved TEM, FE-SEM, FT-IR, XRD, particle size, and zeta potential analysis,
confirming successful formulation. Liposomes were prepared via the ethanol-injection method and characterized using a particle size analyzer, zeta potential, TEM, and CSM. In silico studies
encompassed network pharmacology, docking, and simulation for efficacy assessment. In vitro cell line studies utilized U87MG, LN-229, and T98G to evaluate cytotoxic effects.

Results: In silico studies unveiled the potential inhibitory effects of BCN on glioblastoma growth. Prepared NPs exhibited a particle size of 187 + 0.5 nm, zeta potential of -33 mV, and drug
entrapment efficiency of 89.33 + 0.5%. Liposomes displayed a favorable particle size of 175.5 + 0.29 nm with a positive surface charge of 8.72 + 0.53 mV. Encapsulation efficacy was
measured at 77.8 + 0.61% for BCN. In vitro drug release studies demonstrated significantly higher cumulative release rates of BCN over 82 h. Hybrid liposomes exhibited superior cytotoxicity
and accelerated apoptosis in glioblastoma cell lines (U87MG, LN-229, and T98G) through MTT assays. Cellular uptake studies confirmed enhanced internalization in glioblastoma cells. Cell
viability assays demonstrated improved cytotoxic effects on glioblastoma cells.

Conclusion: Bavachalcone exhibited promise against glioblastoma, supported by in silico and in vitro studies. Hybrid liposomes offer an innovative approach for enhanced drug delivery,
addressing BBB challenges. This approach sheds light on the potential of natural compounds and nanotechnology for enhanced glioblastoma treatment.

5:00 PM SB01.03.17
Thermosusceptible Nitric-Oxide- Releasing Nitrogel for Strengthening Antitumor Immune Responses with Tumor Collagen Diminution and Deep Tissue Delivery during NIR Laser-

Assisted Photoimmunotherapy In-Kyu Park! and Yong-Kyu LeeZ; YChonnam National University, Korea (the Republic of); 2Korea National University of Transportation, Korea (the
Republic of)

Combined cancer immunotherapy has demonstrated promising potential with an amplified antitumor response and immunosuppressive tumor microenvironment (TME) modulation. However,
one of the main issues that cause treatment failure is the poor diffusion and insufficient penetration of therapeutic and immunomodulatory agents in solid tumors. Herein, a cancer treatment
approach that combines photothermal therapy (PTT) and nitric oxide (NO) gas therapy for tumor extracellular matrix (ECM) degradation, along with NLG919, an indoleamine 2,3-dioxygenase
(IDO) inhibitor that reduces tryptophan catabolism to kynurenine, and DMXAA, a stimulator of interferon gene (STING) agonist that stimulates antigen cross-presentation, is proposed to
overcome this issue. Upon NIR (808 nm) laser irradiation, NO-GEL achieved the desired thermal ablation by releasing sufficient tumor antigens through immunogenic cell death (ICD). NO
delivery triggered local diffusion of excess NO gas for effectively degrading tumor collagen in the ECM, homogeneously delivered NLG919 throughout the tumor tissue, inhibited IDO

expression that was upregulated by PTT, and reduced the immune suppressive activities. The sustained release of DMXAA prolonged dendritic cell maturation and CD8* T cell activation
against the tumor. In summary, NO-GEL therapeutics offer a significant tumor regression with PTT and STING agonist combination that stimulates a durable antitumor immune response.
Additional unification of IDO inhibition during PTT supplements the immunotherapy by reducing the T cell apoptosis and immune suppressive cell infiltration to TME. NO-GEL with the
STING agonist and IDO inhibitor is an effective therapeutic combination to counter possible limitations during solid tumor immunotherapy.

5:00 PM SB01.03.18
Sodium Chloride Nanoparticles as Radiosensitizers Xinning Lai; University of Georgia, United States

Previous studies have demonstrated that SCNPs can enter cells through endocytosis and disrupt osmotic balance by releasing sodium and chloride ions. This process leads to cancer cell death.
It's speculated that the SCNPs might affect the levels of other ions in the cells and have a significant impact on the redox balance. The research suggests that combining SCNPs with radiation
therapy could enhance the effectiveness of the treatment. Radiation therapy works by ionizing molecules, especially water, to produce radicals that damage biomolecules like DNA. SCNPs
might enhance this effect by promoting the production of reactive oxygen species (ROS).

In particular, we are interested in exploring SCNPs as a radiosensitizer for head and neck squamous cell carcinoma (HNSCC). HNSCC, a significant and increasingly common malignancy,
often requires treatment through surgery or radiotherapy. However, these treatments have limitations, including toxicity and a high risk of recurrence. Combining chemotherapy with
radiotherapy increases efficacy but also the risk of systemic toxicities. SCNPs are considered as a potential new treatment modality that could improve efficacy without adding toxicity.

In this study, we synthesized and characterized folate-conjugated sodium chloride nanoparticles (SCNPs@folate) and explored their potential as radiation sensitizers in HNSCC. Our results
showed that the nanoparticles exhibited proficient cellular uptake and increased intracellular levels of sodium and chloride. Interestingly, the increase in sodium levels also causes calcium
influx through the NCX, triggering an increase in ROS. We found that the ROS-promoting effect works in tandem with IR, leading to GSH depletion, resulting in DNA and lipid damage, and
ultimately cell death. Our in vitro results showed that there is a synergistic effect between SCNPs@folate and IR. In vivo studies showed that intratumorally injection of SCNPs@folate
combined with irradiation resulted in a significant improvement in tumor growth inhibition compared to IR alone and a higher percentage of tumor-free mice. Taken together, our studies
suggest a great potential of SCNPs@folate as a radiosensitizer in HNSCC.
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8:15 AM SB01.04.01
Multi-Pronged Approach for Targeting Oral Biofilms Keuna Jeon, Nesha Andoy and Ruby Sullan; University of Toronto, Canada

The oral microbiome is a complex system consisting of numerous bacterial species that plays host to both beneficial and harmful organisms. Among the pathogenic species in the oral cavity is
Streptococcus mutans (S. mutans), the primary agent responsible for dental caries. Different antimicrobial-based strategies have been developed to tackle this problem, but the rise of antibiotic
resistance among microorganisms necessitated the development of new and effective therapeutics. One such solution is the de novo antimicrobial peptide (AMP), GH12, which has showed
potency against cariogenic bacteria. GH12 has a high content of a-helical structures that facilitate pore formation on bacterial membranes. Quorum sensing molecules such as competence
stimulating peptides (CSP) have been identified as communicator molecules in bacterial species that are used to monitor not only their own but other species in their surroundings. Recently,
polyserotonin (PSe) has emerged as a photothermally active nanomaterial that shows promise towards biomedical applications. In this work, | made a cocktail combining all three of the
aforementioned components—AMP for bacterial killing, CSP for targeting, and PSe for localized heating—to develop a multi-pronged approach aimed to increase antibiofilm efficacy. My
findings indicate that the presence of both peptides, membrane damaging and competence stimulating, in conjunction with the photothermally active PSe, effectively inhibited the growth of S.
mutans in both planktonic and biofilm states. Overall, these results reinforced that the strategic use of multi-pronged therapeutic approaches could reduce cariogenic bacteria within the oral
microbiome.

8:30 AM *SB01.04.02
Developing MRI-Based Therapeutic and Diagnostic Tools: From Cancer to Chemical Weapons Gemma-Louise Davies; University of Birmingham, United Kingdom

Magnetic resonance imaging (MRI) is a powerful non-invasive technique which becomes considerably more potent when contrast agents (CAs) are introduced. Molecular contrast agents based
on Gd-chelates (e.g. Dotarem®) are regularly used in the clinic, however these usually lack specificity for selective disease or biomarker diagnostics, and can also suffer from poor signal-to-
noise and blood circulation half-life, which can limit their clinical utility. Carefully designed contrast agents, and contrast agents based on nanomaterials have the potential to overcome these
issues. In this talk, | will introduce our approaches to the careful design and development of MRI contrast agents tuned for different applications. | will describe nanostructured composites
capable of reporting on drug release in a unique non-invasive way, of use for the pharmacokinetic mapping of drug release towards personalised medicine. | will also discuss recent advances in
the diagnosis of chemical weapon poisoning using molecular contrast agents.

9:00 AM SB01.04.03
Precision in Colorimetric Sweat Sensing through Machine Learning Lijun Zhou, Mingin Zhang and Mohammad H. Malakooti; University of Washington, United States

Sweat contains diverse biochemicals that can serve as a source for detecting biomarkers, particularly in individuals with chronic conditions like diabetes. Non-invasive sweat sensors have
gained popularity in various applications, promoting personalized healthcare and daily convenience. Different methods, including electrochemical, fluorescence, and colorimetric approaches,
have been employed for real-time sweat analysis. Among these methods, colorimetric sensors stand out for their accuracy, stability, and portability in addition to their scalability in production
processes. However, the main challenge in colorimetric sweat sensing currently lies in two areas: the need for improved sensor accuracy and the precise detection of color changes resulting
from sweat exposure.

In this presentation, we will showcase the development of our sensors, offering real-time, stable, and rapid monitoring of glucose concentration and pH value without causing discomfort. The
detection process takes approximately five minutes. Most notably, we address the challenge of detecting subtle color changes, which are virtually imperceptible to the naked eye, by leveraging
artificial intelligence. We will discuss how the utilization of a breathable, bio-compatible, acid-base-balanced cotton substrate is the key to achieving higher color differences. In a series of
experiments, we cover the fabrication and testing of two generations of pH sensors and two types of glucose sensors. We will then demonstrate the application of machine learning to our
sensors and how it significantly enhances prediction accuracy. Three machine learning algorithms, namely Linear Discriminant Analysis (LDA), Support Vector Machine (SVM), and
Convolutional Neural Network (CNN) are applied, demonstrating stable and excellent prediction accuracy of 90% for the test results. Finally, we will showcase the practical application of our
combined pH and glucose sensors within a single substrate. This work contributes to the advancement of sensor preparation techniques and underscores the critical role of accurate machine-
learning algorithms in the successful utilization of sweat sensors across various domains.

9:15 AM SB01.04.04
Collectively Interacting Colloidal Magnetic Nanoparticles with Strong AC Field Response for Remote Imaging and Thermometry Adam Biacchi, Thinh Bui, Frank Abel, Eduardo
Correa, Samuel Oberdick, Curt Richter, Cindi Dennis, Solomon Woods and Angela R. Hight Walker; National Institute of Standards and Technology, United States

Colloidal magnetic nanoparticles (MNPs) are an important class of nanomaterials being investigated for use in a host of therapeutic and diagnostic modalities such as medical imaging, remote
sensing, drug delivery, and hyperthermia.> These applications exploit the very soft ferrimagnetic magnetic behavior found in certain materials, often ferrites, when they are confined to tens of
nanometers in diameter or less. Such nanomagnets can produce a strong collective response to applied alternating current (AC) magnetic fields, while simultaneously remaining dispersed in
liquid media.

Recently, remote magnetic imaging of temperature has been identified as an exciting potential diagnostic application of colloidal MNPs. This thermometry measurement employs dispersed
particles to construct a 3D visual representation of temperature throughout a volume. The technique, which is a variation on the magnetic particle imaging (MPI) modality, is based on the
temperature-dependent response of MNPs to an applied AC magnetic field. Additionally, when applying high-frequency magnetic fields, these MNPs can also generate localized heating, thus
allowing them to function as nanotheranostics. However, significant challenges remain in the development of this technology, including a need to finely engineer MNPs to increase both their
magnetic thermosensitivity and magnitude of AC response.

Here, we report on our development of MNPs, both as liquid dispersions and solid assemblies, specifically designed with a robust response to applied AC magnetic fields for imaging,

thermometry, and temperature control. A series of colloidal nanocrystals based on ferrites were synthesized via highly tailorable and commercializable solution chemistry routes.? Careful
selection of the synthetic reagents and precursor thermal decomposition kinetics allow for control of the resultant MNP composition (Fe, Co, Zn, V ratios) and size (5-80 nm). These MNPs
were then investigated using solid- and liquid-phase AC and DC field magnetometry measurements. A home-built arbitrary-wave magnetic particle spectrometer was employed to perform
relaxometry and measure magnetic AC susceptibility, allowing for a rigorous analysis of the temperature- and frequency-dependent AC response from 1 Hz to 30 MHz. The results were cross-
correlated with detailed structural characterization including X-ray diffraction, light scattering, optical spectroscopy, and high-resolution electron microscopy to develop a set of structure-
property relationships.

Finally, we tune these parameters to optimize spatial imaging of MNP magnetic response and a robust thermosensitive AC magnetic signal using magnetic particle imaging and thermometry

instrumentation specifically developed for these applications.® We find particle size and compositional doping act as levers to optimize the AC response through the manipulation of
interparticle and intraparticle magnetic spin interactions. Using these guidelines, we find the set of structural parameters that produce the most robust thermosensitive magnetic response and
conduct imaging experiments whereby spatial reconstructions of colloidal MNP magnetic response are generated. The key to this improved performance, in both liquid and solid media, is the
field-induced linear alignment of strongly interacting MNPs, resulting in a substantially augmented magnetic anisotropy. Collectively, these studies illuminate the complex behavior of MNPs
under AC driving fields, reveal extensive correlations between nanoscale structure and magnetic response, and provide guidelines for the design of MNPs used in magnetic imaging, thermal
sensing, and therapeutic applications.

[1] Shasha and Krishnan Adv. Mater., 33, 1904131 (2021)

[2] Biacchi et al. Int. J. Magn. Part. Imaging, 6, 2 Suppl 1 (2020); Biacchi et al. Chem. Mater., 34, 2907-
2918 (2022)

[3] Bui et al. J. Appl. Phys., 128, 224901 (2020); Bui et al. Appl. Phys. Lett., 120, 012407 (2022)

9:30 AM *SB01.04.05
Dynamic Nano-Assemblies for Biological Sensing, Imaging and Therapy Dai S. Ling® and Ruirui Qiao%; 'Shanghai Jiao Tong University, China; 2The University of Queensland, Australia

Inspired by the living systems that constantly undergo dynamic processes to maintain metabolic homeostasis, the Dynamic Nano-Assemblies have been developed to tackle complicated
diseased environment for various biomedical applications. The materials composing the nanoparticles produce fascinating and diverse functionalities. The controllable assembly mediated by a
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multitude of different ligands would lead to the flexible modulation of nanomaterials’ fate in vivo, endowing the nanoplatform with targeted delivery and accumulation to disease lesions. The
clever combination of different functional components via the ligands directed co-assemblies would lead to the development of multifunctional nano-biomedical platforms for ion selective
imaging, targeted delivery, fast diagnosis, biological regulation and efficient therapy. Furthermore, the ingenious control over the assembly/disassembly process based on small-sized functional
nanoparticles could achieve both in vivo targeted delivery and stimuli-responsive disassembly for efficient disease therapy and bioelimination. Overall, dynamic nano-assemblies based
biomaterials and drug delivery systems can achieve the improved diagnostic accuracy and therapeutic efficacy in many diseases including cancer, infection and neurodegenerative diseases.

10:00 AM BREAK

10:30 AM *SB01.04.06
Curcumin Derived Nanoscale Coordination Polymers for Modulating Stress Response in Plants Xin Zhang?, Kangkang Feng?, Yiyang Cong?, Binging Tao® and Hao Hong?; LJiangsu
Academy of Agriculture Sciences, China; 2Nanjing University, China

Aim/Introduction:

Different stressing factors (e.g. drought, viral infection, insects, etc.) can impose significant survival threats to plants, especially in agricultural scenarios. Strategies to alleviate these stress
burdens are able to improve plant physiology and adapt them to more “unfriendly” environment. Nanotechnology is a rising star to ameliorate plant stress situation. The goal of this study is to
develop a curcumin-metal coordination nanoplatform with intrinsic protecting capacity against various stressing factors in chosen plants (Arabidopsis thaliana and wheat selected as the
patients), and it can simultaneously deliver therapeutic cargos to further improve plants survival against various stressing factors.

Materials and Methods:

Curcurmin (Cur) was reacted with manganese acetate or zinc acetate by a solvothermal method to form porous nanostructures. X-ray diffraction analysis revealed the crystal structures from
both Cur-Mn and Cur-Zn. The morphology, stability, and other physical properties from Cur-Mn and Cur-Zn were also evaluated. The biocompatibility of Cur-Mn/Cur-Zn was tested in
Arabidopsis thaliana and wheat cells and plants. Subsequently, the biological impacts of Cur-Mn/Cur-Zn along with their distribution profiles in these plants were measured post the spay of a
suspension of 50 ug/mL. The cargo accommodating and releasing capacity was tested for fludioxonil, a broad-spectrum bacteria and fungi killing molecule. Finally, the molecular mechanisms
of Cur-Mn/Cur-Zn for stress resistance in these two plants were also explored.

Results:

Cur-Mn and Cur-Zn had a size range of 60-90 nm (measured by TEM) with good dispersity and production yields. In their structures, curcumin was coordinated with manganese/zinc to form
framework structures. Cur-Mn and Cur-Zn could be internalized into Arabidopsis thaliana and wheat cells with no noticeable toxicity. Once applied in the plant leaves, these materials could be
absorbed quickly and transported via vessels inside plant stem, and reached the roots and other plant parts in a timely manner. Pure Cur-Mn and Cur-Zn could add the drought resistance
capacity to these plants, and the molecular mechanisms were clarified by RNA-seq techniques. Moreover, Cur-Zn could accommodate more than 40%w/w of fludioxonil, and protect it from
UV degradation. Once applied in the field of wheat, fludioxonil@Cur-Zn could protect wheat plants from fusarium blight in a more persistent manner.

Conclusion:
As a natural compound from the plant, curcumin can coordinate with different metals to form nanosized materials, and our findings revealed that this “from plant, to plant” strategy could be an
efficient tool to protect plants from multiple critical stress factors, broadly applicable in plant rescue.

11:00 AM SB01.04.07
Understanding Structure and Stability for The Development of Novel Artificial Oxygen Carriers Martin A. Schroer?, Jan-Eric Sydow?, Fabian Nocke?, Ozan Karaman? and Katja B.
Ferenz21; 1University of Duisburg-Essen, Germany; 2University Hospital Essen / University of Duisburg-Essen, Germany

Red blood cell concentrates (RBC) are an indispensable tool in various clinical scenarios; however, the available quantity is already highly limited, which will become an even more severe
problem in the future. To overcome these peculiarities and limitations of RBCs, we developed albumin-derived perfluorocarbon-based artificial oxygen carriers (A-AOCs), that are comprised
of a perfluorodecalin (PFD) nano-emulsion core and an albumin shell, and have already successfully supplied oxygen in extra-corporally perfused hearts and various animal models [1].

The structure and stability of A-AOCs is sensitive to changes of the carrier solution, so we need to learn more about the structure and structural changes on the nanoscale. Conventional
characterization techniques lack the spatial resolution (e.g. light scattering) or need dried and consequently non-physiological samples (e.g. SEM, TEM), and thus yield limited information on
A-AOC structure in solution. We therefore use X-ray scattering techniques to study A-AOCs, which do not have such limitations and allow also to study dense, opaque suspensions.

In this contribution, we present recent results of X-ray scattering measurements on A-AOCs covering a wide, clinical-relevant concentration and temperature range. We investigate A-AOCs
from different synthesis approaches, using ultra-sound [2] and microfluidizing techniques, which reveal different sizes and stabilities. Based on these findings, it is now possible to optimize the
synthesis parameters, in order to yield stable A-AOCs of desired size and dispersity.

This study demonstrates the huge potential of X-ray scattering for the study of pharmaceutical and medical-relevant samples [3], with direct implications for the development of new
formulations.

References:

[1] J. Jagers, A. Wrobeln, K. B. Ferenz, Pflugers. Arch. 473, 139 (2021).

[2] A. Wrobeln, J. Laudien, C. Gross-Heitfeld, J. Linders, C. Mayer, B. Wilde, T. Knoll, D. Naglav, M. Kirsch, K. B. Ferenz, Eur. J. Pharm. Biopharm. 115, 52 (2017).

[3] S. S. Nogueira, A. Schlegel, K. Maxeiner, B. Weber, M. Barz, M. A. Schroer, C. E. Blanchet, D. I. Svergun, S. Ramishetti, D. Peer, P. Langguth, U. Sahin, H. Haas, ACS Appl. Nano Mater.
3, 1063 (2020).

11:15 AM SB01.04.08
Versatile Application of Nanoscale Metal-Organic Frameworks for Intratumoral Delivery Eunseo Choi and Conroy Sun; Oregon State University, United States

Recent preclinical and clinical studies have highlighted the improved outcomes of combination radiotherapy and immunotherapy. Concurrently, the development of high atomic number (high-
Z) metallic nanoparticles as radiation dose enhancers has been explored to widen the therapeutic window of radiotherapy and potentially enhance immune activation. Due to their high X-ray
attenuation and high density, metal-based nanoparticles also have the potential to serve as imaging agents. Exploiting high-Z metal nanoparticles would provide clinical advantages for image-
guided radiotherapy for targeted cancer treatment.

Despite the numerous advances in the field of drug delivery, there are still unmet needs that could lead to the development of a therapeutic molecule delivery carrier. In this study, we seek
intraturmoral delivery of metal-organic frameworks to induce a robust stimulation of anticancer immunity for a systemic and long-lasting therapeutic benefit. By utilizing hafnium and iron-
based metal-organic frameworks, we target immune cells with other targeted cancer therapies for synergistic advantages. We employ this nanomaterial as a pharmaceutical carrier system for
the delivery of a wide range of materials, from small molecules to macromolecules. Radiotherapy-induced local tissue damage and inflammation have the potential to generate tumor antigen
and release danger-associated molecular patterns. Nanoscale metal-organic frameworks are a versatile platform for combination radiotherapy. In addition to serving as drug carriers, our high-Z
metal-organic frameworks are attractive nanomaterials that serve as contrast agents in biomedical imaging. We conducted phantom studies in vitro and in vivo, using microCT for real-time
monitoring, which will facilitate advanced analysis of tumor cells and their responses to therapy. Intratumoral immunotherapy provides the capacity to manipulate the tumor microenvironment
by targeting cells within the tumor microenvironment, making it an attractive therapeutic approach.

11:30 AM *SB01.04.09
Understanding Biological Processes Using Responsive Polymers and Bio-Orthogonal Chemistries Kristofer J. Thurecht, Nicholas Fletcher, Gayathri Ediriweera and Craig Bell; The
University of Queensland, Australia

The evolution of therapeutic systems for cancer therapy has offered the opportunity to treat more complex and refractory disease. However, there still remains key challenges around
quantitatively determining the tissue specific drug release profile of therapies. It is crucial, then, for materials to be precisely engineered to allow direct assessment of their behaviour in
biological systems, as well as provide feedback on biological responses. Central to this thinking is the development of theranostics, which are materials that are able to provide both spatial and
temporal information about therapeutic delivery and efficacy.

Our research explores a number of avenues related to materials engineering that can provide unique insights into therapeutic efficacy of nanomedicines, where biological cues can be utilised to
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give realtime feedback of drug effects. Alternatively, exogenous stimuli can also be applied resulting in material changes to the delivery system. Such stimuli can be administered as applied
radiation (often in the form of visible/near infrared radiation), or through chemical stimuli that take advantage of the bio-orthogonality of defined covalent reactions. Bio-orthogonal reactions
that take advantage of pre-targeting, allow diagnostic and therapeutic probes to be administered with greater site-specificity to diseased tissue.

In this presentation, | will present our work exploring novel approaches to utilise the pre-targeting strategy and bio-orthogonal reactions to improve therapeutic delivery to tumours while
provided realtime readout of therapeutic activity. By exploiting the multivalency and multimodality of polymeric nanomaterials, the true advantages of theranostics can be realised in
nanomaterial systems.

SESSION SB01.05: Bioresponsive Nanotheranostics IV
Session Chairs: Ruirui Qiao and Hao Song
Wednesday Afternoon, April 24, 2024
Room 428, Level 4, Summit

1:45 PM *SB01.05.01
Biomaterials to Boost Cancer Immunotherapy Zhuang Liu and Bella Manshian; Soochow University, China

Cancer immunotherapy has attracted tremendous attention in recent years. In our recent studies, by employing rationally designed biomaterials as well as nanoscale delivery systems, we are
able to enhance cancer immunotherapy via developing novel nano-vaccines, modulating tumor microenvironment, and achieving combinational immunotherapy, as evidenced by various animal
model experiments. In this presentation, | would introduce our latest efforts in this exciting research direction. In particular, we have tried to combine various types of local tumor treatment
methods with immunotherapy using biomaterials as the bridge. Stimulated by the tumor antigens released after local tumor ablation, the triggered immunological responses if in combination
with immune checkpoint blockade (ICB) therapy could result in effective inhibition of tumor cells remaining in the body, promising for treatment of cancer metastasis. A strong immune-
memory effect could also be observed after such treatment. Beyond that, we are also working on biomaterials that are capable of modulating tumor microenvironment for enhanced
immunotherapy. A start-up company has been founded based on the technologies from our laboratory. Several pipelines are now being tested in clinical trials.

2:15 PM SBO01.05.02
Lactate Oxidase Nanocapsules Boost T Cell Immunity and Efficacy of Cancer Immunotherapy Zheng Cao™!, Duo Xu?, Wenting Chen!, Yunfeng Lu?* and Jing Wen; *University of
California, Los Angeles, United States; 2Beijing University of Chemical Technology, China

Cancer immunotherapy has reshaped the landscape of cancer treatment, but its effectiveness in solid tumors is limited by the overproduction of lactate by cancer cells. Extensive trials are being
conducted to reduce lactate concentrations through inhibiting lactate dehydrogenase. However, such inhibitors often disrupt the metabolism of healthy cells and cause non-specific toxicity. In
contrast to those strategies, we target lactate itself with an enzyme, lactate oxidase, which effectively reduces lactate concentrations and releases hydrogen peroxide, an immunostimulatory
molecule, in the tumor microenvironment. However, recombinant lactate oxidase from microorganisms possesses short circulating half-life, low enzyme activity, and potential immunogenicity.
To circumvent this limitation, we report herein a nano-encapsulating strategy to encapsulate lactate oxidase molecules within a thin polymer shell through in-situ polymerization, affording the
synthesis of nanocapsules. The nanocapsules stabilize lactate oxidase and prevent it from proteolysis and denature, minimize the immunogenicity, prolong the circulating half-life, enabling
their use as a potent therapeutic for cancer immunotherapy. Lactate oxidase nanocapsules can promote the proliferation and activation of effector T cells and suppress tumor-resident regulatory
T cells in vitro. As further demonstrated in a murine melanoma model and a humanized mouse model of triple-negative breast cancer, nanocapsules avert tumor immunosuppression and
enhance anti-tumor T cell immunity by upregulating gene expression for T cell recruitment and activation, as confirmed by single-cell RNA sequencing. Such multifunctional lactate oxidase
nanocapsules lead to improved efficacy of immunotherapies for solid tumors.

2:30 PM BREAK

3:30 PM *SB01.05.03
Electrospun Nanofibers for Tissue Repair and Regeneration Jiajia Xue; Beijing University of Chemical Technology, China

Electrospun nanofibers have been widely applied for tissue repair and regeneration because of their advantages of mimicking the structure and composition of extracellular matrix to a certain
extent. We have developed a series of scaffolds based on electrospun nanofibers to promote the repair and regeneration of peripheral nerve, bone, and skin. To improve the repair efficacy of
peripheral nerve injury, we have constructed a nerve guidance conduit based on electrospun nanofibers in a bionic design to simulate the microenvironment required for nerve repair. Nerve
growth factor and indocyanine green were loaded in phase change material particles and then deposited between two layers of electrospun nanofiber membranes to obtain a photothermal
responsive scaffold. Upon the irradiation of a near-infrared laser, nerve growth factor was triggered to be released from the scaffold, promoting the axon extension. In addition, we deposited a
density gradient of bioactive nanoparticles on the surface of uniaxially aligned fibers to guide the axon extension and accelerate cell migration along the direction of increasing the density of the
nanoparticles. We further constructed degradable hydrogels in the lumen and regulated the degradation rate of the hydrogel to be increased from the proximal to distal position, allowing for the
long-term delivery of growth factor loaded in the hydrogel and promoting the regeneration of sciatic nerve in rat. Additionally, we conducted large animal experiments in sheep to explore the
effects of multi-channel nanofibrous nerve conduit on sheep nerve injury repair. For the repair of skin wounds, according to the demand of various growth factors in each stage of repair period,
we constructed a multi-layered nanofibrous scaffold with a radially aligned nanofibrous inner surface. The scaffold effectively integrated multiple induced signals such as topography, bioactive
factors and photothermal response to achieve spatiotemporally controlled delivery and accelerated wound healing. Combined with photothermal effects, we constructed a multifunctional bone
repair scaffold to recruit stem cells and induce their osteogenic differentiation to improve the repair of bone defects. We also developed gradient self-assembled activated fiber scaffolds to
induce osteogenic differentiation of stem cells. In summary, electrospun nanofibers can be applied to construct multifunctional tissue repair materials to promote tissue injury repair and
regeneration.

4:00 PM SB01.05.04
Effects of Sequential Ultrasound Irradiation in The KHz and MHz Bands on Transdermal Administration of Biopolymeric Drugs Kengo Matsubara and Yuta Kurashina; Tokyo
University of Agriculture and Technology, Japan

Introduction

Biopolymeric drugs are expected to have high efficacy and minimal side effects due to their specificity. Meanwhile, a minimally invasive method of administering these drugs is difficult to
establish. As one of the attracting methods, sonophoresis is a method of drug-administering by disrupting the stratum corneum layer through the collapse of cavitation bubbles and drug infusion
by the microjets induced by the bubbles (N. Deagicevic, et al., Springer 2017). However, the amount of drugs administered by conventional techniques is limited, since the randomness of the
microjets generated from cavitation bubbles makes stable drug infusion difficult. This is because the position of the bubble nucleus for the generation of cavitation bubbles is unstable and not
directional.

Here, we propose an ultrasound irradiation method with multiband to achieve efficient transdermal administration of biopolymeric drugs. Especially, the synergistic effect of cavitation induced
by low-frequency and acoustic streaming induced by high-frequency on drug administration is demonstrated by sequentially irradiating in the kHz and MHz bands with fluorescence-modified
ovalbumin (OVA, for nano-sized drug model).

Materials and methods

Transdermal administration experiments with fluorescence-modified OVA to porcine skin irradiated by ultrasound (US) were carried out on the effectiveness of acoustic streaming by
sequential irradiation in the kHz and MHz bands. Here, the irradiation distance of the acoustic streaming on the drug dosage was evaluated. Ultrasound irradiation was experimented under the
following four conditions. As a conventional method (i), US in the kHz band was applied for 10 min (control). (ii)-(iv) As the method proposed, US in the kHz band and MHz band was
sequentially applied for 5 min., respectively. The MHz band was irradiated at a distance of (ii) 1 mm, (iii) 2 mm, and (iv) 3 mm. After irradiation of multiband US, the skin from each condition
was lysed, and the fluorescence intensity of cyanine 5 modified OVA was measured by a spectrofluorometer to evaluate the dose of the nano-drug model quantitatively.

Results and discussion

In order to investigate the effect of acoustic streaming on the proposed method, the ultrasonic irradiation device was constructed using two types of transducers. A Langevin transducer with a
resonance frequency of 45.9 kHz was used for kHz band irradiation (X. Xie, et. al., J Drug Deliv Sci Technol 2022), and a piezoelectric device with a resonance frequency of 1.97 MHz was
utilized for MHz band irradiation. The velocity of acoustic streaming is expressed as a function that depends on the distance from the irradiation source (J. Friend et. al, Lab Chip 2019). The
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results obtained from the function suggest that under the conditions of this study, the flow velocity rises with increasing irradiation distance in the MHz band. This calculated outcome shows
that the drug dosage increases in the range of 1 mm to 3 mm. The results of fluorescence intensity measurements for each condition suggested that the highest drug dose was obtained when the
US in the MHz band was irradiated at an irradiation distance of 3 mm after irradiation of the US in the kHz band. Furthermore, as with the theoretical value, the drug dose significantly rose
with increasing irradiation distance ((i) vs (iv): *p<0.05, (ii) vs (iv): **p<0.01, Student's t-test). These results suggest that sequential irradiation of the kHz and MHz bands is more effective
than conventional irradiation of only the kHz band. Therefore, the acoustic streaming induced by the MHz band contributes to the improvement of drug dosage for sonophoresis.

The development of the multiband US administration method enables us to propose minimally invasive biomacromolecule drug administration as an alternative to injection. Therefore, this
method is expected to contribute to the development of research on biopolymeric drug materials.

4:15 PM SB01.05.05
Magnetic Liquid Marbles as Thermo-Responsive Materials under Alternating Magnetic Fields Rafal Bielas', Tomasz Kubiak!, Matus Molcan?, Ivo Safarik® and Arkadiusz Jozefczak®;

IFaculty of Physics, Adam Mickiewicz University in Poznan, Poland; 2Institute of Experimental Physics, Slovak Academy of Sciences, Slovakia; Biology Centre, ISB, Czech Academy of
Sciences, Czechia

Responsive materials are essential in modern scientific and industrial fields. Within this context, the potential to control these materials using external stimuli, such as magnetic fields, is of
great interest. Magnetic liquid marbles—airborne droplets surrounded by particles—are emerging as suitable candidates for such purposes. For example, their ability to open and close on-
demand using static magnetic fields makes them ideal for specialized tasks, such as testing fragile entrapped species [1].

When exposed to alternating magnetic fields, the internal temperature of liquid marbles rises, a phenomenon attributed to magnetic energy dissipation due to magnetic relaxation and hysteresis
processes. Elevated temperature can be employed for functions like amplifying DNA contained within the particle shell of these marbles [2]. Building on this, we propose utilizing magnetic
heating to modulate thermo-responsive liquid marbles.

In our experiments, we prepared liquid marbles with a ferrofluid, which included agar powder and either maghemite nanoparticles or magnetosomes (nanoparticles from magnetotactic
bacteria). The droplets were coated with either polymer or bio-particles and then exposed to an alternating magnetic field with a kHz frequency. The resulting temperature increase inside the
liquid marbles initiated varied reactions depending on their particle coating. With polymer particles, a combination of partial particle fusion and enhanced evaporation led to the creation of rigid
magnetic shell residuals, which could be seen as precursors to a new generation of liquid marbles [3]. On the other hand, for non-thermo-responsive particle coatings, such as lycopodium shell,
the liquid core underwent partial disintegration driven by reversal process of gelation. The diverse structures observed after the magnetic heating procedure may provide new way for
developing materials suitable for applications like smart lotions or creating new types of capsules for theranostic procedures.

The work was supported by Polish National Science Center through the project no. 2019/35/N/ST5/00402.

References:
[1] Zhao, Yan, et al. "Magnetic Liquid Marbles: Toward “Lab in a Droplet™." Advanced Functional Materials 25.3 (2015): 437-444.
[2] Li, Hualin, et al. "Magnetothermal Miniature Reactors Based on Fe;0, Nanocube-Coated Liquid Marbles." Advanced Healthcare Materials 10.6 (2021): 2001658.

[3] Bielas, Rafal, et al. “Tunable Particle Shells of Thermo-Responsive Liquid Marbles under Alternating Magnetic Field.”. Journal of Molecular Liquid 391 (2023): 123283.

4:30 PM SB01.05.06
Radiation-Activated Ferroptosis with Liposome Nanoparticles Encapsulating 7-Dehydrocholesterol Enhancing Antitumor Immune Responses Jianwen Li, Zhizi Feng, Xinning Lai,
Wei Yang, Shuyue Zhan and Jin Xie; University of Georgia, United States

In this project, we explore an approach that triggers ferroptosis and enhances antitumor immune responses by external radiation. The key component of this technology is 7-dehydrocholesterol
(7DHC), a natural biosynthetic precursor of cholesterol. This zoosterol can react with radiation-induced reactive oxygen species (ROS), initiating a radical chain reaction between 7DHC and
polyunsaturated fatty acids (PUFASs) in cell membranes. We show that this interaction leads to direct lipid peroxidation, culminating in cell death via ferroptosis. In terms of delivery, we show
that 7DHC, similar to cholesterol, can be incorporated into the lipid layer of liposomes. To improve targeting, we incorporated NTS,, ., a ligand for NTSR1 that is overexpressed in multiple
malignancies, into liposomal nanoparticles. Our tests show that these NTS, -incorporated and 7DHC-loaded liposomal nanoparticles are minimally toxic, but significantly enhance the efficacy

of radiation by activating ferroptosis in cancer cells. As a highly immunogenic cell death (ICD) pathway, ferroptosis induced by our treatment further triggers the increased secretion of danger-
associated molecular patterns (DAMPs) and elevated surface exposure of “eat-me” signals such as ATP, IFN- and calreticulin. These patterns are then sensed by antigen-presenting cells such
as dendritic cells (DCs), in turn boosting T cell driven adaptive immunity. Such a strategy of controlled activation of ferroptosis offers a favorable therapeutic index and opens avenues for
clinical application.

4:45 PM SB01.05.07
Advancing Targeted Drug Delivery via Optimization of Drug-Loaded Polymeric Nanoparticles and Red Blood Cell-Mediated Approaches Hermon P. Girmatsion™22, Vincent
Lenders>?2, Bella Manshian'22 and Guy Van den Mooter?; 1KU Leuven University, Belgium; KU Leuven, Belgium

Bronchopulmonary Dysplasia (BPD) represents a complex pathophysiological challenge in neonatal care, predominantly affecting preterm infants. Current interventions, such as mechanical
ventilation and supplemental oxygen, often yield suboptimal outcomes, necessitating the exploration of novel therapeutic modalities. The administration of Dexamethasone (DEX), while
effective in reducing mechanical ventilation dependency, is hindered by its severe long-term neurodevelopmental impacts and crystalline structure leading to poor solubility.

In response, our study pioneers an advanced drug delivery system involving the encapsulation of DEX within poly(lactic-co-glycolic acid) (PLGA) nanoparticles (NPs), subsequently coupled to
red blood cells (RBCs). This approach aims to produce a polymer-matrix-stabilized amorphous form of DEX, ensuring sustained and localized pulmonary release. By leveraging these DEX-
loaded NPs (DEX-NPs) in combination with RBCs, we aim to optimize drug circulation time, biodistribution, and targeted lung delivery, thereby attenuating systemic adverse effects of DEX.

We employed the nanoprecipitation method to synthesize drug-free and DEX-loaded NPs, thoroughly characterizing their size, polydispersity index, zeta potential, encapsulation efficiency, and
DEX stabilization capability. Our results demonstrate that these polymeric NPs effectively encapsulate and stabilize DEX up to 3 mg, with higher amounts leading to crystallinity. Solvent,
polymer, and drug compatibility studies indicated that PLGA stabilizes about 15% of its weight in DEX (~3 mg) with acetone or acetone: DMSO as solvents. Notably, acetone and DMSO
blend markedly improved encapsulation efficiency and drug stability in PLGA nanoparticles.

In addition to these findings, we successfully coupled various types of NPs to mouse RBCs, examining the efficiency of this coupling and the biocompatibility of the resultant constructs. This
element of our research was critical in assessing the feasibility and safety of the NP-RBC conjugates for in vivo applications. Our in vitro toxicity assessments across various cell lines revealed
that while plain NPs exhibited limited toxicity, DEX-NPs showed higher cytotoxicity at concentrations above 0.05 mg/mL. In vivo studies on term-born neonate CD-1 mouse pups highlighted
the superior lung targeting of NP-hitchhiked RBCs compared to free NPs.

This study emphasizes the potential of DEX-PLGA NP-RBC conjugates in revolutionizing BPD treatment. Our findings not only advocate for the targeted pulmonary delivery of therapeutics
but also set a foundation for subsequent investigations into the efficacy and safety of this novel approach in the context of neonatal lung diseases.

SESSION SB01.06: Bioresponsive Nanotheranostics V
Session Chairs: Jessica Hsu and Bella Manshian
Thursday Morning, April 25, 2024
Room 428, Level 4, Summit

8:30 AM *SB01.06.01
Biomimetic Nanoparticles for Drug Delivery Chunxia Zhao; The University of Adelaide, Australia

Nanotechnology holds great promise for cancer diagnosis and treatment. A wide range of nanoparticles have been developed ranging from polymer particles to lipids, proteins and other
synthetic compounds for cancer drug delivery. However, only a handful cancer nanomedicines have been approved by the FDA (such as Doxil, and Abraxane). This demonstrates the huge gap
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between laboratory research and clinical translation of cancer nanomedicines, mainly due to several key barriers: (1) challenges in large-scale production of nanomedicine with good
reproducibility and well-controlled properties; (2) incomplete understanding of the interactions between nanoparticles and biological systems; (3) targeted delivery. To address these
fundamental issues, my group has been focusing on the development of platform technologies for producing nanoparticle libraries with reproducible and systematically varied properties
(liposomes, polymer nanoparticles and nanocapsules) with high drug loading. We also developed different strategies for improving targeted delivery. Particularly, we developed a bioinspired
nanotechnology integrating naturally derived cell membranes for enhanced biointerfacing capabilities and nanoparticles for incorporation of various payloads for targeted delivery, which
provides a revolutionising strategy for fabricating nanoscale artificial cells. We have also developed biomimicking chips (Tumor-on-a-Chip, Tumor-Vasculature-on-a-Chip) to fundamentally
understand nanoparticle extravasation and their tumor accumulation.

9:00 AM SB01.06.02
Soybean Qil-Derived Lipids for Efficient mRNA Delivery Jessica Hsu, Zhongmin Tang and Weibo Cai; University of Wisconsin-Madison, United States

Lipids have been extensively utilized as a delivery platform for mRNA. Lipids consist of an N element-based head group with hydrophobic tails of varying composition and different length.
Currently, most lipid materials are either positively charged or ionizable in nature, which allows for the formation of nanoparticles through electrostatic interactions with negatively charged
mRNA. This not only serves to safeguard mRNA from enzymatic degradation but also facilitates endosomal escape, thereby ensuring mRNA expression and functions. In addition to core
lipids, the delivery platform comprises helper lipids, cholesterol, and PEG lipids. Varying compositions, surface modifications, charges, and pKa values can impact mRNA expression and allow
organ-specific targeting for disease treatment. Hence, continued investigation of novel lipid materials and formulations will further advance our understanding and techniques in optimizing
mRNA delivery.

The ideal synthesis of lipids involves adhering to key principles, such as operating under solvent-free conditions, employing a straightforward reaction process, and eliminating the need for
purification steps. These criteria aim to enhance product purity and streamline production, thereby increasing the likelihood for clinical translation. Current lipid synthesis methods involve
Michael addition, epoxide ring-opening, reductive amination, and thiol-ene reactions. Furthermore, an effective lipid should encapsulate a high mRNA payload for improved expression in vivo
and exhibit favorable biosafety without significant adverse effects. Notably, a common soybean oil derivative, rich in epoxy groups, can readily undergo ring-opening reactions with amino-
containing compounds. Since soybean oil is FDA-approved and has excellent biocompatibility, it may give rise to a new class of synthetic lipid materials with the potential for mMRNA delivery
applications.

In our system, epoxidized soybean oil and amino-containing compounds with varying carbon chain lengths, structures, and numbers of N were the sole reactants. Lipids were synthesized via
epoxide ring-opening reactions and subsequently purified through heating and rotary evaporation, all without the use of solvents. We found that the majority of lipids derived from soybean oil
showed high mRNA loading capacity, thereby enhancing mRNA expression both in vitro and in vivo, all the while demonstrating excellent biosafety. In our in vivo studies of Luc mRNA
delivery, we observed that certain lipids could enhance mRNA expression in the spleen, while others could achieve high expression in the lungs or liver. This highlights the potential utility of
these lipids for precise and tunable organ targeting in the treatment of relevant diseases. In addition, soybean oil-derived lipids displayed exceptional performance in delivering Cre mRNA for
gene editing. Encouraged by these results, we anticipate that soybean oil-derived lipid materials can assume a more prominent role in the realm of mMRNA delivery for a diverse range of
bioapplications. The synthesis of novel lipids utilizing FDA-approved substances remains a promising domain yet to be fully explored.

9:15 AM SB01.06.03
Nature-Inspired Nanoparticles for Therapeutics and Vaccine Delivery Hao Song?; 1The University of Queensland, Australia; 2Massachusetts Institute of Technology, United States

Recent advances in nanotechnology have greatly boosted the development of novel delivery systems for therapeutic and vaccine applications, in particular highlighting the great success of lipid
nanoparticle-based mMRNA vaccines fast responding to the COVID-19 outbreak. To lead a successful nanomedicine technology, the key lies in the rational design and fabrication of safe and
efficient nano-carries, while the delivery performance could be maximized by custom-designed nanoparticles considering the unique bio-interface configurations towards both cargo
biomolecules and cell/tissue surfaces.

Mimicking the spiky morphology of pollen and virus, which allowed enhanced interactions at bio-interfaces, here, we showcase our recent progress in the development of spiky nanoparticle-

based smart theranostics.[14] Through a simple sol-gel synthesis approach, colloidal nanoparticles with an intrinsic spiky surface are fabricated and characterized by the advanced microscopy
techniques of electron tomography.[5] We demonstrated the precise control over the delicate nanotopography of spiky nanoparticles, engineering the surface chemistry,[e] hollow interior,[”] and
asymmetry of the particles.[S] We explored the interactions of these nature-inspired unique spiky nano-features towards both biomolecules and cells, gaining new understandings of the bio-
nano-interfaces. Our findings underpinned the development of 1) a bacterial-adhesive antimicrobial nano-agent,[l' 9-11] featuring an antibiotic-free approach to address the drug-resistance issue
of infections; 2) a nano-burr hooking the rope-like DNA/mRNA molecules for efficient intracellular delivery,[lz] which allowed sufficient enzymatic protection of gene molecules and enabled
of upregulated translation!?); 3) a pathogen mimetic adjuvant that boosts the vaccine delivery performance, ¥l including our most recent study in developing DNA and subunit (RBD) spiky

nano-vaccines for SARS-Cov-2.
From bench to market, this spiky nanoparticle-based delivery platform is on the translation collaborated with industrial partners toward novel nanomedicine. Our journey from fundamental

research to the launching of ‘NUVEC®” will also be shared in this talk.
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9:30 AM *SB01.06.04
Hydrogen Medicine and Nanomedicines Qianjun He! and Ruirui Qiao?; *Shanghai Jiao Tong University, China; 2The University of Queensland, Australia

Hydrogen molecule has broad-spectrum anti-oxidation and anti-inflammation effects, and has exhibited clear therapeutic functions against many inflammation-related diseases and relatively
high biosafety. Therefore, hydrogen therapy is an emerging and promising therapeutic strategy. But hydrogen medicine is currently facing three major issues, including (1) what is the
fundamental principle of hydrogen therapy; (2) how to detect hydrogen molecules in vivo; (3) how to deliver hydrogen molecules to the focus in vivo. Aiming to these three issues, our research
group has obtained a cascade of important research achievements in principle exploration, tool development, and materials application, mainly including (1) the discovery of the biological
target of hydrogen molecule and the disclosure of the fundamental principle of its anti-inflammation, anti-cancer and anti-senescence functions; (2) the development of the first bioprobe of
hydrogen molecule and the verification of the high biological barriers-crossing capability of hydrogen molecule; (3) the development of a series of novel biomedical materials for hydrogen
delivery to enhance the efficiency of hydrogen delivery and their applications for the treatment of many major diseases. This lecture will deliver our recent research advances in these aspects.
10]

[1-

Keywords: Hydrogen medicine, targeted delivery, nanomedicine, molecular imaging, nanocatalytic medicine
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10:00 AM BREAK

10:30 AM *SB01.06.05
Nanozymes and Polymers for Nitric Oxide Delivery from Prodrugs Rona Chandrawati; University of New South Wales, Australia

Nitric oxide (NO) is a potent biological molecule that contributes to a wide spectrum of physiological systems, including the cardiovascular, immune, and central nervous systems. However,
NO therapeutic delivery technology remains severely limited due to the physiological properties of NO: 1) NO has a short half-life in human tissues (seconds); 2) NO can only diffuse over
short distances (~100 pm), thus limiting its action to only areas near the source of delivery; and 3) NO can exert protective or deleterious effects depending on its concentration. Current
strategies for NO delivery focus on encapsulation of NO donors into pre-fabricated scaffolds or an enzyme-prodrug therapy approach. The former is limited by the finite pool of NO donors
available, while the latter is challenged by the inherent low stability of natural enzymes. Enzyme mimics are attractive substitutes for their natural counterparts in diverse biomedical
applications because they have excellent stability against biological degradation compared with natural enzymes. In this work, we present nanoparticles and polymers that can catalytically
decompose natural (endogenous) and synthetic (exogenous) S-nitrosothiols NO donors to generate NO at physiological conditions. With this approach, we envision that sustained NO delivery
could be achieved by relying on life-long pools of endogenous NO donors, and when needed, on-demand NO delivery at the desired levels of NO could be realized by externally administered
exogenous NO prodrugs. By tuning the concentrations of particles/polymers and NO prodrugs, physiologically relevant NO levels were generated. These materials preserved their catalytic
property to generate NO for at least 6 months. The nanoparticles and polymers were immobilized in biomaterials and on surfaces, and we demonstrated the therapeutic activity of NO to inhibit
cancer cell proliferation and disperse bacterial biofilms.

11:00 AM SB01.06.06
Ultrasound-Induced Cascade Amplification in Mechanoluminescent Nanotransducer for Sono-Optogenetic Deep Brain Stimulation Huiliang Wang; The University of Texas at Austin,
United States

Remote and minimally invasive neuromodulation is a promising approach in the advent of clinical applications. Ultrasound-triggered mechanoluminescent technology offers a promising
approach for achieving remote brain modulation. However, its application has thus far been limited to shallow brain depths due to challenges related to low sonochemical reaction efficiency
and restricted photon yields. Here we report a self-amplifying mechanoluminescent nanotransducer based on cascade reactions in liposomes to achieve efficient light emission upon ultrasound
stimulation. As a result, blue light was generated under ultrasound stimulation with subsecond response latency. Leveraging the high energy transfer efficiency of focused ultrasound in brain
tissue and the high sensitivity to ultrasound of these mechanoluminescent nanotransducers, we are able to show efficient photon delivery and activation of ChR2 expressing neurons in both the
superficial motor cortex and deep ventral tegmental area (VTA). Our novel liposome nanotransducers enable minimally invasive deep brain stimulation for behavioral control in animals via a
flexible, mechanoluminescent sono-optogenetic system.

11:15 AM SB01.06.07
Development of In-Situ Gel Containing Brinzolamide loaded Nano Structured Lipid Carrier and Its Evaluation Dipti Dhurat, Anil Pawar, Shrikant Joshi, Amol Tagalpallewar and
Akshay M. Baheti; School of Health Sciences and Technology Dr Vishwanath Karad MIT World Peace University Pune, India

Ocular drug delivery system is most challenging and complicated to deliver drugs at the target site with its therapeutic dose. Intraocular bioavailability is only 5 t010 % of total eye drop
administered. In past few decades, researchers have attracted to nanotechnology based drug delivery system in which lipid based Nanostructured lipid carriers (NLC) appear as effective
ophthalmic drug delivery system, which have, higher drug loading, stability and biocompatibility as compare to other lipid carried due to use of physiologically biodegradable lipid. The
Nanostructure carrier provides more retention time, better permeation, targeted delivery, improve bioavailability, Non-toxic. Now a days, the conventional eye drops replace by Polymeric eye
drop i.e. in-situ gel, they are liquid in nature after instillation it undergoes gelation to form viscoelastic gels triggered by stimulation such as temperature, pH and ion activation. Consequently,
gel formed increases residence time, extended drug release, enhances bioavailability, reduce dosing frequency and patient compliance.The aim of this work to develop and evaluate in-situ gel
containing Brinzolamide loaded Nano structured lipid carrier to increase its retention time, Bioavailability, Corneal permeation, reduce dose and dosing frequency.

The saturation solubility study was used to select liquid lipid. The solubility of Brinzolamide was determined in several solid lipids such as Bees wax, Stearic acid, Gelucure50/13, Palmitic
acid, Glyceryl mono stearate (GMS), Precirol ATO, Compritol ATO 888, cetyl palmitate. Compatibility between selected lipids was examine by preparing mixture of solid lipid and liquid lipid
in aratios of 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8 and 1:9. Only one single phase Mixtures were selected for further study. High speed homogenization method was used to prepare Brinzolamide
loaded NLCs. A three-factor, three-level Box—Behnken design experimental design (BBD) was applied for evaluation of critical experimental conditions to maximize experimental efficiency
and minimize experiments to optimize The particle size and particle dispersity index ( PDI) of the NLCs was determined using the dynamic light scattering (DLS) at a fixed angle of 90 degree
at 25 degree C using Nanophox, Sympatech, Germany .The ZP of BRZ-NLC was determined by using zeta sizer (Delsa Nano C, USA) to check electrostatic mobility and stability of
formulaton. The entrapment efficiency (% EE) of BEZ in NLC formulation was determined The physical state of BRZ-loaded nanostructured lipid carriers demonstrated by DSC
characterization technique. BRZ-loaded NLC in situ gel was prepared by the cold method. The drug content was determined by HPLC. In vitro release of BRZ-loaded NLC in situ gel was
studied on Franz diffusion cell. Transcorneal permeation studies were carried out on freshly excised goat cornea. HET CAM (Hen's egg chorioallantoic membrane) study is an alternative to the
Draize in-vivo rabbit eye test for the recognition of ocular irritations. Therapeutic activity study was conducted with albino rabbits (1.5-2 kg) under the permission of Institutional Animal Ethics
Committee (IAEC).

From solubility data Gelucire 50/13 and Oleic acid were selected as the solid and liquid lipid for NLC preparation. Amongst various ratios of solid and liquid lipid 9:1, 8:2, 7:3, 6:4, and 5:5 no
phase separation and homogenous mixture was observed for 8:2 ratio, this were selected as lipids mixture. The SEM analysis reveals that spherical and smooth surface of NLC with uniform
distribution of particles. BRZ content in formulated in situ gel was determined and found to be in range of 99.34-98.58%.BRZ-NLC shows rapid release of drug (68.33%) within 4 h and within
7 h it completely releases (94.33%) drug.This initial raid release of drug due to the unentrapped drug which release from NLC) Whereas, BRZ-NLC in situ have extended and slow release of
drug (96.44%) up to 15 h.

11:30 AM *SB01.06.08
A Hitchhiker's and Backpacker's Guide to Drug Delivery Samir Mitragotril2 and Rick Liao®; tHarvard University, United States; 2Wyss Institute, United States

Nanoparticle-based drug delivery systems are widely explored to improve the biological outcome of chemo and immunotherapy. However, poor vascular circulation, limited targeting and the
inability to negotiate many biological barriers are key hurdles in their clinical translation. Biology has provided many examples of successful “carriers” in the form of cells, which routinely
overcome the hurdles faced by synthetic nanoparticle systems. We are exploring hitchhiking and backpacking approaches which involve combining synthetic particles with cells to drastically
alter the in vivo fate of the particles as well as the cells. | will provide an overview of the principles and examples of hitchhiking and backpacking approaches for drug and cell therapy.

SESSION SB01.07: On-Demand Presentation
Thursday Morning, May 9, 2024
SBO01-virtual

10:30 AM *SB01.02.05
Ultrathin Nanosheets for Catalytic Cancer Therapy Sophia Gu; University of New South Wales, Australia
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Nanotechnology has emerged as a promising approach for precision treatment of cancers. Two-dimensional nanoparticle-based therapeutic agents have been developed for safe and efficient
treatment of cancers.! In this talk, | will present our recent work on development of nanosheets for catalytic cancer therapy. We have developed a sustainable method to synthesize ultrathin
layered double hydroxide nanosheets via a polymer-assisted bottom-up approach,? and demonstrated high catalytic activity to disproportionate hydrogen peroxide in tumors and in-situ
generated hydroxyl radicals efficiently to kill tumor cells.® Without any drug loading, the nanosheet exhibited highly selective and specific anti-tumor effect. The hydroxyl radical generation-
induced anti-tumor effect was further enhanced by cascade catalytic reactions triggered by photocatalysis.4 We also showed that the nanosheet generated oxygen bubbles and promoted the
long-distance and directional movement toward the tumour microenvironment, thus achieving targeted delivery of therapeutic nanomedicine without traditional surface ligand modification.?
References
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10:30 AM *CH01.01.01

An In Situ look at Interfacial Structure and Dynamics during Nucleation and Self-Assembly James J. De Yoreo®?; IPacific Northwest National Laboratory, United States; 2University of
Washington, United States

Interfaces play a critical role in nucleation and growth from solutions by altering the distribution of water and ions from that of the bulk, introducing an interfacial free energy that largely
determines the free energy barrier to nucleation, and creating an entropic repulsion that acts as a volume exclusion force to drive colloidal assembly. The origin and characteristic length scales
of these phenomena are inherently atomic-to-molecular but are manifest in ensemble dynamics and outcomes. Moreover, processes like nucleation and self-assembly arise from fluctuations,
making the events that must be probed transient in nature. Consequently, in situ imaging techniques that can capture structure and its evolution, particularly at high speed and atomic-to-nm
resolution, are required to build a quantitative picture of such processes. Here | use examples from and in situ TEM, high-speed AFM, and fast force mapping studies of interfacial structure,
nucleation, and particle assembly to elucidate the mechanisms by which interfaces direct these processes, leading to unique pathways, materials, and morphologies. The results reveal the
importance of surface charge, chemical gradients, and solvent organization near interfaces in determining how ordered materials emerge from the solution.

11:00 AM CHO01.01.02
In Situ Characterization of Calcium Carbonate Crystallization on Nano-Textured Surfaces Tobias Armstrongl, Julian Schmidl, Janne-Petteri Niemelaz, Ivo Utke? and Thomas
Schutziusls; 1ETH Zurich, Switzerland; 2Empa - Swiss Federal Laboratories for Materials Science and Technology, Switzerland; 3uc Berkeley, United States

Natural and technological interfaces influence the crystal nucleation and growth of calcium carbonate, including the crystallization pathways, the thermodynamic/kinetic barriers, and the crystal
orientation. Predictions show that the heterogeneous nucleation rate on functionalized surfaces of the calcium carbonate polymorph calcite are 20 orders of magnitude higher compared to
homogeneous nucleation. Hence, the crystallization pathway can be redirected from complex free energy landscapes towards the classical nucleation theory, allowing to compare different
functionalized surface. This is exemplified by higher nucleation rates of calcite for carboxyl groups on surfaces than for thiol groups on surfaces under the same conditions. While smooth
functionalized surfaces have been studied, the effect of nano-textured surfaces on calcium carbonate crystallization is unknown. Based on research for other phase change materials, it can be
either: promoting or inhibiting. If calcium carbonate crystallization is promoted or inhibited by nano-textured surfaces is relevant to the understanding of calcium carbonate crystallization and
facilitates rationally designed interfaces.

Here we show the effect of nano-textured functionalized surfaces on calcium carbonate crystallization. We fabricated and quantified a rationally designed nano-textured surfaces using
blockcopolymer lithography, ensuring a significant amount of surface curvature features in an order of magnitude to the critical nucleus size for calcite. The fabricated nano-textured surfaces
are functionalized with carboxyl groups and compared to smooth functionalized surfaces to isolate the effect of the nano-texture onto the crystallization. The investigation of the crystallization
at different supersaturation conditions provides a holistic understanding of the effect on the thermodynamic as well as the kinetic barrier. In situ optical transmittion microscopy coupled with
digital holographic microscopy characterize the nucleation and single-crystal growth rates in a microfluidic cell with controlled calcium carbonate supersaturation through mixing. The analysis
of the acquired microscopy images is using trained instance segmentation algorithms for accurate crystal detection.

This work shows that nano-textured surfaces promote the calcium carbonate nucleation by more than one order of magnitude compared to a smooth surface at the same supersaturation. This
difference can be described by the classical nucleation theory, explaining an increasing kinetic barrier of nucleation and a decreasing thermodynamic barrier. For the tested supersaturations and
nano-textures, the decreasing thermodynamic barrier outperforms the increasing kinetic barrier. While the increasing kinetic barrier is affected by a decreased monomer collision probability in
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the confined volumes of the nano-texture pits, the thermodynamic barrier is lowered by surface curvatures in the pits within an order of magnitude to the critical nucleus size. Besides higher
nucleation rates, calcium carbonate crystallization on nano-textured surfaces shows lower induction times, higher site densities, and lower single-crystal volume growth rates. We expect that
this work will provide guidance for the design of interfaces, which are needed to advance technologies relying on the understanding of the crystallization behavior of calcium carbonate and
other inorganic minerals.

This project has received funding from the European Research Council (ERC), Starting Grant, under the European Union's Horizon 2020 research and innovation programme (Grant agreement
No. 853257).

11:15 AM CHO01.01.03
Autonomous Flow Synthesis of On-Demand Hybrid Perovskite Quantum Dots based on a Closed-Loop Feedback Control System Hoang Khang Bui and Tae Seok Seo; Kyung Hee
University, Korea (the Republic of)

Nanostructured hybrid organic-inorganic lead halide perovskites quantum dots (QDs) have gained enormous attention and hold the potential to surpass traditional semiconductor nanocrystals
as versatile photonic sources for displays, lighting, light-emitting diodes (LED) as well as light harvesters for photodetector devices, and solar cell. Moreover, due to the unique quantum-size
effects, their optical bandgap and emission wavelength can be finely tailored by the ease of compositional control between halide ratio and adjusting the stoichiometry leading to the production
of visible electromagnetic spectrum QDs. Currently, conventional flask-based synthetic platforms encounter a range of challenges from unwanted batch-to-bath variations such as precursor
stability, temperature fluctuations, macro-environment kinetics.

A promising alternative is the use of continuous flow technology for the auto-production of perovskite QDs. The flow reactive chemistry in microfluidics has demonstrated rapid heat and mass
transfer to speed up the chemical reaction time, precise control of the reagent volume, and reaction kinetics to produce uniform nanomaterials. Microfluidic synthesis can be integrated with an
in-situ detection module so that the synthetic nanomaterials could be analyzed in real-time, which is inaccessible to the traditional flask-based methods. Moreover, all steps of microfluidic
synthesis and product characterization can be software-controlled, thus ensuring time- and labor-effective QDs synthesis with high reproducibility.

One of the strategies for accelerating the identification of the most effective reaction conditions relies on automation. Automating synthesis enables quicker and more accurate procedures,
including reagent loading, mixing, heating, and in-process product characterization. Furthermore, implementing an electronic feedback control module allows for the automatic optimization of
reaction conditions, helping to generate the target nanomaterials with low cost and high speed. Developing a convenient and novel intelligent algorithm capable of data acquisition and analysis
for resetting the reaction conditions could accelerate the transition from a manual synthetic batch process in an ordinary laboratory to a fully automatic continuous synthetic platform.

In the current work, we report an autonomous platform for self-control synthesis of desired perovskites QDs, which utilizes familiar yet efficient Proportional-Integral-Derivative (PID)
algorithm. The PID controller have been used in industrial control applications for a long time since it minimizes overshoot in steady state response and lesser settling time. The PID controller
has three tuning parameters: the controller gain (P term), the integral time constant (I term), and the derivative time constant (D term). The Internal Model Control methodology is a model
based PID tuning techniques that has gained significant attention since it only requires one tuning parameter, namely the closed loop time constant. In conjunction with microfluidic synthesis,
the PID drives an optimization in precursors regulations to rapidly return accurate specifying reaction conditions which leads to precise on-demand optical properties. To demonstrate the
feasibility and efficiency of our proposed method, we have synthesized MAPbBrxI3-x perovskite QDs with controlled fluorescence emission spectra in various P, I, D parameters to apparently
indicate the effect of controlling to the outputs. The self-driving PID-based QDs synthesis strategy is a trade-off between target reaching time and stability, which are showcased clearly in this
studies. Finally, we successfully produced two representative candidates for red-shift QDs at 650 nm and blue-shift QDs at 550 nm. This study further guides the production in large scale with
simple, adaptable PID algorithm for not only lab bench synthesis but also industrial manufacturing.

11:30 AM CHO01.01.04
Epitaxial Si on Epitaxial-Gd,04/Si(111) Virtual Substrate Using Low-Cost RF Sputtering for Silicon on Insulator (SOI) Application Shubham Patil', Adityanarayan Pandey’, Swagata

Bhunial, Sandip LashkareZ, Apurba Lahal, Veeresh Deshpande! and Udayan Ganguly®; Lindian Institute of Technology Bombay, India; 2Indian Institute of Technology Gandhinagar, India

There is an ever-growing need for 5G communication technology and the Internet of Things to achieve better-performing systems in speed and power consumption. Research has shown SOI
technology to be very promising among different technologies (it offers low voltage and high-frequency operation capability) [1]. However, the costly smart-cut method for manufacturing SOI
wafers is a challenge. Alternatively, the notion of using epitaxial rare earth (RE) oxides onto Si followed by epi-Si growth is a potential alternative to enable cheaper and high-volume
manufacturing (HVM) of SOI wafers. Gd,O5 oxide is the most promising among all rare oxides due to its large bandgap, sufficient band offsets, stable oxidation state, and low lattice mismatch

with Si(111). In this context, our group patented a methodology to produce semiconductors on an insulator substrate using an HVM-friendly RF magnetron sputter system [2,3].
In the work, we demonstrate epitaxial-Si on epitaxial-Gd,05/Si(111) substrate by RF magnetron sputtering for SOI application. The fabricated heterostructure is characterized through XPS,

HRXRD, cross-sectional HRTEM, and EDS analyses, providing compelling evidence for the formation of the epi-Si(111) layer on the epi-Gd,O3 surface.
The cap-Gd,0,/Top-Si/BOX-Gd,04 (capping layer (cap)/channel (Top-Si)/Buried-oxide (BOX)) stack is deposited on Si(111) substrate using RF sputtering. The box layer is deposited at 750

°C with 20 W RF power (~0.12nm/min) for 100 min, followed by intrinsic-Si deposition (~0.3 nm/min) at 100 °C temperature. The Gd,O capping layer is deposited at a higher temperature

(750 °C) to crystallize the channel layer. The heterostructure is subsequently annealed at 850 °C to study the impact of rapid thermal annealing. The heterostructure thickness is 12 nm/15 nm/16
nm, confirmed using HRTEM. The capping layer is etched using an H,SO,: DI water wet etch, O, plasma ashing, followed by BHF etch. The conformal etching is verified by analyzing the
XPS spectra. The absence of a Gadolinium (Gd3d and Gd4d) signature and a strong Si2p peak of bulk-Si confirms that the capping layer is properly etched. Next, HRXRD is employed to
determine the structural nature of the BOX-Gd,0s.

The full range & measurements at fixed .Y = 70.5° and 26 = 28.44° show two sets of peaks 120° apart correspond to the Si(-111) and ¢-Gd,O4(-222) planes. This observation indicates a 3-fold

symmetrical nature of the peaks, establishing that the (222) planes of Gd,05 are grown epitaxially onto the Si(111) substrate. The Si peaks are found to be rotated by 60° relative to Gd,Os,
suggesting the presence of an A/B twinning relationship between Si and Gd,O5. The epitaxial quality of the BOX is further validated using a skew-symmetric o-26 scan.

The HRTEM analysis demonstrates three key findings: (a) the formation of an atomically sharp interface at the BOX-Gd,04/Si(111) interface, (b) the epitaxial nature of the BOX-Gd,O5and
Top-Si layers, and (c) confirmation of the A/B/A stacking arrangement of Top-Si/BOX-Gd,0,/Si(111). The EDS analysis further confirms the formation of a flat and homogenous interface

without significant Si(Gd) out-diffusion.
In conclusion, we have developed a low-cost, high-volume, manufacturable state-of-the-art epitaxial Si-Gd,O on Si (111) substrate (SOXI) by RF sputtering. The epitaxial nature of the

heterostructure is confirmed through HRXRD and HRTEM analyses. In the near future, a SOXI MOSFET demonstration should be done.

References:
[1] J. Hartmann et al., IEEE CSICS, 2014. [2] Amita et al., DRC, 2018. [3] Amita et al., TSF, 2021

11:45 AM CHO01.01.05
lodine-Passivation Facilitates On-Surface Synthesis of Robust Regular Conjugated Two-Dimensional Organogold Networks on Au(111) Arash Badami Behiatl'z, Gianluca Galeotti?
and Markus Lackinger™-2; 1Technical University of Munich, Germany; 2Deutsches Museum, Germany

Dehalogenative Ullmann-type couplings are recognized as the basis for on-surface synthesis, producing extended covalent nanostructures on metal surfaces.[1] While one-dimensional (1D)
structures are typically derived from ditopic precursor molecules, two-dimensional (2D) networks like polymers can be synthesized from precursors with more than two halogen substituents. In
this study, we present evidence for the debrominative coupling of a tetra-bromine-substituted thiophene-rich monomer on an iodine-passivated Au (111) surface, affording well-ordered 2D
organogold networks.

Previous studies have investigated the on-surface polymerization of the 2,5,9,12-tetrabromoanthra[1,2-b:4,3-b":5,6-b":8,7-b""|tetrathiophene (TBATT) precursor on both silver (Ag) and copper
(Cu) surfaces. [2, 3] These studies revealed a notable challenge arising from kinetic competition between binding motifs during the irreversible phase. As a result, the resulting networks tended
to be predominantly irregular, with only small areas exhibiting regular patterns. To advance the fundamental understanding, we study the debrominative coupling of TBATT directly on pristine
Au(111). When the sample is annealed at temperatures between 200 °C and 220 °C, debromination is activated, resulting in predominantly irregular networks. Interestingly, the measured
intermolecular distances agree with the DFT calculated values of organometallic carbon-Au-carbon bonds instead of direct carbon-carbon bonds. Subsequently, TBATT was deposited on
iodine passivated Au(111) (I-Au(111)), where we observed intact molecules either forming organized supramolecular structures or existing as dispersed single entities. Subjecting these samples
to annealing temperatures of 200 °C to 220 °C induced a significant structural transformation, shifting from densely packed to a porous grid-like network.

The remarkable stability of the TBATT-derived organogold networks as evidenced by high temperature annealing, is attributed to the n-conjugation. This motivated further investigation of the
network’s electronic properties. The calculated electronic band structure revealed a surprisingly narrow band gap of 0.71 eV, together with dispersive bands. To confirm these DFT calculations
experimentally, Scanning-Tunneling-Spectroscopy (STS) experiments were performed. The differential conductance dI/dV versus voltage V spectra indicate an electronic band gap of the order
of 1.0 eV.
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In conclusion, our study has demonstrated the feasibility of using I-Au(111) surfaces as effective substrates for the on-surface synthesis of covalent 2D networks through debrominative
couplings. In particular, when using the TBATT precursor on I-Au(111), we achieved highly regular organogold networks, in contrast to the poor structural order observed when synthesized on
pristine Au(111).

Although the domains are still relatively small, they contain a sufficient number of repeat units to allow the anthra-tetrathiophene network to develop an electronic band structure. This
convergence is partly due to the 2D topology, which allows a faster evolution of electronic properties compared to 1D structures, mainly because more intermolecular bonds are formed per
monomer. The influence of the iodine monolayer on the formation of highly regular organogold networks is twofold: On the one hand, iodine induces reversibility of the robust carbon-Au-
carbon bonds, facilitating dynamic error correction, as confirmed by experiments where the organogold networks disintegrated when annealed in an iodine atmosphere. On the other hand, the
presence of the iodine monolayer does not impose spatial constraints but instead supports the formation of exceptionally regular networks.

SESSION CH01.02: Crystal Growth |1
Session Chairs: Jungwon Park and Jan Ringnalda
Tuesday Afternoon, April 23, 2024
Room 442, Level 4, Summit

1:30 PM *CH01.02.01
Multi-Phasic Growth Mechanism of Colloidal Nanoparticles by Statistical Liquid Phase TEM Jungwon Park; Seoul National University, Korea (the Republic of)

Nanoparticle nucleation and growth have long been of great interest in science and industry. Despite impressive advances in nanotechnology, the thermodynamic origin of nanocluster
nucleation is still a mystery, and there is no quantitative understanding of nanoparticle growth dynamics. It is because of the complexity that intrinsically exists in nanoparticle growth
pathways. A comprehensive understanding of the growth mechanism requires experimental investigation of nanoparticle growth from two different aspects: individual growth trajectories and
kinetics in ensemble average. To address this issue, we monitor hundreds of individual trajectories of growing nanoparticles using liquid-phase transmission-electron-microscopy. Statistical
analysis of ensemble growth trajectories reveals that the growth of nanoparticles can be classified into multiple distinct types and stages. We present a microscopic model and statistical
mechanical theory that provide unified, quantitative understanding of the time-dependent mean, variance, and distribution of nanoparticle size at all stages of the nanoparticle growth processes
observed. We find that strongly-nonextensive free energy originating from a nanoparticle’s edge interaction, motion, and conformational degeneracy, which has received little attention so far,
plays an essential role in the nanocluster nucleation and non-classical growth dynamics.

2:00 PM CHO01.02.02
Emergence of a Novel BCT Phase in Eutectic High Entropy Alloys during Laser Powder Bed Fusion Bingbing Zhao®, Qingsong Shu?, Ming Chen? and Lanting Zhang®; 1Shanghai Jiao
Tong University, China; 2Northwestern University, United States

High entropy alloys, composed of a minimum of four principal elements, exhibit exceptional combinations of strength and ductility, along with impressive corrosion resistance and
microstructural adaptability. Recent strides in eutectic high-entropy alloys (EHEAS), a subset within this category, reveal multi-phase structures and uniform microstructures in their as-cast
state. Traditional metallurgical processing of EHEAs leads to limited improvements in strength and ductility due to the formation of a coarse lamellar structure. Additive manufacturing,
particularly laser powder bed fusion (L-PBF), enables the construction of intricate three-dimensional structures by incrementally adding thin layers, overcoming geometric constraints.
However, the phase transition process of EHEAs from liquid to as-deposited state is constrained, particularly during the rapid heating and cooling inherent in the L-PBF process. This can
induce metastable phases under these non-equilibrium conditions, significantly affecting the properties of the printed EHEA. The implementation of an operando X-ray diffraction device at a
synchrotron beamline, harnessing the high brilliance and swift detectors available, serves as the vital bridge to numerical methods. Our pre-alloyed powder, with a nominal composition of
NigoCogoFeq;Cry1Alyg, exhibits a lamellar structure consisting of B2 and FCC phases as predicted by thermodynamic phase equilibrium calculations. During the L-PBF process, a novel BCT

phase emerges during solidification. Operando X-ray diffraction, employed during L-PBF, provides a real-time measurement of phase transitions and structural evolution in EHEA. This study
not only establishes the relationship between processing and phase constitution but also illuminates how kinetics influence morphology and property control.

2:15 PM CH01.02.03
Understanding Graphene Inception and Growing by Investigating Early-Stage Particle Formation Ornel Padillal, Kyle J. Daun?, Hartmut Wiggers® and Christof Schulz!; 1IVG, Institute
for Energy and Materials Processes — Reactive Fluids, and CENIDE, Center for Nanointegration Duisburg Essen, University of Duisburg-Essen, Germany; 2University of Waterloo, Canada

Microwave-assisted plasma synthesis is a promising pathway for large-scale production of few-layer graphene flakes. One of the challenges associated to the advancement of this process, is to
develop a better understanding of the stages of inception and growth of graphene, as well as of the connection between the synthesis conditions, the reaction conditions in the gas phase, and the
quality of the material obtained.

In a microwave-assisted plasma reactor, the carbon-bearing precursor enters the plasma region and gets decomposed into smaller reactive fragments, such as C, H, H,, C,, C,H,, and CO. These

reactive fragments then leave the plasma region, where they form nuclei that rapidly grow into graphene?. The literature suggests connections between the type of structure formed and the

temperature gradient, residence time, and carbon concentration in the nucleation and growing zones?. Further, the use of low precursor content is common to prevent or reduce soot formation.
In this work, ethanol and ethylene are used as precursor to study graphene formation. The first one is a common precursor used in the literature, and the second one is a known key intermediate
species during graphene formation. Key species formed during precursor decomposition which later become building blocks for graphene formation downstream have been analyzed in situ and
through exhaust gas sampling.

Optical emission spectrometry (OES) has been performed at different heights above the nozzle of the reactor, and light collection with a plano-convex lens was used to provide good spatial

resolution. Following the approach described in Ref. 3, several wavelength regions of key species light emission were selected, and for each wavelength region the measurement conditions
were fixed for proper comparison of signals at different heights above the nozzle (HAN). Spectra corresponding to C and C, appeared at higher HAN. When increasing HAN, light emission

corresponding to CH first increases and then decreases in intensity for both precursors. Emission from the HB Balmer, important for determination the electron density, could be well
distinguished from background radiation. With ethylene as precursor, C, CH, C,, and H emissions were stronger than with ethanol. Analysis of collected material by TEM show characteristic

folded layers of graphene. With ethylene as precursor graphene and soot were formed in parallel, while ethanol led to the formation of graphene only. FTIR, light scattering, and thermophoretic
sampling from the post-plasma region will provide further information about particle nucleation and growth.

References

1. Dato, A. Graphene synthesized in atmospheric plasmas - A review. J. Mater. Res. 34, 214-230 (2019).

2. N. Bundaleska, D. Tsyganov, A. Dias, E. Felizardo, J. Henriques, F.M. Dias, M. Abrashev, J. Kissovski, A. Tatarova Microwave plasma enabled synthesis of free-standing carbon
nanostructures at atmospheric pressure conditions. Phys. Chem. Chem. Phys. 20, 13810-13824 (2018).

3. P. Fortugno, S. Musikhin, X. Shi, H. Wang, H. Wiggers and C. Schulz, Synthesis of freestanding few-layer graphene in microwave plasma: The role of oxygen. Carbon 186, 560-573 (2022).

2:30 PM CHO01.02.04
In Situ Observation of (Trans-) Formation of Oxide Nanoparticles during Chemical Vapor Synthesis Shradha R. Joshi, Martin A. Schroer, Maximilian Stepponat and Markus Winterer;
Universitat Duisburg-Essen, Germany

Characteristics of nanoparticles (NPs) such as microstructure and morphology determine their physicochemical properties and thereby their application potential. Particle characteristics and
correlated properties may be optimized by tuning relevant process parameters [1].

Chemical vapor synthesis (CVS) is a dynamic gas phase synthesis to generate NPs where the formation and transformation of NPs is mainly governed by the time-temperature T(t) profile in the
reactor [2]. Usually, the synthesized NPs are collected and characterized ex situ to determine various characteristics. This often leads to the loss of information due to artifacts during particle
collection, oxidation, hydration, surface reactions or ageing of NPs. Ex situ methods also limit insight into intermediate species. Reliable information about the dynamic processes in CVS and
related particle characteristics is only accessible via in situ observation.

Here, we present results on CVS of tin oxide (SnO,) and iron oxide (FeO,) NPs investigated in situ using high energy X-rays at synchrotron beamlines [3]. The key challenge in these

experiments is the low number density of the particles generated in the gas phase process which is about three orders of magnitude smaller than in corresponding bulk systems [4]. However,
due to high intensity X-ray sources at contemporary synchrotron radiation facilities and modern X-ray detectors it is nevertheless possible to obtain scattering and spectroscopy data.
A novel mobile CVS reactor is designed for these experiments which enables control of process parameters, especially the time-temperature T(t) profile and oxygen partial pressure p(O,) to
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produce oxide NPs. In situ small and wide-angle X-ray scattering (SAXS and WAXS) are used to study microstructure, morphology, phase composition and crystal structure. X-ray absorption
spectroscopy (XAS) is performed to study electronic and local structure.

[1] M. Winterer, Chemical Engineering Science, 186, 2018, 135-141

[2] M. Winterer, Nanocrystalline Ceramics: Synthesis and Structure, Berlin: Springer 2002

[3] M. A. Schroer, A. Levish, Y. Yildizlar, M. Stepponat, M. Winterer, Review of Scientific Instruments, 93, 2022, 113706

[4] A. Levish and M. Winterer, In situ cell for x-ray absorption spectroscopy of low volatility compound vapors, Review of Scientific Instruments, 91, 2020, 063101

Acknowledgements: This research is conducted at PETRA Il at DESY, Hamburg, Germany under the proposal numbers: 1-20211391 at beamline P64 for EXAFS, 1-20211320 and 1-20220812
at beamline P62 for SAXS/WAXS and 1-20220890 at beamline P21 for XRD. We gratefully acknowledge the German Research foundation (DFG) for funding through research unit FOR 2284
‘Model-based scalable gas-phase synthesis of complex nanoparticles' (W1-981/14 | INST 20876/395-1 FUGG).

2:45 PM BREAK

3:15 PM *CHO01.02.06
Synthesizing Well-Defined Pre-Catalysts for Multi-Modal Studies of Electrocatalysts under Reaction Conditions See Wee Chee; Fritz Haber Institute of the Max Planck Society,
Germany

Chemical conversion through renewable energy-powered electrocatalysis is a crucial technology in our green energy strategy. However, we still lack the fundamental understanding of working
catalytic structures under reaction conditions needed to enable the rational design of optimal catalysts for such applications. Even though operando studies can be used to investigate catalysts
during reaction, no single operando technique provides complete information about an electrocatalyst under reaction conditions because the relevant catalytic processes span several orders of
magnitude in length and time scales. Hence, multiple techniques are usually needed for such studies. Ensuring that we are looking at catalysts under self-consistent reaction conditions in the
different tools is not easy. The starting point towards addressing this challenge is the ability to make the samples in a controllable and reproducible manner. In this talk, I will discuss my
group’s work using different methods to synthesize model pre-catalysts with well-controlled characteristics for operando microscopy studies. Using such transferable synthesis protocols, we
further bridge the gap between various techniques with targeted measurements that correlate the structure and the properties of catalysts during reaction.

3:45 PM CHO01.02.07
In-Situ Synchrotron Light Studies of Cobalt Ferrite and Cobalt(l1) Oxide Synthesis via The Polyol Method: Uncovering Intermediate Phases through In-Situ XRD and SAXS

Monitoring Miran Baricic%, Roxana Mirshahi?, Youssef Snoussi’, Jasper Plaisier®, Lara Gigli®, Alessandro Mariani®, Barbara Sartori®, Sophie Nowak®, Paolo Centomo®, Davide Peddis®,
Souad Ammar® and Carlo Meneghini?; 1Universtié Paris Cité, France; 2Universita degli Studi di Roma TRE, Italy; 3Elettra Sincrotrone Trieste SCpA, Area Science Park, Italy; *Universita
degli Studi di Padova, Italy; ®Universita degli Studi di Genova, Italy

The synthesis of cobalt ferrite (CFO) and cobalt (1) oxide (CO) nanoparticles (NP-CFO, NP-CO) through the polyol method has garnered considerable interest due to their promising
applicative potential in fields such as catalysis, electronics, biomedical engineering, and magnetic materials science. Detailed knowledge of the processes taking place during synthesis is crucial
information for the precise adjustment of synthesis parameters. We have used synchrotron radiation X-ray diffraction (SR-XRD) and small-angle X-ray scattering (SR-SAXS) at the Elettra
synchrotron radiation facility, to monitor in situ the formation of NP-CFO and NP-CO during polyol synthesis. The analysis of time-resolved XRD and SAXS patterns provides insight into the
evolving crystallographic structure and morphological changes during synthesis.

Our findings reveal curious and original insights into the evolution of the reactant during the synthesis, such as the presence of intermediates (e.g., layered hydroxide salts, LHS) and the
appearance of sub-nanometre-sized precursor phases likely acting as pre-nucleation clusters of NP-CFO/CO phases. The in-situ monitoring allowed us to capture the dynamic evolution of these
intermediates, providing valuable information on their formation pathways and growth kinetics, which significantly affect the nucleation and growth processes of the cobalt-based nanoparticles.
The unambiguous identification of these intermediates sheds light on the intricate mechanisms governing the process and represents a crucial step towards optimising the polyol synthesis and
improving the purity and crystallinity of the final products.

The understanding of the synthesis dynamics and mechanistic insights gained from this in-situ study advance tailored synthesis strategies for producing high-quality NP-CFO and NP-CO
materials. This also provides relevant details for better interpretation of the magnetic properties of antiferromagnetic materials such as CO, which is critical to avoid ambiguities given its
relatively low magnetic signal.

4:00 PM CHO01.02.08
Multiscale Insights into Amalgamation Synthesis of Intermetallic Nanocrystals via In Situ X-Ray Scattering Florian Schenk?, Christian Prehal® and Maksym Yarema®; 1ETH Zurich,
Switzerland; 2University of Salzburg, Austria

Bimetallic nanocrystals are a family of materials with over > 20 000 potential members with a multitude of applications in catalysis, energy conversion and- storage, plasmonics and
magnetics.[l] Recently, a general synthetic approach for colloidal intermetallics via amalgamation was presented,[z] unlocking up to 1 000 potential new intermetallic nanocrystals. Combining
pre-synthesized metal seeds with a liquid metal, the intermetallic compound is formed via fast diffusion dynamics. This overcomes challenges of combining two dissimilar metals at the
nanoscale, such as contrasting oxidation potentials or epitaxial constraints. With accurate and predictive control over the size and composition, this synthesis provides access to a wide range of
tailor-made intermetallic nanocrystals. Further optimization and expansion of the amalgamation synthesis, however, requires understanding of the process on the atomic as well as on the
particle scale.

Here, we turn to in situ small- and wide-angle X-ray scattering as an ideal tool for observing size and size dispersion, as well as crystallinity and phase-dynamics in colloidal systems.[3‘6]. We
track multiscale reaction dynamics of colloidal intermetallics (Au-, Ag- and Pd-based alloys) in real time using a tailor-made reactor and reveal unprecedented reaction mechanisms in the
formation of intermetallics. Furthermore, we also provide a toolbox for in situ studies of nearly every nanocrystal synthesis since the combination of reactor and in situ scattering can be applied
to highly air- and moisture-sensitive protocols at temperatures up to 330 °C and down to millisecond timescales.

[1] K. D. Gilroy, A. Ruditskiy, H. C. Peng, D. Qin, Y. Xia, Chem. Rev. 2016, 116, 10414.

[2] J. Clarysse, A. Moser, O. Yarema, V. Wood, M. Yarema, Sci. Adv. 2021, 7.

[3] X. Chen, J. Wang, R. Pan, S. Roth, S. Forster, J. Phys. Chem. C 2021, 125, 1087.

[4] M. P. Campos, J. De Roo, M. W. Greenberg, B. M. McMurtry, M. P. Hendricks, E. Bennett, N. Saenz, M. Y. Sfeir, B. Abécassis, S. K. Ghose, J. S. Owen, Chem. Sci. 2022, 13, 4555.

[5] Q. A. Akkerman, T. P. T. Nguyen, S. C. Boehme, F. Montanarella, D. N. Dirin, P. Wechsler, F. Beiglbock, G. Raing, R. Erni, C. Katan, J. Even, M. V. Kovalenko, Science 2022, 377, 1406.
[6] M. Strach, V. Mantella, J. R. Pankhurst, P. lyengar, A. Loiudice, S. Das, C. Corminboeuf, W. Van Beek, R. Buonsanti, J. Am. Chem. Soc. 2019, 141, 16312.

4:15 PM CHO01.02.09
Controlled Synthesis of Self-Reduced CoO Decorated Co;0, Yi-Wen Lin, Sin-Pei Wang, Yen-Ling Wang, Karan Giri, Chun-Hua Chen, Chia-Yin Cheng, Shang-Jung Wu, Wen-Chieh

Hsieh and Hung-Shuo Chang; National Yang Ming Chiao Tung University, Taiwan

Nitrogen dioxide (NO,) is a common toxic gas in automobile and locomotive emissions, industrial combustion, and power generation. Long-term exposure to nitrogen dioxide will not only

cause photochemical smog and acid rain to pollute water, soil, and air but cause harm to human health, such as respiratory distress, heart failure, and pulmonary edema. Precise detection and
emission control of nitrogen dioxide are thus critical.
In this study, Co;0, nano-assemblies with different morphologies, including sphere, pillow-shape, and star-shape, were successfully produced via the polyol method at different reaction

temperatures. The appropriate operating temperature of these three nano-assemblies for having the highest gas responses were then evaluated under 1000 ppm NO,, and were then found to be
130 °C. The observed highest response approaching 207% was found for the pillow-shaped nano-assembly. The spherical Co;0, nano-assembly was selected for the subsequent self-reduction
study due to its relatively regular morphology among these three nano-assemblies. The spherical Co;0, nano-assembly was then reduced in a mixture of 95% nitrogen and 5% hydrogen with

various controlled temperatures and time for having a nanocomposite comprising coexisted multiple cobalt oxides. The Rietveld, x-ray photoelectron spectroscopy (XPS), and energy-dispersive
Xx- ray spectroscopy (EDX) were mainly performed to identify the phase fraction and chemical composition.

It was found that after reduction at 250 °C for 120 minutes, a heterogeneous nanocomposite comprising CoO (Co%*) (43 wt%) and Co30,4 (Co?*IC03*)(57 wt%) can be successfully obtained.
The XPS analysis confirmed that the amount of the surface adsorbed oxygen (Oc) and the oxygen vacancy (Ov) associated with O,-ions in oxygen-deficient regions within the matrix of Co;0,
2+
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increase with the increase of Co ions newly formed via the reduction procedure from Co30, to CoO, which is considered to be beneficial for improving gas sensing performance. The sensing
response at 400 ppm NO, at 130 °C increases from 61% of the unreduced Co30, nano-assembly to 91% of the self-reduced CoO / CozO,4 one. Compared with CH,, C,H6, C3H8, C,H;OH, and
CO, the self-reduced CoO / Coz0, nano-assembly exhibits excellent selectivity to NO,. The response of NO, is four times higher than that of other gases. Based on the dynamic recovery test,
the self-reduced CoO / Co30, nano-assembly shows a reproducible response.

Keywords: gas sensor, nitrogen dioxide sensing, Coz0,, reduction, selectivity, nano-assembly.

SESSION CHO01.03: Crystal Growth 111
Session Chairs: Xiaoging Pan and Haimei Zheng
Wednesday Morning, April 24, 2024
Room 442, Level 4, Summit

8:30 AM CH01.03.01
Dissolution Enables Dolomite Crystal Growth near Ambient Conditions Joonsoo Kim?, Yuki Kimura2, Brian Puchalal, Tomoya Yamazaki?, Udo Becker! and Wenhao Sun; tUniversity of
Michigan—Ann Arbor, United States; 2Hokkaido University, Japan

Crystals grow under supersaturated solutions. A mysterious counterexample is dolomite CaMg(CO,),, an abundant sedimentary mineral that apparently cannot grow at ambient conditions, not

even under highly supersaturated solutions. Using atomistic simulations, we show that dolomite initially precipitates a cation-disordered surface, where high surface strains inhibit further
crystal growth. However, mild undersaturation will preferentially dissolve these disordered regions, enabling increased order upon reprecipitation. Our simulations predict that frequent cycling
of a solution between supersaturated and undersaturated can accelerate dolomite growth by up to seven orders of magnitude. We validate our theory with in situ liquid cell TEM—directly
observing bulk dolomite growth under supersaturation cycles. This mechanism explains why modern dolomite is primarily found in natural environments with pH or salinity fluctuations. More
generally, it reveals that the growth and ripening of defect-free crystals can be facilitated by deliberate periods of mild dissolution.

8:45 AM CH01.03.02
Unveiling Multiple Transient States in Cerium Oxalate Crystallization and their Impact on Nucleation Rates Jade Raimbaultl, Maxime Durellez, David Carrierel, Corinne Chevallardl,

Frederic Gobeaux®, Mark Levenstein?, Fabienne Testard’, Florent Mallogi®, Ovidiu Ersen® and Dris Ihiawakrim?; 1CEA de Saclay, France; 2University of Leeds, United Kingdom; 3Institut de
Physique et Chimie des Matériaux de Strashourg, France

Crystallization from solution can occur through a “nonclassical” route where amorphous or liquid transient species are formed prior to final crystalsm. These intermediates, often ignored in
theoretical modeling, can however have a significant impact on crystallization mechanisms and therefore on nucleation rates. Most industrial processes still rely on single step Classical
Nucleation Theory (CNT) and then overlook cases where these routes are followed.

Cerium oxalate, a well-known surrogate for plutonium oxalate in nuclear waste recycling, shows evidence of a transient amorphous structure prior to crystallization[zl. However, we revealed
that not one, but two non-crystalline transient species are involved: amorphous nanoparticles and dense liquid droplets. Formed in less than a minute, they may also coexist depending on the

chemical conditions3]. It challenges not only their characterization but also their theoretical description, making the validation of a nucleation model even more delicate.

We used in situ X-ray scattering at synchrotron and liquid cell TEM to characterize cerium oxalate precipitation down to the millisecond reaction times and the nanometer scale. In addition to
their identification, we confirmed the amorphous and liquid nature of these intermediates. Their impact on experimental nucleation rates was also assessed and revealed a drastic increase when
liquid droplets are formed, far from the values expected by a single step model. Finally, we determined the different phase transition mechanisms involved depending on the nature of the
transient structure, which gives us a hint on compatible nucleation theories.

References :

[1] Yoreo, J. J. D. et al. Crystallization by particle attachment in synthetic, biogenic, and geologic environments. Science 349, aaa6760 (2015)

[2] Rodriguez-Ruiz, I. et al. Ultra-fast precipitation of transient amorphous cerium oxalate in concentrated nitric acid media. CrystEngComm, 20, 3302-3307 (2018)

[3] Durelle, M. et al. Coexistence of Transient Liquid Droplets and Amorphous Solid Particles in Nonclassical Crystallization of Cerium Oxalate. J. Phys. Chem. Lett. 13, 8502-8508 (2022)

9:00 AM CHO01.03.03
Formation of Highly Branched Nanocubes through Multi-Stage Oriented Attachment of Pt Nanoparticles Yuna Bae, James J. De Yoreo and Dongsheng Li; Pacific Northwest National
Laboratory, United States

Crystals grow through various pathways, such as monomer-by-monomer addition and attachment processes among ions, amorphous or crystalline particles, and clusters. Oriented attachment is
a common path for crystal growth. The process of particle attachment is determined by the interplay between particles, i.e. interparticle forces, including vdW attraction, hydration repulsion,
steric hindrance, and electrostatic interactions, which depend on the liquid-solid interfacial structures at particle surfaces. Herein, we investigate the formation process of branched Pt nanocubes
via oriented aggregation of nanoparticles using a combination of cryo TEM, liquid-phase TEM, and simulations. Initially, primary nanoparticles of 2 to 3 nm in size are generated and then
agglomerated to form a cluster. This cluster will further grow through nanoparticle and cluster aggregation. The nanoparticles within the cluster are spatially separated at early stage and
continuously rearrange their alignment via oriented attachments, leading to clusters with core/shell structures. The inner particles in the cluster begin to attach on the (100) plane forming the
cube-shaped core. At later growth stage, nanoparticles attach along the (111) plane, forming branched rods on top of the cube as the shell. The core/shell structure finally evolves into a
branched cubic mesocrystal through the gradual ordering. Low pH and high chloride ions can induce changes in the surface structure and charge between clusters and nanoparticles, leading to
the nanoparticles preferentially attaching along (100) at the early stage and (111) at the later stage. Simulations based on molecular dynamics and density functional theory will be also
performed to examine the influence of HCI and formates on Pt (100) and (111) surfaces, elucidating their relationship with (100) and (111) attachments at different chloride ions.

9:15 AM CHO01.03.04
Inline Spectroscopic Investigation of Metal Patch Growth on Spherical Nanoparticles in Continuous Flow Julia S. Seifert, Andreas Voelkl and Robin N. Klupp Taylor; Institute of
Particle Technology, Germany

Plasmon resonant nanoparticles have been extensively investigated over the last decades due to their promise in a wide range of applications (e.g. theranostics, pigments, sensors,
photocatalysts). As the tunability of the resonant frequency of isotropic plasmonic nanoparticles (NPs) is limited, anisotropic particles can be used to expand the available property space. One
example of anisotropic plasmonic NPs are patchy particles, where noble metal patches with controlled size and morphology are deposited onto a dielectric core particle. We have demonstrated
these particles to have a wide optical tunability and scalable production in a continuous flow process. However, there is still a lack of predictive models for patch formation, hindering further
process optimization. To obtain the kinetic parameters for such models, in situ characterization of the growing patches is required. Addressing this, the present contribution will give details of a
purpose-built inline spectroscopic setup and the results obtained with it.

Inline measurements to understand the continuous flow growth of various types of nanoparticles have been reported in the literature. In the case of noble metal nanoparticles, a change in size
and morphology can be detected via a change in the optical spectrum. Consequently, inline extinction spectroscopy offers an easily accessible tool to follow the particles’ structural evolution in
time.

To investigate the patch growth under well-mixed conditions, we use a continuous inline spectroscopy setup which consists of a polyamide T-mixer connected to a rectangular borosilicate glass
tube. The latter is mounted on a linear stage on an optical pegboard. Via an automated protocol, the glass tube is moved through a fixed measurement position of a fiber spectrometer. Thus,
each position along the glass tube corresponds to a specific reaction time. An adjustable spacer tube can be used to obtain data at later residence times.

Using measurements at different reaction conditions, we collect kinetic data for model development. To validate our measurements, we utilize a quenching approach which freezes the metal
patches at various growth stages and thus enables them to be investigated via ex situ characterization techniques. Correlating in situ and ex situ data, we show that a kinetic model for the
formation of patchy particles valid for a wide range of reaction conditions can be established, paving the way for further process optimization and automation.
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9:30 AM BREAK

10:00 AM *CHO01.03.05
In Situ Liquid Phase TEM of Chemical Reactions and Materials Transformations Haimei Zheng; Lawrence Berkeley National Laboratory, United States

The recent development of liquid phase transmission electron microscopy (TEM) have enabled break-throughs in characterizing various chemical reactions and materials transformations. It has
unveiled many materials transformation dynamics, and the structure and bonding evolution in situ/in operando with high spatial resolution. Since the electron beam for imaging can also induce
perturbation to the chemical processes, it has been a concern that the observed phenomena in a liquid cell may deviate from the real-world processes. Strategies have been developed to
overcome the electron-beam induced issues, and to connect the observation with the real-world chemical reactions. Here, I will discuss various strategies in using liquid cell TEM to study
nucleation, growth, and self-assembly in solution, where electron beam is often used to initiate the reactions. Due to the complexity of the liquid cell TEM experiments, strategies are often
employed simultaneously, for example, low dose imaging, advanced electron microscopy techniques, carefully designed control experiments, multimodal characterization, and so on. The
multidisciplinary research has opened many new opportunities by merging different expertise and approaches together stimulating innovations and fostering novel discoveries.

10:30 AM CHO01.03.06
Early-Stage Nucleation Behavior of GaAs Nanowires on Si Substrate based on In-Situ TEM Chen Weil?, Jean-Christophe Harmand? and Federico PancieraZ; tUniversité Paris-Saclay,
France; 2Centre National de la Recherche Scientifique, France

To take advantage of the unique physical properties of nanowires (NWSs), it is crucial to accurately control their geometry, crystal structure, and doping level. This goal will ultimately be
achieved by a deeper understanding of the growth mechanisms.

Meanwhile, the initial stages of the growth process are the least understood and have been investigated almost exclusively by ex-situ techniques. Here, we present real-time observations of the
nucleation and growth of self-catalyzed GaAs nanowires using a transmission electron microscope (TEM) equipped with molecular-beam-epitaxy (MBE) sources. Custom-made floating
substrates, in the form of electron-transparent <111>-oriented Si membranes, were fabricated using MEMS (Micro-electromechanical Systems) technology. A combination of finite-element
simulations and Raman spectroscopy was used to accurately calibrate the sample temperature and optimize its design. The results were in good agreement and further verified by the dimension
and distribution of pre-deposited Ga droplets.

Nanowires were grown directly on the membrane inside the microscope via a vapor-liquid-solid mechanism as a practical MBE configuration and the process was monitored in situ and in real-
time with high spatial and temporal resolution. On the base of our direct observations, the main steps of this dynamic process, from Ga droplet deposition to crystal nucleation at the interface as
well as the vertical growth of nanowires will be discussed.

10:45 AM CHO01.03.07
Multiscale Mechanisms of Twisted Carbon Nanotube Yarns Probed In Situ by Soft X-Rays during Tensile Loading Philip M. Jean-Remy?, Daniel Malone?, Alec Schwartz!, Cheng

Wangz, Adam Golderl, Eric Meshot3 and Xavier Lepro Chavezl; 1L awrence Livermore National Laboratory, United States; 2| awrence Berkeley National Laboratory, United States; 3Atomic
Machines, United States

Resonant soft x-ray scattering (R-SoXS) can help realize the promise of data driven research in hierarchical materials whose structure spans multiple length-scales, such as carbon nanotube
(CNT) assemblies. Our prior work demonstrated the wealth of high-resolution and statistical data R-SoXS provides about chemical and structural morphologies across different length scales in
CNT materials [1]. CNTs are known as the strongest 1D material due to their covalent sp2 carbon bonds, hexagonal lattice, and cylindrical shape. However, piecing together CNTSs into
assemblies has proven to be so far a failed strategy to achieve the same elite performance metrics as individual CNTs. This highlights a critical deficiency in understanding the effects that the
processing of individual nanostructures has on the performance of their derived macroscale assemblies, thereby hindering the development of a process-structure- performance map for these
materials.

In this work, we propose a new method to decouple the distribution orientation of nanoscale tortuosity and the macroscale twist of CNT dry-spun yarns under applied loads via in- situ R-SoXS
probing at high energy (1200 eV) and low energy (280 eV), respectively. With this decoupling enabled by in-situ R-SoXS, we gain new insights on the deformation mechanisms of these yarns
which have been structurally reinforced with a novel vapor-phase polymer that is subsequently self-crosslinking [2]. Further, we examine how both the distribution orientation of the nanoscale
tortuosity of CNT bundles and the macroscale twist of the yarns evolve as a function of applied load for different processing conditions, including yarns with plasma-enhanced surface reactivity
prior to the polymer reinforcement. Better understanding of the multiscale structural behavior of CNT yarns as a function of processing will allow advances for the manufacture at large scale of
products based on ultra-strong, flexible, conductive fibers for aerospace, defense, communications, wearables, and biomedical industries.

1. Meshot, E. R., Zwissler, D. W., Bui, N., Kuykendall, T. R., Wang, C., Hexemer, A., Wu, K. J. J., & Fornasiero, F. (2017). Quantifying the hierarchical order in self-aligned carbon nanotubes
from atomic to micrometer scale. ACS nano, 11(6), 5405-5416.

2. Lepro, X., Aracne-Ruddle, C., Malone, D., Hamza, H., Schaible, E., Buchsbaum, S. F., Calonico-Soto, A., Bigelow, J., Meshot, E., Baxamusa, S., & Stadermann, M. (2022). Liquid-free
covalent reinforcement of carbon nanotube dry-spun yarns and free-standing sheets. Carbon, 187, 415-424.

Prepared by LLNL under Contract DE-AC52-07NA27344 and LDRD 20-ERD-023.

11:00 AM CHO01.03.08
Synthesizing New Ternary Nitrides with Guidance from In Situ X-Ray Diffraction Christopher Rom?, Shaun O'Donnell*?, Kayla Huang!?, Rebecca Smahat and Andriy Zakutayev?;
INational Renewable Energy Laboratory, United States; 2Colorado State University, United States; 3University of Illinois at Urbana-Champaign, United States

Ternary nitrides are an important class of functional solids, most famous for underpinning high-efficiency light emitting diodes. These materials are composed of nitrogen along with two other
elements (e.g., In,Ga,_,N for those light emitting diodes). However, making these materials is challenging, in part owing to the low reactivity of elemental nitrogen gas (N,), and the propensity

for nitrogen-containing solids to decompose at elevated temperatures (releasing N,). Metathesis reactions (also known as ion exchange reactions) can help us overcome these challenges and
keep nitrogen in the solid state to synthesize new ternary nitrides. For example, we have recently discovered that starting from lithium-containing precursors (e.g., LigWN,), we can conduct
metathesis reactions with ZnX;, salts (X = F, Cl, Br) to synthesize new Zn ternary nitrides (e.g., ZnsWN,). This presentation will focus on our recent work studying these kinds of metathesis
reactions using in situ X-ray diffraction, with an eye towards generalizing this synthesis approach to accelerate materials discovery.

11:15 AM DISCUSSION TIME

11:30 AM CHO01.03.10
Distinguishing Classical from Non-Classical Nanoparticle Growth Mechanisms by In-Situ X-Ray Diffraction Stephan Foerster, Manuel Wilke, Sascha Ehlert and Martin Dulle;
Forschungszentrum Jiilich, Germany

Hot-injection and heat-up synthesis routes are very commonly used for the controlled synthesis of nanoparticles with narrow size distribution and high crystallinity. These synthesis routes can
proceed via classical or different non-classical nucleation and growth pathways, the latter often involving pre-nucleation clusters or oriented attachment. For synthetic control is important to
have knowledge about the reaction pathways. To obtain fundamental insights into the nanoparticle nucleation and growth kinetics for these reactions is particularly demanding, because these
synthesis routes typically involve heating to temperatures above 200°C which is challenging for many in-situ experimental techniques.

We designed glass flask reactors to perform in situ X-ray diffraction (SAXS/WAXS) experiments to investigate the nucleation and growth kinetics of noble metal, semiconductor and oxidic
nanoparticles during heat-up synthesis up to 340°C. The analysis of the growth curves for varying heating rates, precursor/ligand ratios and plateau temperatures shows that the kinetics
proceeds via non-classical reaction paths involving the formation of amorphous prenucleation clusters, nucleation, oriented attachment and final growth by monomer consumption. [1,2]
Although these pathways are more complicated compared to classical nucleation and growth, one can identify kinetic phases of induction, nucleation and growth that are typically transected
during the synthesis.

For a quantitative analysis of the growth curves we extended classical nucleation and growth theory to account for amorphous transient or precursor states and particle aggregation e.g. by
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oriented attachment during the nucleation and growth phases. We find that this non-classical model is able to quantitatively describe all experimental growth curves. The model provides
fundamental insights into the underlying kinetic processes especially in the nucleation and growths phases with the occurrence of a transient amorphous state, the nucleation of crystalline
primary particles, particle growth and particle aggregation, all proceeding on overlapping time scales.

The described in situ X-ray scattering experiments together with the extension of the classical nucleation and growth model quantitatively describe the two most important mechanisms of non-
classical nucleation and growth routes, i.e. the formation of intermediate or transient species, and the particle aggregation processes.

[1] V. Leffler, S. Ehlert, B. Forster, M. Dulle, S. Forster, ACS Nano 2021, 15, 840-856
[2] V. Fokina, M. Wilke, M. Dulle, S. Ehlert, S. Forster, J Phys Chem C 2022, 126, 50

SESSION CHO01.04: Crystal Growth IV
Session Chairs: Qian Chen and Wenhui Wang
Wednesday Afternoon, April 24, 2024
Room 442, Level 4, Summit

1:30 PM CHO01.04.01
3D Structure of DNA-Protein 2D Lattice by Cryo-Electron Tomography Jianfang Liu; Lawrence Berkeley National Laboratory, United States

Programmable and self-assembled two-dimensional (2D) protein lattices hold tremendous potential in the realms of biological crystalline devices and nanoscale catalysis, signifying a pivotal
advancement from the fundamental building blocks towards intricate three-dimensional (3D) crystal structures. However, the creation of high-order lattices remains challenging, partly due to
the lack of a tool to precisely analyze the 3D structure of each building block within short-range-ordered crystals without averaging. In this study, we leveraged advances in cryogenic electron
tomography (cryo-ET) and the individual-particle electron tomography (IPET) technique to determine the 3D structure of each individual building block within short-range-ordered 2D protein-
DNA origami lattices. The building block features a DNA origami octahedral cage, composed of 12 DNA helical bundles, and encapsulates ferritin molecules. Our quantitative analysis of the
variations of conformations and orientational of these distinctive and asymmetric building blocks showed that ferritin loading exerted a negligible influence on the lattice unit-cell parameters.
However, the flexibility of the blocks themselves and their connectors significantly affected lattice fluctuations. These findings were further validated by molecular dynamics (MD) simulations
and juxtaposed with small-angle scattering (SAXS) data. This research offers an innovative approach to troubleshooting high-order crystallization by evaluating the crystal structure through the
lens of the 3D structure of each unit cell.

1:45 PM CHO01.04.02
Direct Observation of Key Aluminum Hydroxide Oligomers for Gibbsite Crystallization in Bayer Liquor by ToF-SIMS Juejing Liu?, Carolyn Pearce?, Xiaofeng Guo?, Kevin Rosso,
Zihua Zhu and Xin Zhang?; IPacific Northwest National Laboratory, United States; 2Washington State University, United States

The Bayer process, discovered over a century ago, is still not fully understood with regards to the mechanism of crystallization of y-aluminum hydroxide (y-Al(OH)3, gibbsite) from the Bayer
liquor. In order to gain a better understanding of this process, we utilized liquid ToF-SIMS to directly observe the evolution of Al oligomers in a sodium aluminate solution simulating Bayer
liquor. Our results were then validated through in-situ Raman, SAM-NMR, and DFT simulation. By comparing the change in the relative concentration of Al oligomers with +1 and -1 charge in
environments favoring the crystallization of gibbsite and solid sodium aluminate, we were able to identify three major Al oligomer candidates: iso-tetramers, iso-pentamers, and cyclic
hexamers. Our in-situ Raman results demonstrated that the relative concentration of iso-tetramers and iso-pentamers saturated when crystallized gibbsite appeared, while cyclic hexamers
saturated before the appearance of gibbsite. Liquid SAM-NMR and DFT simulation provided evidence that the Al oligomers were inherent in the solution, rather than fragments from bigger
molecules or crystals. We believe that the iso-pentamers and iso-tetramers exhibit a higher contribution than cyclic hexamers in terms of the crystallization of gibbsite. Our study expands
knowledge of gibbsite crystallization in Bayer liquor, which is crucial for optimizing Al metal production and cleaning up liquid radioactive waste at the Hanford site.

2:00 PM DISCUSSION TIME

2:15 PM CHO01.04.04
In Situ Near Edge X-Ray Absorption Fine Structures Spectroscopy for The Characterization of Deploymerization Rate during Polymer Recycling Zhengxing Peng, Mutian Hua,
Rishabh D. Guha, Kristin A. Persson, Brett A. Helms and Cheng Wang; Lawrence Berkeley National Laboratory, United States

The circular polydiketoenamine (PDK) elastomers cover a broad range of thermo-mechanical properties to meet various application demands, and they can be fully deconstructed back to
monomers through acid mediated hydrolysis. It is found that the deconstruction rates can be controlled by tuning the anions in the acidic media, i.e., the deconstruction rate is accelerated when
switching from a hydrogen sulfate anion to a bromide anion. To quantitatively quantify the deconstruction rate, we developed an in-situ NEXAFS method combining with time dependent
density function theory (TD-DFT) predictions to investigate the deconstruction of the PDK elastomers, which produced chemo-specific spectrums that are subsequently interpreted with specific
assignment to functional groups. Briefly, we sealed a PDK403 thin film with a layer of acid in a sandwiched SiNx membrane windows as the in-situ liquid cell for the collection of NEXAFS
spectrum. With careful manupulation of X-ray flux to avoid radiation damage, we consistenly observed an increasing peak at 289.4 eV and a decreasing peak at 286.6 eV over time, indicating
the progression of chemical transformation. With accurate peak assignemnt from DFT calculations, the increases at 289.4 eV is ascribed to the release of solvated T-403. The progressively
increase in the peak intenisty works for the quantification of depolymerization rate of PDK403. This is the first time to in situ characterize the deconstruction of crosslinked polymers as a solid
that do not dissovle in a solvent enviorment. This methodology opens up the possibility to characterize the chemical transformations in various crosslinked vitrimers and elastomers.

2:30 PM BREAK

3:30 PM CHO01.04.05
A Hard X-Ray Laboratory XES and XAFS Spectrometer Implementing Asymmetric Bragg Diffractions for High-Resolution Operando Measurements of Ni,P Nanoparticle

Electrocatalysts Anthony J. Gironda, Ricardo Rivera-Maldonado, Jared Abramson, Dawson Dean-Hill, Gerald Seidler and Brandi M. Cossairt; University of Washington, United States

X-ray spectroscopy techniques typically reserved for synchrotrons, namely x-ray absorption fine structure (XAFS) and x-ray emission spectroscopy (XES), have been undergoing a renaissance
in the laboratory over the past decade. Advancements in detector technologies and Bragg optic manufacture has enabled high resolution (~1 eV) XAFS and XES spectrometers to be built in the
lab. Spherically bent crystal analyzers (SBCAs) are the dominant high-resolution hard x-ray optic both in the ongoing rebirth of laboratory-based and in synchrotron hard x-ray photon-
in/photon-out methods. In almost all cases, SBCAs are implemented in a ‘symmetric’ configuration on the Rowland circle, wherein the diffracting crystal plane is nominally coincident with the
analyzer wafer surface. The laboratory spectrometer described is a powerful characterization tool capable of in situ and operando measurements across many disciplines while implementing
asymmetric Rowland geometries with many benefits.

This work details the following. First, the construction and operation of a laboratory spectrometer specialized in operating with asymmetric Rowland geometries, wherein the diffracting crystal
plane is not coincident with the optical surface of the analyzer. Results indicate several benefits of such an instrument, demonstrating increased energy resolution compared to the symmetric
counterpart and a massively extended energy range of a single SBCA, enabling a technique we refer to as ‘hkl hopping’. Second, the design and implementation of a low-absorption electrolytic
cell optimized for transmission XAFS measurements. This cell enables operando x-ray measurements of catalytic materials in the laboratory due to a clear line of sight to the sample window
and very thin low-Z materials to minimize unwanted x-ray absorption outside the sample. Third, the use of such a cell and the laboratory spectrometer for operando measurements of a Ni,P

nanoparticle electrocatalyst. Ni,P is an earth-abundant material proposed for use as an electrocatalyst for hydrogen evolution, nitrate reduction, CO, reduction, and alcohol oxidation. However,
Ni,P is susceptible to oxidation. Several studies on the material and operating cell were conducted with the laboratory spectrometer, measuring the XAFS of the Ni K-edge to monitor changes

in oxidation state with respect to changes in pH, air exposure, and applied potential as the cell operates and is measured simultaneously. Measured in the laboratory, synchrotron quality data of
nanoparticle stability and assessment of cell performance is made possible, and through a sweeping series of experiments controlling pHs and applied potentials, a pseudo-Pourbaix diagram of
nanoparticle Ni,P can be constructed.

3:45 PM CHO01.04.08
In Situ X-Ray Imaging of Droplet Drying with Dense Particle Suspensions: Exploring the Mechanism of Coffee Ring Formation Yuanyuan Liu, Wajira Mirihanage and Brian Derby;
University of Manchester, United Kingdom
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Droplet deposition and drying is a key process in many manufacturing processes including: the spray deposition of paints and coatings, inkjet printing, and the manufacture of large area
electronics. During the drying of droplets that contain small particles in suspension, it is well known that, under certain experimental conditions, the dried residue does not form a uniform
deposit related to the shape of the initial liquid drop but instead a migration of particles to the pinned contact line of the drop leads to a characteristic ring deposit or coffee stain. In dilute
particle suspensions this phenomenon is believed to be initiated by contact line pinning during evaporation, which leads to a radial outward fluid flow along the base of the drop increasing the
local particle concentration at the contact line because evaporation removes the solvent. The precise conditions that trigger the formation of a coffee ring are still a topic of investigation but are
believed to be associated with the mechanisms that lead to contact line pinning before the receding contact angle is reached during drying.

There has been considerable experimental study of the drop drying process and in situ imaging of dilute particular suspensions using optical microscopy and individual particle tracking
experiments has prove valuable for studying the dynamics of the coffee ring and fluid flow during droplet drying. However, many of the real-world applications of droplet-based manufacture
use dense particulate suspensions as the fluid or ink and, although it is known that such dense suspensions can form a coffee ring, study of droplet drying in these cases has been limited to
observing the change in drop shape.

Here, we present an in situ study of the drying of dense suspensions of sub-micron ZrO, particles in aqueous suspension using a synchrotron X-Ray source to track changes in drop volume and

shape during drying at 20, 45 and 60 °C on glass, silicon and Kapton substrates that show different contact angles of 24°, 36° and 73° respectively. We show that if the drop retains radial
symmetry during the drying process, the signal intensity across the drop image can be transformed to determine the local density of the suspension and from this a semi-quantitative measure of
the particle concentration in the liquid as a function of vertical and radial position in the drop. Hence, we can track the relative densification of the particle suspension as a function of position
during the drying of the drop.

Coffee rings are found to form more easily on the lower contact angle surfaces and at higher drying temperatures where evaporation is more rapid. Our results show that the density profile
across drying drop is significantly different between drops that show uniform drying and those where a coffee ring forms. In the absence of a coffee ring, densification commences across the
surface of the drop in a uniform manner and there is evidence for a possible surface crust during drying. However, under the conditions that lead to a coffee ring, initial densification is also
more intense at the upper surface but is now much stronger towards the contact line. It is unclear whether the surface crust formation suppresses coffee ring formation or is a consequence of its
absence.

4:00 PM CHO01.04.09
Continuous EELS Spectrum Imaging of Nano-Droplet Crystallization Heterogeneity Benjamin Miller, Liam Spillane and Cory Czarnik; Gatan, Inc., United States

Electron energy loss spectroscopy (EELS) is a powerful technique for characterizing nanomaterials. A number of materials properties can be extracted from the information-rich spectra. One
application is nano-thermometry, where the local temperature of individual metal nanoparticles can be measured by a precise determination of the plasmon peak position. As thermal expansion
increases a particle’s volume, the density of electrons decreases, and the energy loss of the plasmon peak shifts to lower energies. This same approach can be used to detect melting and
crystallization, which result in much larger changes in the electron density. Continuous acquisition of EELS data enables precise determination of the melting and crystallization temperatures.
Using the new in-situ EELS spectrum imaging features of the Continuum GIF, a continuous series of drift-corrected spectrum images can be acquired over an ensemble of particles, and the
melting and crystallization behavior monitored.

In this work, we show how a series of EELS spectrum images can be acquired and processed along with the temperature data from a MEMS-based heating holder. With modern fast detectors
and spectrometers, spectrum images with thousands of spectra can be acquired in less than a second, making continuous in-situ spectrum imaging feasible. The holder temperature data is
automatically synchronized and correlated with EELS spectrum image data. We also show how the entire series of in-situ EELS spectrum images can be rapidly fit using the built-in NLLS
tools in DigitalMicrograph, yielding series of synchronized fit maps. After summing over a single nanoparticle, plots of the peak position over time can be generated, and even plotted against
the nominal temperature from the holder in scatterplots.

This new in-situ EELS spectrum imaging capability has been applied to a Sn nanoparticle sample which was oscillated above and below its melting temperature. Watching the maps of plasmon
position over time reveals that while all the Sn particles crystallize during most cycles, and most particles crystallized during every observed cycle, some particles occasionally did not
crystallize even though surrounding particles did. This heterogeneous and stochastic behavior at the nanoscale can only be observed with high spatial and temporal resolution. In-situ electron
microscopy, and specifically in-situ EELS spectrum imaging is an excellent technique for exploring these dynamics.

4:15 PM CHO01.04.10
Solid Nanoparticles and Liquid Droplets on The Path to Crystallization in Solution: Some Fundamental Questions on Nucleation Addressed with Synchrotron X-Ray Scattering
Methods. David Carriere; CEA, France

Crystallization from solution often involves transient, non-crystalline states like reactant-rich liquid droplets and amorphous particles [1]. This state of affairs not only challenges the chemical
engineering models used to rationalize laboratory- and industrial-scale processes, but also motivates deep experimental tests of the multistep nucleation theory proposed as an alternative to the
well-known classical nucleation theory of Becker and Doering [2]. However, testing both engineering and physical models requires challenging quantification of the structures and phases
(sizes, volume fractions, crystallinity, compositions), down to the millisecond reaction times and sub-nanometer characteristic lengths.

Here, 1 will illustrate how coupling synchrotron X-ray methods and electron microscopy can tackle challenging scientific questions in the crystallization of oxide nanoparticles, vanadates and
rare-earth oxalates through: 1) providing evidence of transient structures, and sometimes multiple transient structures, together with growing crystals [3-6] 2) assessing the impact of these
transient phases on the final product, in particular when it consists of nanometer-sized aggregates of nanocrystals [5] 3) providing evidence of an evolution in the chemical composition of the
transient phases [6] and 4) assessing the impact of the transient phases on chemical engineering models [7].

References
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SESSION CHO01.05: Poster session |
Session Chairs: Liang Jin and Dongsheng Li
Wednesday Afternoon, April 24, 2024
Flex Hall C, Level 2, Summit

5:00 PM CHO01.05.01

Atomic Scale Imaging of Defects in Solution Grown Tin Disulfide Naveen Goyal, Rajeev Kumar Rai and N. Ravishankar; Indian Institute of Science, India

Tin disulfide (SnS,), a layered material, has gained substantial attention in recent years due to its applications in various fields, including broadband photodetection spanning from UV to NIR
regions, selective room-temperature gas-sensing of NO,, serving as an anode material in sodium-ion batteries, and application in supercapacitors.! These applications arise are a result of a
synergistic interplay between SnS,’s inherent properties and the precise engineering of defects, such as vacancies, dislocations, and grain boundaries.? Along with these, other defects such as

ripplocations are also present exclusively in layered materials.3 The control of such new defects and their influence on the properties and applications of layered materials is currently a wide
subject of study.

In this study, we utilized the solution chemistry method to synthesize nanocrystals of SnS,. The phase purity of these nanocrystals was confirmed through powder X-ray diffraction, and their
uniform nanosheet morphology was evident from SEM images. We have conducted a comprehensive analysis of defects using advanced microscopic techniques, specifically using aberration-
corrected scanning transmission electron microscope. By directly imaging the layers of SnS, along [100] zone axis, we identified the presence of various defects at the core of nanocrystal,
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including line and screw dislocations, voids and warping of layers. While dislocations and voids are well-documented in various materials, the ripplocations appears to be a unique characteristic
of van der materials like SnS,. These defects are believed to result from local variations in supersaturation during the nucleation and growth of the crystnnal. This type of investigation is

expected to yield valuable insights for tailoring the properties of layered materials.

References:

1. Eom, T. H. et al. Substantially improved room temperature NO2 sensing in 2-dimensional SnS2 nanoflowers enabled by visible light illumination. J. Mater. Chem. A 9, 11168-11178 (2021).
2. Liang, Q., Zhang, Q., Zhao, X., Liu, M. & Wee, A. T. S. Defect Engineering of Two-Dimensional Transition-Metal Dichalcogenides: Applications, Challenges, and Opportunities. ACS Nano
15, 2165-2181 (2021).

3. Gruber, J. et al. Evidence for Bulk Ripplocations in Layered Solids. Sci. Rep. 6, (2016).

5:00 PM CH01.05.03
Synthesizing Nanomaterials with Optimal Properties using Closed Loop Optimization Brenden Pelkie, Abdul Moeez and Lilo D. Pozzo; University of Washington, United States

Many nanomaterial synthesis procedures require the selection of several experimental parameters to control the properties of the material that is produced. While this can provide detailed
control over material properties, navigating this high dimensional parameter space to select values that enable desired outcomes can be an intractable process. While the applications of
laboratory automation makes the systematic testing of parameter combinations more accessible, complete combinatorial explorations can still be inefficient or impossible for large systems.
Closed loop optimization methods like Bayesian optimization provide a method to autonomously select experimental parameter values to test, on-the-fly during an ongoing experiment. These
approaches use machine learning methods to select parameters that are likely to improve a material’s performance, as defined by a researcher-defined metric. Implementation of fully closed
loop experiments requires capabilities for automated sample synthesis, characterization, and data processing. We are developing infrastructure to enable closed loop optimization for
nanoparticle systems. To enable automated synthesis, we have developed an open-hardware robotic motion platform to enable flexible lab automation for advanced synthetic capabilities and
automated flow synthesis tools for nanoparticle synthesis. Online characterization is enabled by an autosampler and automated data processing workflow for lab-scale x-ray scattering. These
capabilities are applied to gain morphological control of various nanoparticle synthesis processes.

5:00 PM CHO01.05.05
The Operando SAXS Characterization of The Binary Mixing of F127/L121 Pluronic Biomedical Hydrogels in The Self-Assembly Tz-Feng Lin and Wei-Chieh Wang; Feng Chia
University, Taiwan

Pluronic biomedical hydrogels (PBHs) was proposed to study the structural changes in the self-assembly of binary mixing copolymers. PBHs are served as a microenvironment and a as a
targeted drug delivery system offering many attractive benefits such as intrinsic biocompatibility and controllable prolonged drug delivery.Small angle X-ray scattering (SAXS) was used to
discover the self-assembled structures of the PBHs in real time with respect to the temperature variations. According to the SAXS results, structural changes of the micelle and the lamellar
affected the mixing behavior of hydrophilic segments and hydrophobic segments. Thus, the transformation between the flat lamellar amphiphilic boundary and the hydrophobic core was
studied. Results show that the diffusion of the amphiphilic segments in the PBHs will affect a lot across the interface between the hydrophilic corona and the hydrophobic core. Evidence are
observed for the self-assembly of PBHs at the temperatures from 25 to 45 °C simultaneously.

SESSION CHO01.06: Crystal Assembly and Transformation
Session Chairs: Miaofang Chi and Dongsheng Li
Thursday Morning, April 25, 2024
Room 442, Level 4, Summit

10:30 AM *CHO01.06.01
In and Out-Of-Equilibrium Assembly Dynamics of Nanoparticles Qian Chen; University of Illinois at Urbana-Champaign, United States

In this talk, I will discuss our recent efforts on utilizing liquid-phase TEM imaging and associated machine-learning or computational simulation methods to understand the fundamental
colloidal forces in both equilibrium and out-of-equilibrium assemblies of nanoparticles. Anisotropic gold nanoparticles are our model systems, with intriguing plasmonic properties and
directional interactions. We study their nucleation pathway and growth habits in real-time in solution at the nanometer resolution, where colloidal interactions balance with mass transport to
ultimately determine the size, shape and surface morphology of assembled superlattice. We study the phononic relaxation of the superlattices, where complex colloidal interactions act
effectively as nanoscale springs to determine the collective structural reconfiguration. Going beyond equilibrium dynamics, we also study the external field driven assembly of nanoparticles,
where hydrodynamic effects drive the nanoparticles into active “swarms” with rapidly-changing patterns. We will show new structural control and new functional relevance in these particulate
systems, when we consider both the colloidal interactions and all the other factors such as diffusivity, many-body effects, and ionic flows.

11:00 AM CHO01.06.02
Multiphase Silk Assembly for Two-Dimensional Bio-Crystal Film Chenyang Shi and James J. De Yoreo; Pacific Northwest National Laboratory, United States

Early insights into native silk fibroin (SF) architecture suggested that its unique structures and properties are determined by its multiscale assembly and the evolution of its secondary structure.
Yet the pathways of assembly and the relationship to that evolution are poorly understood. Here we investigate SF self-assembly using in situ AFM and liquid phase infrared nanospectroscopy
(nano-FTIR) and molecular dynamics. To do so, we assemble the silk at the interface between water and highly ordered pyrolytic graphite (HOPG). We find that SF grows heteroepitaxially on
HOPG into highly ordered, monolayer-thick 2D nanocrystals consisting of 1D lamellae that exhibit B-sheet secondary structure and lie along the armchair direction of HOPG. Molecular
dynamics simulations show that the armchair orientation is indeed energetically favored, as is polar packing to form a bilayer. As the SF concentration increases, SF assembles into multi-layers
via two pathways that can occur concomitantly. One is a non-classical pathway by which a disordered metastable film forms on top of the lamellae of the first monolayer and gradually converts
into the lamellar structure. The second is a classical layer-by-layer pathway by which new lamellae grow homoepitaxially on the underlying 2D lamellae nanocrystals without any evidence of
an intermediate state. Appling synchrotron based tip-enhanced nano-IR to SF assembly for the first time, we demonstrate that the -sheet conformation is adopted from largely unstructured SF
in solution as the lamellae advance along the classical pathway or during the process of film transformation along the non-classical pathway. These new findings fill in the missing pieces of the
puzzle showing how SF structure evolves at the liquid-solid interface and provides inspiration for the design of heterogeneous 2D SF bio-crystal film.

11:15 AM CH01.06.03
Microfluidics for Programmable Self-Assembly of Gold Nanorods Pandillapally Rama; Indian Institute of Technology Hyderabad, India

Self-assembly of nanomaterials is an effective tool for developing functional assemblies and nano devices that can be used for a multitude of electrical, biomedical, and mechanical applications
to name a few. We focus on the self-assembly of anisotropic gold nanomaterials, gold nanorods (GNR) in our work, since gold nanorods possess unique optical properties that can be tailored
based on their aspect ratios. The side-to-side, end-to-end and self-assembly of GNRs have been a topic of intense research due to both the challenges involved in achieving such assemblies and
their application in surface enhanced Raman spectra (SERS) signal enhancements. Several studies show the assembly of GNR using solvents (Ethylene diamine tetra acetic acid (EDTA), tetra
hydrofuran (THF), dimethyl formamide (DMF)), pH, temperature, surfactants, co-polymers and other conditions. However, a systematic analysis and thereby understanding of the mechanism
of assembly/dis-assembly and the resultant influence of several contributing parameters is a limitation in these studies. The lack of reproducibility and kinetic control over the reaction make
such analysis challenging in the methods used in the studies.

In the current work, we use droplet microfluidics to analyze the solvent based (EDTA) self-assembly of GNR. The GNR are encased in a ‘micro-vessel” droplet within which reaction with
EDTA happens is automated and proceeds reproducibly and controllably. We vary the concentrations of EDTA, change the drop size and also the ratio of aqueous to continuous flows and look
at the shift in the resonance spectral wavelength of the clusters hence formed. The spectral shifts in these studies show the individual interaction of GNR with EDTA with respect to the aspect
ratio of the GNR, size and shape of the individual particles. The study also shows the effect of mixing, leading to different results in each scenario. We performed a systematic analysis of the
interaction and are currently working on programming and optimizing a general assembly strategy for GNR.

11:30 AM CH01.06.04
Unraveling Self-Assembly with Liquid Resonant Soft X-Ray Scattering for In Situ Measurement of Mesoscale Structure with Chemical Specificity Peter Beaucage, Lucas Flagg and
Dean M. DeLongchamp; National Institute of Standards and Technology, United States

Resonant soft x-ray scattering (RSoXS) is a new characterization technique that offers insights into mesoscale structure with chemical specificity and the ability to probe molecular orientation.
It does this by performing conventional small-angle x-ray scattering at a series of low photon energies (285 eV at the carbon K-alpha edge) as in x-ray spectroscopy. RSoXS was originally
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developed around and has been applied to great effect in morphological characterization thin films of organic semiconductors. Recently, our team has developed the first quantitative fitting
engine for RSoXS data using GPU-accelerated forward simulation of real-space morphologies and applied this software to measure the orientation distribution in polymer-grafted nanoparticles,
reverse osmosis water membranes, and several other families of industrial materials.

The promise of RS0XS as a label-free alternative to SANS has not been fully realized, however, largely due to great difficulties in the study of liquid samples, or indeed practically any sample
without significant structure factor contributions. This limitation arises because of the very feature that makes RSoXS unique: at the low photon energies used for organic molecules, a typical
absorption length is about 500 nm. RSoXS measurements are, therefore, overwhelmingly conducted on thin films and typically on highly concentrated samples due to the extremely small probe
volume. The design of the NIST RSoXS beamline at the National Synchrotron Light Source-11 addresses this issue by incorporating a TEM port holder in the chamber; the sample thicknesses
required for electron beam transparency are similar to those required for soft x-rays. We have procured a commercial TEM liquid cell capable of encapsulating a 500 nm film of flowing liquid
between two thin silicon nitride membranes.

This talk will discuss the commissioning of the cell, our first RS0XS measurements of dilute biomolecules in solution, and our recent efforts to combine solution RSoXS with solution SANS
measurements to obtain a greater-than-sum-of-the-parts characterization of self-assembly processes and mechanisms in bioformulations. We will discuss the future extension of the liquid
RS0XS technique to the in situ study of electrochemically active thin films in the hydrated state, and how measurements of pure form factor scattering enabled by the liquid sample environment
and combined SANS-RS0XS experiments will enable quantitative understanding of the localization of additives during complex self-assembly processes.

SESSION CH01.07: Crystal Assembly and Transformation I
Session Chair: Wenhui Wang
Thursday Afternoon, April 25, 2024
Room 442, Level 4, Summit

1:30 PM *CH01.07.01
Filming Photoinduced Ultrafast Phase Transformation of Vanadium Dioxide at The Single Nanoparticle Level Oh-Hoon Kwon; Ulsan National Institute of Science and Technology,
Korea (the Republic of)

Visualizing structural rearrangements at the atomic/molecular level is essential in understanding the functions of matter. Once isolated, a molecule’s intermediate and transitional structures
during a chemical reaction may be routinely determined via ultrafast spectroscopy with femtosecond temporal precision. When the structural degrees of freedom increase, e.g., condensed
matter comprising countless atoms or organized molecular units, local nanoscale structural defects become prevalent, and thus, the physical processes of each singularity do not proceed as those
in bulk and even diverge. If controlled, these structural defects may yield functional benefits and be exploited to overcome the current technological challenges ranging from catalysis to
quantum computing. Because the ensemble natures of spectroscopic measurements do not reveal the characteristic transition of each nanoscopic structure, simultaneous spatiotemporal imaging
is required to resolve complex processes, hierarchically spanning small-amplitude, ultrafast atomic displacements to collective structural rearrangements at expanded spatiotemporal scales. As
an energy filter in transmission electron microscopy has improved the precision of structural determination by filtering out inelastic imaging electrons, introducing the energy filter to ultrafast
electron microscopy (UEM) can advance the time resolution to the domain of atomic motion. Imaging transient structures with femtosecond temporal precision was made possible by gating
imaging electrons of narrow energy distribution from dense chirped photoelectron packets, thus typically posing picosecond duration. Presented are the concept and proof-of-principle
demonstration of the energy-filtered UEM achieving the temporal resolution limited by the briefness of an optical excitation pulse, i.e., 500 fs in this study, filming ultrafast insulator-to-metal
phase transition of vanadium dioxide (VO,), a representative strongly correlated system. In this study, the heterogeneous phase transformations of VO, nanoparticles were revealed and

attributed to the emergence of a transient, low-symmetry metallic phase caused by different local strains. Our approach leads the access of electron microscopy to the timescale of elementary
nuclear motions, visualizing the onset of structural dynamics of matter at nanoscales.

2:00 PM CHO01.07.02
Characterization of Structural Transformations in Flash Annealed HZO Thin Films via Dynamic and Static Synchrotron Grazing Incidence X-Ray Scattering Cristian Ruano Arens?,

Valene Tjong?, Balreen Saini', Jonathan Hartanto®, Fei Huang?, Chanyoung Yoo?! and Paul C. McIntyre®%; 1Stanford University, United States; 2SLAC National Accelerator Laboratory,
United States

In order to extend computational power beyond the era of conventional area scaling of semiconductor circuits, back-end-of-line (BEOL) integration is a promising pathway towards 3D
integration of non-volatile memory with logic, to increase integration density and reduce latency and energy consumption associated with data transfer. With improved properties over
perovskite-structure ferroelectrics, HfO,-ZrO, (HZO) alloys are promising candidates for future nonvolatile memories because of their CMOS compatibility, sub-nanosecond switching speed,

and scalability of ferroelectric properties to the nanoscale. However, synthesis of ferroelectric HZO typically requires rapid high temperature heating to form the ferroelectric phase. Flash lamp
annealing (FLA) is a viable method for thermal processing of BEOL components in which sub-ms pulses of light potentially allow localization of steep temperature rises to the top layers of the
device stack, and protect underlying interconnect and front-end-of-line (FEOL) structures while crystallizing higher level materials. However, the short time scales and non-equilibrium nature
of the annealing technique complicates determining thermal gradients and has led groups to rely on model predictions, measurement of the underside temperature of the substrate, or
comparison between the performance of devices processed using rapid thermal anneal (RTA) or FLA to estimate the temperature rise of the surface layers. Because of the strict thermal budget
imposed on BEOL processing, it is vital to determine the time-temperature profile associated with non-equilibrium FLA processing.

Our work uses static and time-resolved synchrotron glancing incidence X-ray diffraction (GIXRD) for in-situ, quantitative temperature metrology to understand the temperature rise during FLA
processing of TiIN/HZO/TiN metal-ferroelectric-metal (MFM) capacitors. Time-resolved GIXRD was performed during FLA processing to observe, in real-time, the emergence of the
ferroelectric orthorhombic phase, thermal expansion of the crystal lattice, and changes in diffraction intensity due to the Debye-Waller effect under various annealing conditions. Static GIXRD
was subsequently performed to carefully monitor the changes in lattice parameter and diffraction intensity at discrete elevated temperatures. After careful calibration, we were able to compare
the changes in both of these parameters and quantitatively determine the temperature rise associated with various FLA conditions.

Using a sequential learning Gaussian Process, we have explored the process manifold to fabricate MFM capacitors with good remnant polarization (P, ~ 20 pC/cm®) and low coercive fields (E.

~ 1.2 MV/cm) while being cognizant of the thermal budget necessary to achieve devices of this performance. Thus, careful calibration has enabled exploration of the FLA processing space in
effort to yield optimal ferroelectric device performance within the strict thermal budget set by BEOL processing requirements. This study has advanced in-situ temperature metrology to explore
temperature transients and FLA processing effects in BEOL device stacks.

2:15 PM CHO01.07.03
Investigating The Dynamics of Photo-Reversible Polymer Hydrogels using In Situ Shear Rheology Michael C. Burroughs, Eleanor L. Quirk, Brendan M. Wirtz, Tracy Schloemer, Dan
Congreve and Danielle J. Mai; Stanford University, United States

Polymeric materials are often designed to be permanent, such that single-use convenience supersedes considerations of recyclability. For hydrogels, this approach has resulted in materials
comprising many components such as polymer precursors, crosslinking agents, and photoinitiators; such complex formulations preclude the chemical recovery of the original constituents. To
simplify the formulation of and encode recyclability into hydrogel materials, we report photo-reversible, network-forming polymers that are crosslinked and un-crosslinked using different
wavelengths of light. Light-driven un-crosslinking has potential as a low-cost, low-energy, on-demand recycling technology. Photo-reversible polymer hydrogels comprise multi-arm star
polyethylene glycol with terminal anthracene groups (PEG-anthracene). PEG-anthracene undergoes photo-crosslinking upon irradiation with ultraviolet light (UV, 365 nm) and un-crosslinking
upon irradiation with deeper UV light (265 nm). The photo-reversibility of PEG-anthracene with 3, 4, 6, or 8 arms (5 kg/mol per arm) was compared using UV-vis absorbance spectroscopy and
in situ dynamic rheology. Upon 365 nm UV exposure, PEG-anthracene solutions exhibited rapid gel formation indicated by crossovers from liquid-like to solid-like behavior during in situ
small-amplitude oscillatory shear rheology. During photo-crosslinking, more arms generally led to the quicker formation of stiffer materials. In contrast, polymers with fewer arms underwent
un-crosslinking more readily, indicated by changes from solid-like to liquid-like rheological responses. PEG-anthracene with fewer arms demonstrated liquid-like “recycling windows” that
allow for facile polymer solution handling prior to re-crosslinking. These findings demonstrate opportunities for on-demand recycling of photo-reversible polymers, as well as polymer
structure-dependent tradeoffs between crosslinking and reversibility. Further understanding of the interplay between polymer structure, material composition, and dynamic processing will
advance the use of these materials in optoelectronics, biotechnology, and sustainable additive manufacturing.

2:30 PM CHO01.07.05
Synthesis of V205-C0304 Nanoassemblied Spheres for Gas Sensing Applications Chia-Yin Cheng, Yi-Chen Chen, Chun-Hua Chen, Wen-Chieh Hsieh, Shang-Jung Wu, Yi-Wen Lin,
Hung-Shuo Chang, Karan Giri and Yan-Lin Wang; National Yang Ming Chiao Tung University, Taiwan

Under the development of high industrialization, the excess of greenhouse gases has caused a global climate crisis, and thermal power generation is one of the primary sources of greenhouse
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gas emissions. With the rising awareness of energy conservation and carbon reduction in major industrial countries in recent years, the energy transition has become an important issue. At
present, hydrogen energy is a potential sustainable energy source. The most significant advantage of using hydrogen (H,) fuel to generate electricity is that it significantly reduces carbon

dioxide emissions. However, the combustion of H, will still form nitrogen dioxide (NO,), and exposure to NO, will cause damage to the human respiratory tract, lungs, and kidney functions.
To reduce the risk of hydrogen leakage, explosion, and nitrogen dioxide harm to the human body, developing highly-sensitive gas sensing materials for detecting hydrogen and nitrogen dioxide

has become an essential goal with great forward-looking and industrial application potential.
In this study, vanadium pentoxide (V,0g) and cobalt tetroxide (Co30,) nanoassemblies with different morphologies were respectively successfully synthesized by the polyol method at

different reaction temperatures. The synthesized V,05 nanoassemblies can exhibit high-performance H, sensing properties at room temperature without catalyst modification. The Co;0,

nanoassemblies showed the highest response to NO, at an operating temperature of 130 °C. In addition, in the later stage of Co;0, synthesis, vanadium acetylacetonate V(acac); was
introduced to form Co;0,4-V,05 nano-mixed particles. Finally, a novel heterogeneous core-shell nanoassembly structure comprised a Co30, core and Co30,- V,05 mixed nanoparticle shell.
When V,05, an n-type oxide, is assembled with Co30,, a p-type oxide, the formed p-n junction will result in a depletion region. The electrical charge increases when the target gases are
adsorbed and desorbed, improving the sensing sensitivity. The specific surface area of the V,05-modified Co;0, nano-assembled spheres is 3.2 times that of the Co;0, nano-assembled

spheres. At 130 °C, the sensitivity to 400 ppm NO, increased from 247 % to 421 %. The gas-sensing responses of the synthesized nano-assemblies are all reproducible through cyclic
measurements. Compared with CH,, C,Hg, C3Hg, CO, NO gases, V,05 and V,05 modified Co;0, nanoassembles showed excellent selectivity for H, and NO,, respectively.

2:45 PM BREAK

3:15 PM CHO01.07.06
Thermodynamics and Kinetics of The Crystallization of Phase Change Materials from In Situ Microscopy and Nanocalorimetry Isak McGieson®, Tamara D. Koledin?, Jim Ciston?,

Feng Yi®, David A. LaVan® and Melissa K. Santala’; *Oregon State University, United States; 2Lawrence Berkeley National Laboratory, United States; 3National Institute of Standards and
Technology, United States

The thermodynamics and kinetics of crystallization are key to understanding the stability of glass-forming materials, including poor glass formers such as phase change materials (PCMs).
PCMs are semi-conducting alloys with distinct optical and electrical properties in the amorphous and crystalline phases that make them useful for memory applications. In memory devices,
amorphous bits are crystallized in nanoseconds by either laser or Joule heating, but the amorphous phase must also be stable against crystallization for long-term data retention. Crystal growth
rates relevant to memory devices span orders of magnitude and fundamental questions regarding PCM crystallization mechanisms remain open, partly due to the difficulty in measuring
crystallization kinetics in certain temperature regimes.

The crystal growth rate, u, has been directly measured from the glass transition, Ty to the melting temperature for good glass formers owing to their low u. In contrast, u in PCMs can exceed 10

m/s. Thus, it is challenging to measure u directly with microscopic methods, because the small grain sizes demand high spatial resolution and the grains impinge rapidly. This has led to the use
of indirect methods to study PCM crystallization such as differential scanning calorimetry (DSC). In this work nanocalorimetry with high-frame-rate transmission electron microscopy (TEM)
imaging was used to investigate the thermodynamics and kinetics of the crystallization of AgzIn,Sh7gTe;7 and GeTe above T,. The PCMs were deposited on individually-calibrated

nanocalorimeters designed to be operated in a TEM. Direct electron detectors capture the crystal growth in the milliseconds before impingement enabling direct measurement of u. The
enthalpies of crystallization are calculated from nanocalorimetry measurements. Classical models for nucleation and growth are fit against these data and models that predict the growth rate
solely from DSC data are compared to the direct growth rate measurements.

3:30 PM CHO01.07.07

Controlled Stepwise Wet Etching of Polycrystalline Mo Nanowires Khakimjon Saidov?, Ivan Erofeev?, Zainul Aabdin?, Antoine Pacco®, Harold Philipsen3, Antony W. Hartanto?, Yifan
Chent, Hongwei Yan!, Weng W. Tjiu%, Frank Holsteyns® and Utkur Mirsaidov?; INational University of Singapore, Singapore; 2Institute of Materials Research and Engineering (IMRE),
Agency for Science, Technology and Research (A*STAR), Singapore; 3IMEC, Belgium

With the persistent downscaling of integrated circuits, molybdenum (Mo) is currently considered a potential replacement for copper (Cu) as a material for metal interconnects. However,
fabricating metal nanostructures with critical dimensions of the order of 10 nm and below is challenging. This is because the very high density of grain boundaries (GBs) results in highly non-
uniform surface profiles during direct wet etching. Here, utilizing in-situ liquid phase transmission electron microscopy (LP-TEM), we track the etching of polycrystalline Mo nanowires (NWs)
with a hydrogen peroxide solution in real-time [1]. Moreover, wet etching of Mo with conventional aqueous solutions is problematic, as products of Mo oxidation have different solubility in
water, which leads to increased surface roughness. Next, we show a process for achieving a stable and uniform soluble surface layer of Mo oxide by wet oxidation with H,0, dissolved in IPA

at -20 °C. The oxide layer is then selectively dissolved, and by repeating the oxidation and dissolution multiple times, we demonstrate a uniform etch profile with a fine control over the metal
recess. Ultimately, this presents a method of precise and uniform wet etching for Mo and other metals needed to fabricate complex nanostructures that are critical in developing next-generation
electronic devices.

[1] K. Saidov, I. Erofeev, Z. Aabdin, A. Pacco, H. Philipsen, A. W. Hartanto, Y. Chen, H. Yan, W. W. Tjiu, F. Holsteyns, U. Mirsaidov, Controlled Stepwise Wet Etching of Polycrystalline Mo
Nanowires. Adv. Funct. Mater. 2023, 2310838.

3:45 PM CHO01.07.08
Force Spectroscopy and Quantitative Imaging of Hard and Soft Materials Vasileios Koutsos; Univ of Edinburgh, United Kingdom

New modes of atomic force microscopy (AFM) such as Quantitative Imaging (QI) use force spectroscopy at a high rate with direct force control and allow the high-resolution topography
imaging of material surfaces while collecting simultaneously high-resolution images of adhesion, stiffness, and moduli. We applied the force spectroscopy and in particular, QI mode in
different systems showing its potential to reveal unprecedented information on local material properties. We mapped the local (surface) elastic modulus of engineering polymer blends and we
compared it to the bulk modulus derived from macroscopic tensile testing. The results show a remarkable agreement. We also studied the interactions of natural rubber latex films with carbon
black particles (attached to the AFM tip) in aqueous solutions of ultrapure water and ultrapure water with 0.7% Ammonia. We show that in the basic 0.7% ammonia ultra-pure water solution,
hydrogen ions are drawn from the surfaces leading to significantly larger negative surface charges, and therefore resulting in repulsion between the carbon black and natural rubber latex films
upon the tip approach. Furthermore, we have used the superior control of the applied forces (which can be very low at the range <10 pN) of the QI mode to image and interrogate mechanically
biomedical phospholipid-based microbubbles. The results demonstrate the controlled collapse of the microbubbles revealing their mechanical properties and internal structure.

4:00 PM CH01.07.09
Revealing The Kinetic Phase Behavior of Block Copolymer Complexes Using In Situ Solvent Vapor Isotherms Boyce Chang; lowa State University, United States

Controlling the self-assembled morphologies in block copolymers heavily depends on their molecular architecture and processing conditions. Solvent vapor annealing is a versatile processive
pathway to obtain highly periodic self-assemblies from high chi (x) block copolymers (BCP) and supramolecular BCP complexes. Despite the importance of navigating the energy landscape,
controlled SVA has not been investigated in BCP complexes, partly due to its intricate multicomponent nature. We introduce in situ measurements of characteristic absorption-desorption
solvent vapor isotherms as an effective way to understand swelling and morphological evolution of BCP complexes. Using the sorption isotherms, we identify the glass transition points,
polymer-solvent interaction parameters, and bulk modulus. These parameters indicate that complexation completely screens the polymer interchain interactions. Furthermore, we establish that
the sorption isotherm of the homopolymer blocks serves to deconvolute the intricacy of BCP complexes. We applied our findings by developing annealing pathways for grain coarsening while
preventing macroscopic film dewetting under SVA. Here, grain coarsening obeyed a power law, and the growth exponent revealed a kinetic transition point for rapid self-assembly. Overall,
SVA-based sorption isotherms emerge as a critical method for understanding and developing annealing pathways for BCP complexes.

SESSION CHO01.08: Poster Session 11
Session Chairs: Liang Jin, Dongsheng Li, Jan Ringnalda and Wenhui Wang
Thursday Afternoon, April 25, 2024
Flex Hall C, Level 2, Summit
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5:00 PM CH01.08.02
Microstructure, Texture and Tensile Properties of The 50% Hot-Rolled and Subsequent Heat Treated Ti6AI4V-5Cu Alloy Solomon K. Yeshanew; Dire Dawa University, Institute of
Technology, School of Mechanical and Industrial Engineering, Ethiopia

In order to investigate the influence of 50% hot-rolling on the microstructure, textural evolution, and tensile properties in Ti6Al4V-5Cu alloy, an electron backscattered diffraction (EBSD) was
used. To obtain a reduced textural influence behavior on the alloy, dual heat treatment schedule was specially designed. The results show that hot-rolling at high temperature significantly
promote the transformation of phases to a fully a-phase structure and lamellar microstructure with different grains structure starting from elongated to coarsened appearance was produced. Hot-
rolling deformation contributed for increasing the alloy texture intensity, whereas the heat treatment is important for weakening textural intensity, however, the coarsening of grains are
prominent. Deformation and heat treatment temperature, therefore, an important factor affecting the texture and grain size. Using tensile testing experiment by considering 0.02 strain offset
method, the yield strength of the alloy were estimated. During tensile testing process, studying strength of a material is the primary concern. Material strength could be measured in terms of
either the stress essential to cause noticeable plastic deformation or the maximum stress that material can withstand. The tensile testing also provides information on the material’s ductility
behavior to measure how much the alloy can be deformed before fractured. Using specimen sectioned in rolling direction (90°), the true stress-strain curve revealed that the strength at which
the alloy has significant plastic deformation under 0.02 offset yield strength method. The alloy revealed 35 MPa yield strength at 800 °C and its area reduction reached 168.5%, and elongation
reached up to 83%.

5:00 PM CHO01.08.03
Effect of Phase Composition in TiAISiN Hard Coatings on The Behavior of Microstructure and Mechanical Properties Bum Soon Park2, Min-Hyeok Yang!2, Jeong-Han Lee and
Hyun-Kuk Park?; 1Korea Institute of Industrial Technology, Korea (the Republic of); 2Chonnam National University, Korea (the Republic of)

The aim of this study is to investigate the structural evolution and mechanical properties of TiAISiN coating when processed by the arc ion plating method. The nominal compositions of the
ternary alloys were designed to be TigyAlysSis, TiggAly5Siqg, and TiggAlysSiqs (Wt.%) and mechanically alloyed by planetary ball milling to form a hard coating. The powders were densely

compacted during a rapid sintering process into a ternary system coating. The evolution of the structural phase from a powder to a compact material is dominated considerably by phase states
such as a solid solution or intermetallic compounds. The relationship between the physical and chemical properties during the coating process is considered to be the dominant factor controlling
the orientation and morphology of that zone. The TiAISiN coating layer was found to have hardness above 45 GPa and an adhesion above 100 N. In other words, understanding the evolution
and structure of TiAISIN helped us to produce a material with excellent properties that can be used as a bard coating. Specifically, these properties were induced by a grain refinement of the
nano-crystallite structure that corresponds to an increase in the silicon nitride contents.

5:00 PM CH01.08.05
In-Situ Synchrotron Imaging of Dendrite Growth During Rapid Solidification of Ni-Base Alloys Won Sang Shin, Jun-Pyo Park and Yoon-jun Kim; Inha University, Korea (the Republic
of)

An in-situ observation of metallic solidification using a conventional optical microscopy has been limited due to high solidification temperatures and opacity of solid metal. Hence, this study
was initiated from developing an in-situ imaging technique using a white X-ray source generated from the synchrotron beam line operated by the Pohang Accelerator Laboratory, Pohang,
Korea. Since high X-ray energies affect the scintillator, the generated synchrotron X-rays were suppressed from 15 keV to 40 keV through a Si attenuator with a sensor size of 3 mm. Then, the
penetrated X-ray signals were converted to visible light by a scintillator to observe dendrite formation behaviors using an optical microscope and to record the in-situ optical images. The
recorded images were post processed to remove noise and to make video which provides entire formation and growth behaviors of dendritic structure. Ni-base alloys were prepared by the
vacuum induction melting method and machined into coupons with a dimension of 10 x 10 x 0.25 (thickness) mm. To load and hold each coupon in the furnace, two boron nitride (BN) covers
wrap around a coupon like a sandwich. The sapphire glasses in the middle of the two BN covers are exposed to allow X-rays to pass through each coupon. Temperature and vacuum inside
furnace were set at 1600 °C and 107 torr, respectively. Solidification commenced right after sample coupon was fully melted. Cooling rates were controlled by setting current on carbon
heaters, -0.2, -0.5, and -0.8 A/min, respectively. Dendritic structure such as tip radius, arm spacing, and mushy zone under different solidification variables such as thickness of specimen and
cooling rates were measured directly from in-situ optical images. The microstructural properties were further analyzed by optical and electron microscopies, and atom probe tomography to
correlate the dendrite growth behavior, microstructure, and material properties.

5:00 PM CH01.08.06
Fabrication and Quantitative Performance Analysis of a High-Throughput CNT-DNA-Based Biosensor Bo Liu; Arizona State University, United States

The quest for highly efficient probes in the precise detection of single biomarkers has emerged as a compelling research field crucial for biological and biochemical studies. Over recent
decades, this pursuit has been seen in not only small chemical probe molecules but also biomacromolecules such as enzymes, antibodies, and nucleic acids in the construction of biosensor
platforms, enabling highly specific and efficient biomarker detection. Despite significant progress, there remains a pressing need to enhance biosensor performance, particularly for high-
throughput clinical applications.

Among the tools contributing to single nucleotide detection, DNA-based biosensors stand out for their versatility. Their notable attributes, including good stability, high specificity, and
excellent biocompatibility, make them valuable in both in vitro and in vivo applications. Here, we present a new DNA-modified CNT LoC sensor for small nucleic acid detection. Together
with the probing platform, our novel biosensor platform excels in measuring the electrical signals of DNA with single-molecule precision while also enabling prolonged high-throughput
measurements and the efficient screening of valuable data.

We anticipate that this platform will prove beneficial to individuals interested not only in biosensor technology but also in the broader realm of single-molecular detection.

SESSION CHO01.09: Electrochemical Reactions
Session Chairs: Liang Jin and Wenhui Wang
Friday Morning, April 26, 2024
Room 442, Level 4, Summit

8:30 AM *CH01.09.01
In Situ Liquid Cell Electron Microscopy for Characterization of Dynamic Processes Shu Fen Tan; Nanyang Technological University, Singapore

Many important reactions take place in liquids, but these processes are particularly difficult to study. Liquid cell electron microscopy provides opportunities for visualizing processes in liquids
with good spatial and temporal resolution. The combination of imaging and electrochemical quantification have proved especially useful in studies of crystal growth, corrosion processes and
battery materials. However, it has been a significant challenge to improve the quality and quantification of liquid cell data due to the limitation in liquid cell equipment, control of local
conditions and understanding of beam effects. In this seminar, I will discuss how I use in situ liquid phase electron microscopy to uncover the mechanisms of chemical transformation of
catalytic nanoparticles under realistic reaction conditions. | will also talk about my recent work where | (1) developed a temperature-controlled electrochemical liquid cell for understanding the
detailed mechanisms by which typical catalysts change their structures under electrochemical control in liquid electrolytes; and (2) incorporated 2D materials into the electrochemical liquid cell
design to improve its achievable spatial resolution and electrochemical stability. My work lays the foundation for visualizing the nanoelectrochemical structure-function relationship in the
electrochemical processes, which will open new opportunities for investigating a range of problems in energy storage and electrocatalysis.

9:00 AM CHO01.09.02
From Bulk-To-Nano: Advances Towards Optimization of Electrochemical Studies for Liquid-Phase Transmission Electron Microscopy Madeline Dukes, Tim Eldred, Yaofeng Guo and
Katherine Marusak; Protochips, Inc., United States

Liquid-phase transmission electron microscopy (LPTEM) has advanced considerably, evolving from rudimentary static cells [1] to advanced commercial systems capable of performing a
variety of functions from temperature control to electrochemistry [2]. A core limitation of any TEM study is the assumption that the limited spatial area and sampling size inherent to TEM
specimen preparation accurately represents the bulk state of the material [3]. This limitation is felt even more strongly for in-situ TEM studies, where the researcher must not only contend with
determining if the sample itself is representative of its bulk state, but if that sample’s environment and its operando behavior remain consistent with its bulk processes and mechanisms.

Abstract_Book_Final2_Sessions_mrsspring2024_05-Jun-2024-09-11-02 (1).htmI[6/5/2024 11:46:47 AM]



Here we describe recent advancements in hardware, MEMs chip designs, and software with the end goal of improving the accuracy of replicating bulk scale results in-situ. First, integration of
an external, standard reference electrode (SRE) via a “metal bridge” enables integration of conventional Ag/AgCl reference electrodes. Employing an SRE eliminates the shifting potentials
introduced by on-chip pseudo-reference electrodes, such as platinum, without introducing a significant ohmic drop [4], and enables more accurate comparisons between bulk and in-situ results.

Second, it is well understood that the narrow gap between chips necessary to maintain thin enough liquid layers for good resolution in LPTEM experiments, introduces a myriad of potential
artifacts due to confinement, including incomplete mixing, slow exchange of liquids and ion depletion [5]. Recently, we developed a new E-chip configuration designed to balance both thin
liquid layer required for optimal resolution and a deeper flow channel to improve liquid flow characteristics. This design utilizes a 10 micron channel etched into the silicon substrate of the E-
chip. The viewing region, containing the amorphous silicon nitride membrane, is isolated within the center of the E-chip on an island type structure, such that the deep flow channel surrounds it
like a moat and does not interfere with the gap between the top and bottom membranes. This significantly reduces the distance over which the liquid must diffuse to reach the narrow gap
between the viewing windows from >1 mm to a few tens of microns, significantly improving liquid exchange within the critical region [6].

Finally, comprehensive analysis of the electron dose during in-situ studies is necessary to disentangle beam-induced changes and behavior from a samples’ inherent chemical or electrochemical
behavior. We utilize a state-of-the-art machine vision software, AXON Dose, to calibrate and accurately track electron dose exposure throughout an experiment to create a record of both the
electron flux, and the samples’ cumulative dose exposure, on a pixel-by-pixel basis [7]. Taken in concert, these new features bring us closer to achieving the goal of accurately replicating,
measuring, and observing bulk electrochemical processes at the nanoscale.

References:

1. de Jonge, N.; Ross, F. M. Nature Nanotech 2011, 6 (11), 695-704.

2. Yoshida, K. et al., Microscopy 2023, dfad044.

3. D. B. Williams and C. B. Carter, “Transmission Electron Microscopy: A Textbook for Materials Science,” 2nd Edition, Springer, New York, 2009, pp. 3-22
4. Choudhary, S. et al., J. Electrochem. Soc. 2022, 169 (111505).

5. Merkens, S. et al., Ultramicroscopy 2023, 245, 113654.

6. Merkens, S. et al., Towards sub-second Solution Exchange Dynamics in Liquid-Phase TEM Flow Reactors, 01 August 2023, PREPRINT (Version 1) available at Research Square
[https://doi.org/10.21203/rs.3.rs-3208774/v1]

7. Dukes, M. D. et al., JOVE 2023, No. 196, 65446

9:15 AM CH01.09.03
In-Situ/Operando Electrochemical Investigation of Reduced Graphene Oxide in Aqueous Solution Maria del Pilar Bernicola Garcia®, Jose A. Garrido™2 and Elena del Corro’; 1Catalan
Institute of Nanoscience and Nanotechnology, (ICN2), CSIC and BIST, Spain; 2ICREA, Spain

The development of new carbon nano-porous materials with increased capacitance, high conductivity and electrochemical stability is of high interest for a variety of applications. It is reported

an anomalous increase of the specific capacitance in nano-porous materials with a pore size below of 1 nm?. However, the fundamental understanding of the mechanisms that involve these
phenomena is still under study. Reduced graphene oxide (rGO) has gained significant attention due to its remarkable physicochemical properties such a high structural stability, large specific
surface area, low cost, and availability. In the case of healthcare applications, highly porous rGO films have been widely studied because of their biocompatibility and biochemical sensing

capabilitiesz. A proper understanding of electrokinetic phenomena such as potential-controlled ionic diffusion within the nano-porous and reduction of functional groups during electrochemical
operation is necessary to improve the ultimate performance of rGO-based electrodes. Also, for these applications, it is key to investigate the chemical and structural changes happening in the
rGO electrodes during their electrochemical operation.

In this work, we combine different in-situ/operando spectroscopic techniques to understand the dynamics and irreversible/reversible chemical and structural changes within rGO-nanoporous
electrodes. The high electrochemical performance of the nanoporous rGO films can be explained by different phenomena such as ionic diffusion, ionic adsorption/desorption processes,
protonation mechanisms and chemical and structural changes like those induced by defects or vacancies. The electrochemical performance of the rGO-nanoporous material, in terms of specific
capacitance, potential windows and impedance, is studied by cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS). To have a deeper understanding of the fundamental
phenomena that boost the electrochemical performance, we focus on the structural and chemical changes induced by the electrode-electrolyte interaction in the nano-porous electrode. To study
the structural changes that take place due to the electrode-electrolyte interaction, we have developed different custom-made electrochemical cells to couple to spectroscopic techniques like X-
ray diffraction (XRD) and Raman spectroscopy. In-situ XRD measurements experiments give information about the impact on the rGO structure of the electrochemical operation, such
irreversible/reversible changes on the interlayer distance induced by the applied potential. Operando Raman spectroscopy is used to study the structural properties of such defects, disorder and
reduction degree induced by the applied potential. In this study we are able to evaluate the nature of the defects generated during electrochemical operation that impacts on the electrochemical

performance3. Combined with analysis of CV coupled with electrochemical quartz crystal microbalance (EQCM), our results provide detailed information about ionic adsorption and charge
transfer processes at the electrode-electrolyte. This work aims at expanding the current understanding of the properties of rGO-based nanoporous electrodes for their use as electrode material in
healthcare applications.

This work has received funding from the Project PID2020-113663RB-100 (Neuro2Dtec) funded by MCIN/ AEI /10.13039/501100011033 (Neuro2Dtech)

1. Chmiola, J. et al. Anomalous Increase in Carbon Capacitance at Pore Sizes Less Than 1 Nanometer. Science 313, 1760-1763 (2006).
2. Apollo, N. V. et al. Soft, Flexible Freestanding Neural Stimulation and Recording Electrodes Fabricated from Reduced Graphene Oxide. Adv Funct Materials 25, 3551-3559 (2015).
3. Eckmann, A. et al. Probing the Nature of Defects in Graphene by Raman Spectroscopy. Nano Lett. 12, 3925-3930 (2012).

9:30 AM BREAK

10:00 AM CHO01.09.05
Solid-State Reaction Heterogeneity during Calcination of Lithium-lon Battery Cathode Sugeun Jo?, Sungjae Seo?, Subin Choil, Yijin LiuZ, 1l Sohn®, Keeyoung Jung* and Jongwoo Lim®;

1seoul National University, Korea (the Republic of); 2SLAC National Accelerator Laboratory, United States; 3Yonsei University, Korea (the Republic of); “Reseach Institute of Industrical
Science & Technology, Korea (the Republic of)

Li-ion batteries, nickel-rich cathodes, synthesis during calcination, phase transitions with solid-state reaction, spatial distribution of local chemical compositions within the particles. During
solid-state calcination, with increasing temperature, materials undergo complex phase transitions with heterogeneous solid-state reactions and mass transport. Precise control of the calcination
chemistry is therefore crucial for synthesizing state-of-the-art Ni-rich layered oxides (LiNil-x—yCoxMnyO2, NRNCM) as cathode materials for lithium-ion batteries. Although the battery
performance depends on the chemical heterogeneity during NRNCM calcination, it has not yet been elucidated. Herein, through synchrotron-based in-situ structural analyses, gas analysis, X-
ray microscopy, mass spectrometry microscopy, we provide a reaction map for Ni-rich layered oxides (LiNil—x—yCoxMnyO2, NRNCM) cathodes during their calcination, which includes
dehydration of the precursors, the insertion of ambient oxygen, and the insertion of solid-state Li+2-O2— after Li2CO3 thermal decomposition. The temperature-dependent reaction kinetics, the
diffusivity of solid-state lithium sources, and the ambient oxygen determine the favorable aerobic decomposition of particle shell maintaining layered structure while the anaerobic
decomposition of the particle core to lithium-blocking Ni-O rocksalt. Additionally, we found that the variations in the reducing power of the transition metals (i.e., Ni, Co, and Mn) determine
the local structures at the nanoscale. The investigation of the reaction mechanism via imaging analysis provides valuable information for tuning the calcination chemistry and developing high-
energy/power density lithium-ion batteries.

10:15 AM CHO01.09.06
Revealing CaH,-Driven Metal Oxide Reduction Kinetics with In-Situ Transport Measurements Jiayue Wang®?, Yijun Yul?, Yi Cui?! and Harold Y. Hwang?; 1Stanford University,

United States; 2SLLAC National Accelerator Laboratory, United States
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Metal hydrides, such as CaH,, have recently emerged as highly promising reducing agents for facilitating the low-temperature reduction of metal oxides. One unique advantage of hydride

reduction is its capability to synthesize metastable materials that are inaccessible through conventional high-temperature reactions. Notably, researchers have harnessed hydride reduction
techniques to create unusual NiO,4 square-planar coordination in nickelates to host superconductivity [1]. Beyond the realm of novel materials discovery, metal hydrides also hold substantial

potential in applied engineering. For instance, previous studies have shown that CaH, can lower the temperature required for gas-phase H, reduction of iron oxide, which can benefit clean
hydrogen-based ironmaking [2]. Given these promising features, there is a compelling motivation to delve deeper into the mechanics of the hydride reduction process.

In this study, we investigate the CaH,-induced reduction kinetics of metal oxides using epitaxial a-Fe,Oj thin films as a model system. To elucidate the intrinsic reducing capability of CaH,,
we seal the iron oxide thin-film samples along with CaH, in an evacuated quartz tube and analyze the reduction behavior of iron oxide within this closed system. In particular, we have
developed an experimental platform that enables real-time monitoring of the CaH, reduction process through transport measurements. Using this setup, we have successfully quantified the
phase transformation kinetics from iron oxide to metallic iron by continuously tracking the evolution of electrical resistivity in the thin-film sample. Our results demonstrate that CaH, alone can
effectively reduce a-Fe,O5 into metallic iron within a one-hour reduction treatment at 400 °C, whereas 5% H,/Ar (99.999% purity) failed to reduce the sample at identical conditions. These

findings can advance our fundamental understanding of the hydride reduction process, opening new avenues to harness this phenomenon for the exploration of emergent materials properties
and the development of environmentally friendly engineering applications.

[1] D. Li et al., Nature 572, 624 (2019).
[2] T. Tsuchida et al., Journal of Solid State Chemistry 302, 122441 (2023).

10:30 AM CHO01.09.07
The Scanning Transmission Electron Microscope as a Platform for Atomic Scale Synthesis Ondrej Dyck, Andrew R. Lupini, Christopher T. Nelson, Mina Yoon and Stephen Jesse; Oak
Ridge National Laboratory, United States

The scanning transmission electron microscope (STEM), a workhorse instrument in materials characterization, can not only be used to observe dynamic processes with atomic resolution, but
also drive and control synthesis with atomic precision. Through custom control of the electron beam position that actively feeds back on image, spectroscopy, and other data streams, it’s
possible to use focused beam energy to precisely initiate and interrupt desired transformations. This can be used for generating point defects, drilling and milling materials, changing phase,
modifying bond coordination, and positioning dopants. Furthermore, control over the local environment through custom MEMS devices for heating and biasing, in situ evaporators, and laser
irradiation, provides means to dose the sample with thermal energy, optical excitation, and reactant or dopant materials to provide the proper conditions for reactions and transformations to
occur. Finally, to close the loop, the STEM can then be used in its more traditional characterization modes to image transformation processes as they occur and assess if new functional
properties emerge. Presented here are recent results highlighting advancements towards such a “synthescope”[1] including new insights gained by studying the generation and temperature
dependent diffusion of beam-generated single vacancies in suspended 2D materials [4,5], strategies to restrict vacancy diffusion so they can serve as sites for dopant insertion, demonstration of
patterning of arrays of dopants [3], and the delivery of dopant atoms to the sample, in situ [2]. Development of this combination of experimental methods provides a window into the dynamic
synthesis processes at fundamental length scales and a path towards fabricating materials and devices with atomically precise components for potential quantum information science
applications.

This work was supported by the U.S. Department of Energy, Office of Science, Basic Energy Sciences, Materials Sciences and Engineering Division, and was performed at the Center for
Nanophase Materials Sciences (CNMS), a U.S. Department of Energy, Office of Science User Facility.

1. Dyck, O., Lupini, A. R., Jesse, S. "The Synthescope: A Vision for Combining Synthesis with Atomic Fabrication". Advanced Materials (2023, 2023 Aug)
https://doi.org:10.1002/adma.202301560

2. Dyck, O., Lupini, A. R., Jesse. S. "A Platform for Atomic Fabrication and In Situ Synthesis in a Scanning Transmission Electron Microscope". Small Methods (2023, Jul)
https://doi.org:10.1002/smtd.202300401

3. Dyck, O., Yeom, S., Lupini, A. R., Swett, J. L., Hensley, D., Yoon, M., Jesse, S. "Top-Down Fabrication of Atomic Patterns in Twisted Bilayer Graphene". Advanced Materials (2023, Jun)
https://doi.org:10.1002/adma.202302906

4. Boebinger, M. G., Brea, C., Ding, L. P., Misra, S., Olunloyo, O., Yu, Y. L., Xiao, K., Lupini, A. R., Ding, F., Hu, G. X., Ganesh, P., Jesse. S., Unocic, R. R. "The Atomic Drill Bit: Precision
Controlled Atomic Fabrication of 2D Materials". Advanced Materials 35 (2023, Apr) https://doi.org:10.1002/adma.202210116

5. Dyck, O., Yeom, S., Dillender, S., Lupini, A. R., Yoon, M., Jesse. S. "The role of temperature on defect diffusion and nanoscale patterning in graphene". Carbon 201, 212-221 (2023, Jan)
https://doi.org:10.1016/j.carbon.2022.09.006

10:45 AM *CH01.09.08
Fabrication Processes of Next-Gen Integrated Circuits through The Lens of In Situ Transmission Electron Microscopy Utkur Mirsaidov; National University of Singapore, Singapore

Understanding the nanoscale details of chemical and physical processes used in semiconductor manufacturing is critical for scaling and improving the performance of future integrated circuits.
Here, | will review the major challenges associated with device scaling and describe how in situ TEM can help in the development of these processes. | will describe how direct imaging of such
processes can speed up the implementation of new materials and device architectures to further enable the miniaturization of transistor footprints and improve their performance. Specifically, |
will focus on etching and annealing processes used in the fabrication of both transistors and interconnects that link billions of these transistors together and to a power supply.

Our studies highlight the importance of direct nanoscale dynamic visualization of chemical and physical processes for advancing the fabrication processes of integrated circuits.

SESSION CHO1.10: Characterization of Catalytic Materials
Session Chairs: Miaofang Chi and Dongsheng Li
Friday Afternoon, April 26, 2024
Room 442, Level 4, Summit

1:30 PM *CHO01.10.01
Unraveling Sintering Mechanisms of Precious Metal Catalysts in Diverse Gas Environments Miaofang Chi; Oak Ridge National Laboratory, United States

Heterogeneous precious metal catalysts offer the highest selectivity and activity in chemical production and combustion by-product reduction reactions. However, their efficiency is hindered by
sintering, particularly in high-temperature oxidizing environments such as automotive emissions control. To address this issue, we investigate the sintering mechanisms of platinum on alumina
support in various exhaust gas environments at different temperatures using in situ environmental scanning transmission electron microscopy (STEM). We observe that the presence of both
oxygen and water vapor significantly accelerates sintering, while water vapor alone has minimal impact. Our study unveils transient nanoparticle shape instability, indicating rapid particle
migration, in an oxygen and water vapor environment, contrasting with stability in a vacuum. This underscores the complex interactions between platinum, the alumina substrate, and gases,
providing essential insights for the design of improved catalysts for industrial applications.

2:00 PM CHO01.10.02
Effects of Crystal Lattice Deformation on Catalytic Activities Dongsheng Li; Pacific Northwest National Laboratory, United States

Deformations of hierarchical structures at the atomic scale, especially long-range ones, can significantly enhance their functional behavior, such as catalytic activity. Metastable states or grain
boundaries during the synthesis and processing of nanomaterials can introduce and control deformations (strains) in crystal lattices. We design the deformations in the crystal lattice to enhance
the catalytic functionality of catalysts, such as TiO, and platinum-group-based metals, by controlling their synthesis processes of phase transformation and particle aggregation. For example,

TiO, polymorphs have distinct properties that have been widely employed in various applications. It is well known that these polymorphs can transform into more stable phases, such as from
TiO,-B to anatase. Here, based on results from semi-in-situ transmission electron microscopy, X-ray atomic pair distribution function, and density functional theory, we will investigate the
effects of lattice deformation in crystals on the catalytic activities and their controlling factors. We seek to control deformations in supporting materials and their effect on catalytic materials to
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uniquely tailor functionalities. These findings suggest that lattice deformations can be designed to advance new functions.

2:15 PM CHO01.10.03
Strong Metal-Support Interaction makes Durable Catalysts Ji Yang, David Prendergast and Ji Su; Lawrence Berkeley National Laboratory, United States

Liquid organic hydrogen carrier (LOHC) technology is a promising method for hydrogen storage and transportation by using a reversible hydrogenation—-dehydrogenation cycle between
aromatic compounds and naphthene, such as toluene and methylcyclohexane (MCH). A key issue in this technology is to improve the lifetime of the catalyst for MCH dehydrogenation. Here,
we developed a TiO,-supported Pt catalyst (Pt@TiO,) by engineering a unique strong metal-support interaction (SMSI). For the first time, the monometallic Pt@TiO, catalyst delivers durable
MCH dehydrogenation at 350 °C, without any deactivation observed within 500 h. MCH conversion of 94% and toluene selectivity of ~100% are achieved. Detailed electron microscopic and
spectroscopic studies, supported by theoretical calculations, reveal that the excellent MCH dehydrogenation performance over Pt@TiO, is attributed to in-situ generated TiOX-Pt‘;”r interface
induced by optimal SMSI, which immobilizes Pt nanoparticle (NP) onto TiO, surface and modulates electronic properties of Pt NP. MCH can be thus efficiently dehydrogenated and toluene is

easily desorbed on the Pt NP surface. Our results expand the concept of classical SMSI and provide new insights into the rational design of durable supported metal catalysts based on
unconventional SMSI.

2:30 PM BREAK

3:00 PM CHO01.10.04
Analysis of Defects in Electrocatalysts using Variable Temperature Raman Spectroscopic Analysis of Phase Transition Mechanisms Rodney Smith; University of Waterloo, Canada

Defects within solid state materials can dramatically alter material properties, but direct analysis of such defects is particularly challenging. Such analysis is impeded by the low concentrations
of defects relative to bulk sites, potential co-existence of multiple defect types in any given material, possibility of dynamic changes during catalysis, and fundamental limitations inherent in
every characterization technique. We analyze distortions and defects in solids through indirect analysis, where changes in structural data for series of samples are monitored as a function of
some perturbation. This talk will demonstrate how we have applied variable temperature Raman spectroscopy under controlled environments to analyze phase transitions in solid state materials
commonly employed as (photo)electrocatalysts, with particular interest in how defects affect features such as the presence of phase transitions and the temperature at which they occur.
Discussion will be focused on the analysis of protons trapped within hematite, a commonly employed photoelectrocatalyst for the oxygen evolution reaction, and the formation of disordered
carbonate-containing overlayers on a family of perovskite electrocatalysts.

3:15 PM CHO01.10.05
In Situ Environmental TEM Observation of Cu/Cu,O Interface-Modulated Methanol Reaction Dynamics Meng Li'*2, Matt Curnan®, Hao Chi, Stephen House#, Jimmy G. McEver?,

Dmitri N. ZakharovZ, Wissam Saidil®, Goetz Veser! and Judith C. Yangl’z; TUniversity of Pittsburgh, United States; 2Brookhaven National Laboratory, United States; 3Pohang University of
Science and Technology (POSTECH), Korea (the Republic of); “Sandia National Laboratories, United States; >National Energy Technology Laboratory, United States

Cu-based catalysts are the most widely used commercial catalysts in methanol chemistry due to their cost-effectiveness and high reactivity with methanol. Recent studies on Cu catalyst
oxidation states indicate that during the Partial Oxidation of Methanol (POM), Cu catalysts are partially oxidized, producing reactivity and selectivity changes in pertinent reactions. These
changes dynamically form metal/metal-oxide (M/MO) interfaces featuring short-lived and high-energy sites, which likely contribute to measured reactivity increases near phase boundaries.
However, previous studies on these reaction mechanisms have primarily focused on pure Cu or Cu,O surfaces, rather than investigating impacts on M/MO interfaces.

In this work, using in situ environmental transmission electron microscopy (ETEM) with machine-learning enhanced advanced data analysis and correlated DFT simulations, we investigated
the influence of Cu,O/Cu interfacial structures on methanol reduction dynamics. The atomic-resolution reaction dynamics are observed using in situ ETEM under 1 Pa methanol vapor at 300 C
on heteroepitaxial Cu,0/Cu model catalysts. Our observations reveal two-stage reduction dynamics modulated by the structures of Cu||Cu,O junctions: when the Cu||Cu,0 interface at a
junction is oriented along (100), an anisotropic layer-by-layer reduction occurs at the side facets of the Cu,0 island, followed by a Cu,0-to-Cu interfacial transformation along (100). When the
Cul|Cu,0 interface is oriented along (110), isotropic reduction at both top and side facets of Cu,O islands is observed. Using machine-learning enhanced advanced data analysis, atomic-level
size evolution kinetics are extracted. Stochastic trend analysis on island size kinetics suggests two distinct kinetic stages caused by different reaction mechanisms. Using correlated density
functional theory (DFT) simulations of MeOH dissociative absorption, we found that MeOH adsorption energetics favor defect sites at Cu||Cu,0(100) junctions, as opposed to fully coordinated
sites on Cu,0(110) surface steps or near Cu||Cu,0(110) junctions. As the Cu||Cu,0 interface changes during the anisotropic-to-isotropic stage transition, active sites correspondingly relocate
from Cul|Cu,0O(100) junctions to Cu,0(110) surface steps. Our results emphasize the importance of M/MO interfacial dynamics during catalytic reactions, and provide new insights towards
catalyst design and interface engineering.
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The authors acknowledge funding from National Science Foundation (NSF) grants DMR-1410055, CBET-1264637, DMR-1508417, DMR-1410335, and DMREF CHE-1534630, and support
from Hitachi High-Tech. Technical support from the Nanoscale Fabrication and Characterization Facility in the Petersen Institute of Nano Science and Engineering at the University of
Pittsburgh is appreciated. This research used the Electron Microscopy facility of the Center for Functional Nanomaterials (CFN), which is a U.S. Department of Energy Office of Science User
Facility, at Brookhaven National Laboratory under Contract No. DESC0012704. J. McEver was supported in part by the U.S. Department of Energy, Office of Science, Office of Workforce
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SESSION CHO01/CHO03/CHO04: Joint Virtual Session
Session Chairs: Yu Deng and Wenhui Wang
Tuesday Morning, May 7, 2024
CHO1-virtual

8:00 AM CHO01/CHO03.01
The Effect Local Residual Stress States on The Internal Pore Growth in Laser-Welded Ti6Al4V Wei Sun and Xingrui Jiang; Xi'an Jiaotong-Liverpool University, China

The micron scale local residual stress states in laser-welded Ti6Al4V were characterized with focused ion beam ring-core milling coupled with digital image correlation (FIB-DIC), and its
effect on the growth of welding porosity under external loading was investigated by in-situ tension under X-ray computerized tomography (CT). The internal pores were found to preferentially
distribute along the fusion zone boundary and the weld centerline. FIB-DIC and X-ray diffraction indicated high-level tension in the vicinity of the fusion zone, balanced by the long-range
compression in the base metal. Comparison with stress-free counterparts showed the residual stress significantly prepone the growth of the pores, whose aspect ratio and volume exhibited
observable increments at low applied stresses. On the contrary, the pores without residual tension remained nearly undeformed until the yield point, and the relative tensile strain across the
fusion zone showed a similar trend. The results demonstrated that the response of internal welding defects towards external load strongly correlates to the local residual stress states, and
highlights the importance of precise measurements of the residual stress states in characteristic regions for applicational titanium laser welds.

8:05 AM CH01/CHO03.02
In-Situ Study of Deformation Mechanisms in a Bi-Layered Bronze/Steel Sheet Xingrui Jiang®, Wei Sun?, Li Rengeng?, Min Chen! and Guohua FanZ; 1Xi’an Jiaotong-Liverpool
University, China; 2Nanjing Tech University, China

Enhancing ductility is a crucial concern within metal matrix composites. Cu-Pb bronze alloy is a commonly utilized copper-based bearing alloy, and it demands superior mechanical properties
and service safety. While copper and lead exhibit excellent ductility, Cu-Pb bronze alloys experience a substantial reduction in ductility due to plastic deformation being concentrated within the
low-strength Pb phase. To address this issue, we employed the solid-liquid continuous casting (SLC) method to overlay the Cu-Pb alloy onto a mild steel substrate, significantly enhancing
overall ductility. We conducted an in-situ tensile test using a scanning electron microscope (SEM) in conjunction with Digital Image Correlation (DIC) and Electron Back-scattered Diffraction
(EBSD) to elucidate the underlying mechanisms. Localized strain is distributed uniformly in the steel layer but concentrated in the Pb phase within the bronze layer. However, this localization
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is effectively mitigated by the layered structure, as evidenced by the high compressive strain observed in the affected zone at the bronze/steel interface. Larger misorientation angles near the
copper grain boundaries indicate that the deformation of copper grains is influenced by the localized strain within the lead phase. The layered structure effectively reduces strain concentration
throughout the material and accommodates the deformation incompatibility inherent in Cu-Pb bronze alloys.

8:20 AM *CH01/CHO03.03
In-Situ TEM Study of Microstructure Evolution in Ferroelectric/ferroelastic Materials under Stress Yifeng Ren, Jiayi Li, Zhentao Pang, Jie Wu, Shaojie Fu, Meiyu Wang and Yu Deng;
Nanjing University, China

In ferroelastic-ferroelectrics (FMs), stress-induced microstructure such as phase and domain can effectively enhance properties significantly. We prepared free-standing single-crystal BaTiO4

sub-micrometer pillar as a model system to investigate microstructural evolutions in FMs under high stress loading. We directly observed and quantitatively analyzed in situ in a transmission
electron microscope with 4D-STEM the microstructural evolutions in the pillar under various strain loading (different intensity, direction, and rate). We found that dozens of slow compression
cycles (strain rate of 10"-2/s, at 520 MPa) can induce multiple-nanodomain and multiple-phase coexistence in BaTiO,. After unloading, the pinned boundaries and domain walls by mobile

point defects can stabilize these microstructures, including metastable ones, therefore improve both functional and mechanical performance of FMs. The "brittle" FMs can in fact withstand GPa
level stress without fracture, resulting in large strain (higher than 5% in BaTiO3) under the specially designed loading ways. Our work elucidates the complex multiscale (from micrometer to

unit cell scale) evolution of phase, domain microstructures and their interactions in FMs, as well as the corresponding improvement in properties under the large strain loading. Based on this,
we propose a novel method for domain engineering in FMs.

8:50 AM CHO01/CHO03.05
Raman Spectroscopy: A Versatile Tool for The Studies on The Back-End of The Nuclear Fuel Cycle Laura J. Bonales, Jone M. Elorrieta Baigorri, Abel Milena Pérez, Ivan Sanchez
Garcia, Nieves Rodriguez Villagra and Hitos Galan Montano; CIEMAT, Spain

In recent years, Raman spectroscopy has proven to be a highly versatile characterization technique for nuclear materials research. This sensitive technique possesses, among others, two relevant
features that comply with the safety conditions required when handling nuclear materials: its flexibility allows for remote, in situ and ex situ analysis, and its relative ease of use implies small
sample quantities and limited effort for sample preparation. In this work, we demonstrate the usefulness of taking into consideration Raman spectroscopy for research studies on the back-end of
the nuclear fuel cycle. In particular, we show some of the valuable results that can be obtained when applying this technique to: 1) the advanced characterization of nuclear fuels, 2) the
evaluation of the spent nuclear fuel behavior under different storage conditions, and 3) the development and monitoring of hydrometallurgical separation processes.

9:05 AM *CHO01/CHO03.06
Variable-Temperature Electron Spectromicroscopy Techniques for Investigating Metal/Insulator Transitions in V203 Systems Laura Bocher?, Ibrahim Koita®, Tizei Luiz H. G.1, Jean-

Denis Blazit!, Xiaoyan Li%, Benoit Corraze?, Julien Tranchant?, Marcel Tencé!, Laurent Cario?, Etienne Janod? and Odile Stephan’; 1Université Paris-Saclay, France; 2Université de Nantes,
France

Taming abrupt resistive transitions in functional oxides is a promising approach for developing advanced information processing and storage systems. V,05 is considered a prototypical system

of metal-to-insulator transitions (MITs) where they can be activated under external stimuli such as temperature (T), pressure, or chemical doping [ but hardly technologically feasible. Recent
demonstrations from electric pulses yield MIT in (V,_,Cr,),05 systems with real potential capabilities for non-volatile memories and neuromorphic applications (2] Hence, understanding the
V,05 electronic phase separation and its local mechanisms governing the insulator/metallic (/M) domain dynamics across the IMTs remains of interest. However, all these electronic
transitions rely on their relationship between structural and electronic degrees of freedom. For instance, when cooled below 160 K, V,04 presents a symmetry breaking, associated with a large

volume change (+1.4%) and an MIT vyielding a resistivity change of 7 orders of magnitude. This T-activated MIT has been extensively studied at the macroscopic scale (] and remains still a
perfect arena to probe in situ the V,04 structural and electronic evolutions at a very local scale. Recently, the microscopic electronic coexistence of I/M domains has been mapped in (V.

+Cry),03 by in situ scanning photoemission spectroscopy (31, PEEM [ and nano-IR [l with 25nm spatial resolution at best. In addition, combined micro-XRD and nano-IR experiments have
highlighted competitive mechanisms between structural and electronic contributions during this MIT [6]. These latest investigations also demonstrate the cautions and possible experimental

limitations when it comes to accurately mapping the dynamics of mechanisms within regions of interest of a few tens of nm by combining different instruments, hence the need to perform
structural and electronic experiments within the same instrument.

Advanced monochromated electron spectromicroscopy emerged this last decade as real game-changers for nanomaterials characterization. Here we performed in situ monochromated
STEM/EELS experiments on the NION CHROMATEM 200 MC with variable-T options under cryo-conditions thanks to a double-tilt HennyZ cryo-holder using MEMS to vary continuously
the temperature conditions across the IMTs. For each probed temperature, we associated mapping of relevant spectroscopic electronic excitations (from IR to soft X-ray) with an ultra-high
EELS resolution at the nm scale and the local structural features (symmetry and lattice parameters) determined by 4D STEM nano- and microdiffraction. During low-T thermal cycling through
the resistive transition, EELS spectra acquired in the low-loss regime present a characteristic signature at 1.1eV only in the metallic phase. Upon cooling, the abrupt MIT was monitored while
the coexistence of I/M nanodomains was evidenced upon heating over a few degrees yielding the propagation of the electronic I/M domain wall. 4ADSTEM nanodiffraction experiments reveal
the local distribution of monoclinic/rhombohedral phases coexisting in the insulating domains. The observation of the low-T insulating hexagonal phase suggests an analogous paramagnetic
insulating (P1) phase of large volume, as confirmed by the jumps in lattice parameters observed at the transition. These Pl-like phases emerge also at the I/M domain wall, as a precursor of the
metallic phase.

[1] D. B. McWhan et al. Phys. Rev. B 2 (1970); [2] E. Janod et al. Adv. Funct. Mater. 25 (2015); [3] S. Lupi,et al., Nat. Commun.,1 (2010); [4] A. Ronchi et al.. Phys. Rev. B 100 (2019); [5]
McLeod et al. Nature Physics 13 (2017); [6] Kalcheim, Y. et al. Phys. Rev. Lett. 122, (2019); [7] The authors acknowledge funding from the EDPIF, the National Agency for Research under
the JCJC program IMPULSE and the program of future investment TEMPOS-CHROMATEM, and the European Union’s Horizon 2020 research and innovation program under grant
agreement No 823717 (ESTEEM3).
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10:30 AM *CH02.01.01
Advanced In Situ (S)TEM for Grain Boundary Phenomena in Oxides Yuichi Ikuharal?2 and Shun Kondo; 1The University of Tokyo, Japan; 2Japan Fine Ceramics Center, Japan;
3Tohoku University, Japan

Oxides have been widely used for structural applications because of their superior mechanical properties. It has been known that the behavior of GB properties is strongly dependent on the GB
characters such as misorientation angle between two adjacent crystals and GB plane, however, such effect has not been clarified yet. In addition, this effect is much influenced by the dopant
segregation at GBs in oxides. In this study, in order to clarify the GB atomic structures in oxides such as Al,O3, ZrO,, SrTiOj,, their bicrystals including various types of GBs with and without

dopants were systematically fabricated. Then, the atomic structures and chemistry in thus fabricated GBs were characterized by aberration corrected STEM (scanning transmission electron
microscopy), atom-resolved EDS and EELS, and the relationship between GB characters, segregated dopants and the properties for such ceramics will be discussed.

GB dynamics such as fracture and migration also play an important role in considering the sintering behavior and the properties. However, it has been still unclear as to how the GB fractures
and migration proceeds at atomic scale. In this study, GB fracture and deformation are dynamically observed by TEM in-situ straining experiments using nano-indentation and newly developed
MEMS straining holder. It was found that GB fracture occurs along the special crystal plane and dislocations are emitted from the crack front. Recently, we have proposed that GB migration
behavior in ceramics can be precisely controlled by the aid of the high-energy electron beam irradiation. This electron beam technique was applied to directly visualize the atomistic GB
migration. It was revealed that the GB migration is processed by a cooperative shuffling of atoms in GB ledges along specific routes. As a result, the GB passed through several different GB
structures with low formation energies during GB migration.

References

[1] S. Kondo, T. Mitsuma, N. Shibata, Y. Ikuhara, Sci. Adv., 2[11], e1501926 (2016).

[2] S. Kondo, A. Ishihara, E. Tochigi, N. Shibata, and Y. Ikuhara, Nature Commun., 10, 2112 (2019).

[3] J.Wei, B.Feng, R.Ishikawa, T.Yokoi, K.Matsunaga, N.Shibata and Y.lkuhara, Nat. Mater. 20, 951 (2021).
[4] J.Wei, B.Feng, E.Tochigi, N.Shibata and Y.lkuhara, Nat. Commun., 13, 1455 (2022).

[5] S. Kobayashi, A. Kuwabara, C. A.J. Fisher, Y. Ukyo and Y. Ikuhara, Nat. Commun., 9, 2863 (2018).

11:00 AM CHO02.01.03
Cryogenic-Monochromated STEM-EELS Analysis of Symmetry Breaking and Local Ferroelectricity in SrTiO; Based-Heterostructures Aravind Raiil'z, Guillaume Kriegers, Xiaoyan

Li', Yves Auad, Daniele Preziosi®, Manuel Bibes*, Jean-Pascal Rueff>° and Alexandre Gloter!; 1Laboratoire de Physique des Solides Orsay, France; 2Synchrotron SOLEIL, France; 3IPCMS
UMR 7504, CNRS, Université de Strasbourg, France; 4Unité Mixte de Physique CNRS, Thales, Université Paris-Saclay, France; SLCPMR, Sorbonne Université, CNRS, France

The growth of oxide-based electronics is in a good pace, and the apt material knowledge obtained by advanced characterization techniques leverages the complexity in designing devices with
intriguing properties. Knowledge of the atomic level arrangements in a material system enables us to make atomic level manipulations, thereby tweaking the electronics. This is made possible
by one of the most advanced characterization techniques such as the Scanning Transmission Electron Microscopy (STEM). In this, in addition to obtaining a high-resolution image with good
atomic phase contrast, one can have spectroscopic information representative of their electronic states through electron energy loss spectroscopy (EELS). Combining this with controllable
external stimuli (Temperature, Photons, etc.) one can study a vast range of electronic and structural states in a chosen material. Some prototypical examples include temperature dependent
metal-to-insulator transitions [1], photoinduced superconducting transitions [2], etc.

Here we will be focusing on SrTiO5 (STO) based heterostructures exhibiting incipient ferroelectricity as a result of broken symmetry near the interface [3]. Some examples are the AI/STO [4],

and Ca-doped STO [5], and even NdNiO,/STO system that have a metal to insulator transition range spanning 150-200K [6]. Understanding the electronic origins of it is of paramount

importance, and so is studying its variation with external stimuli. STO is an intriguing system that undergoes a cubic to tetragonal antiferrodistortive phase transition below 105K, and
undergoes another transition to become a quantum paraelectric below 37K [7,8]. The influence of these transitions on the interface properties are of significant interest, and a spectro-
microscopic study spanning the range of these transitions is much appreciated. In this regard, we carry out RT and cryogenic (~110K) STEM-EELS measurements in a monochromated Nion
CHROMATEM microscope equipped with a hybrid pixel direct electron detector Medipix3 [9].

Our experiments in an NdNiO,/STO demonstrated significant fine structure variations at the Ti-L, 3 edge, on going from RT to ~110K. It has been previously reported that the cubic to
tetragonal antiferrodistortive transition in STO occurs inhomogeneously, that the surface unit cells begin this transition at around ~150K, which possibly spans to the whole STO by ~105K
[10]. Hence, the fine structure variations we see at around ~110K near the interface could be representative of this transition, thereby altering the interface properties. Characterizing such
variations is enabled by high-energy resolution monochromated EELS, in combination with a cryogenic system. The resolution significantly overpasses previous studies reported in this
direction, where, in addition a real space mapping of the fine structure variation couldn’t be done [11, 12]. An investigation in this direction paves the way to better understanding the interesting
phenomena such as superconductivity and ferromagnetism that emerges at these interfaces.

[1] Preziosi, Daniele, et al. Nano letters 18.4 (2018): 2226-2232. [2] Yang, Zhen, et al. Small (2023): 2304146. [3] Haeni, J. H., et al. Nature 430.7001 (2004): 758-761.[4] Rddel, Tobias Chris,
et al. Advanced Materials 28.10 (2016): 1976-1980. [5] Bréhin, Julien, et al. Physical Review Materials 4.4 (2020): 041002. [6] Palina, Natalia, et al. Nanoscale 9.18 (2017): 6094-6102. [7]
Cowley, R. A. Physical Review 134.4A (1964): A981. [8] Muller, K. Alex, and H. Burkard. Physical Review B 19.7 (1979): 3593. [9] Tencé, Marcel, et al. Microscopy and Microanalysis
26.S2 (2020): 1940-1942. [10] Salman, Z., et al. Physical Review B 83.22 (2011): 224112. [11] Haruta, Mitsutaka, et al. Applied Physics Letters 119.23 (2021). [12] Rui, Xue, and Robert F.
Klie. Applied Physics Letters 114.23 (2019).

11:15 AM CHO02.01.04
Unraveling Metal-To-Metal Hydride Phase Transformation using In-Situ S/TEM Techniques Gopi Krishnan?, Lars Bannenberg?, Herman Schreuders? and Joerg Jinschek?; 1Technical
University of Denmark, Denmark; 2Delft University of Technology, Netherlands

In our relentless pursuit of solutions to advance the decarbonization of our society and economy, hydrogen stands out for its exceptional qualities as a zero-emission fuel, energy storage
medium, and chemical feedstock. Nevertheless, the challenge of compact hydrogen storage remains a daunting one in both science and technology. Safe storage of hydrogen, particularly in
solid forms such as metal hydrides, offers numerous compelling benefits.

However, further improving its storage properties requires a comprehensive understanding of nucleation and growth of metal-to-metal hydride phase transformation at the atomic scale. In this
context, real-time visualization of the various steps of the transformation process is essential for a precise and quantitative understanding. For instance, for interpreting the hydrogen sorption
property of materials, it is crucial to reveal the effect of stress/strain, the role of defects, and intermediate phase evolution during metal-to-metal hydride phase transformation.

In this study, we use MgTi thin films as a model system to study metal-to-metal hydride phase transformation using in-situ Scanning/Transmission Electron microscopy (S/TEM). The phase
transition from hexagonal to face-centered cubic in Mg to MgTiHy is tracked through crystal structure changes observed by electron diffraction (ED) and in bulk plasmon resonance detected

by electron energy loss spectroscopy (EELS). We also apply in-situ 4D STEM to investigate local structural displacements and strain developed during the process. Moreover, integrated
differential phase contrast (iDPC) imaging aids in pinpointing hydrogen atom positions within the lattice. By combining these methods, we gain insights into the hydrogenation process and its
effects on hydrogen storage properties.
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SESSION CH02.02: Exploration of Complex Oxide Heterostructures and Microelectronics Devices via In-Situ Electron Microscopy |1
Session Chairs: Leopoldo Molina-Luna and Di Zhang
Tuesday Afternoon, April 23, 2024
Room 440, Level 4, Summit

2:00 PM *CH02.02.01
In-situ Cryogenic and Biasing STEM and EELS for Quantum Materials Shelly Michele Conroy; Imperial College London, United Kingdom

Understanding how the emergent phases of quantum materials form and behave during operation at the atomic scale is crucial to future quantum technology design. Cryogenic Scanning
Transmission Electron Microscopy (STEM) and Electron Energy Loss Spectroscopy (EELS) have emerged as powerful tools, enabling scientists to explore quantum materials under extreme
conditions of ultra-low temperatures, vacuum condictions and applied stimiulus such as bias. This cutting-edge combination of techniques integrates the high-resolution imaging and diffraction
capabilities of STEM with cryogenic technology and the analytical capabilities of EELS, allowing for the investigation of materials at these low temperature exotic emergent phases, while
simultaneously probing their electronic structure.

In this presentation firstly the multiple ferroic phases below room temperture of Fe,l Boracite are investigated using a cryogenic STEM holder with temperature control. We investigate the
change in strain, polarisation and domain configuration via 4D-STEM during temperature cycling and thus changing ferroic phases. By switching from 4D-STEM to EELS we can also collect
changes in band gap and crystal field splitting. The dyamics of the domain wall topologies within these materials were investiagted using in-situ biasing at these various tempertaures and
phases.

Secondly, this presentation will detail how cryogenic vacuum transfer STEM can be used to probe the superconducting phase of a doped Fe(Se, Te) system. Here we show the emergence of
nanoscale superconducting puddles by complementary low temperature conducting atomic force microscopy. We could pick out these region using focsued ion beam and with a vacuum
transfer system we can do all sample preparation and analysis under vacuum and cryogenic conditions. We reveal the clear changes in physical structure and band gap between the
superconducting and high temperature phase using controlled in-situ heating from liquid nitrogen to room temperature.

2:30 PM CHO02.02.03
In-Operando Optical Tracking of Vacancy Induced Phase Change in Few-nm Thick Ferroelectric HZO Atif Jan and Giuliana Di Martino; University of Cambridge, United Kingdom

Ferroelectric random-access memories (FeERAM) switching is achieved by ferroelectric switching of dipoles. FeRAMs offer low-energy and faster switching as compared to conventional
memory circuitry. They excel in power consumption and low-voltage operation when stacked against current-driven contenders. Unfortunately, FERAMs have been restricted to niche markets
due to their limited CMOS compatibility and severe scaling issues of the complex ferroelectric perovskite systems. However, the discovery of ferroelectricity in binary oxides gave an impetus
for developing a universal memory concept, which may lead to a significant breakthrough in the development of memory devices. Binary oxides generally do not suffer from a “dead layer
effect”, which makes non-binary oxides, such as perovskites, ineffective for thin film technology. Moreover, high coercive fields inside binary oxides give them considerable resilience toward
internal depolarization of the ferroelectricity, crucial to achieving scalability and overcoming the widespread reliability disadvantages of FE material. The underlying reasons for the stable
ferroelectricity and distinct switching of FE domains inside binary oxides at an atomic level are poorly understood. Moreover, non-idealities seen upon continuous electronic switching cycles
like wake-up and fatigue introduce uncertainties in device performance and endurance. In this work, we present the first proof of the underlying reasons for these non-idealities with cycle-to-
cycle tracking of morphology changes in few-nm thick binary oxide ferroelectric ultra-thin films.

This work presents the first proof of the underlying reasons for these non-idealities with cycle-to-cycle tracking morphology changes in few-nm thick binary oxide ferroelectric ultra-thin films.
With our Nanoparticle-on-Mirror (NPoM) geometry, we capture for the first time both migration of <1% oxygen ions and material phase change in just 5nm-thick binary oxide ferroelectric
films when under continuous electronic switching and therefore track in real-time and in-operando the nanoscale kinetics of wake-up and fatigue in ferroelectric ultrathin memories. We use in-
situ electrical and optical characterizations like darkfield scattering, photoluminescence and Raman spectroscopy to understand the nano-kinetics of the atomic level switching. The tracking of
vacancy migration and phase change with the above-mentioned techniques combined with density functional theory (DFT) and finite-difference time-domain (FDTD) simulations provide the
first insights into the morphological changes in ultra-thin binary oxide films [1].

[1]: A. Jan, T. Rembert, S. Taper, J. Symonowicz, N. Strkalj, T. Moon, Y. S. Lee, H. Bae, H. J. Lee, D.-H. Choe,J. Heo, J. MacManus-Driscoll, B. Monserrat, G. Di Martino, Advanced
Functional Materials 2023, 33, 2214970.

2:45 PM CHO02.02.04
Unveiling Texture Transfer in Dielectric Thin Films via In Situ Electron Microscopy Robert Winkler!, Alexander Zintler?, Oscar Recaldel, Déspina Nasiou®, Lambert Alff* and Leopoldo
Molina-Lunal; 1TU Darmstadt, Germany; 2University of Antwerp, Belgium

Transition metal oxide (TMO) dielectric layers are pivotal for applications like field-effect transistors, supercapacitors, and emerging memories such as resistive random access memory
(RRAM) [1]. Careful selection of the thin film layer materials and growth techniques in an RRAM device is essential to engineering the desired microstructure via texture transfer to improve
performance and reliability [2], [3].

Usually, texture transfer is achieved via epitaxial growth at elevated temperatures, which, in the case of RRAM, might be more challenging to integrate in current complementary metal oxide
semiconductor (CMOS) back-end-of-line (BEOL) processes. Therefore, a question arises if texture transfer is also possible when annealing amorphous HfO, thin films grown via reactive
molecular beam epitaxy (RMBE) on highly textured (111) thin films. Here, we have employed in situ electron microscopy to precisely determine the minimum required temperature and the
origin of grain growth.

Crystallization of amorphous HfO, starts at 180 °C, non-adjacent to an interface. The developing grains, as shown by automated crystal orientation mapping (ACOM) in ASTAR of the 4D-
STEM data set, are nanocrystalline or amorphous until reaching an adjacent textured layer. The resulting (11-1+010) monoclinic phase of the annealed HfO, thin films indicates that texture
transfer is possible, which is also represented in the improvement of the RRAM device's performance.

To summarize, the presented findings in our study are not only relevant in the field of dielectric thin films by connecting microstructural changes to device fabrication and performance but are
generally useful when tracking the origins of grain growth with nanometer precision by analyzing 4D STEM via automated crystal orientation mapping (ACOM).

References:

[1] R. Dittmann, S. Menzel, and R. Waser, ‘Nanoionic memristive phenomena in metal oxides: the valence change mechanism’, Advances in Physics, vol. 70, no. 2, pp. 155-349, Apr. 2021,
doi: 10.1080/00018732.2022.2084006.

[2] R. Winkler et al., ‘Controlling the Formation of Conductive Pathways in Memristive Devices’, Advanced Science, vol. 9, no. 33, p. 2201806, 2022, doi: 10.1002/advs.202201806.

[3] S. U. Sharath et al., ‘Control of Switching Modes and Conductance Quantization in Oxygen Engineered HfO, based Memristive Devices’, Adv. Funct. Mater., Jul. 2017, doi:

10.1002/adfm.201700432.
3:00 PM BREAK

3:30 PM *CHO02.02.05
Design interface and domain structure in doped BaTiO5 systems for enhanced relaxor ferroelectric behavior and energy storage Aiping Chen?, Di Zhang?, Nicholas Cucciniello®2,

Alessandro Mazza®, Quanxi Jia%, Michael Zachman®, Rod McCabe! and James M. LeBeau?; 1Los Alamos National Laboratory, United States; 2University at Buffalo, The State University of
New York, United States; 30ak Ridge National Laboratory, United States; 4Massachusetts Institute of Technology, United States

Dielectric materials, holding charges as capacitors, are vital energy storage components of electronics and power systems. Dielectric capacitors distinguish themselves in features of ultrafast
charging/discharging rates, high voltage endurance, and good reliability. Enhancing the relatively low energy densities of dielectric capacitors is essential for their applications in pulsed power
equipment. Relaxor ferroelectrics are promising candidates for applications in energy storage. Therefore, considerable effort has been devoted to enhancing the energy storage via composition
optimization, defect engineering, and architectural design.

In this talk, | will discuss the strategies of designing interface and domain structure in doped BaTiOj to achieve relaxor ferroelectrics. In the first part, | will discuss the design of

(Bag 7Cay 5)TiO3 (BCT) and Ba(Tij gZry ,)O3 (BZT) superlattices via a high-throughput combinatorial approach. Well-controlled compositional gradient, superlattice geometry and domain size
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are explored by scanning transmission electron microscopy (STEM). Ferroelectric and dielectric properties identified the “optimal property point” achieved near the morphotropic phase
boundary. Our results have found that relaxor-like ferroelectric behavior enhances and the leakage slightly increases with reducing the superlattice periodicity (or with more interfaces). In the
second part of the talk, I will discuss strategies to further optimize domain structures and suppress the leakage current in BZT-BCT films via a machine learning approach. Sn has been
identified as an ideal dopant to maintain the rhombohedral /tetragonal phase boundary, reduce leakage current and reduce the domain size below 10 nm for BZT-BCT systems and greatly

enhanced relaxor ferroelectric behavior has been achieved. The large polarization and the delayed polarization saturation lead to greatly enhanced energy density of 80 Jiem3 and transfer
efficiency of 85% over a wide temperature range. Such a data-driven design recipe for a slush-like polar state is generally applicable to quickly optimize functionalities of ferroelectric
materials.

4:00 PM CH02.02.06
Defect Induced Memristive Switching in Off-Stoichiometric SrTiO; and CaTiOj, studied by In Situ Transmission Electron Mircroscopy Changming Liut, wahib Aggoune?, Mohamed

Abdeldayem?, Alexander Meledin®, Houari Amaril, 1zaz-Ali Shah?, Thilo Remmele!, Tobias Schulzt, Andreas Fiedler!, Jutta Schwarzkopf®, Matthias Scheffler? and Martin Albrecht’;
11 eibniz Institut fuer Kristallzuechtung, Germany; 2Humboldt-Universitit zu Berlin, Germany; 3Thermo Fisher Scientific, Netherlands

In the quest for neuromorphic computing systems that emulate the intricacies of the human brain, the transition of digital memory to an analog state is paramount. A central scientific question
revolves around directing materials to incorporate synaptic plasticity. Among the most promising and technologically advanced strategies for achieving this are resistive random access memory
(ReRAM) devices. Traditional ReRAMs operate through the stochastic formation and breakage of conductive filaments within an insulator storage medium, making control challenging. This
paper presents a novel approach to memristive devices, focusing on single crystalline SrTiO3 and CaTiO3 thin films. By deliberately introducing an A cation deficiency of up to about 16%
through metal organic vapor phase epitaxy (MOVPE), we have successfully realized resistive switching without the need for filament formation, achieving on/off ratios as high as 10%. Our
investigation integrates various techniques, including electrical measurements, transmission electron microscopy (TEM), and in-situ X-ray studies at a synchrotron, to provide insights into the
underlying mechanisms.

Our results suggest that the resistive switching phenomenon in off-stoichiometric films can be attributed to trap-assisted tunneling through Ti antisite defects, which induce a switchable
polarization. Crucial parameters such as on/off ratio and retention time depend on the extent of off-stoichiometry. This study presents a comprehensive TEM analysis of these materials,
including high-resolution scanning transmission electron microscopy (S-TEM), electron energy loss spectroscopy (EELS), and dynamic in-situ TEM measurements with electrical bias and
heating. Our results show that approximately 50% of the V, sites are occupied by Ti and that these antisite defects are responsible for inducing ferroelectric polarization. Differential phase

contrast measurements reveal the polarization of these domains. Preliminary in-situ TEM experiments confirm the resistive switching behavior observed in ex-situ electrical measurements.
Furthermore, our in-situ studies suggest that these polar defects combine under bias to form nanopolar domains that are statistically distributed throughout the film. This is visually confirmed
by contrast inversion in dark-field images using forbidden reflections, consistent with macroscopic observations in synchrotron experiments. We attribute this contrast inversion to the
alignment of off-centered polar defects induced by the applied electric field. Reducing the voltage to 0 V results in a stable state, albeit with the polarization erased, returning the local film to a
high-resistance state. These preliminary in-situ I-V measurements confirm our recent findings that resistive switching in Sr-deficient SrTiO3 thin films occurs at significantly lower voltages
than those required for filament formation, offering promising prospects for future neuromorphic computing applications.

4:15 PM CHO02.02.07
Advanced Phase Plate Fabrication and Thin Film Characterization for TEM Imaging of Biological Samples Marcus F. Hufe!, Mads S. Larsen?, Stephan S. Keller!, Marco Beleggia®®
and Paul J. Kempen; Technical University of Denmark, Denmark; 2University of Modena and Reggio Emilia, Italy

Phase plates (PPs) for transmission electron microscopy (TEM) have been a research field since 2001 [1] and are of continuing interest to enhance contrast and increase resolution when
imaging biological samples [2]. The most promising PPs for soft-matter imaging are thin-film-based [3]. These include Volta-, Zernike-, and Hilbert-type PPs. Thin-film PPs are generally
fabricated by hand using sputtering tools in a single-device process [4]. These PPs suffer from several limitations that plague their widespread implementation. These challenges include
contamination, ease of installation and use, lack of reproducibility, and lack of full understanding and control of the induced phase shift. In this work we are using cleanroom processes to
fabricate PPs that are reproducible with known parameters. In this manner we can both know and control the induced phase shift. We present the fabrication of both Zernike-type phase plate
devices (ZPPs), with an ideal phase shift of 49 = /2, and Hilbert-type PP devices (HPPs), for which 4¢ = z.

In order to achieve this, it is necessary to know the accurate mean inner potential (MIP) of the materials involved. For our work, the most promising thin film materials are silicon nitride and
amorphous carbon. MIP values for these materials in the literature vary widely, making it difficult to fabricate a device with the ideal phase shift. The phase shift is related to the mean inner
potential Vg and the film thickness t (via an electron constant Cg) in the following way [5]: 49 = CgVt. We use ellipsometry and AFM techniques to determine and verify the thicknesses of the

thin films. We use electron holography (EH) [6] to measure the phase shift of our devices. Using the thickness and phase shift values we can then accurately determine the MIP of our thin
films. We can further use this to optimize our devices for optimal phase shift.

In addition to our material characterization, we installed the PPs in the back-focal plane of a TF Tecnai TEM using the existing objective aperture mechanism. We will demonstrate the
functionality of our phase plate devices via contrast enhancement, using both a test sample made from thin carbon structures on a standard carbon-film TEM grid, and biological samples at
cryogenic temperatures.

REFERENCES

[1] R. Danev, K. Nagayama, Transmission electron microscopy with Zernike phase plate, 2001, Ultramicroscopy 88: 243

[2] M. Obermair et al., Analyzing contrast in cryo-transmission electron microscopy: Comparison of electrostatic Zach phase plates and hole-free phase plates, 2020, Ultramicroscopy 218:
113086

[3] R. M. Glaeser, Methods for imaging weak-phase objects in electron microscopy, 2013, Rev. Sci. Instrum. 84: 111101

[4] R. Danev et al., Practical factors affecting the performance of a thin-film phase plate for transmission electron microscopy, 2009, Ultramicroscopy 109: 312

[5] M. Malac et al., Phase plates in the transmission electron microscope: operating principles and applications, 2021, Microscopy Vol. 70, No. 1: 75

[6] M. N. Yesibolati et al., Mean Inner Potential of Liquid Water, 2020, Phys. Rev. Lett. 124: 065502

4:30 PM *CHO02.02.08

In-Situ STEM Studies of Ferroelectric Domains in Free-Standing Thin Films Tamsin I. O'Reillyl, Kristina Holsgrovel, Xingiao Zhangz, John J. Scott!, laro Gaponenkos, Praveen
Kumar®#, Patrycja Paruch®, Joshua Agar? and Miryam Arredondo®; 1Queen's University Belfast, United Kingdom; 2Drexel University, United States; 3University of Geneva,, Switzerland;
4School of Mines,, United States

Ferroelectrics are polar materials known for their spontaneous polarization, which can be reversibly switched by applying an external field. As these materials are cooled below their Curie
temperature (T¢), the resulting domain structure and switching dynamics are driven by boundary their conditions, aiming to minimize electrostatic and elastic energy in the system.

A particularly interesting aspect of ferroelectrics is the effect that surface chemical species have on the screening mechanism, and its resulting domain structure, and vice versa, how domains
affect the surface chemistry. The latter could be exploited to tailor surface reactivity for electrochemical, catalytical,[1-6] and other energy harvesting applications.[2, 7-9]

This study focuses on investigating the thermally induced behavior of ferroelectric-ferroelastic domains in free-standing thin films under different chemical environments using in-situ scanning
transmission electron microscopy (STEM) techniques. The similarities and differences between these environments are discussed, along with the associated challenges.

To the best of our knowledge, this is the first time in-situ heating under controlled gas environments has been employed to study ferroelectric-ferroelastic domains. Our findings provide
valuable insights into the intricate relationship between important ferroelectric characteristics such as (T, domain size, etc) and the chemical environment. Furthermore, this work highlights

the application of in-situ gas as a powerful technique for dynamically exploring the effects of other external variables such as pressure on polar materials.

[11 Y. Yun, E. I. Altman, Journal of the American Chemical Society 2007, 129, 15684,
[2] A. Kakekhani, S. Ismail-Beigi, Journal of Materials Chemistry A 2016, 4, 5235.
[3]1 T. L. Wan, L. Ge, Y. Pan, Q. Yuan, L. Liu, S. Sarina, L. Kou, Nanoscale 2021, 13, 7096.
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[4] A. Kakekhani, S. Ismail-Beigi, Physical Chemistry Chemical Physics 2016, 18, 19676.

[5] Y. Li, J. Li, W. Yang, X. Wang, Nanoscale Horizons 2020, 5, 1174.

[6] A. Kakekhani, S. Ismail-Beigi, E. I. Altman, Surface Science 2016, 650, 302.

[71 H. Li, C. R. Bowen, Y. Yang, Advanced Functional Materials 2021, 31, 2100905.

[8] M. Xie, S. Dunn, E. L. Boulbar, C. R. Bowen, International Journal of Hydrogen Energy 2017, 42, 23437.
[9]1 S. Kim, N. T. Nguyen, C. W. Bark, Applied Sciences 2018, 8, 1526.
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8:30 AM *CH02.03.01

High-Resolution Scalar/Vector-Field Electron Tomography Unveiling 3D Topological Spin Textures Xiuzhen Yu®, Nobuto Nakanishi®2, Yi-Ling Chiew!, Naoya Kanazawa®, Kosuke
Karube?, Yasujiro Taguchi® and Yoshinori Tokural3; IRIKEN, Japan; 2Thermo Fisher Scientific, Japan; 3The University of Tokyo, Japan

The emergence of 2D topological spin textures, such as magnetic skyrmions in helimagnets, has garnered significant attention in the field of condensed matter physics and spintronics2.
However, our understanding of nontrivial 3D spin textures remains limited, primarily due to the absence of a high-resolution 3D magnetic imaging technique, especially at lower temperatures

below room temperature (RT). While some progress has been made in imaging magnetic twisted structures in 3D through nanotomography?, challenges persist in accurately mapping 3D vector
fields and achieving the necessary spatial resolution. These obstacles hinder our ability to comprehensively map 3D exotic spin textures in magnets with topological precision over a broad
temperature range. The objective of this study is to develop a high-resolution scalar/vector-field electron tomography microscopy technique that covers a wide temperature range from 95 K to
RT, enabling real-space observations of various 3D topological spin textures.

In this study, I will introduce scalar/vector-field electron tomography using 3D integrated differential-phase-contrast microscopy and discuss its applications. Specifically, | will show vortex
pairs on the surface of elliptical skyrmions in an antiskyrmion-hosting magnet at RT and the formation of ‘football'-like skyrmions and their heavy deformations around sample surfaces with
varying temperatures in a helimagnet FeGe. This groundbreaking 3D magnetic imaging technique reveals hybrid topological spin textures, including surface spin textures such as vortices and
monopoles, providing valuable insights into the topological aspects of various spin textures emerging in topological materials.

*This work was supported by Grants-In-Aid for Scientific Research (Grant No. 19H00660, 23H05431) from the Japan Society for the Promotion of Science and the Japan Science and
Technology Agency CREST program (Grant No. JPMJCR1874, JPMJCR20T1).

References

[1] Y. Tokura, and N. Kanazawa, Chem. Rev. 121, 2857 (2021).

[2] N. Nagaosa, and Y. Tokura, Nat. Nanotechnol. 8, 899 (2013).

[3] C. Donnely, et al. Nature 547, 328 (2017); D. Wolf, et al. Nat. Nano. 17, 250 (2022).

9:00 AM CH02.03.02

Investigating the Resistive Switching Mechanisms of Oxide and Nitride-Based Memristor Devices via In Situ STEM and EELS Di Zhangl, Rohan Dhall?, Matt Schneider?, Chengyu
Song?, Sundar Kunwar, Nicholas Cucciniello®, Hongyi Dou?, Jim Ciston?, John Watt?, Winson Kuo®, Michael T. Pettes!, Haiyan Wang®, Rod McCabe! and Aiping Chen; *Los Alamos
National Laboratory, United States; 2| awrence Berkeley National Laboratory, United States; 3purdue University, United States

The resistive-switching (RS) phenomenon observed in a variety of transitional metal oxides is of great research interest since it opens enormous opportunities for the next-generation electronic
devices such as nonvolatile memory and neuromorphic computing units, etc. However, the RS mechanisms for many oxide- and nitride- based memristor devices are still unclear. In this
project, we use in situ transmission electron microscopy (TEM) and Electron Energy Loss Spectroscopy (EELS) to investigate the RS mechanisms of different types of memristor devices. The
high resolution STEM images captured during the in situ biasing experiment revealed the potential phase transition processes and polarized cations displacements, and the core EELS spectra
confirmed the cations valene states change and the oxygen stoichiometry modulation during the RS processes. This study has shined great light on clarifying the RS mechanisms of different
types memristor devices, which can be applied to the development of next-generation nanoelectronic devices towards advanced memory and neuromorphic computing units etc.

9:15 AM CHO02.03.03
Breaking Barriers in Oxide Nanoelectronics: Advancements in In Situ TEM Studies Oscar Recaldel, Tianshu Jiangl, Robert Winklerl, Alexander Zintlerl, Esmaeil Adabifiroozjaeil,
Yevheniy Pivak?, Hector H. Perez-Garza? and Leopoldo Molina-Luna®; 1TU Darmstadt, Germany; 2DENSsolutions, Netherlands

In today's microelectronic industry, oxide nanoelectronics are at its core. To gain insights into the dynamic processes within these nano electronic devices at the nano and sub-nanometer scale,
in situ/operando transmission electron microscopy (TEM) has become a vital research avenue. Recent advancements in the integration of microelectromechanical systems (MEMS) within
electron microscopes have made it possible to apply various stimuli to samples directly inside the microscope, including electrical biasing.

However, achieving reliable sample preparation for these experiments using focused ion beam (FIB) techniques has been an intricate challenge. Conventional FIB methods have often led to the
inadvertent creation of short circuits along the MEMS platforms and TEM devices during sample attachment and electrical contacting. This has obscured the true performance of these devices.

In this study, our innovative FIB sample preparation protocol overcomes these challenges, allowing for the dependable operation of two-terminal oxide devices within the TEM. We have
investigated structural changes in materials like SrTiO3-based memristors, Nb-doped lead zirconate titanate (PNZT) piezoelectric, and BaSrTiO3 ferroelectric, directly correlating these
observations with the simultaneous acquisition of current-voltage (I-V) curves. This has facilitated meaningful comparisons with their macroscopic counterparts.

Furthermore, our investigations encompass multi-stimuli experiments, introducing gas nano cells into the equation. Interestingly, we have observed the impact of device oxidation induced by
electron beam irradiation that alters the electrical response of a SrTiO3-x and BaSrTiO3-x (BST) tunable dielectric device when subjected to an oxygen-rich environment.

Moreover, a suppression of leakage current in TEM lamella devices exposed to Ar/O2 plasma cleaning has also been investigated. Additionally, the effects of electron beam irradiation on the
electrical properties of oxide devices, employing them as a tool for checking sample connectivity through STEM (SE)EBIC techniques, have also been explored. These findings collectively
contribute to a more comprehensive understanding of oxide nanoelectronics and their behavior at micro and sub-nanometer scales.

In conclusion, our innovative FIB-based sample preparation technique not only enables the study of nano electronic devices under various stimuli conditions within a TEM environment but also
facilitates the direct correlation of electrical properties with structural changes. Moreover, we have introduced the use of gas nano cells for multi-stimuli experiments, further enhancing our
ability to probe sample connectivity and uncover microstructural factors influencing current-driven mechanisms.

9:30 AM *CH02.03.04
Quantum Monochromated Electron Microscopy: Combining High Spatial and Spectral Resolution to Observe Emergent Electronic and Vibrational Proprties in Nanosctructured
Quantum Materials Jordan A. Hachtel®, Eric R. Hoglund?, Harrison Walker?, De Liang Bao?, Geemin Kim®, Mahmut Sami Kavrik*, Matt Law® and Sokrates Pantelides?; 10ak Ridge

National Laboratory, United States; 2\/anderbilt University, United States; 3University of California, Irvine, United States; 4Lawrence Berkeley National Laboratory, United States

Over the last 5-10 years, the scanning transmission electron microscope (STEM) has been turned to quantum materials more and more due to the ability to correlate the subtle structural
signatures of quantum phase transitions with atomistic imaging and compositional analysis. Over this same time period, monochromation for electron energy-loss spectroscopy (EELS) in the
STEM has also seen a resurgence. With typical energy resolutions improving by two orders of magnitude to enable a whole host of new experiments at the high spatial resolution of the STEM.
The combination of the two is truly a new opportunity for quantum materials, as it allows the ability to probe the novel quasiparticles and shallow electronic structure that mediate emergent
phenomena directly at the length scales over which they occur.
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In this talk, I will discuss the application of monochromated STEM-EELS to quantum nanostructured superlattices. In SrTiO5-CaTiO5 (STO-CTO) superlattices, where the superlattice is in the

growth direction with alternating layers of STO and CTO at different unit-cell thicknesses. In this system, the period of the superlattice dominates the macroscopic properties of the material
through changing the number of interfaces between the STO and CTO. However, in short period superlattices, an emergent phonon response causes the interface-density-dependency to reverse
and as the material takes a new property based off of the interface octahedral tilts. I will also discuss PbSe quantum dot superlattices, where the superlattice concerns lateral, self-assembled,
epitaxially-connected quantum dots that form a network analog to a cubic crystal structure. Here the electronic states delocalize across the epitaxially connected QDs to create emergent
electronic structure not present in the individual quantum dots. In both cases the combination of spatial and spectral information reveal emergent spectroscopic repsonses in the nanostructured
superlattice.

10:00 AM BREAK

10:30 AM *CHO02.03.05
Investigating The Structure of Spin Qubits Using Electron Ptychography James M. L eBeau; Massachusetts Institute of Technology, United States

Divacancy and vacancy-transition metal (v-TM) complexes in silicon carbide (SiC) can form the basis for optically addressable single photon emitters. The convergence of SiC's technological
maturity and the compatibility of these qubits with traditional semiconductors has thus sparked considerable interest in these defects. For example, recent quantum coherence measurements of
v-TM complex spin states in SiC have underscored the potential of this platform in quantum computing applications. To validate theoretical frameworks and glean insights pertinent to emitter
synthesis and stability, atomic resolution electron microscopy offers direct access to their structure and interactions within their local environment.

This presentation will explore the direct observation of individual defects in a SiC film using scanning transmission electron microscopy (STEM) imaging and multislice electron ptychography.
We will show how the capabilities afforded by multislice electron ptychography enable us to characterize these defects at a localized level and in 3D without the need for tomography or
through-focus methods. Moreover, we will show that conventional methods, such as high-angle annular dark field STEM, can be severely limited for this type of study due to noise and are
frequently obscured by surface contamination, damage, and roughness. We will demonstrate that ptychographic reconstructions can directly quantify single defects and defect complexes on a
slice-by-slice basis, imparting direct 3D information. This will be explored using simulated ptychographic datasets encompassing an array of defects in various positional configurations.
Finally, we will discuss the limitations of capturing three-dimensional structures and the ability to capture small displacements arising from substitution and the formation of v-TM complexes.

11:00 AM *CH02.03.06
Towards In-Situ Electromagnetic Field Imaging in Materials by Scanning Transmission Electron Microscopy Naoya Shibata; The University of Tokyo, Japan

Differential phase contrast scanning transmission electron microscopy (DPC STEM) is a powerful technique for directly characterizing local electromagnetic field distribution inside materials
and devices. In combination with tilt-scan averaging system [1,2] for suppressing diffraction contrasts, DPC STEM can be applicable to local electromagnetic field imaging even in the vicinity
of crystalline defects such as heterointerfaces and grain boundaries [3,4]. The next step is to apply this technique for materials under various external conditions from low temperatures to high
temperatures, electromagnetic biasing, mechanical loading and so on. In this talk, some resent developments and applications along this direction will be discussed.

[1] Y. Kohno et al., Microscopy, 71, 111-116 (2022).

[2] S. Toyama et al., Ultramicroscopy, 238, 113538 (2022).

[3] S. Toyama et al., Nature Nanotech., 18, 521-528 (2023).

[4] S. Toyama et al., submitted.

[5] This work is supported by JST ERATO grant number JPMJER2202 and the JSPS KAKENHI (grant number 20H05659).

SESSION CHO02.04: Exploration of Catalysts and 2D materials Dynamics via In-Situ/Cryogenic Electron Microscopy
Session Chairs: Yaobin Xu and Di Zhang
Wednesday Afternoon, April 24, 2024
Room 440, Level 4, Summit

1:30 PM *CH02.04.01
Atomic Resolution Scanning Transmission Electron Microscope Imaging of The In Situ Synthesis of Nanoparticle Catalysts Sarah J. Haigh', Yichi Wang?, Nick Clark!, Matthew
Lindley?, Thomas Slater? and Roman Gorbachev?; tUniversity of Manchester, United Kingdom; 2Cardiff University, United Kingdom

The shape and size of metallic nanoparticle catalysts have been shown to control the activity and selectivity for many chemical reactions. Most industrial catalysts are produced by wet
impregnation and calcination, due to the scalable nature of this synthesis technique. However, a greater control of the composition, size and shape of the resulting nanoparticles is highly
desirable. Understanding the interactions of metal ions with the surfaces in the wet impregnation solution, as well as better understanding of the drying behavior in hydrogen at elevated
temperature would be highly desirable to support the production of the improved industrial catalysts needed to address the current energy emergency.

Our group have been developing in situ 2D heterostructure cells for atomic resolution transmission electron microscopy (TEM) imaging and analysis, using a combination of graphene,
hexagonal boron nitride and MoS2 layers to trap liquid and gas pockets and enable new functionality such as liquid-liquid mixing [1]. We have used these 2D heterostructure liquid cells to
investigate the dynamic processes that occur at a solid-liquid interfaces as metal ions from solution interact with a solid support at atomic resolution.[2] For example to demonstrate the use of
liquid phase imaging to probe the preferred resting sites for platinum atoms on molybdenum disulfide.[2]

We have also used in situ gas cell TEM to investigate how the morphology is determined by the wet impregnation synthesis parameters, as well as how the starting structure and composition
determines the evolution of industrial supported nanoparticle catalysts during activation heat treatment.[3]

In situ TEM studies are often limited to 2D imaging, especially for highly active nanoparticle systems like PtNi, where the particle composition and morphology can be used tune the
performance for the oxygen reduction reaction.[4] We have shown that the single particle reconstruction method, which is widely used in cryogenic TEM imaging of proteins, is a valuable
means to probe the three dimensional structural evolution of inorganic nanoparticles.[5] This approach averages over particles present in the image with different orientation to build up a
tomographic reconstruction at much lower radiation dose than is required for conventional tilt series tomography.[5] We have shown that this opens up the single particle reconstruction
technique to allow 3D visualization at different time points during in a synthesis process or catalytic reaction.[6] This approach could be brought to the atomic scale through harnessing the
improved imaging performance achievable with new in situ cell designs.

[1] Kelly et al, Advanced Materials (2021) 33, 2100668;

[2] Clark et al. Nature (2022) 609, 942;

[3] Prestat et al ChemPhysChem (2017), 18, 2151 and unpublished work
[4] Leteba et al Nano Lett.(2021), 21, 9, 3989-3996

[5] Wang et al Nano Lett. (2019), 19, 2, 732-738

[6] Wang et al Small (2023) in press

2:00 PM CHO02.04.02
Advanced Transmission Electron Microscopy Application in Non-Noble Catalyst Materials for CO2 Hydrogenation Qiangian Li; Shanghai University, China

Transmission electron microscopy (TEM) now has become one of the most influential techniques in nanoscience and nanoengineering characterization fields, which can be used to study the
structure, component or valence at sub-angstrom scale. We involved the advanced Cs-corrected S/TEM to reveal the microstructural evolution of the non-noble catalyst for carbon dioxide
hydrogenation. Firstly, we designed a porous Co@C catalysts derived from a novel layered metal-organic framework (MOF) with tunable pore sizes for CO, hydrogenation. Pointing out the

dependence of the durability on the pore size. Secondly, we find the partial loss of catalytic activity of non-noble CoFe alloy catalysts, as exposed to oxygen, can be attributed to the migration
of Co element from the core region of CoFe alloy to the surface. The adsorption energy of H for CoFe,O, shell is stronger than Fe;O, shell, so it is harder to fully desorb for H in the follow

reaction process. Lastly, we revealed the non-noble catalyst structure stability optimization strategies and mechanisms in long-term reaction process for CO, hydrogenation. The studies above
provide a new viewpoint to design high-performance catalyst and modify their structures.
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3:15 PM *CHO02.04.04
Unveiling Phase Transitions in 2D Layered Materials via Atomic-Scale Cryogenic STEM Miaofang Chi, Haoyang Ni and Hsin-Yun Chao; Oak Ridge National Laboratory, United States

Quantum materials exhibit unique phenomena and functionalities beyond classical physics. The use of 2D sheets, heterogeneous interfaces, and moiré structures has emerged as a promising
method to induce exotic quantum effects. However, studying these materials using cryogenic scanning transmission electron microscopy (STEM) has been limited by stage instability.
Achieving stable atomic-scale imaging at cryogenic temperatures, particularly in techniques like atomic-scale 4D-STEM imaging and monochromated electron energy loss spectroscopy
(EELS), is expected to provide valuable information for probing key parameters in quantum materials. Recent improvements in stage designs and machine learning-assisted acquisition and
analysis algorithms offer opportunities for related research. In this presentation, I'll discuss our on-going research using cryogenic STEM and EELS to study lattice-spin-charge coupling in 2D
van der Waals materials for spintronics applications, with a specific focus on our findings regarding layer-dependent atomic structural transitions and magnetic behavior alterations for
spintronics applications. Additionally, we'll cover local temperature calibration methods for cryogenic STEM and the application of machine learning for data acquisition and analysis in
achieving multi-dimensional STEM mappings at cryogenic temperatures, including atomic-resolution 4D-STEM imaging and spectroscopy.

2:30 PM BREAK

3:45 PM *CH02.04.05
In Situ Cryo 4D STEM of CDW Phase Transitions in Layered Materials Judy Cha, James Hart and Saif Siddique; Cornell University, United States

Many quantum materials possess complex electronic phase diagrams where correlated electronic phases, such as superconductivity, magnetic ordering, and charge density waves (CDWSs), exist
near each other. The proximity of these phases suggests that phase transitions must be understood to establish the microscopic origin for these correlated phases and to use them for applications.
These phase transitions have mostly been studied using ensemble-average techniques, lacking real space information of nucleation and growth of these often-competing electronic phases.
Nevertheless, such real-space information is essential for applications of quantum materials, which will be at the nanoscale where reduced dimensionality, confinement, local heterogeneities,
interfaces, and defects will greatly modify the phase transitions.

In this talk, 1 will discuss our group’s efforts on combining cryogenic scanning transmission electron microscopy (cryo STEM) and in situ cryo 4D STEM with in situ transport measurements to
study the phase transition of TaS, in real-space with nanometer resolution as it undergoes a transition from the commensurate CDW (insulating phase) to the nearly commensurate CDW

(metallic phase). We directly visualize the nucleation and growth of the NC-CDW phase out of the C-CDW phase and correlate this to the changing transport data. We establish that the phase
transition starts at extended defects present in TaS,. We also examine the pulse-induced CDW phase transition in TaS, and reveal the role of defects and the transition mechanism. Our findings

are extended to CDWs in rare-earth tri-tellurides (RTey) and other layered materials.

4:15 PM CH02.04.06
STEM Imaging of AC Electric Field Driven Non-Centrosymmetric Atomic Displacements in The 2D TMD WSe, Christopher T. Nelson®, Ondrej Dyckl, Mina Yoon?, Jawaher

Almutlaqz, Dirk Englund2 and Stephen Jesse?; 10ak Ridge National Laboratory, United States; 2Massachusetts Institute of Technology, United States

Simultaneous characterization by (S)TEM and application of electrical bias is a powerful platform to study the real-space dynamic electronic couplings at nanoscales: the length scale of interest
for many electronic, quantum, and electrochemical materials and processes. Minimum acquisition times across all STEM modes favor in situ electrical bias experiments that are quasi-static for
a good signal/noise. Exploring dynamic responses at faster time scales necessitates multi-cycle summation to overcome the shot-noise limits for a coherent source. In this work we utilize this
approach to characterize moderate frequency (25kHz) AC electric-field induced response on the atomic structure of a 2D semiconductor WSe,.

As tunable 2D direct-gap semiconductors, WSe, and similar Transition Metal Dichalcogenides show promise for applications in nano- and opto-electronics. Their potential lies in part with a
wide library of 2D materials, TMD and otherwise, and a correspondingly large design-space for heterogenous multi-layer engineering. Here we applied an in-plane electric field across a free-
standing monolayer WSe, by biasing across a gap in an overlaid graphene layer. Rolling series short-dwell HAADF images were collected with a custom scan coil controller! while an AC
25kHZ sinusoidal bias was applied. Atomic structure fluctuations vs applied voltage were determined form a workflow of phase-detection -> averaging -> binning -> and atom position finding

using a machine-learning model AtomAI2. Collective atomic motion was removed, observed to be ~0.5 A/V, owing to beam deflection by long range stray-fields. We observe a small but robust
centrosymmetry breaking counter-motion between the W and Se atoms. This displacement has a total delta of ~0.5pm/V up to 4 volts (maximum applied) and can be attributed to field-induced
electrical polarization. Notably, this effect was only observed for datasets collected within the electrode gap and not within the graphene electrode itself. The nominal field concentration within
the former and absent in the latter strongly supports this is direct real-space observation of local field induced dynamics, specifically a fixed-frequency optical-phonon type dielectric response.

[1] Sang, X. et al. Dynamic scan control in STEM: spiral scans. Adv. Struct. Chem. Imag. 2, 6 (2016).

[2] Ziatdinov, M., et al. AtomAl: A Deep Learning Framework for Analysis of Image and Spectroscopy Data in (Scanning) Transmission Electron Microscopy and Beyond. arXiv:2105.07485
(2021)

[3] This work was supported by the U.S Department of Energy, Office of Science, Basic Energy Sciences, Materials Sciences and Engineering Division

4:30 PM CHO02.04.07
Endotaxial Polytype Engineering: Enhancement of Incommensurate Charge Density Waves in TaS, Suk Hyun Sung'?, Pat Kezer?, Nishkarsh Agarwal?, Yin Min Goh?, Noah Schnitzer3,

Ismail EI Baggaril, Kai Sun?, Lena Kourkoutis®, John T. Heron? and Robert Hovden?; *Harvard University, United States; 2University of Michigan, United States; 3Cornell University, United
States

Charge density waves (CDWs) are an emergent periodic modulation of the electron density that spans a crystal with strong electron-lattice coupling. CDW phases spontaneously break crystal
symmetry, facilitate metal-insulator transitions, and compete with superconductivity [1-4]. At elevated temperatures, many materials exhibit a CDW incommensurate (IC-) with the high
symmetry parent phase [5-8]. Unfortunately, the IC-CDWs are inherently weak and disordered. In TaS,, a popular layered CDW material, long-range order has not been demonstrated for the

IC-CDW [9-11]. Using new methods of endotaxial polytype engineering [12] we show it is possible to restore long-range order of the IC-CDW phase. Through this process, 2D CDW layers
are encapsulated within metallic polytypes to enhance charge order. Furthermore, with restored IC-CDWs we can better understand the nature of disorder in these systems. We show that the I1C-
CDWs in 1T-TaS, are hexatically disordered and undergo a continuous melting as temperature is increased. The hexatic CDW phase retains six-fold orientational order while translation order

quickly decays from proliferation of defects with temperature.

Here we use endotaxial engineering to enhance CDWs—even at elevated temperatures. The polytype heterostructures consist of monolayers of octahedrally coordinated charge ordered TaS,
embedded within matrices of metallic prismatic TaS,. These endotaxial heterostructures have been shown to raise the critical temperature of the long-range ordered commensurate (C-) CODW
phase by 150 K [12].

Surprisingly, long-range order of the IC-CDW phase is significantly enhanced in the polytype heterostructures [13]; in-situ selected area electron diffraction (SAED) of the heterostructures
shows sharper and brighter superlattice peaks than the IC-CDW phase in pristine 1T-TaS,. This enhancement of long-range CDW order is accompanied by a marked increase in the in-plane

resistivity of the IC phase. The increased intensity is surprising given the number of charge ordered TaS, layers is decreasing.

The signature of IC-CDWs in TasS, is the presence of azimuthally diffused superlattice peaks decorating bright Bragg peaks in SAEDs. These azimuthally blurred superlattice peaks strongly

resemble the structure factor of hexatic phases found in two-dimensional (2D) systems. 2D crystals can melt continuously through intermediate orientationally ordered hexatic phase [14-17].
Similarly, in pristine 1T-TaS,, the IC-CDW phase is in a hexatic glassy state due to intrinsic disorder. By restoring crystallinity of the IC-CDW, we observe the full hexatic melting process:

heating further melts the ordered IC-CDW phase with continuous azimuthal broadening and weakening of superlattice peaks as expected for hexatic phases.

In summary, we demonstrate that polytype engineering can stabilize fragile long-range order in IC-CDW even at high temperatures. The ordered IC-CDW phase melts continuously with
hexatic characteristics.
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5:00 PM CHO02.05.01
In-Situ TEM Full Temperature Range Cooling, Heating and Electrical Biasing Sample Holder Calvin A. Parkin, Norman Salmon and Daan Hein Alsem; Hummingbird Scientific, United
States

Cryogenic cooling of specimens during scanning/transmission electron microscopy (S/TEM) has enabled the characterization of various quantum interfaces and phase interactions in strongly
correlated systems. Investigation of such quantum properties at the fundamental level has historically been challenging due to inadequate spatial and temporal resolution of characterization
techniques as well as inadequate sample stability. Quantum materials must be studied at cryogenic temperatures because many of the relevant properties in these quantum materials only
manifest at such low temperatures.

Cryogenic S/TEM sample holders have not only enabled the study of quantum topological insulators in two-dimensional (2D) materials but also atomic resolution observation of battery
interfaces, which is traditionally difficult to achieve because they are sensitive to air and prone to electron beam damage at room temperature. However, lack of biasing capability has limited
the study of electrical responses in these materials systems. With increasing demand for batteries that function at high temperatures and material phase information across a wide range of
temperatures from cryogenic to high temperature, expanded versatility will be required of temperature-controlled in-situ electrical biasing systems.

Here, we present a novel in-situ electrical biasing S/TEM holder that simultaneously allows electrical stimulus and high-resolution imaging of a sample in-situ across the full temperature range,
from cryogenic up to high temperatures. The holder is exceptionally stable, with drift speeds across the entire temperature range comparable to standard holders at room temperature. Battery
processes were demonstrated in a single nanowire system using this holder at near-liquid nitrogen temperature (<-170°C) up to room temperature. Electrical biasing was performed on a
nanowire sample bridging the electrodes on the biasing chip. A constant current experiment at cold temperatures on the nanowire showed a voltage drop as the reaction proceeds with the
growth of a dendrite layer plated on the nanowire's surface. With the new heating capability, such experiments are extended to >1000°C using heating on the same chip that electrically biases
the sample to achieve these higher temperatures. This enables studying the temperature dependence of chemical and microstructural evolution under electrical bias. Far below room temperature
where on-chip temperature measurements become increasingly inaccurate, precise temperature control is maintained using a conventional resistance heater and miniature thermocouple at the
sample in the TEM holder tip. At intermediately cold temperatures, the on-chip heating/temperature sensing can be combined with tip heating and temperature measurement for precisely
controlled rapid heating experiments. For quantum nanomaterials, this enables their synthesis and processing to be studied across a range of different temperatures in the low temperature
regime, and their quantum response to electrical biasing to be measured at cryogenic temperatures. Batteries may now be electrochemically cycled at elevated temperature and then returned to
cryogenic temperature for imaging, without the need to change holders. The cryo-biasing TEM holder with heating will empower scientists to nimbly investigate structure-property relationships
in materials, specifically electronic properties, across the full temperature range. This versatile tool will accelerate the development of the next generation of electronic, quantum, and energy
storage materials devices.

5:00 PM CH02.05.02
A Surface Science Investigation of Hydrocarbons Adsorption to a Ru/Al203 Catalyst Erin E. Dunphy; University of Colorado Boulder, United States

Hydrogenolysis is an extremely effective method for plastic upcycling. Specifically, Ru-based catalysts supported on metal oxides have shown high reactivity for polyethylene upcycling.
Polyethylene hydrogenolysis is an extremely structure-sensitive reaction, where product distribution depends on the size of the adsorbing alkyl chain and the hydrogen availability at the metal
oxide support interface. However, surface science studies are required to characterize the structural impact of these dependencies directly.

To study the arrangement of hydrocarbons to the catalyst support, we utilize X-Ray Reflectivity (XRR) and Molecular Dynamics (MD) simulations, and to study the local chemical
environment changes of the Ru active site, we utilize Extended X-Ray Adsorption Fine Edge Structure (EXAFS). By utilizing hydrocarbons of various lengths (methane, hexane, dodecane,
triacontane, and low-density polyethylene), we will understand preferential adsorption arrangements for undesirable and desirable product species.

We theorize that as hydrocarbon chain length increases, the polymer will adsorb to the support with increased structural order, resulting in increased adsorption potential to the Ru active site.
MD simulations of n-dodecane at various temperatures indicate that the preferential adsorption of species parallel to an alumina interface changes, and the application of the distorted crystal
model confirms the viability of XRR as an experimental technique, as seen in the attached image. EXAFS and XRD data are currently being processed and will yield information about the local
relaxation of Ru nanoparticles and the alumina support during species adsorption.

This work aims to understand the structure and arrangement of hydrocarbons to the active metal site and the support, thus allowing for fundamental concepts to be unified and expanded upon.
We anticipate our results to inspire future surface science studies to explore how different polymers adsorb to the catalyst surface—ultimately allowing for the creation of catalysts capable of
mixed-polymer hydrogenolysis and reduction of energy requirements for polymer upcycling.

5:00 PM CH02.05.03
Luminescence Polarization of Rare Earth Microcrystals under High Pressure Haoran Zhao; Peking University, China

In recent years, the polarization properties of rare earth luminescent materials have attracted extensive attention. The fine spectral splittings generated by the crystal field effect has fingerprint-
like polarization characteristicst], but its influence factors needs to be studied. High pressure is an important protocol to adjust the structure and properties of materials, which can change the

unit cell parameters and local symmetry of rare earth luminescent materials, and further affect the crystal field parameters, emission wavelength and intensity[Z]. However, the effect of high
pressure on the polarization of rare earth emissions has not been studied. Hexagonal phased NaREF,, which has an anisotropic crystallographic structure, is a decent host material for emission

polarization. We studied the emission polarization of NaREF, microcrystals under high pressure. Through adjusting the symmetry of crystal structure by high pressure, the influence of crystal
structure symmetry on rare earth emission polarization was investigated, meanwhile, the correlation between the direction of emission polarization and the axis of crystal symmetry was

analyzed[S]. Taking the 700.4 nm emission as an example, its polarization degree decreased with the increased pressure, while the polarization direction rotated by 90°. These findings benefit to
the in-depth understanding of the mechanism of rare earth emission polarization and are informative for the design of new rare earth polarized luminescent materials.

[Bibliography]
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[1] Lyu, Z. Y.; Dong, H.; Yang, X. F.; Sun, L. D.; and Yan, C. H. J. Phys. Chem. Lett. 2021, 12: 11288-11294.
[2] Mei, S.; Guo, Y.; Lin, X. H.; Dong, H.; Sun, L. D.; Li, K.; and Yan, C. H. J. Phys. Chem. Lett. 2020, 11: 3515-3520.
[3] Zhao, H. R.; Dong, H.; Tang, X. Y.; Zhang, J. W.; Lyu, Z. Y.; Yang, X. F.; Sun, L. D.; Li, K. and Yan, C. H. to be submitted.
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8:15 AM DISCUSSION TIME

8:15 AM CHO02.06.01
Electrochemical Lithium Intercalation & Exfoliation in 2D TMDs and its In-Situ Studies Zhiyuan Zeng; City University of Hong Kong, Hong Kong

We developed a lithium ion battery intercalation & exfoliation method with detailed experimental procedures for the mass production of 11 two dimensional TMDs and inorganic nanosheets,
such as MoS,, WS,, TiS,, TaS,, ZrS,, graphene, h-BN, NbSe,, WSe,, Sb,Se; and Bi,Te;, among them 3 TMDs achieved mono- or double layer yield > 90%. This method involves the

electrochemical intercalation of lithium ions into layered inorganic materials and a mild sonication process. The Li insertion can be monitored and finely controlled in the battery testing system,
so that the galvanostatic discharge process is stopped at a proper Li content to avoid decomposition of the intercalated compounds. The intercalation strategy can also be used to tune 2D TMDs’
physical and chemical properties for various applications. For example, we developed a one-step covalent functionalization method on MoS, nanosheets for membrane fabrication, which

exhibited excellent water desalination performance. For lithium intercalation mechanism, the state-of-the-art In-Situ Liquid Phase TEM is an ideal technique for identifying the phase changes
during intercalation process. With self-designed electrochemical liquid cell utilized, we can directly vapture the dynamic electrochemical lithiation and delithiation of electrode in a commercial
LiPFg/EC/DEC electrolyte, such as LiF nanocrystal formation, lithium metal dendritic growth, electrolyte decomposition, and solid-electrolyte interface (SEI) formation. Combining with other

in-situ techniques, such as in-situ XAS, XRD and Raman, etc, the underlying lithium intercalation mechanism in TMDs were further investigated, which render us a comprehensive
understanding of the intrinsic correlation between the intercalation process and TMDs.
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[1]1R. Yang, L. Mei, et al., H. S. Shin*, D. Voiry, Z.Y. Zeng, Nat Protoc., 2022, 17, 358-377.
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[7]1R. Yang, Y. Fan, etal., Q. Lu, Q. Wang,* J. C. Yu,* Z. Y. Zeng*, Angew. Chem. Int. Ed., 2023, e202218016.
[8] B. Tian, D. Ho*, J. Qin, et al., D. Voiry, Q. Wang*, Z. Y. Zeng*, Prog. Mater. Sci., 2023, 133, 101056.

[9]1 R. Yang, et al., Z. Y. Zeng*, Photocatalysis with atomically thin sheets, Chem. Soc. Rev., 2023, 52, 7687.

8:30 AM *CH02.06.02
Seeing the Invisible: Ultrathin (UT) Membrane Chip for Fluidic-Cell Electron Microscopy Vinayak P. Dravid; Northwestern University, United States

In the recent decade, in-situ or operando S/TEM utilizing SiNx membrane encapsulated chips to confine fluids for electron microscopy examination has become popular, A great number of
prior innovators have shown this to be an effective approach for probing fluid-surface/nanostructure interactions and related phenomena or reactions. Such a “closed cell” chip based on silicon
nitride (SiN,) membranes as electron transparent encapsulation material, has many practical and technological advantages over the differential pumping environmental TEM (ETEM).
Unfortunately, however, conventional fluid-cells suffer from additional and significant electron scattering from the top and the bottom membranes, which are typically 30-50nm thick to
maintain integrity/stability during the operation. Thus, the total thickness of >70-80 nm of the encapsulating membranes imposes many adverse effects on the post electron optics, such as
increased chromatic aberrations. This naturally results in significant degeneration of signal quality and loss of spatiotemporal resolution, diffused interference in the electron diffraction, and
plasmon-dominated electron energy loss spectra (EELS).

Further, to implement advanced STEM techniques such as quantitative EELS analysis to resolve electronic structure and 4D-STEM for pixel-specific acquisition, one needs to significantly
reduce electron scattering, which primarily stem from the thick SiN, windows in gas-cells. For example, the log-ratio of scattered electron over zero-loss electron () already exceeds ~1 for two-

50 nm SiN, encapsulation (without any specimen). Howwever, low scattering “thin” membrane is risky since the mechanical robustness is compromised, resulting in potentially catastrophic
failure. Thus, novel design strategies for fabrication of stable ultrathin SiN, membrane are needed.
We have recently developed a robust, functional and scalable backing support strategy to enable the thinnest possible (<10 nm) SiN, gas encapsulation material [2]. Inspired by the natural

honeycomb geometry, our novel design provides for honeycomb backbone that can neatly anchor ultrathin (~<10 nm) SiNx membrane with excellent stability and consistent performance. It
can still withstand up to 6 Atm pressure with ~50 % less bulging. Unlike graphene-based encapsulations [3], stability under the electron beam is comparable to a 50 nm SiN, membrane, which

is sufficient for most high-resolution S/TEM applications on non-electron sensitive materials.

We show that our UT chip increases contrast of typical nanoparticles at 1 atm Ar gas by ~70 % and the accessible information limit is enhanced by >130 % compared to the conventional
encapsulation. More importantly, the is reduced from nominally ~1.0 to 0.3 using a 1 Atm gas cell. This greatly enhances spectral visibility and significantly improved S/N for EELS
excitations. Thus, spatiotemporal detection of gas species, down to ~nanometer scale, which otherwise is unachievable with integrated residual gas analyser (RGA), is being achieved.
The presentation will cover the design and implementation of UT membrane fluid-cell for in-situ gas-solid interactions. [4]

References: [1] K Koo, SM Ribet, C Zhang, PJM Smeets, Rd Reis, X Hu, and VP Dravid, Nano Lett 22 (2022), p. 4137. doi: 10.1021/acs.nanolett.2c00893; [2] VP Dravid, X Hu, and K Koo,
US Provisional Patent, No. 63413097 (2022); [3] K Koo, J Park, S Ji, S Toleukhanova, and JM Yuk, Adv Mater 33 (2021), p. 2005468. doi: 10.1002/adma.202005468; [4] Acknowledgement:
This work is made use of the EPIC facility of Northwestern University’s NUANCE Center, which has received support from the SHyNE Resource (NSF ECCS-2025633), the IIN, and
Northwestern’s MRSEC program (NSF DMR-1720139).

Disclosure: US Provisional Patent Application (No. 63413097) regarding this work is filed on 04-Oct-2022.

9:00 AM *CHO02.06.03
In Situ Study of Electrified Solid-Liquid Interfaces using Liquid Cell TEM combining with other Advanced EM Techniques Haimei Zheng; Lawrence Berkeley National Laboratory,
United States

Electrified solid-liquid interfaces play a key role in various electrochemical processes relevant to electrocatalysis, batteries, and supercapacitors. The electron and mass transport at the
electrified interfaces may result in structural modifications that remarkably influence the reaction pathways.

Extensive studies of the electrified solid-liquid interfaces have been on the physisorption and chemisorption of species at the interfaces. However, the microscopic details of electrified solid-
liquid interfaces, especially their atomic-scale structural evolution during electrochemical reactions, remain unclear. In situ transmission electron microscopy (TEM) allows tracking of the
evolution of individual nanocatalysts during reactions. With our development of advanced high resolution electrochemical liquid cells for TEM, we monitor the atomic dynamics of electrified
solid-liquid interfaces during Cu-catalyzed CO, electroreduction reactions. Other techniques, such as, Cryo-EM of certain reaction states by fast freezing of the same liquid cell, chemical

analysis with energy dispersive x-ray spectroscopy (EDS) and electron energy loss spectroscopy (EELS)

Our systematic study unveils fascinating atomic dynamics as well as structural and chemical evolution of the electrified solid-liquid interfaces. The combination of experimental observation
and theoretical calculations reveals an amorphization-mediated restructuring mechanism resulting from charge-activated surface reactions with the electrolyte. Our results hold significant
implications for utilizing interphases to control catalyst surface restructuring, thus tuning the catalytic reactions.

9:30 AM CHO02.06.04
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Operating a Solid Oxide Fuel Cell in The Environmental Transmission Electron Microscope Matthieu Bugnetl, Thierry Epicierlvz, Cedric Frantz3, Stefan Diethelm3, Dario Montinaro“,
Elizaveta Tyukalova®, Yevheniy Pivak®, Jan Van Herle®, Aicha Hessler-Wyser’, Martial Duchamp®® and Quentin Jeangros”?; 1University Lyon, CNRS, INSA Lyon, UCBL, MATEIS, France;
2University Lyon, UCBL, IRCELYON, France; 3Group of Energy Materials (GEM), Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland; 4SolydEra S.P.A,, ltaly; 5Nanyang
Technological University (NTU), Singapore; SDENS solutions, Netherlands; “Photovoltaics and Thin-Film Electronics Laboratory (PV-Lab), Ecole Polytechnique Fédérale de Lausanne
(EPFL), Switzerland; 8MajuLab, International Joint Research Unit, CNRS, Université Céte d’Azur, Sorbonne Université, National University of Singapore, Nanyang Technological University,
Singapore; °Centre Suisse d’Electronique et de Microtechnigue (CSEM), Saint Barthélemy

Solid oxide fuel cells (SOFC) are a class of solid-state electrochemical conversion devices that produce electricity directly by oxidizing a fuel gas. They consist in an anode-cathode duet
separated by a solid electrolyte, i.e., a material conducting oxygen ions. The anode is fed with hydrogen or other fuels whereas the cathode is in contact with air, meaning oxygen. Overall, a
SOFC operates thanks to the combined action of two external stimuli: a gaseous environment and temperature. Owing to the recent advances in in situ and operando transmission electron
microscopy (TEM), we have set up an experiment to operate a SOFC inside an environmental TEM to identify how the device microstructure determines its electrical properties. To do so, an
elementary anode-electrolyte-cathode sandwich was prepared by focused ion beam (FIB) and mounted on a heating and biasing microelectromechanical (MEMS)-based specimen holder
(DENSsolutions) and inserted in an Environmental TEM (FEI Titan ETEM), as shown in Fig. 1.

Standard SOFC materials were investigated: the cathode was strontium-doped lanthanum manganite (LSM) co-sintered with yttria-stabilized zirconia (YSZ), the electrolyte was YSZ, and the
anode a cermet of NiO co-sintered with YSZ. NiO was first reduced to Ni, leaving pores in the structure due to the volume loss and hence enabling the penetration of the fuel to the triple phase
boundaries Ni/YSZ/porosity at the anode side. For practical reasons, we used a single chamber configuration to trigger the operation the cell: the anode and cathode were exposed
simultaneously to the oxidant and reducing gases. Due to a difference in the catalytic activity between the electrodes, O, should reduce at the cathode, while H, should oxidize at the anode,

thus leading to a voltage difference between the two terminals.
The reduction of NiO was first performed under a forming gas N,:H, in the ratio 20:1 under 15 mbar up to 750°C (N, was constantly used as a mixing gas for safety reasons due to the need of

mixing O, and H, in the single-chamber configuration). The O, to H, ratio was then increased to trigger the operation of the cell. A small quantity of O, was introduced into the microscope,

leading to a total pressure of about 16 mbar at 600°C. At this point, the variation of voltage between the anode and cathode was correlated to the gas composition and the anode microstructure
(see Fig. 2). The latter was analyzed by means of conventional and high-resolution imaging, diffraction, and EELS (electron energy-loss spectroscopy). The system was cycled several times by
decreasing and re-increasing the O, concentration in the gas flow, and correlations between microstructure, gas composition, and cell voltage were established, as it will be discussed at the

conference. Results were further confirmed by macroscopic ex situ tests in an oven using the same materials [1].
The operation of a SOFC in a single chamber configuration was demonstrated using operando ETEM. Such operando experiments open numerous perspectives to investigate the root cause of
failure pathways affecting SOFCs, like poisoning of active sites or coarsening of the Ni catalyst [2].

[1] Q. Jeangros, M. Bugnet, T. Epicier, C. Frantz, S. Diethelm, E. Tyukalova, G. Pivak, J. Van herle, A. Hessler-Wyser, M. Duchamp, accepted in Nature Communications (2023). Available at
https://arxiv.org/abs/2302.12514

[2] The authors acknowledge the French microscopy network METSA for funding and the consortium Lyon-St-Etienne de microscopie for ETEM access. The FIB preparation was performed at
the facilities for analysis, characterization, testing and simulations (FACTS, Nanyang Technological University). Additional support was provided by the INSTANT project (France-Singapore
MERLION program 2019-2021) and the start-up grant M4081924 at Nanyang Technological University.

9:45 AM CH02.06.05
Electric-Field-Assisted Phase Switching in GaAs Nanowires Qiang Yu?, Khalil Hassebi®, Khakimjon Saidov?, Ivan Erofeev?, Charles Renard?, Laetitia Vincent!, Frank Glas!, Utkur

Mirsaidov? and Federico Pancieral; luniversité Paris-Saclay, CNRS, Centre de Nanosciences et de Nanotechnologies, France; 2Centre for Biolmaging Sciences, Department of Biological
Sciences and Physics, National University of Singapore, Singapore

The vapor-liquid-solid (VLS) method for nanowires growth was introduced by Wagner and Ellis in the 1960s*. Since then, intensive researches focus on engineering the morphology,
composition and crystal phase of nanowires due to their promising applications in nanotechnology®. While I11-V bulk semiconductors generally exist in only one crystal phase, in nanowires,
multiple crystal phases can coexist (polytypism). On the one hand, this phenomenon can be considered as a crystal defect; on the other hand, it enables the formation of crystal phase quantum
dots (CPQDs), i.e. insertion of segments of one phase within a nanowire of a different phase. Due to the band alignment of two crystal phases and confinement of nanowire size, CPQDs feature

sharp and intense spectral lines, single-photon emission and sub-nanosecond exciton lifetime3. Moreover, in contrast to compositional heterojunctions, CPQDs have intrinsically abrupt
interfaces and do not suffer from alloy intermixing, which hampers precise control of the electronic properties in compositional heterostructures. However, despite over 15-year of research,
technological applications of CPQDs remain severely limited by the poor understanding of the phase switching mechanisms and the difficulty of controlling their formation. In this study,

beyond commonly used methods of flux and temperature modulation, we solve this issue by introducing an external electric field (E-field)” to instantaneously switch the crystal phase and
create GaAs CPQDs with monolayer precision. This process is monitored in real-time using in-situ transmission electron microscopy (TEM). Thanks to custom-made substrates, GaAs
nanowires are grown epitaxially on Si (111) by chemical vapor deposition inside TEM. The substrate is shaped as a micro capacitor which allows us to apply an E-filed up to several V/nm in
the direction parallel to the nanowire growth, and this strong E-field allows to achieve phase switching faster than monolayer formation. We will present high-resolution videos showing the
controlled phase switching induced by the E-field in GaAs nanowires, and the formation of single and multiple CPQDs. Finally, we will discuss the E-field-induced phase switching
mechanisms and propose a model to explain the experimental results based on theoretical calculations and finite element simulations.

References:

(1) Wagner, R. S.; Ellis, W. C. Vapor-liquid-solid Mechanism of Single Crystal Growth. Appl. Phys. Lett. 1964, 4 (5), 89-90. https://doi.org/10.1063/1.1753975.

(2) Bouwes Bavinck, M.; Jons, K. D.; Zielinski, M.; Patriarche, G.; Harmand, J.-C.; Akopian, N.; Zwiller, V. Photon Cascade from a Single Crystal Phase Nanowire Quantum Dot. Nano Lett.
2016, 16 (2), 1081-1085. https://doi.org/10.1021/acs.nanolett.5b04217.

(3) Akopian, N.; Patriarche, G.; Liu, L.; Harmand, J.-C.; Zwiller, V. Crystal Phase Quantum Dots. Nano Lett. 2010, 10 (4), 1198-1201. https://doi.org/10.1021/n1903534n.

(4) Panciera, F.; Norton, M. M.; Alam, S. B.; Hofmann, S.; Mglhave, K.; Ross, F. M. Controlling Nanowire Growth through Electric Field-Induced Deformation of the Catalyst Droplet. Nat.
Commun. 2016, 7 (1), 12271. https://doi.org/10.1038/ncomms12271.

10:00 AM BREAK

10:30 AM *CHO02.06.07
Cryo-EM Imaging of Li Metal Polyhedra formed by Ultrafast Electrodeposition Yuzhang Li; University of California, Los Angeles, United States

Electrodeposition of lithium (Li) metal is critical for high-energy batteries®. However, the simultaneous formation of a surface corrosion film termed the solid electrolyte interphase (SEI)2
complicates the deposition process, which underpins our poor understanding of Li metal electrodeposition. Here we decouple these two intertwined processes by outpacing SEI formation at
ultrafast deposition current densities® while also avoiding mass transport limitations. By using cryogenic electron microscopy4'5'6’7, we discover the intrinsic deposition morphology of metallic
Li to be that of a rhombic dodecahedron, which is surprisingly independent of electrolyte chemistry or current collector substrate. In a coin cell architecture, these rhombic dodecahedra exhibit
near point-contact connectivity with the current collector, which can accelerate inactive Li formation®. We propose a pulse-current protocol that overcomes this failure mode by leveraging Li
rhombic dodecahedra as nucleation seeds, enabling the subsequent growth of dense Li that improves battery performance compared with a baseline. While Li deposition and SEI formation have
always been tightly linked in past studies, our experimental approach enables new opportunities to fundamentally understand these processes decoupled from each other and bring about new
insights to engineer better batteries.

11:00 AM CHO02.06.08
Combining Operando LCTEM and Cryogenic APT to Directly Visualise and Characterise Nanoscale Liquid-Solid Interfaces Neil Mulcahy, Mary Ryan and Shelly Michele Conroy;
Imperial College, United Kingdom

Materials which are critical for the creation of new technologies to tackle global problems such as climate change are often highly complex, multifarious, and difficult to characterise using
standardised techniques. This is particularly the case for electrochemical systems which often contain liquid-solid or liquid-liquid interfaces involving low atomic weight, and mobile elements
such as hydrogen, carbon, or lithium. These elements are notoriously challenging to quantitatively characterise in their state of interest. It is essential to gain understandings of the phase,
chemistry, and morphology of these systems at multiple length scales to better understand what controls their behaviour and limits their performance. This understanding at fundamental length
scales is currently limited due to a lack of high-resolution characterisation techniques which are compatible with both the liquid and solid components of the interface and those which are
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capable of capturing a dynamic system in its exact state of interest. This lack of understanding has ultimately limited the performance and future development of many liquid-based systems
using fundamental atomic-level insights. This has crucially led to understandings of various phenomena within battery research such as dendrite growth and solid-electrolyte (SEI) interface
formation remaining elusive from a fundamental perspective.

Liquid microscopy techniques have shown the greatest promise in capturing dynamic nanoscale liquid-based systems in their exact state of interest through techniques such as liquid cell
transmission electron microscopy (LCTEM). LCTEM is capable of capturing solution phase static and dynamic processes at high temporal and spatial resolutions, allowing for dynamic
nanoscale imaging of various processes in real-time. LCTEM has been used to probe electrochemical processes using unique cell setups allowing for electrical biasing of electrodes within the
cell as an electrolytic solution is flowing. While this setup does give unique nanoscale insights into these processes, key problems with respect to spatial resolution and beam-induced effects
hinder the necessary sub-nanometre spatial resolution needed to resolve these complex dynamic liquid-based electrochemical systems, particularly those containing light elements. While
various strategies have been employed to overcome these problems through state-of-the-art dose limitation techniques and alternative liquid cell setups involving 2D materials, the necessary
resolutions have not been achieved under in operando conditions.

The work presented here provides an alternative approach that seeks to combine dynamic liquid microscopy techniques with high-resolution cryogenic microscopy techniques. The emerging
field of cryogenic microscopy for material science has been proven capable of capturing a solid-liquid interface in its state of interest through techniques such as cryogenic STEM and cryogenic
atom probe tomography (APT). Cryo APT can provide 3D compositional reconstructions of frozen nanoscale volumes with sub-nanometre spatial resolutions and has a chemical sensitivity of
ppm for all elements including hydrogen, lithium, and carbon. Cryogenic microscopy techniques are however only capable of offering a snapshot of a particular system when a full dynamic
understanding is required. This makes dynamic liquid microscopy techniques and high-resolution cryogenic microscopy techniques extremely complimentary.

This work has successfully combined operando LCTEM with cryogenic APT through the use of a cryogenic FIB/SEM, vacuum cryo transfer module technology (VCTM), and an inert
glovebox. The combination of these distinct microscopy techniques has allowed for dynamic sub-nanometre understandings of various phenomena within nanoscale electrochemical systems
such as dendrite growth as well as SEI growth and formation. This presentation will discuss the workflow needed to realise this combination and the results produced thus far.

11:15 AM CHO02.06.09
Infrared Nanospectroscopy Characterization of Initial Stages of the SEI Layer Formation at The Amorphous Si/Electrolyte Interface Andrew Dopilka®, Jonathan M. Larson®! and
Robert Kostecki®; tLawrence Berkeley National Laboratory, United States; 2Baylor University, United States

The solid electrolyte interphase (SEI) layer is a crucial component in the function and lifetime of Li-ion batteries; however, the nanoscale mechanism of its growth and evolution are often
elusive due to the difficultly in characterizing its structure under in situ conditions. Recently, our group has been utilizing nano-FTIR spectroscopy to investigate the structure and composition

of battery interfaces with nanometer scale chemical resolution in a nondestructive manner. For instance, this technique was used to probe the graphene/polymer electrolyte interface in situ’ as

well as the liquid/graphene interface thus allowing opportunities to characterize the electrical double layer.2

The nano-FTIR technique is implemented within an atomic force microscope using a metallically coated tip. By illuminating the tip/sample interface with a broadband infrared laser, plasmonic
enhancement occurs at the apex of metallic tip inducing a nanoscopic near-field interaction with the sample. This near-field interaction couples with the infrared active vibrational modes of the
sample and causes a change in the amplitude and phase of the backscattered infrared light which can be detected and then separated from the far-field signal with lock-in amplification at the
tapping amplitude of the probe. The result is nanoscale, broadband infrared reflection and absorption of the sample with a probing area on the order of the tip radius (~20 nm), far beyond the
diffraction limit of conventional infrared microscopy.

In this presentation, we will discuss how nano-FTIR spectroscopy is used to characterize and observe the initial formation of the SEI layer at the interface between an amorphous Si surface and
a carbonate electrolyte. By fabricating a 25 nm thin, free-standing amorphous Si film and encapsulating electrolyte with this thin layer, the Si can act as a window for the infrared light as well
as an electrode to apply potential to the surface and induce electrolyte decomposition. Because of the nanometer scale spatial resolution and sensitivity to the electrolyte components, we

observe subtle nanoscale heterogeneities in the electrolyte composition at the interface prior to the polarization of the Si electrode. After polarization of the cell to 0.5 V vs Li/Li*, we observe
that LiPFg reacts to form LiF at the surface of the Si and find further inhomogeneity in the formed layer with spatial dependent measurements. Based on the technique’s high chemical

sensitivity, spatial resolution, and nondestructive nature, in situ nano-FTIR spectroscopy is anticipated to be an important tool to unravel the elusive nanoscale formation and growth
mechanisms of the SEI layer.

This research was supported by the US Department of Energy (DOE)’s Vehicle Technologies Office under the Silicon Consortium Project directed by Brian Cunningham and managed by
Anthony Burrell. The work at the Molecular Foundry was supported by the Office of Science, Office of Basic Energy Sciences, of the U.S. Department of Energy under Contract No. DE-
ACO02-05CH11231. This research used resources of the Advanced Light Source from beamline 2.4, which is a DOE Office of Science User Facility under contract no. DE-AC02-05CH11231
References

(1) He, X.; Larson, J. M.; Bechtel, H. A.; Kostecki, R. In Situ Infrared Nanospectroscopy of the Local Processes at the Li/Polymer Electrolyte Interface. Nature Communications 2022, 13 (1),
1398.

(2) Lu, Y. H,; Larson, J. M.; Baskin, A.; Zhao, X.; Ashby, P. D.; Prendergast, D.; Bechtel, H. A.; Kostecki, R.; Salmeron, M. Infrared Nanospectroscopy at the Graphene-Electrolyte Interface.
Nano Letters 2019, 19 (8), 5388-5393.

SESSION CH02.07: Investigation of Energy Storage Materials via Advanced In Situ/Cryoginc Electron Microscopy Il
Session Chairs: Qiangian Li and Yaobin Xu
Thursday Afternoon, April 25, 2024
Room 440, Level 4, Summit

1:30 PM CH02.07.01
Microscopic View of Carbon Dioxide Adsorption in Amine-Decorated Porous Silicates for Direct Air Capture Wei-Chang David Yang, Marcus J. Carter, John R. Hoffman, Avery E.
Baumann, Christopher M. Stafford and Renu Sharma; National Institute of Standards and Technology, United States

Organic-inorganic hybrid sorbents, based on mesoporous silicates and polymers, are a leading candidate for CO, capture under ambient pressure, which takes advantage of the high surface area

of the silicates. [1]. An impregnation process allows active functional groups, such as polymer-based alkyl amines, to decorate the internal surface of mesoporous silicates and improve the
adsorption-desorption kinetics at a reduced energy expense [2]. The mesopore surface was shown to interact with aqueous polyethyleneimine (PEI) to create the amine-modified sites for CO,

adsorption [3]. However, the beam-sensitive specimen has limited electron microscopy in measuring these adsorption sites' structure and chemistry within the nanometer-sized mesopores [4].
In this work, we adopted a new approach that combines in situ cryogenic scanning transmission electron microscopy (STEM) and electron energy-loss spectroscopy (EELS) in an
environmental transmission electron microscope (ETEM) to probe the interactions among CO,, PEI, and mesoporous silicates.

The ETEM is equipped with a monochromated electron source to achieve an EELS energy resolution of up to 80 meV at 80 kV and a custom-built optical spectroscopy system to measure
Raman shifts from a ten-micrometer-in-diameter area centered around the electron-beam location [5]. The amine-modified silicates were prepared by impregnating about 60 wt.% of PEI with a
molecular weight of 800 g/mol into pristine silicates (e.g., MCM-41). A liquid-nitrogen-cooled holder was used to freeze the amine-modified sample in the ETEM and, therefore, mitigated
electron beam damages as monitored with the spatially correlated Raman spectra. We used in situ EELS hyperspectral imaging to benchmark the mesopore surface’s interaction with CO,

either with or without PEI impregnation. For the pristine MCM-41 mesopores, we obtained carbon K-edge maps based on the distinct 7* peak at = 290 eV to show physisorption in a CO,

environment and subsequent desorption in the ETEM baseline vacuum [6]. On the other hand, the amine-modified MCM-41 was activated at 60 °C in the ETEM baseline pressure and then
exposed to CO,. After evacuating CO,, we froze the sample in situ by adding liquid nitrogen to the cooling holder. The approach allowed us to analyze EELS data obtained from specimens in

the frozen state, whether they had been exposed to CO, or not. We identified the energy loss near edge structure (ELNES) associated with the carbonyl core to m*.—q transition (= 289 eV) in
ammonium carbamate [7], which indicates the formation of chemisorbed species when exposed to CO, under a water-free condition. Another ELNES of the amide core to «* transition (= 401

eV) was also detected to support the above observation. Compared to the ETEM result, the same type of PEI film on a metal substrate was examined using polarization modulation-infrared
reflection adsorption spectroscopy (PM-IRRAS). The carbamate peak intensity changes in response to the adsorption and desorption processes confirmed carbamate formation in a dry CO,

environment.

We show here that in situ cryogenic STEM-EELS enables the direct observation of CO, chemisorption and the ability to benchmark the properties and performance of PEI-decorated MCM-41
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at the nanoscale. We continue pushing the frontier of understanding the dynamic structure and chemistry in a broad range of beam-sensitive materials with our new approach to elucidate the
fundamental principle that leverages adsorption sites for new direct air capture technologies.

References:

[1] S Choi, JH Drese, and CW Jones, ChemSusChem 2 (2009), p. 785.

[2] WJ Son, JS Choi, and WS Ahn, Microporous Mesoporous Mater. 113 (2008) p. 31.
[3] X Xu et al., Energy Fuels 16, (2002) p. 1463.

[4] J Young et al., Energy Environ. Sci. 14 (2021), p. 5377.

[5] WCD Yang et al., ACS Appl. Mater. Interfaces 11 (2019), p. 47037.

[6] WCD Yang et al., Nat. Mater. 18 (2019), p. 614.

[7] WG Urquhart and H. Ade, J. Phys. Chem. B 106 (2002), p. 8531.

1:45 PM *CH02.07.02
Autonomous Characterization for Investigating Cathode Active Materials and Solid-Solid/Solid-Liquid Interphaces in Energy Storage Devices Huolin Xin, Chunyang Wang, Peichao
Zou and Yubin He; University of California, Irvine, United States

The characterization of complex energy materials often requires detailed structural and functional analysis across multiple length and time scales. While in-situ and operando transmission
electron microscopy (TEM) provide dynamic information [1], they can be lacking in resolution and sensitivity to some degree, particularly when studying cathode active materials and solid-
solid or solid-liquid interfaces/interphases [2-4]. Cryogenic electron microscopy (cryoEM) has successfully filled this gap as a 'freeze-the-moment' technique, allowing for the imaging of dose-
sensitive interphases in a protected environment. CryoEM is particularly well-suited for investigating solid-solid and solid-liquid interfaces in energy materials, where these interfaces play
critical roles in determining material properties and performance [4]. By combining cryoEM with an autonomous characterization system, we can overcome the limitations of human operators
and improve sensitivity and resolution for these interfaces. This approach has the potential to revolutionize basic energy research, enabling comprehensive investigations of complex materials
at multiple length and time scales. [5]

References:

[1] Tension-Induced Cavitation in Li Metal Stripping, C. Wang, R. Lin, Y. He, P. Zou, K. Kisslinger, Q. He, J. Li, HL Xin, Advanced Materials, (2022)

[2] Characterization of the structure and chemistry of the solid—electrolyte interface by cryo-EM leads to high-performance solid-state Li-metal batteries, R. Lin, Y. He, C. Wang, P. Zou, E. Hu,
X.-Q. Yang, K. Xu & H. L. Xin, Nature Nanotechnology, 17, 768-776 (2022)

[3] Resolving complex intralayer transition motifs in high-Ni-content layered cathode materials for lithium-ion batteries, C. Wang, X. Wang, R. Zhang, T. Lei, K. Kisslinger & H. L. Xin,
Nature Materials, (2023), 22, 235-241 (2023)

[4] Compositionally complex doping for zero-strain zero-cobalt layered cathodes, R. Zhang, C. Wang, P. Zou, R. Lin, L. Ma, L. Yin, T. Li, W. Xu, H. Jia, Q. Li, S. Sainio, K. Kisslinger, S. E.
Trask, S. N. Ehrlich, Y. Yang, A. M. Kiss, M. Ge, B. J. Polzin, S. J. Lee, W. Xu, Y. Ren and H. L. Xin, Nature, 610, 67-73 (2022)

[5] Supported by the Department of Energy under award no. DE-SC0021204 and the startup funding of HLX.

2:15 PM *CH02.07.03
Real-Space Visualization of Frequency-Dependent Anisotropy of Atomic Vibrations Xingxu Yan!, Paul Zeiger?, Jan Rusz? and Xiaoging Pan-%; YUniversity of California, Irvine, United
States; 2Uppsala University, Sweden; 3University of California, United States

Advancements in transmission electron microscopy (TEM) have revolutionized the study of interfaces and nanostructured materials. Innovations like aberration correctors, pixelated direct
electron detectors, and monochromators have enabled atomic-resolution scanning transmission electron microscopy (STEM) and electron energy-loss spectroscopy (EELS), facilitating
investigations into local structure, properties, and dynamic behaviors. Using a space- and angle-resolved vibrational EELS technique, we have recently observed red shifts and intensity changes
in acoustic vibration modes near a single stacking fault in cubic silicon carbide, and nanoscale composition-induced red shifts in Si optical modes in SiGe quantum dots. We also developed a
method for differentially mapping phonon momenta revealing the interplay between diffuse and specular reflection. In this talk, | present a novel approach, employing dark-field
monochromated electron energy-loss spectroscopy for momentum-selective vibrational spectroscopy. This technique allows us to map phonon polarization vectors. When applied to
centrosymmetric cubic-phase strontium titanate, we discover two types of oxygen atoms with contrasting vibrational anisotropies below and above 60 meV, based on mean-squared
displacements. These transformations are supported by theoretical models, revealing the transition from oblate ellipsoids at low energies to prolate ellipsoids at high energies. These frequency-
dependent thermal ellipsoids provide insights into the thermal and optical behaviors associated with acoustic and optical phonons. Our method enables the visualization of phonon eigenvectors
at specific crystalline sites, opening new avenues for exploring dielectric, optical, and thermal properties with exceptional spatial resolutions.

2:45 PM BREAK

3:15 PM CH02.07.06
Probing Volumetric Effects in Suspended Binary Superlattices of Infrared Colloidal Nanocrystals using Transmission Electron Microscopy and Optical Characterization Todd H.
Brintlinger, Patrick Y. Yee, Veronica R. Policht, Paul D. Cunningham, Janice E. Boercker and Sarah Brittman; U.S. Naval Research Lab, United States

By combining two types of infrared colloidal nanocrystals (NCs) into binary superlattices, a type of ‘artificial solid’ can be created where the NCs would be *atoms’ and NC-to-NC interactions
are ‘bonds.” These binary superlattices then allow for control of desired optoelectronic properties and offer the technological advantage of scalable solution-based synthesis for low-cost infrared
optoelectronics. One roadblock in these engineered systems is the small size of individual ordered domains (analogous to grain size in polycrystalline materials), which prohibits detailed
understanding of structure-property relationships. Expanding on our previous work [1, 2], we manipulate the surface chemistry in these artificial solids to create enlarged (>1 um) domains of
binary components comprised of infrared plasmonic Cu,_,S/PbS core/shell and excitonic PbS nanocrystals. These superlattices are suspended across holes, proving both their ability to be self-

supporting as well as allowing for transmission electron microscopy and optical characterization without need to account for substrate effects. However, as structured solids with a three-
dimensional extent, we then face a challenge in determining volumes of superlattice domains when suspended in this fashion. Here, we determine both thickness and spatial extent of the
superlattice to define the local volume in individual superlattice domains, and then compare these to correlated photoluminescence from the same domains. Combined with time-resolved
photoluminescence spectroscopy, these results suggest that energy transfer occurs between the excitonic emitters and plasmonic nanocrystals.

References

[1] S. Brittman, N. A. Mahadik, S. B. Qadri, P. Y. Yee, J. G. Tischler, and J. E. Boercker, ACS Appl. Mater. Interfaces 12, 24271 (2020).
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SESSION CHO02.08: Development of Artificial Intelligence and Novel Techniques in In-Situ Microscopy and Spectroscopy
Session Chairs: Leopoldo Molina-Luna and Di Zhang
Friday Morning, April 26, 2024
Room 440, Level 4, Summit

8:30 AM *CH02.08.01
Towards Artificially Intelligent Microscopy of Functional Materials Steven R. Spurgeon; Pacific Northwest National Laboratory, United States

Artificial intelligence (Al) promises to reshape scientific inquiry and enable breakthrough discoveries in areas such as quantum computing, energy storage, and advanced manufacturing. While
it is now possible to produce materials in almost limitless configurations, engineering of desirable functionality depends on precise control of structure and defects across scales. Complex
synthesis pathways can lead to significant deviations from idealized structures, which occur at length and time scales that are challenging to probe experimentally and theoretically. Mastery of
materials is therefore predicated on the ability to acquire and act on complex, heterogeneous, and fast-evolving microscopy data streams, a task uniquely suited to emerging Al and machine
learning methods. Here I will discuss my research efforts to develop a new framework for materials discovery, leveraging embedded automation, domain-grounded analytics, and predictive
control for human-like reasoning. I will show how Al is transforming the present and future of materials discovery and design, allowing us to richly manipulate matter for emerging
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technologies.

9:00 AM *CH02.08.02
Elucidating Metal and Oxide Nanoparticle Surface Dynamics through In Situ TEM and Artificial Intelligence Piyush Haluai®, Mai Tan?, Adria Marcos Morales?, Matan Leibovich?,
Sreyas Mohan?, Yifan Wang?!, Carlos Fernandez-Granda? and Peter A. Crozier’; YArizona State University, United States; 2New York University, United States

Nanoparticle systems often show high degrees of instability which are strongly influenced by size and ambient environment. These dynamic structural changes modify material properties such
as reactivity, phase changes and catalysis. Atomic-level surface dynamics may play a significant role in defining particle structures and functionalities but characterizing nanoparticle surface
structures with high spatial and temporal resolution simultaneously has proven challenging. Transmission electron microscopy (TEM) is a key tool to visualize local atomic structure of
nanoparticles. Ultrafast TEM can now achieve picosecond temporal resolution but is limited to a spatial resolution of about 2 nm. Fortunately, modern detectors now provide readout rates in
excess of 1000 frames per second, offering the potential to investigate atomic-level structural evolutions with time resolutions down to a millisecond. However, in most situations, the need to
limit electron dose rates results in high temporal resolution movies that are dominated by shot noise, which often obscures surface structural dynamics. In order to address this challenge, we
propose a fully-unsupervised Al denoising framework, which enables recovery of atomic-resolution information from such data. The unsupervised deep video denoising framework [1]
improves the signal-to-noise ratio (SNR) by a factor of 30 at a spatial resolution of 1 A and time resolution of 10 ms. For this investigation, we explore structural dynamics of metal and oxide

nanoparticle particles under combinations of CO and O, at temperatures up to 300°C. The enhanced time resolution reveals that supposedly stable, low-energy surfaces can display highly

active dynamics, triggering nanoparticle instabilities resulting in rapid structural fluctuations. The new spatiotemporal capability enabled by the proposed framework dramatically enhances our
ability to explore surface dynamics and the evolution of metastable states in nanoparticles at the atomic level, offering new insights into their functionality.

References

1. Sheth, D.Y., et al. Unsupervised deep video denoising. in Proceedings of the IEEE/CVF International Conference on Computer Vision. 2021.

2. We gratefully acknowledge the support of the following NSF grants to ASU (OAC 1940263, 2104105, CBET 1604971, and DMR 184084 and 1920335) and NYU (HDR-1940097 and OAC-
2103936). The authors acknowledge HPC resources available through ASU, and NYU as well as the John M. Cowley Center for High Resolution Electron Microscopy at Arizona State
University.

9:30 AM CH02.08.03
In-Situ Observations of Non-Classical Crystal Growth of Au Nanoparticles on Hematite Xiang Wang?, Sichuang Xue?, Xin Qi2, Duo Song?, Maria Sushko?, Xin Zhang! and Kevin
Rossol; 1pacific Northwest National Laboratory, United States; 2Dartmouth College, United States

A significant research gap exists regarding the comprehensive investigation of crystallization mechanisms and facet-dependent stability of atomically precise metal clusters on metal oxide
nanoparticles. To address this gap, our study focuses on a detailed examination of the sintering process of gold (Au) on facet-controlled hematite (a-Fe,03) {104} and {001} nanoparticles

through in-situ TEM observation. Our findings reveal the existence of three distinct crystal growth pathways of Au on hematite nanoparticles: Ostwald ripening, particle coalescence, and
disordered intermediate-phase-mediated growth, where particle coalescence plays a dominant role in the sintering process. Furthermore, analysis of Au crystal growth kinetics on different
hematite facets highlights the important influence of interfacial structure on the process, where hematite {001} stabilizes Au nanoparticles and suppresses their sintering more effectively than
{104} facets. First-principles density functional theory calculations and atomistic molecular dynamics simulations with enhanced sampling provide valuable support for the crystal growth
pathway selection of Au nanoparticles on hematite. Our research significantly contributes to the understanding of metal crystallization on hematite surfaces and offers essential guidelines for
selecting hematite supports for heterogeneous catalysts.

9:45 AM CHO02.08.04

Interface Strains in 1D and 2D Si/Ge Structures for Quantum Computing Alicia Ruiz-Caridad®, Arianna Nigro®, Nicolas Forrer! and Ilaria Zardo!2; tUniversitat Basel, Switzerland; 2SN,
Switzerland

During the last decade great efforts were put in the development of materials for quantum computing for its outstanding properties such as high speed, large store capacity and low power
consumption [1]. Silicon is the preferred platform for microelectronics infrastructures due to its scalability, low economic costs, harmless for the environment, established fabrication processes
and easy implementation of advanced engineering techniques [2,3]. Moreover, silicon is a good quantum material due to its long coherence time of spins of localized electrons and efficient
controllability [4]. Germanium is a semiconductor material compatible with silicon. Material engineering of Si-Ge in form of epitaxial planar heterostructures or nanowires lead to enhanced
mobility properties for quantum purposes. Despite, strains arising from the 4% mismatch between Ge and Si lattice parameter create defects, these defects hinder mobility. With the purpose to
achieve higher mobility, scattering must be minimized by diminishing strains and interface roughness. In this regard, an effective tool to evaluate strains and interface roughness is electron
microscopy combined with Raman spectroscopy which allows structural and chemical characterization of samples at the nanoscale.

In this work, we growth by chemical vapor deposition (CVD) 2D and 1D structures: (i) planar heterostructure’s composed with variable percentage of Si/Ge barrier’s and a Ge QW; and (ii) Ge-
Si core-shell nanowires for quantum computing purposes. In a first step we chemically and structurally localized the Ge and Si by energy-dispersive X-ray (EDX) spectroscopy and scanning
transmission electron microscopy (STEM) techniques. Finally, we aim to study strain of the Ge QW and core-shell interfaces by means of geometric phase analysis (GPA) and p-Raman
spectroscopy. High-resolution transmission electron microscope (HR-TEM) images of the samples were performed in a Jeol JEM F200 cFEG TEM/STEM to evaluate roughness of interfaces
and defects. GPA is a microscopic technique by TEM based on the signal processing of HR-TEM images and its Fourier transform. For the p-Raman measurements were performed at 633 nm
wavelength in back scattering geometry with the help of a Horiba T64000 triple spectrometer and a liquid nitrogen-cooled CCD detector. The combination of both methods permits the control,
calculation and mapping of strains in different directions (rotation xy, e, Eyy and syy) at high precision. By engineering the core-shell diameter ratio in 1D structures and Si, Ge_, composition

of the barriers and Ge QW thicknesses in 2D structures, we proved and measured tensile/compressive strains in the interfaces between Ge QW and SiGe barriers and between core and shell
NWs making our material suitable for integration in Si platforms for.quantum computing applications.

References

[1] M. Hirvensalo, Quantum computing. Springer Science & Business Media, 2003.

[2] M.F. Gonzalez-Zalba, S. de Franceschi, E. Charbon, T. Meunier, M. Vinet, A. S. Dzurak, A. S., Nature Electronics,4(12), 2021, 872-884.

[3] R.Singh, M. M. Oprysko, D. Harame, Silicon germanium: technology, modeling, and design ,2004.

[4] A. M. Tyryshkin, S. A. Lyon, T. Schenkel, J. Bokor J. Chu, W. Jantsch, F. Schaffler J.L. Truitt, S. N. Coppersmith, M.A. Eriksson, Low-dimensional Systems and Nanostructures, 2006,
35(2), 257-263.

10:00 AM BREAK

10:30 AM *CH02.08.05
Advanced In-Situ Electron Microscopy for Energy and Quantum Materials Yimei Zhu; Brookhaven National Laboratory, United States

In this presentation, | will give an overview of our recent work on advanced in-situ microscopy characterization of energy and quantum materials. I will focus on the correlation of electrons,
spin and lattice and their degrees of freedom as well as the critical roles of heterogeneity, interfaces, and disorder under external electric, magnetic and photonic excitations to reveal materials’
response. For instance, | will show our cryogenic microscopy study of atomically resolved imaging and electron energy-loss spectroscopy to understand the interface-enhanced
superconductivity and of Lorentz phase microscopy to explore the intriguing transformations among various topological chiral spin states including skyrmions under applied electromagnetic
fields. Studying spin wave dynamics in nanoscale magnetic architecture under microwave excitation and Li-ion transport mechanisms of battery materials with ionic liquid in operando will also
be presented.

The author would like to acknowledge the electron microscopy group at CMPMS, BNL for assistance. The work was supported by the US DOE/BES-MSED under Contract DE-SC0012704.

11:00 AM CHO02.08.06

Investigation of Dislocation-Controlled Domain Nucleation and Domain-Wall Pinning in Single-Crystal BaTiO4 by Multi-Stimuli MEMS-Based In Situ TEM Tianshu Jiang?,
Fangping Zhuot, Oscar Recalde?, Yevheniy Pivak? and Leopoldo Molina-Lunal; 1TU Darmstadt, Germany; 2DENSsolutions, Netherlands

Engineering domain walls at the nanoscale to influence macroscopic functional properties presents significant potential in electromechanics and electronics. This potential is particularly

apparent in introducing topological defects into functional materials, highlighting the broad possibilities in this area. However, our comprehensive understanding of defect-mediated domain
nucleation and domain wall mobility remains limited.
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In this work, we achieved well-aligned dislocations with {100}<100> slip systems oriented in the [001] out-of-plane direction in single-crystal BaTiO5. This was accomplished through high-

temperature uniaxial compression on a notched sample. Utilizing MEMS-based in situ heating and cryo scanning/transmission electron microscopy (S/TEM), we were able to observe the
dislocation-mediated domain nucleation and dynamic interactions between domain walls and these topological defects. These observations spanned a wide temperature range, from -175 °C to
200 °C, covering all phases of BaTiO5 from rhombohedral to cubic, offering high-resolution insights into the electro-mechanical interactions within this ferroelectric material. Furthermore, we

explore the direct manipulation of the domain wall motion using in situ biasing TEM. Under various stimuli, we observed the pinning of ferroelastic domain walls by these imprinted
dislocations, attributed to the stress fields from the dislocations.

Our findings not only deepen the understanding of domain wall engineering in ferroelectric materials but also introduce a novel approach suitable for both advanced nanoelectronics and bulk
applications across various temperatures.

11:15 AM CH02.08.07
Facilitating In Situ 4D STEM with Advances in Software for Ultrafast Direct Detectors Barnaby D. Levin, Aziz Aitouchen and Benjamin Bammes; Direct Electron LP, United States

Four-dimensional scanning transmission electron microscopy (4D STEM) involves imaging a diffracted electron beam with a pixelated detector at each probe position of a STEM scan. The
resulting information-rich datasets allow multiple types of analyses of a specimen, including high-resolution structural visualization, and mapping of crystal grain structure, molecular
orientation, strain, electric and magnetic fields, and more [1]. Typically, 4D STEM involves recording large (several Gigabyte to several Terabyte) 4D datasets to disk to be analyzed with post-
acquisition software such as LiberTEM [2], py4ADSTEM [3], or custom written code. Post-acquisition analysis enables a range of complex data analysis techniques to be applied to the data, but
the efficiency of 4D STEM experiments can be severely impacted by the substantial time needed to go from data acquisition to data visualization.

Lack of real-time visualization poses challenges for both manual data acquisition, and for the development of automated 4D STEM workflows. However, with ultrafast direct detectors, such as
the Celeritas XS camera, able to acquire data at rates approaching 5 Gigabytes per second, developing real-time 4D STEM analysis software involves its own significant challenges. These
challenges are compounded when considering in situ 4D STEM, (sometimes referred to as 5D STEM), where the goal is not only to record one large 4D dataset, but multiple large 4D datasets
over a period of time so that dynamic processes such as changes in strain, crystal structure, or electric fields in a specimen can be observed [4].

Here, we present a new 4D STEM software platform that aims to address these challenges by leveraging GPU processing for real-time virtual STEM image generation during repeated 4D
STEM acquisition. The software is compatible with Direct Electron’s Celeritas XS, Celeritas, DE-16, DirectView2 and DE-64 cameras, as well as the DE-FreeScan scan generator, and allows
the user to stream a series of full 4D STEM datasets to disk, even whilst simultaneously generating a live-view of up to four different types of virtual STEM image. In addition to viewing

virtual images and camera frames in the software’s native interface, the system can be controlled via an API, allowing for integration into 3rd-party software, as well as custom software for
microscope automation.

Further developments are ongoing to augment this software platform with additional features with the goal of making 4D STEM and in situ 4D STEM more accessible techniques for electron
microscopists to perform.

References:

[1] Ophus C. (2019). Microscopy and Microanalysis, 25, 563-582.

[2] Clausen A. et al. (2020). Journal of Open Source Software, 5, 2006.

[3] Savitzky B. et al. (2021) Microscopy and Microanalysis, 27, 712-743.

[4] Huang, S. & Voyles, P. (2023) Microscopy and Microanalysis, 29, S1, 272-273.

11:30 AM CHO02.08.08

Recent Developments of High Energy Resolution X-Ray Spectroscopic Methods for Energy Materials at NSLS-11 Denis Leshchev and Eli Stavitski; Brookhaven National Laboratory,
United States

X-ray absorption spectroscopy (XAS), first used to be applied in the field of energy materials, such as catalysts, over 50 years ago, has evolved into an indispensable tool in the arsenal of
characterization techniques. XAS is element-specific method which compatible with a variety of sample environments, enabling in situ and operando experiments. An extension of XAS
spectroscopy, high energy resolution (HR) X-ray spectroscopy, a collection of techniques which resolves the energy of the fluorescence photons with high accuracy, opened new opportunities
in the field [1]. Among these methods is a high-energy resolution fluorescence detection (HERFD) XAS allows to overcome the limitations of traditional XAS by selectively detecting
fluorescence photon within narrow energy band. Another is Valence-to-Core X-ray Emission Spectroscopy (VtC XES) which probes electronic states in the valence band, making is a far more
sensitive to subtle electronic changes than the traditional Extended X-ray Absorption Fine Structure (EXAFS). In this contribution we review recent innovations at the National Synchrotron
Light Source 11 (NSLS-I1) which enable applications of HR XAS to energy-relevant systems as well as several examples to demonstrate the advantages of these techniques.

SESSION CH02.09: New Applications in In-Situ Microscopy and Spectroscopy
Session Chairs: Qiangian Li, Qiangian Li, Leopoldo Molina-Luna, Yaobin Xu and Di Zhang
Friday Afternoon, April 26, 2024
Room 440, Level 4, Summit

2:00 PM CH02.09.01
Novel Environmental TEM Holder for In Situ Research of Nano-Electronic Devices and Energy Materials Yevheniy Pivak®, Oscar Recalde?, Hector H. Perez-Garza® and Leopoldo
Molina-Luna?; 1Denssolutions, Netherlands; 2TU Darmstadt, Germany

The rapid development of in situ transmission electron microscopy (TEM) has become possible due to advancements of the functionalized microelectromechanical systems (MEMS)-based
sample carriers. Nowadays, there exists a great variety of MEMS chips that enable the application of an individual stimulus like thermal, electric, gas, liquid, force, etc. or, usually, a
combination of two stimuli. Specifically, multi thermal and electric stimuli have been extensively used to study electronic and energy materials and devices like ferroelectrics, magnetic
materials, solid state batteries, thermoelectric, memristors, solar cells and many more.

The study of structure and electrical properties of nano-electronic materials and devices is mainly performed in vacuum. This, however, doesn’t represent real-life working conditions as the
presence of oxygen might lead to different behaviour and properties of materials. An environmental TEM can be used to perform an in situ heating and biasing experiments in an atmosphere,
but the gas pressure is limited to roughtly 20 mbar which still possess a challenge.

In this work we present the development of a new multi-stimuli environmental TEM sample holder. The holder allows the application of thermal and electrical stimuli in ambient environmental
conditions. This is achieved through a newly designed dual chip environmental cell with an increased number of contacts. Additional electrodes on the chip are used to prepare a FIB lamella
and to characterize the electrical performance of the sample either in 2- or 4-contact mode. Using a newly developed FIB sample preparation procedure, it is possible to prepare contamination-
free samples on gas, heating and biasing chips with no electrical short circuits and minimized leakage currents. This development represents a significant step forward towards the realization of
real operational conditions inside the TEM offering the potential to further explore and deeper understand of the real properties of nano-electronic devices and energy related materials.

2:15 PM CHO02.09.02

Investigation of Amorphous Silicon Nanoparticles dispersed in Silicon Nitride Passivation Layer for Semiconductor Industry Filippo Sabatini'; Politecnico di Milano, Italy; 2ST
Microelectronics, Italy

During the formation process of a typical integrated circuit (IC), a passivation layer is deposited to protect the internal semiconductor device after the metallization steps. These passivation
layers are typically formed by oxide or nitride layers, most of the time deposited by plasma enhanced chemical vapor deposition (PECVD). As part of my PhD research, in collaboration
between Politecnico di Milano and ST Microelectronics, | had to perform extensive characterization of different types of silicon nitride (SiN) in order to optimize its adhesion with an epoxy
resin deposited on top of it. During these analysis, | detected the presence of amorphous silicon clusters dispersed within the nitride matrix through the presence of strong photoluminescence
(PL) effects observed by Raman spectroscopy characterizations. Photoluminescence effects generally originate from the presence of defects or inhomogeneities of such size as to generate
energy quantization. In both cases, electrons in the material, excited by the Raman laser beam, occupy energy levels intermediate to the energy gap and subsequently decay emitting photons
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that result in the formation of very intense bands in the Raman spectrum, called photoluminescence bands. This phenomenon was most pronounced in SiN samples with higher silicon
overstoichiometry, which was intentional by company recipe and confirmed by XRD analysis. The silicon overstoichiometry thus led to spontaneous segregation of amorphous silicon into
nanoparticles dispersed in the silicon nitride matrix and this phenomenon is almost nonexistent in samples with stoichiometries closer to equilibrium (%At Si/N equal to 0.75). To corroborate
the assumptions made from the photoluminescence phenomenon, it was possible to directly observe the nanoparticles by TEM microscopy in some of the characterized samples.

The presence of these nanoparticles is not only interesting from an academic point of view, but could also have an interesting application aspect: one of the major criticalities of passivation
layers is their high fragility, and the presence of inhomogeneous agglomerates could lead to an increase in the toughness of the material due to crack deflection phenomena, which have been
studied for years in the field of composite materials. This effect occurs when the crack sliding is delayed by the presence of areas with a different thermal expansion index from that of the
matrix: at the interface between these areas occurs the formation of compressive or tensile stress fields which attract or repel the crack tip, forcing it to deflect its path and thus increasing the
energy required to slide (hence the toughness of the material). The phenomenon of crack deflection is generally observed in composite materials in which the inhomogeneity has a significant
size, comparable to or larger than that of the crack tip. In the case of “Silicon Rich” silicon nitride (the sample with high silicon overstechiometry), the nanoparticles observed are too small in
size to make an effective contribution to the toughness of the material, and for this reason my project has now focused on finding deposition methods that can lead to the formation of larger
amorphous silicon agglomerates.

Obtaining a material suitable for the role of a passivation layer that at the same time exhibits high toughness would be a great step forward in the semiconductor manufacturing industry and
could solve several crack failure issues that usually form large blocking point in the development of new devices.

2:30 PM DISCUSSION TIME

2:45 PM CHO02.09.04
AFM-SEM Correlative Microscopy Imaging for TEM Grid Mounted Samples Stefano Spagna®, Kerim Arat®, Will Neils', Christian H. Schwalb?, Hajo Frerichs?, Sebastian Seibert?,
Lukas Stuhn? and Marion Wolff%; 1Quantum Design Inc., United States; 2Quantum Design Microscopy GmbH, Germany

Microscopists utilizing Transmission Electron Microscopy (TEM) and TEM based Energy Electron Loss Spectroscopy (EELS) in their studies, frequently require the characterization of
physical parameters such as heights and cross-sectional shapes of the examined samplel. Because of the typical sub-five nanometer thickness of membranes in TEM grids, Atomic Force
Microscopy (AFM) measurements of grid mounted samples are presently challenging and time consuming. In this paper, we present the first truly integrated AFM and Scanning Electron
Microscope (SEM) correlative workstation?, which allows imaging of samples directly on a TEM grid, utilizing these two techniques. The highly integrated and easy-to-use AFM-SEM
microscopy workstation opens unprecedented measurement capabilities at the nanoscale in challenging geometries. AFM-SEM imaging of TEM grid mounted samples simplifies measurement
workflows to yield a higher rate of data output. In addition to topography measurement, the platform allows easy expansion of capabilities, such as elemental analysis via Energy Dispersive X-

ray Spectroscopy (EDS). The rich set of AFM modes (Contact, Tapping, Off-resonance, Conductive, Magnetic, and Electrostatic) allows the extraction of various physical properties from the
sample.

1V. Reiseckr et al., “Spectral Tuning of Plasmonic Activity in 3D Nanostructures via Highly-Precision Nano-Printing”, Adv. Funct. Mater. 2023, 2310110.
2 A. Alipour et al. “A highly integrated AFM-SEM Correlative Analysis Platform,” Microscopy today, Vol. 31, Issue 6, Nov. 2023, 23-27.
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Tuesday Morning, April 23, 2024
Room 441, Level 4, Summit

10:30 AM *CH03.01.01

In Situ Characterization Possibilities at The Mosaic Platform - JANNuS-Orsay Present and Future Stephanie Jublot-Leclerc, Frederico Garrido and Aurelie Gentils; Universite Paris-
Saclay, CNRS/IN2P3, IJCLab, France

Mosaic is the new name of the platform involving the ion accelerators and the tools of chemical and structural characterization of materials located at 1JCLab [1]. This includes the JANNuS-
Orsay experimental hall, which is in particular known from the community of nuclear materials for the diversity of ion beams that can be produced, as well as the possibilities of in situ
characterization of the microstructural evolution of ion implanted or irradiated materials. In situ Transmission Electron Microscopy (TEM) with one or two ion beams can be performed in a
large range of temperatures for studies at the nanometric scale. The damage induced in a single crystal can also be studied through in situ Rutherford Backscattered Spectrometry in Channelling
geometry (RBS-C) experiments thanks to the coupling of two ion accelerators. The possibilities, and some limitations, of these two in situ characterization methods currently available at
Mosaic will be developed through a few examples of experiments performed on materials of interest for nuclear applications. The Mosaic platform is also in the process of completing its range
of in situ tools for the characterization of irradiated materials with the acquisition of an X-ray diffractometer that will be modified for in situ measurements, and that will be available at the
beginning of 2026. Examples of future possible experiments will be given along with the characteristics of this X-ray diffractometer.

The MOSAIC technical staff, in particular C. Bachelet, C. Baumier, P. Benoit-Lamaitrie, J. Bourgois, L. Delbecq, S. Hervé, C. Oriol, F. Pallier, and S. Picard, are gratefully acknowledged for
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their unfailing assistance during in situ experiments.
[1] https://mosaic.ijclab.in2p3.fr

11:00 AM *CH03.01.02
Developing a Comprehensive In-Situ Irradiation Testing Facility at Tennessee lon Beam Materials Laboratory Khalid Hattar and Miguel Crespillo; University of Tennessee, United
States

Validating and refining simulation of reactor materials evolution for either next generation fission or fusion energy systems, as well as models to extend the lifetime of current reactor fleet
would benefit from controlled experiments in coupled extreme environments. This presentation will highlight the expansion of Tennessee lon Beam Materials Laboratory (TIBML) from a
world-class lon Beam Analysis (IBA) facility based on a 3 MV Tandem Accelerator to a diverse facility designed to understand materials and device evolution in coupled extreme
environments. To expand the irradiation environment, the facility will be adding a 300 keVV NEC implanter, 20 kV and 5 kV Nonsequitur ion sources, a 30 kV Kimball Physics electron gun,
and a Nd:YAG laser from Quantum-Ray with output energies up to 1 J at 1064 nm. The facility is already capable of performing ion irradiation and implantation experiments at temperatures
ranging from 30 to 1473 K. In addition, the TIBML facility is developing capabilities to perform in-situ irradiation during photoluminescence, cathodoluminescence, ion beam induced
luminescence, Raman, acoustic emission, IBA, nanomechanical testing, and Scanning Transmission Electron Microscopy (STEM). The latter will be done utilizing a higlhy modified JEOL
2100+ that was installed in October of 2023. The high tilt polepiece, additional electron beam condenser lens, and LaBg filament were selected to optimize the characterization of radiation

damage. In addition, the STEM was coupled with Nanomegas Automated Crystallographic Orientation Mapping (ACOM) and Theia scientific edge computing systems for machine learning to
characterize the impact of radiation damage on phase, orientation, and grain boundary evolution, as well as the size distribution of internal matrix radiation damage, respectively. This
presentation will highlight the current status of the TIBML facility development and the initial results of the coupled environment. Finally, this presentation will discuss the potential future
opportunities to explore increasingly complex coupled environments in a controlled manner.

11:30 AM CHO03.01.03
Deployment and In-Reactor Testing of an Instrument for Real-Tme Monitoring Thermal Conductivity Evolution of Nuclear Fuels Zilong Hua', Caleb Picklesimer?, Austin Fleming?,
David Hurleyl, Weiyue Zhou?, Michael P. Short? and David Carpenterz; Ldaho National Laboratory, United States; 2Massachusetts Institute of Technology, United States

Thermal conductivity of nuclear fuels directly ties to the reactor safety and efficiency. Because of the microstructure defects generated and evolved in the extreme reactor environment, thermal
conductivity of nuclear fuels reduces significantly during the reactor operation. Currently the experimental efforts on understanding such effects are primarily from the post-irradiation-
examination (PIE) testing. However, an important type of phonon scatters, point defects, anneal at high temperature after the reactor shutdown and before PIE can be performed. In order to fill
this technical gap, we developed an instrument that can perform real-time thermal conductivity measurements in reactor. Here we presented the latest testing results of this instrument in
Massachusetts Institute of Technology Research Reactor (MITR). The final objective is to provide the routine measurement capability of thermal conductivity of nuclear fuels and materials in
reactor. It will make better understandings of the scattering mechanisms between defects and thermal carriers possible, and help predict the fuel performances in reactor.

SESSION CH03.02: Equipment and In Situ Platforms for Characterization of Nuclear Materials 11
Session Chairs: Khalid Hattar, Mercedes Hernandez Mayoral and Djamel Kaoumi
Tuesday Afternoon, April 23, 2024
Room 441, Level 4, Summit

1:30 PM *CHO03.02.01
An In-Situ Platform for Studying Metal Films under Simultaneous Extreme Conditions in The SEM Benjamin K. Derbyl, Eric Langz, Trevor Clarkz, Ryan Schoellz, Jon Baldwinl,
Darrick Williams?, Michael McBride®, Khalid Hattar? and Nan Li%; 1Los Alamos National Laboratory, United States; 2Sandia National Laboratories, United States

We report on a novel technique for the in-situ characterization of a sample exposed to ion irradiation in a corrosive medium. A sample chamber has been built that can expose a metal film to a
corrosive liquid environment and placed into the environmental scanning electron microscope (SEM) in line with the ion beam accelerator located at the Center for Integrated
Nanotechnologies’ (CINT) lon Beam Laboratory (IBL) at Sandia National Laboratory. In this work, we expose an epitaxial Fe thin film grown on MgO to 6 MeV Fe ions while the sample
surface is exposed to pure H20, 0.1M NaCl, and 0.1M B4Na207 solutions. SEM imaging and post-mortem XEDS captured the complex oxide development on the surface over time. This
experiment elucidates how the ion beam affected the complex oxide growth in the corrosive media, and how the surface oxide impacts further corrosion processes. This understanding will
directly inform the development of new materials required for future nuclear energy sources.

2:00 PM CHO03.02.02
Towards Measuring Hydrogen Dynamics in Yttrium Hydride Moderators James Torres™?, Alexander Long?, Dale T. Carver?, Sven C. Vogel?, Aditya Shivprasad?, Tyler Smith?, Caitlin
Kohnert?, Erik Luther? and Holly TrellueZ; 10ak Ridge National Laboratory, United States; 2Los Alamos National Laboratory, United States

A compact, nuclear microreactor that utilizes low-enriched uranium fuel is a promising solution to meet US demands in remote and decentralized energy grids. Yttrium hydride (YH) is the
candidate moderator material for the microreactor design, chosen based on its superior retention of hydrogen at high temperatures. Hydrogen diffusion properties in YH are highly sought after
for computer model validation and reactor prototyping. To meet design objectives, the so-called compact dual-zone furnace was developed at the Los Alamos Neutron Science Center
(LANSCE) with the goal of characterizing hydrogen diffusion in YH samples as a function of applied temperature gradients. Herein, we share our recent progress in technique and hardware
developments and include initial results from recent concentration- and temperature-gradient measurements at LANSCE.[i]

[i] LA-UR-22-22241

2:15 PM *CH03.02.03
Characterization of The Solid Electrolyte Interphase with Cryogenic lon and Electron Microscopy Hyeongjun Koh, Eric Detsi and Eric A. Stach; University of Pennsylvania, United
States

Characterizing the nanoscale structure and chemistry of energy storage materials is critical due to their significant impact on battery performance. However, conventional sample preparation
methods required for high-resolution imaging often fundamentally alter reactive battery components. In this work, the authors employ cryogenic focused ion beam milling (FIB) in a plasma-
focused ion beam/scanning electron microscope system to prepare sensitive lithium metal specimens, allowing them to assess potential ion beam damage. Cryogenic transmission electron
microscopy reveals that while the lithium itself is not damaged during cryo-FIB milling, lithium oxide shells form around the sample in the instrument chamber, evidenced by diffraction data
from thin lamellae prepared at two different thicknesses. Cryogenic electron energy loss spectroscopy further confirms the oxidation of lithium during sample preparation. Consulting the
Ellingham diagram indicates that lithium can react with trace oxygen gas in the FIB/SEM chamber at cryogenic temperatures; notably, liquid oxygen exposure does not contribute to lithium
oxidation here. This approach allowed the examination of Li metal batteries with vitrified liquid electrolytes and facilitated the discovery of an elusive solid-electrolyte interphase (SEI)
component, lithium fluoride. This has not been observed when using conventional sample preparation techniques involving rinsing. Furthermore, diffraction data reveals the presence of short-
range order at different regions in the SEI structures, presumably influencing and controlling lithium metal growth. Overall, these results highlight the valuable role cryogenic lift-out and
cryogenic scanning transmission electron microscopy can play in enabling nano- to atomic-scale characterization of energy storage devices containing reactive materials or solid-liquid
interfaces.

2:45 PM BREAK

SESSION CH03.03: In Situ Irradiation and TEM Characterization |
Session Chairs: Aurelie Gentils, Mercedes Hernandez Mayoral and Djamel Kaoumi
Tuesday Afternoon, April 23, 2024
Room 441, Level 4, Summit
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3:15 PM *CHO03.03.01
Contribution of Raman Spectroscopy to The Understanding of Defect Formation Mechanisms Gaelle Gutierrez, Arthur Georgesco, Claire Onofri-Marroncle and Dominique Gosset; CEA,
France

lon accelerators have been used for decades to study radiation damage in nuclear materials, simulating their behavior in reactors. The diversity of irradiation conditions (ions, energy, fluence,
temperature, etc.) is a major advantage of ion beams. This allows for systematic studies aimed at better understanding defect formation mechanisms and the resulting microstructural evolution.
Additionally, the very short irradiation times and the handling of non-radioactive samples significantly reduce the cost and duration of experiments compared to reactor irradiations. The
coupling of multiple ion beams, the use of heated/cooled sample holders, and the implementation of in situ characterization open the way for real-time observation of microstructure evolution
under various extreme radiation conditions. Among these techniques, Raman spectroscopy provides a quick and non-destructive means to monitor vibrational mode evolution. Under
irradiation, structural bands evolve, indicating the level of stress and the local structural disorder. Some bands may also appear, providing information about the level of damage and the type of
defects formed.

The JANNuUS Saclay platform is equipped with a Raman spectrometer installed in the triple-beam irradiation chamber [1]. This allows for in situ monitoring of vibrational modes when atomic
displacements and/or ionizations and electronic excitations are generated within the structure. Studies have thus highlighted the use of Raman spectroscopy in characterizing amorphization
mechanisms or phase changes occurring under irradiation [2-4]. In non-amorphizable systems, in situ measurements provide insights into damage kinetics related to the formation of point
defects [5].

This paper will focus on several examples illustrating the use of ion beams coupled with Raman analyses to investigate the radiation resistance of current and future nuclear ceramic materials.
[1]1 S. Miro et al., J. Raman Spectrosc. 481 (2015) 45.

[2] C. Ciszak et al., INM 485 (2017) 392.

[3] A. Debelle at al., JAP 132 (2022) 085905.

[4] D. Gosset et al., INM 476 (2016) 198.

[5] G. Gutierrez et al., J. Eur. Cer. Soc 42 (2022) 6633.

3:45 PM CHO03.03.02
Uncovering Grain Boundary Metastability as a Response to Radiation in FCC and BCC Single Phase Compositionally Complex Alloys Anne Barnett, Emily Hopkins, Mitra L. Taheri
and Michael Falk; Johns Hopkins University, United States

Compositionally complex alloys (CCAs) are promising for the future materials of extreme radiation environments, but nuances in unique defect formation and evolution properties have yet to
be thoroughly understood. In comparison to their dilute and pure counterparts, both fcc and bcc complex alloys retain local chemical order which increases the radiation tolerance due to a
convoluted matrix defect bias. This bias profoundly influences grain boundary (GB) metastability under irradiation conditions, resulting in an increase in radiation tolerance with alloy
complexity. A combined molecular dynamics and experimental in-situ study is preformed to demonstrate GB metastability during point defect bombardment, highlighting the fundamental
differences between fcc and bcc alloys, in addition to environments with and without local chemical order.

4:00 PM CHO03.03.03
Clarifying Phase Instabilities Induced by Irradiation in a FCC-Based FeNiCrMn HEA through In-Situ Irradiation Antoine Dartois?, Maylise Nastarl, Brigitte Décampsz, Anna
Fraczkiewicz® and Estelle Meslin'; 1Université Paris-Saclay, CEA, France; 2Université Paris-Saclay, France; MINES St-Etienne, France

Recent studies have highlighted the promising behavior of High Entropy Alloys (HEAs) under irradiation, exhibiting improved swelling resistance [1] and reduced radiation-induced
segregation (RIS) [2]. For evident safety concern, they need to maintain high single-phase stability to ensure stable mechanical properties under operating conditions.

In this context, our study focuses on the quaternary Fe,;Nis,CrigMn, 5. Before irradiation, this high-purity alloy, annealed at 1473 K for 4 hours, is a single FCC phase. However, after heavy-

ion irradiation within the JANNuS Saclay facility at 823 K up to 2 dpa, phase instability was detected by means of CTEM (Conventional transmission electron microscopy) and STEM/EDX
(Scanning TEM/Energy dispersive X-rays) within a double-corrected Jeol Neo-ARM TEM.

It is well known that irradiation generates point defects — vacancies and self-interstitials — that subsequently agglomerate into dislocation loops, voids or precipitates [3]. Besides, net fluxes of
point defects toward sinks lead to RIS potentially leading to radiation-induced precipitation (RIP) [4].

In the current study, phase instability is characterized by the precipitation of nanometer-sized Cr-Mn enriched precipitates. These intragranular precipitates have a spherical shape with an
approximate diameter of 10 nm. Their crystallographic structure needs to be examined thoroughly. Considering previous analyses on similar alloys [5], a BCC phase could be expected. The
matter balance between self-interstitial atoms (SI1As) and vacancies respectively stored into dislocation loops and precipitates tends to confirm the less dense BCC structure of the precipitates.
We hence may expect these precipitates to result from a RIP mechanism explained by the elimination of irradiation-generated vacancies accommodating the volume mismatch between less
dense precipitates and the matrix [3].

This phase instability is also correlated with a microstructural evolution. Indeed, both faulted and perfect dislocation loops are formed. According to atom probe tomography (APT) and
STEM/EDX analysis, RIS occurs at these radiation-induced defects. Indeed, a strong Ni enrichment and Fe, Mn and Cr depletions, have been detected. An inverse Kirkendall model of atomic
fluxes, mediated by vacancies and fitted on tracer diffusion coefficients of the well-known FeCoCrMnNi Cantor alloy, corroborates the identified RIS trend. We highlight a reduced Cr
depletion, compared to conventional austenitic steels [6], potentially reducing the irradiation-assisted stress corrosion cracking (IASCC) phenomena.

In order to elucidate the precipitation mechanisms, microstructures exposed to several radiation doses have been compared. First, samples have been irradiated from 0.2 dpa to 2 dpa. Secondly,
an analysis of the microstructure at increasing thicknesses has enabled us to compare various stages of irradiation progress. Indeed, point defects elimination on surfaces is stronger in thinner
areas, where effective damage is therefore reduced, whereas this phenomenon is negligible in thicker areas, experiencing a stronger effective damage. On-zone axis STEM imaging shows the
formation of a dislocation network, resulting from the interaction of perfect loops as well as a decrease of the density of both Frank loops and precipitates with increasing depth.

To further investigate the precipitation mechanisms, in-situ irradiations are essential. These will be conducted inside a TEM in November 2023 within the JANNuS-Orsay facilities, to track
both the microstructural evolution as well as the precipitation using electron diffraction spots signal produced by the formation of Cr-Mn precipitates.

References

[1] Jin, et al., Scripta Mat (2016)

[2] Lu, et al., Acta Mat (2017)

[3] Nastar, et al., Com Mat (2021)

[4] Belkacemi, et al., Acta Mat (2021)
[5] Parkin, et al., INM (2022)

[6] Kumar, et al., Acta Mat. (2016)

4:15 PM CH03.03.04
Effect of Al Addition to The Multi-Principal Elemental CrFeMnNi Alloy System in Terms of The Resulting Microstructure and Radiation Resistance Saikumaran Ayyappan®!, Kara
Krogh'1, Geoffrey Beausoleil? and Djamel Kaoumi®?; *North Carolina State University, United States; 2Idaho National Laboratory, United States

In recent times, High-Entropy Alloys (HEAs) or Multi Principal Elemental Alloys (MPEAS) have been attracting much attention as new structural materials for nuclear reactor in-core
applications due to their structural stability and excellent mechanical properties. However, their microstructural behaviour under irradiation still requires special attention. Particularly, the
impact of specific chemical elements on the irradiation response of the alloys still needs to be evidenced and is at the core of this NSF funded project. The current work compares the radiation
behaviour of CrFeMnNi, Al ;CrFeMnNi and Al gCrFeMnNi alloys. The alloys, which were prepared through Plasma Spark Sintering (SPS), were irradiated in-situ in a Transmission Electron

Microscope (TEM) using 1 MeV Kr* ions up to 10 dpa at room temperature (RT) and at 300 °C. Since the starting microstructure depends not only on the composition but also on the way of
processing, thorough pre-irradiation characterization of all the three alloys was carried out using X-Ray Diffraction (XRD) and TEM which showed the formation of (BCC+FCC) phases in
major proportion. Addition of Al resulted in an increase in the proportion of BCC phase along with the formation of NiAl based ordered phase. At RT, with increased irradiation dose, the
phases with more uniformly distributed elemental composition showed the dynamic formation and annihilation of irradiation induced defects. However, the Cr-segregated phase in the
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(Al ,CrFeMnNi) alloy showed amorphization behaviour with increasing irradiation dose. At RT, the alloys did not show the formation of voids or Radiation induced Segregation (RIS).
However, at 300 °C, the alloys showed the formation of voids at doses around ~5 dpa. Also, Ni segregation at the void/matrix interfaces has been observed in the Al, ;CrFeMnNi alloy at 300

°C. Overall, the void formation was observed to depend on the local chemistry and temperature of irradiation. Additionally, irradiation at 300 °C also resulted in Radiation Induced Precipitation
(RIP) in these alloys, the existence of which were confirmed through extensive post-irradiation TEM diffraction analysis, which showed low intensity crystalline spots and streaks around the
major diffraction spots. The Cr-rich phase in Aly ;CrFeMnNi alloy showed the formation of nano-crystalline features. The Ni-rich phase showed the formation and Nano-structuring of

irradiation-induced defects. The in-situ TEM experiments allowed to clearly evidence how variations in local chemistry and microstructural features in these MPEAs affect the local response to
irradiation (at the nm/micron level).

SESSION CHO03.04: In Situ Irradiation and TEM Characterization 11
Session Chairs: Aurelie Gentils, Mercedes Hernandez Mayoral and Djamel Kaoumi
Wednesday Morning, April 24, 2024
Room 441, Level 4, Summit

8:45 AM *CHO03.04.01

Dislocation Loop Evolution in Ni-Based fcc Model Alloys by In-Situ Self-lon Irradiation at High Temperatures Marie Loyer—Prostl, Kan Mal?, Brigitte Décamps3, Liangzahao Huangl,
Maylise Nastar!, M.A. Belghoul!, Anna Fraczkiewicz*, Robin Schaiiblin®, Philippe Vermaut®” and Frédéric Prima’; tUniversité Paris-Saclay, CEA, France; 2University of Birmingham,
United Kingdom; 3CNRS, Université Paris-Saclay, France; 4Ecole Nationale Supérieure des Mines de Saint Etienne, France; SETH Zirich, Switzerland; 8Sorbonne Université, France;
7ChimieParisTech, PSL Research University, CNRS, France

Austenitic Stainless Steels (ASSs) are foreseen as cladding material for next generation reactors even though their swelling under irradiation will limit the fuel burnup. Solute elements, such as
titanium and carbon, efficiently reduce this swelling but the mechanism is still ambiguous.

Here we focus on the effect of a progressive addition of titanium on the microstructure evolution of nickel at small irradiation dose and on the loop interaction during irradiation. Nickel is
considered as a model alloy for ASSs (same crystallographic structure). Pure Ni and nickel alloyed with various percentages of titanium (x ranging from 0.4% to 1.2% by mass), are in-situ
irradiated at 450°C and 510°C within a Transmission Electron Microscope using the JANNuS-Orsay facility.

The in-situ microstructural evolution and dislocation loop characteristics are finely analyzed in function of specimen composition and doses. We reveal a strong impact of micro-alloying on
microstructure: loop nature, growth rate, formation thickness, density, Burgers vector and mobility. A direct correlation of Frank loop morphology and nature is observed. Finally, a
temperature-dependent critical Ti content for Frank loop nature is highlighted and discussed.

9:15 AM CHO03.04.02
Investigaion of Grain Growth in Nanocrystalline Oxide Thin Films during Iradiation and Heating using In-Situ Tem Dmitrii Kretov?!, Tiffany Kasparz, Benjamin K. Derby3 and Djamel
Kaoumil; INorth Carolina State University, United States; 2pacific Northwest National Laboratory, United States; 3Los Alamos National Laboratory, United States

Grain growth, which occurs at elevated temperatures and under irradiation is manifests by an increase in the average grain size, a decrease in the number of grains, and a decrease in grain
boundary total area. Nanocrystalline metals having very small sizes and high GB densities are of interest to the nuclear materials community not only for their improved mechanical properties
but also for their radiation resistance, since grain boundaries are effective sinks for radiation-induced defects, ultimately impacting the radiation tolerance of nanocrystalline materials against
net defect accumulation. However, even if nanocrystalline metals present increased radiation tolerance at the nanoscale, irradiation-induced grain growth is responsible for grain enlargement
and annihilation of these benefits. While the literature shows several studies on this particular topic of grain growth in nanocrystalline metals, very little focus was put on grain growth in
nanocrystalline oxides, especially under irradiation. The scarce available literature focuses on fuel oxides. In this work, grain growth kinetics was studied in Fe,O5, Fe30,, Cr,05 which are

oxides commonly forming on components in nuclear reactor such as the ones made of steel. Thin films with nanocrystalline grain size were grown by Pulse Laser Deposition or Sputtering
Deposition and subject to thermal annealing in situ in a Transmission Electron Microscope to follow the grain-growth. Samples were also irradiated in situ in the TEM at temperatures from 50

K to 773 K using 1 MeV Kr?* ions to 10 dpa to study grain-growth under irradiation. Grain size was measured as a function of time for the thermal grain growth and in terms of irradiation dose
(i.e. dpa) for the irradiated samples. The kinetics of grain growth was then discussed in the light of the literature and how it compares to the thermal spike model developed for metals.

9:30 AM CHO03.04.03
Unveiling The Microstructural Evolution in Irradiated Zirconium Alloys Through In-Situ Transmission Electron Microscopy Zhongwen Yao; Queen's University, Canada

Understanding the impact of irradiation on the microstructure of zirconium alloys is critical for ensuring the safety and reliability of nuclear reactors. In this presentation, we applied in-situ
transmission electron microscopy (TEM) as a powerful tool to unravel the dynamic evolution of zirconium alloy microstructures during irradiation or after irradiation.

Through real-time TEM/STEM imaging, we explore the intricate processes taking place within zirconium alloys, such as Excel alloy, Zr-2.5Nb and Zircaloy as they are subjected to ion
irradiation. We observe and analyze the complicated changes in microstructure, including a-type and c-type dislocation formation, defect accumulation, and phase transformations. These
microstructural changes have a direct bearing on the material's mechanical properties and dimensional stability, making this research crucial for the nuclear industry.

This presentation highlights the invaluable contribution of in-situ TEM techniques in providing real-time, atomic-scale observations of zirconium alloy behavior during irradiation, paving the
way for enhanced material design and reactor safety.

9:45 AM BREAK

SESSION CH03.05: In Situ Irradiation Characterization Methods
Session Chairs: Mercedes Hernandez Mayoral and Djamel Kaoumi
Wednesday Afternoon, April 24, 2024
Room 441, Level 4, Summit

1:45 PM *CHO03.05.01

Real Time Monitoring of Defect Evolution and Relaxation by In-Situ Positron Annihilation Spectroscopy Farida Selim®, Adric Jones?, Thaighang Chungz, Matthew Chancey3, Riley
Ferguson®, Peter Hosemann®, Yonggiang Wang?® and Blas P. Uberuaga®; *Arizona State University, United States; 2Bowling Green State University, United States; 3Los Alamos National
Laboratory, United States; 4uc Berkeley, United States

In-situ measurements during irradiation are critical to monitor material response to irradiation in real time; several in-situ techniques with remarkable capabilities have been developed to
address that and examine material structure, properties, and performance under extreme radiation environments. In-situ TEM has been particularly powerful in monitoring the microstructural
changes and growth of cavities in real time during irradiation. However, revealing the mechanisms governing early formation of defects and their evolution in extreme environments require
measuring defects on all length scale from atomic- to meso-scale. Positron annihilation spectroscopy (PAS) is uniquely sensitive to atomic scale defects revealing their density and structure
even in the very early stages of damage and has been shown to be an effective tool to probe vacancies and stresses in nuclear and structural materials [1,2].

Here we report the first in-situ PAS (iPAS) measurements during high energy ion irradiation. The measurements reveal that vacancies are formed and their number increases during collision
cascades without change in structure or clustering. However, vacancies are shown to coarsen, and their structure substantially change during relaxation after ceasing irradiation. The trend is
shown to dominate in the low irradiation regime and the defect density increases linearly with irradiation time up to 0.1 dpa. In higher regime above 1 dpa, vacancies are formed and coarsen
during collision cascades. Further, iPAS during annealing reveals the various recovery stages of induced radiation and the defect type involved in each stage. Lastly, | will discuss how iPAS
may shed the light on the mechanism behind some interesting phenomena such as radiation induced vacancy injection in muti-phase materials that we recently observed in Fe / Fe,O5 bilayers.

This work was funded as part of FUTURE (Fundamental Understanding of Transport Under Reactor Extremes), an Energy Frontier Research Center funded by the U.S. Department of Energy,
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Office of Science, Basic Energy Sciences.

[1] Selim, F. A. "Positron annihilation spectroscopy of defects in nuclear and irradiated materials-a review." Materials Characterization 174 (2021): 110952.

[2] Selim, F. A., D. P. Wells, J. F. Harmon, J. Kwofie, G. Erikson, and T. Roney. "New positron annihilation spectroscopy techniques for thick materials." Radiation Physics and Chemistry 68,
no. 3-4 (2003): 427-430.

2:15 PM CHO03.05.02
In situ Performance of Non-Volatile Memory under Mixed Radiation Environment Chaitanya Sharma and Juan Nino; University of Florida, United States

Nonvolatile memory technologies have paved the way for in-memory computing, eliminating the constant need to move data between storage and processing units. This reduces the von
Neumann bottleneck and can significantly boost a system's effective floating operations per second (FLOPs). However, their performance evolution under irradiation from cosmic rays, solar
storms, neutrons, and other secondary sources has not been extensively studied. To explore device degradation, we developed a testing apparatus at the University of Florida training reactor
(UFTR) to perform in situ electronic measurements under varying gamma and neutron radiation profiles. The 6" diameter cylindrical setup fits inside one of the reactor beam ports and includes
a Peltier thermal controller coupled to a 4-terminal electrical microprobe with variable radiation shielding. To delineate different radiation beam environments, specifically gamma rays,
thermal, epithermal, and fast neutrons, shielding materials such as borated polyethylene, standard polyethylene, and lead are used. Here, we demonstrate the platform's effectiveness by
examining self-directed channel (SDC) memristors, ferroelectric capacitors (FeCAPSs), and resistive random-access memory (ReRAM) devices both in volatile and non-volatile configurations

(i.e., 1T-1R and 1R). The experiments were conducted within the temperature range of -30° C to 120° C across a range of reactor power levels from 1W to 10kW with a total flux of 2.035 x 108
particles/cm2 at 100kW. We will further discuss radiation effects pertinent to various memory architectures, elaborating on device failure induced under radiation and total ionizing dose.

2:30 PM BREAK

3:30 PM *CH03.05.04
Beam-On Effects during Irradiation of Nuclear Materials Michael P. Short; Massachusetts Institute of Technology, United States

In situ characterization methods for nuclear materials performance hold enormous promise for faster discovery of nuclear materials science, radiation effects, and down-selection of optimal
alloys for nuclear power applications. Advancements in combining traditional irradiations and post-irradiation examination with new, rapid analysis tools promises, and will be shown in this
talk, to hasten data throughput by up to 1000x compared to purely traditional methods. Particular emphasis on building robust inference models, whereby properties of ultimate interest are
tightly correlated to those which are more readily measured by in situ techniques, will be made via illustrative examples of nuclear materials discovery, down-selection, and optimization. We
specifically focus on utilizing in situ ion irradiation transient grating spectroscopy (I3TGS) for prediction of high-temperature superconductor performance during irradiation, rapidly exploring
new ternary alloy compositions for fusion structural and functional materials, and sorting materials by their resistance to major degradation modes such as void swelling. Finally, we will
present a call to collaboration and requests for input from the community, on how to best build robust and easy-to-use TGS systems to help others establish similar in situ capabilities of their
own.

SESSION CHO03.06: In Situ Electrochemical Methods
Session Chairs: Mercedes Hernandez Mayoral and Djamel Kaoumi
Thursday Morning, April 25, 2024
Room 441, Level 4, Summit

8:30 AM *CHO03.06.01
Understanding Oxidation Mechanism using In Situ Analytical Transmission Electron Microscopy Eric Prestat!, Giacomo Bertali?, Duc Nguyen-Manh?, Joven Lim?, Anicha Reuban®,

Andrey Litnovsky® and Grace Burke*; JUK Atomic Energy Authority, United Kingdom; 2University of Manchester, United Kingdom; 3Forschungszentrum Juelich, Germany; “ldaho National
Laboratory, United States

Environment-sensitive behaviour of materials encompasses a broad range of degradation phenomena in metals and alloys. The interaction of metallic materials with the environment is of
fundamental importance in understanding a material’s performance in “real world” applications. Of particular significance is the effect of liquid and/or gaseous environments on the material of
interest. The ability to visualize the localised changes associated with oxidation in gaseous environments and dissolution reactions in liquids coupled with qualitative STEM-XED spectrum
imaging and analysis is now providing unprecedented opportunities for real-time observations that can lead to improved mechanistic understanding of nanoscale oxidation, and localised
dissolution/corrosion.

In this presentation, we will discuss the application of in situ gas microscopy to understand the oxidation behaviour of metallic materials using open cell and closed cell system. For the closed
system, two 30 nm thick SiN electron transparent membranes are used to contain up to 1 bar atmospheric pressure from the vacuum of the TEM columns. We have applied the Protochips in situ
platforms to examine gaseous environmental interactions in structural alloys such as Ni-base alloys (Alloy 600) and tungsten. The Protochips Atmosphere system interfaced with an FEI Titan
G2 200 kV S/TEM equipped with X-FEG and Super X (4 SDDs) or a JEOL NeoARM 200kV wide gap pole piece cold FEG and Dual-EDS system has been successfully used in a variety of
gaseous environments. Open cell experiments were performed on a Hitachi H-9500 TEM operating at 300 kV and fitted with an add-on gas injection system for windowless environmental
conditions up to ~0.1 Pa at the sample.

Critical to any in situ experiment is the preparation of representative electron-transparent samples, so as to provide a valid link with bulk behaviour. Electron-transparent specimens were
prepared using the hybrid method [1]. These specimens can then be attached to an Atmosphere heating chip with Pt. A series of examples will be discussed that are related to the detailed study
of bulk material behaviour including localised oxidation reactions pertinent to stress corrosion cracking in Ni-base alloys as well as the study of oxidation of tungsten alloys. The successful
experiments using the gas reaction cell system in a variety of H2-containing environments at elevated temperatures can be further refined to assess variables such as H2 and O2 partial
pressures, and can also be used to assess localised reactions in 1 bar gas over a range of temperatures of interest and thus provide insight at the nanoscale about diffusion-induced grain
boundary migration, internal oxidation, and the role of carbides in preferential oxidation. Similarly, S'TEM imaging and Electron energy loss spectroscopy (EELS) was used for ex situ and in
situ study of the oxidation of self-passivating tungsten alloys using. Mapping the elemental distribution of W, Cr, Y at the nanoscale shows that Cr-rich grains undergoes Cr/W phase separation
exhibiting characteristics of spinodal decomposition, which is in good agreement with first-principles modelling predictions. Similar Cr/W phase separation was observed at grain boundaries.
The in situ (S/TEM) oxidation shows that the Cr-rich grain exhibiting Cr/W phase separation are oxidized first and formed a dense Cr oxide, providing a stable oxide layer. Additionally, in the
vicinity of the yttria precipitates present at grain boundaries or grain triple junctions the oxide growth is reduced in the initial stage of oxidation. Inhomogeneity in the layer oxidation could lead
to localised failure of the oxide layer, such as delamination of the protective oxide layer.

9:00 AM *CHO03.06.02
In Situ Sample Thickness Monitoring in Simultaneous Irradiation-Corrosion Experiments Eranziska Schmidt!2, Matthew Chanceyl, Hyosim Kim! and Yonggiang Wangl; 1Los Alamos
National Laboratory, United States; 2University of California, Berkeley, United States

Irradiation-corrosion experiments have recently become a popular approach to studying the simultaneous effects of both extremes on materials. Each individual experiment requires extensive
preparation and yields one sample exposed to one set of conditions (temperature, damage rate, etc.) that can then be analyzed ex situ. In this talk, we will discuss the potential for the in situ
monitoring of long-term (hours to tens of hours) irradiation-corrosion experiments with ion beam analysis techniques, such as particle-induced x-ray emission spectroscopy (PIXE) and
Rutherford backscatter spectroscopy (RBS). Both can be used to provide information about changes in the average sample thickness while under irradiation, which is tied to corrosion kinetics.
We will lay out different options for the interpretation of PIXE data based on signal from the sample alone or a mixture of sample and corrosive medium signals. The different approaches allow
the use of these techniques for different combinations of samples and corrosive media, such as water, heavy liquid metals, or molten salts. As an example, we will show recent experimental
data for pure Fe under proton-irradiation simultaneously corroded by lead-bismuth eutectic (LBE), a Gen-IV nuclear reactor coolant. The Fe-LBE system provides the unique opportunity to
compare the accuracy of the two data interpretation options for PIXE with each other as well as with RBS, all of which provide in situ insight into Fe corrosion under irradiation not attainable
from ex situ observations.

9:30 AM *CH03.06.03
Electrochemical Impedance Spectroscopic Study of Oxide Scales on 316L Stainless Steel in Molten FLiNaK Salt Jie Qiu; Xi'an Jiaotong University, China

Molten fluoride salts have been proposed to be excellent candidates as primary reactor coolant and liquid fuel in a Molten Salt Reactor (MSR) due to their advantages of high thermal

Abstract_Book_Final2_Sessions_mrsspring2024_05-Jun-2024-09-11-02 (1).htmI[6/5/2024 11:46:47 AM]



conductivities, low viscosities, high boiling points and high specific heats, etc. However, the corrosion of structural materials in molten fluoride salts at high temperature is a great challenge that
prevents the successful fruition of MSR. In most corrosive environments, materials derive their corrosion resistance by the formation of a protective oxide scales and/or passive films. However,
these oxide films are chemically unstable in high temperature molten fluoride salts and cannot provide protection of materials from corrosion. An understanding of in-situ dissolution rate and
corrosion mechanism of oxide film in fluoride salt is significantly important for the development of MSR.

In this work, coupons of 316L stainless steel (SS) were pre-oxidized in hot air and then immersed in molten FLiNaK salt at 700 °C for electrochemical experiments. The impedance of oxide
films on 316L SS as a function of exposure time were investigated using in-situ electrochemical impedance spectroscopy (EIS). The oxide resistance and capacitance under different exposure
time were compared. The results show that the resistance of the oxide film decreases with increasing the exposure time, due to the dissolution of the Fe and Cr elements into the molten FLiNaK
salt. After experiments, the structures of the oxide film were characterized and compared.

10:00 AM BREAK

10:30 AM CHO03.06.04
Understanding Transient Kinetics under Irradiation with In Situ EIS Franziska Schmidt, Cortney Kreller, Yonggiang Wang, James Valdez and Blas P. Uberuaga; Los Alamos National
Laboratory, United States

Particle irradiation introduces a large amount of energy into a material, creating a multitude of metastable defect structures. These defects are then responsible for the microstructural evolution
of the material, which often comes down to a balance of kinetic processes that determine whether the material will recover or whether larger-scale defect aggregates such as voids and loops will
form. Critically, the defects most responsible for this evolution — the fastest moving defects — disappear quickly once the radiation source is removed. Thus, post-mortem examination can only
provide indirect evidence of their presence and is unable to characterize neither the nature nor properties of these defects.

To better understand the transient behavior associated with fast moving radiation-induced defects, we have developed an in situ electrochemical impedance spectroscopy system that allows us
to measure the conductivity of the material as it is being irradiated. This provides unprecedented insight into the kinetic nature of defects, both as the material approaches a steady-state defect
concentration under irradiation and as it recovers once the irradiation source is removed.

We demonstrate this new capability on complex oxides. For example, in yttrium-stabilized zirconia, we find that there is an enhancement of the conductivity of the material during irradiation,
leading to an effectively lower activation energy for conduction as the material is being irradiated. However, once the radiation source is turned off, the conductivity quickly recovers to the pre-
irradiated value, emphasizing the critical need for in situ diagnostics to probe the properties of these transient defects.

10:45 AM CH03.06.05

Highlighting the Influence of Radiolysis at The Interface between 316L Stainless Steel using In Situ Electrochemical Techniques Nicolas Bererd?2, Nathalie Moncoffrel:3, Sabrina
Marcelin®32, Alexis Eynard'3, Thierry Dupasquier™3, Dominique Baux>?2 and Bernard Normand*32; Linstitute of Physics of The Two Infinites of Lyon, France; 2Université Claude Bernard
Lyon 1, France; 3CNRS, France; “INSA Lyon/MATEIS, France; °CEMHTI, France

The study of water radiolysis at the solid/solution interface is an experimental challenge. Here, we present two original and complementary setups: the PATRICIA cell (Passivation - Tribology
- Irradiation) and the RADEAU cell.

The PATRICIA configuration allows to study the tribocorrosion of a stainless steel under extreme conditions (proton irradiation, submission to radiolysis product). For instance, a proton beam
can irradiate the interface formed by the contact between a liquid and a passivable material (such as 316L stainless steel). An alumina pin can induce friction on the sample's surface.
Electrochemical techniques enable the in situ characterization of the evolution of the RedOx potentials of the solution, as well as the evolution of the passive film present on the steel surface.
Through the PATRICIA cell, we demonstrated that, regardless of the beam's energy, the corrosion potential remains unchanged. This indicates that it is the highly reactive, short-lived radiolysis
products that determine the corrosion potential, rather than just long-lived radiolysis products like H,0,. During irradiation, the evolution of resistivity profiles within the thickness of the

passive film, obtained from electrochemical impedance spectroscopy measurements, shows that the inner Cr,O4 layer of the passive film becomes thinner, leading to a reduction in the

corrosion resistance of 316L stainless steel. This evolution could be attributed to the radiolysis of water molecules bound within the passive film.

In the RADEAU configuration, a thin layer of water is irradiated in front of a passivable material. The system's evolution is also monitored through in situ electrochemical techniques. In this
geometry, only the water or the system {water + interface} can be irradiated, which allows for the discrimination of the passive layer's role in the corrosion process of 316L stainless steel.
These two complementary setups enable the in situ study of the interface's role in the mechanisms of steel corrosion.

11:00 AM CHO03.06.06
Microstructure and Phase Characterization of Carbonation Accelerated Concretes Proposed for Deep Geologic Repositories using Simultaneous Synchrotron X-Ray Computed

Microtomography (XCT) and Spatially Resolved Energy Dispersive X-Ray Diffraction (EDX-XRD) Yeu Chen!, Anthony J. Gironda®, Jared Abramson?, Gerald Seidler?, Sarah Saslow?
and Nancy Escobedoz; 1University of Washington, United States; 2pacific Northwest National Laboratory, United States

Long-term storage and eventual disposal of spent nuclear fuel (SNF) is a challenging materials problem, with deep geologic repositories (DGR) widely considered the best solution. The general
design of DGRs is widely agreed upon, requiring an engineered barrier system (EBS) and disposal site-specific local geology to contain SNF on geologic timescales of 100,000 — 1M years, but
specific details are less certain. An understanding of the stability of the materials used in the EBS in geologic conditions is crucial in a once-through nuclear cycle, such as in the United States,
where SNF disposal needs are greatest. Cement and cementitious barriers are a key component in EBS systems and serve as a barrier between steel casques that contain the SNF and the local
geologic environment its embedded in, creating separation of the waste from the biosphere by trapping radionucleotides that escape the primary containment particularly in the first 10,000
years of storage. There are two key issues in this field of study. First, projecting the stability of cementitious materials over geologic timescales by developing an accelerated aging model that is
reliable. Second, characterization techniques of corrosion mechanism in concrete, particularly specific to DGR conditions such as high pressure, high temperature, temperature cycling,
radiolysis, chloride ion attack, entrapped gasses (methane, carbon dioxide), and interfacial corrosion between the steel casque and cementitious barrier. This work details a preliminary approach
addressing both concerns, an accelerated aging protocol of cements in carbonating conditions and simultaneous synchrotron methods to nondestructively characterize carbonation effects on
cement phase and microstructure.

To develop aging techniques, representative cement cylinders were aged in 100% CO, atmosphere at room and elevated temperatures for varying durations of time. The pore structure and

carbonation front progression were studied using x-ray computed microtomography (XCT) finding a clear delineation between the carbonated and uncarbonated regions. Additionally, spatially
resolved energy dispersive x-ray diffraction (EDX-XRD) was used to identify phase changes to the cement’s alkaline portlandite buffer, a key component of the cement’s barrier capabilities to
radionucleotides, as it was depleted with the dissolution of CO, into the cement's pore solution during the carbonation process. These phase changes showed clear signatures in the EDX-XRD
and corroborated the carbonation depth found from the XCT. Both XCT and EDX-XRD were measured at Sector 7-BM at the Advanced Photon Source. The kinetics and near-field chemistry
of concrete and cementitious materials has many unanswered questions as it’s difficult to model and quantitatively measure, especially under conditions expected in DGRs. This work has
shown the ability to study concrete subjected to DGR conditions and measure one of the key aspects in its usefulness as a ESB material.

SESSION CH03.07: In Situ Annealing Related Techniques
Session Chairs: Mercedes Hernandez Mayoral and Djamel Kaoumi
Thursday Afternoon, April 25, 2024
Room 441, Level 4, Summit

1:30 PM *CHO03.07.01
Recrystallization Behavior of Laser Powder Bed Fused 316L Stainless Steel by In-Situ Annealing Yanling Ge, Zaiqing Que!, Witold Chrominski2, Maciej ZielinskiZ, Kimmo Kaunisto!
and lwona Jozwikz; 1VTT Technical Research Centre of Finland, Finland; 2National Center for Nuclear Research, Poland

Laser powder bed fusion (LPBF) addition manufactured (AM) 316L stainless steel (SS) shows superior mechanical and corrosion properties duo to its heterogeneous microstructure. The

recrystallization behavior of LPBF stainless steel is a key knowledge for application of AM material in nuclear sector. The two unique microstructure features of AM 316L, dislocation cellular
structure and nanoscale oxide inclusions, are important controlling factors on recrystallization behavior and annealing structure. The recovery and recrystallization of LPBF 316L SS are
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analyzed with differential scanning calorimetry (DSC). The evolution of microstructure is studied with in-situ x-ray diffraction (XRD) and in-situ electron backscattered diffraction (EBSD) in
scanning electron microscopy (SEM). The detailed dislocation network evolution and nanosized oxides interaction with grain boundaries during annealing are studied with in-situ transmission
electron microscopy (TEM).

2:00 PM CH03.07.02

Heterogeneous Grain Boundary Corrosion in Ni-Cr Alloy Exposed to Molten Fluorinated Eutectic Salts under Applied Potential Sean Mills™2, Ho L. Chan®, Nathan Bieberdorf,
Minsung Hong?, Elena Romanovskaia®, Chaitanya Peddeti®, Laurent Capolungo®, Mark Astal, John Scully®, Peter Hosemann® and Andrew M. Minor®?; tUniversity of California, Berkeley,
United States; 2Lawrence Berkeley National Laboratory, United States; 3University of Virginia, United States; 4Los Alamos National Laboratory, United States

Structural materials used in nuclear reactor environments are exposed to coupled extremes such as irradiation, high temperature, and corrosion which act synergistically to degrade their
performance. Integral features of these processes are that defects produced under irradiation directly limit or accelerate the corrosion rates. Moreover, in molten-salt reactor environments,
previous experimental work has shown that Cr dealloying is strongly coupled to the microstructure evolution of these alloys. Connecting corrosion attack with alloy microstructure such as grain
boundaries and accumulating point defects is imperative to understanding underlying mechanisms. However, it is challenging to predict how varied alloying elements, salt species, and
nanoscale point defects interact with one another to lead to the failure of materials, as the multiscale nature of these reactions is hidden. Until recently, the capabilities to directly measure
vacancies, interstitials and black spot damage have been limited to bulk techniques such as positron annihilation spectroscopy or x-ray diffraction measurement of lattice parameters. The recent
developments in 4D-STEM with high-speed direct electron detectors and atomic resolution STEM provide an opportunity for potentially mapping point defect distributions at the nanoscale and
their associated strains, both of which have far-reaching implications for detailed analysis of complex irradiation / corrosion damage.

Active corrosion mechanisms are investigated in a model NigyCr,, metal alloy exposed to molten LiF-NaF-KF eutectic (FLiNaK) at 600C. When a critical applied potential of 2.1V is reached,

this enables both Cr and Ni dissolution and the formation of salt-filled corrosion channels at grain boundaries. For post-corrosion characterization, we implement microscale techniques such as
energy dispersive spectroscopy (EDS) and electron backscatter diffraction (EBSD) to uncover variations in morphology and composition that are tied to non-uniform corrosion damage. This
grain boundary corrosion mechanism is connected to a pure Ni de-alloyed region that forms within the salt-filled cavity. These findings are supported by phase-field modeling that describes an
infiltrating salt-filled corrosion channel between two grains where Ni dissolves preferentially and re-forms on the opposing grain. This is attributed to the redox potential that is modified by the
interfacial energies between grains. Building off the conditions that promote grain boundary corrosion and de-alloying, we conduct an in-situ experiment to track local changes in structure,
morphology, and transport of species within a pre-fabricated salt-filled corrosion channel. The sample is annealed in the TEM at elevated temperatures (350-900C via MEMS heating + biasing
holder) to simulate typical molten salt reactor operating conditions. Further, we perform simultaneous EDX-STEM and 4D-STEM to correlate changes in structure and composition that result
from surface diffusion or by bulk lattice diffusion in response to non-uniform corrosion.

This extensive study aims to fundamentally improve the understanding of complex corrosion processes and provide a new pathway for engineering materials designed in future nuclear energy
systems. The project is part of FUTURE Energy Frontiers Research Center (EFRC), which aims to study how the coupled extremes of irradiation and corrosion work in concert to modify the
evolution of materials by coupling experiments and modeling that target fundamental mechanisms.

2:15 PM CH03.07.03
Complementing In Situ Microscopy with Multimodal Synchrotron Experiments in the Characterization of Radiation Damage Jason R. Trelewicz, Cormac Killeen, Yang Zhang,
Spencer Thomas and David J. Sprouster; Stony Brook University, United States

The formation of gaseous defects during irradiation due to, e.g., transmutation or ion implantation, involves a transition from defect clustering to the nucleation of bubbles and its biasing to
various microstructural sinks such as grain boundaries. In situ microscopy techniques are limited in their ability to resolve the behavior of sub-nanometer helium clusters during the incubation
stages of bubble formation while common X-ray techniques such as X-ray diffraction (XRD) provide information specifically pertaining to changes in the lattice parameter in the presence of
such defect clusters. In this study, a region of reciprocal space accessible via wide angle X-ray scattering (WAXS) is identified that allows for the direct probing of sub-nanometer helium
clusters irresolvable through transmission electron microscopy (TEM) and small angle X-ray scattering (SAXS) and only indirectly quantified by an XRD lattice parameter analysis. Using
WAXS in a multimodal characterization campaign with TEM informed SAXS analysis and XRD of irradiated tungsten, our experiments build a more complete picture of the transition from
helium defect clustering to the nucleation of bubbles and their subsequent biasing to grain boundaries. Specifically, nanoscale cavity formation is shown to accompany clustering with
increasing fluence but with cavities homogeneously distributed between the grain matrix and boundary regions of the microstructure. An increase in temperature shifted the cavity population to
a bimodal distribution containing small nanometer intragranular cavities and larger cavities biased to the grain boundaries, which was accompanied by a decrease in the sub-nanometer helium
cluster population. Leveraging the defect distributions as a function of fluence and temperature, the mechanisms underpinning these transitions are discussed using insights from molecular
dynamics simulations. Results demonstrate the utility of our multimodal approach in probing the incubation stages of cavity formation and its subsequent transition to biased cavity populations,
thereby helping to close the analysis gap between nanoscale in situ TEM imaging and atomic-scale XRD measurements.

2:30 PM *CHO03.07.04
Bi-Directionally Tuning the Thermal Resistance of Materials and Interfaces with Irradiation-Induced Defects Patrick E. Hopkins; University of Virginia, United States

Materials in radiative environments (e.g., nuclear reactors, spacecraft, research instruments, among others) are subject to unique forms of damage. The microstructural damage results in a
change in electron and phonon scattering rates in materials, which typically leads to a reduction in thermal conductivity. For example, in a study focused on silicon wafers irradiated with an
array of ions (C2+, N2+, Al2+, Si2+, P2+, or Ge2+), we demonstrate that an increase in ion dose results in a significant reduction in thermal conductivity (up to an order of magnitude
reduction) of the silicon within damaged region [1]. These reductions in thermal properties are general predicted based on the displacements-per-atom (dpa). While dpa and resulting defects
lead to reductions in thermal conductivity in crystalline materials, we observe the opposite trend in thermal conductivity of amorphous materials and thermal boundary conductance across
interfaces. For example, we demonstrate the ability to increase the thermal conductivity of amorphous solids through ion irradiation, in turn, altering the bonding network configuration. We
report on the thermal conductivity of hydrogenated amorphous carbon implanted with C+ ions, in which the films’ thermal conductivities reveal significant enhancement after ion irradiation, up
to a factor of 3, depending upon the preirradiation composition [2]. Films with higher initial hydrogen content provide the greatest increase, which is complemented by an increased stiffening
and densification from the irradiation process. This enhancement in vibrational transport is unique when contrasted to crystalline materials, for which ion implantation is known to produce
structural degradation and significantly reduced thermal conductivities. At solid/solid interfaces, we also observe this ion irradiation-induced increase in thermal conductance. We
experimentally demonstrate this increase in thermal boundary conductance (TBC) by ion irradiating Gallium Nitride to produce near interface point defects. GaN is bombarded with varying
doses of C+, N+, and Ga3+ ions, with a maximum target near-interface defect density of 2%. We show an increase in the measured Al/GaN TBC. Our results show an increased level of
scattering within the defected material, which assists in the thermalization between interfacial and bulk vibrational modes and decreases TBR. This is in contrast to conventional formalisms,
where scattering across the interface is said to dominate thermal transport.

1. E. A. Scott, K. Hattar, E. J. Lang, K. Aryana, J. T. Gaskins, and P. E. Hopkins. Reductions in the thermal conductivity of irradiated silicon governed by displacement damage. Physical
Review B, 104:134306, 2021.

2. E. A. Scott, S. W. King, N. N. Jarenwattananon, W. A. Lanford, H. Li, J. Rhodes, and P. E. Hopkins. Thermal conductivity enhancement in ion-irradiated hydrogenated amorphous carbon
films. Nano Letters, 21(9):3935-3940, 2021.

3:00 PM BREAK

SESSION CH03.08: In Situ Straining Related Techniques
Session Chairs: Aurelie Gentils and Mercedes Hernandez Mayoral
Thursday Afternoon, April 25, 2024
Room 441, Level 4, Summit

3:30 PM *CHO03.08.01
Investigating Dislocation Loop Nucleation and Growth under Stress by In-Situ TEM in Al Daphné Da Fonseca®, Thomas Jourdan®, Fabien Onimus’ and Frederic Mompiou?; CEA,
France; 2CEMES-CNRS, France
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Irradiation creep that occurs both under stress and irradiation flux, even at moderate temperature, has a profound impact on mechanical properties in structural materials. For instance, it leads to
deleterious permanent deformation in austenitic steel vessel internals in pressurized water nuclear reactors. Although this phenomena has been documented in the 70’s and 80’s, experimental
and theoretical investigations proposed have never found consensus so far. It was proposed that irradiation would contribute to dislocation climb but the role of anisotropic growth of irradiation
loops was the subject of debates and contradictory results. From early microstructural observations, showing a bias in the development of Frank loops in austenitic steels, two models have
emerged. They postulate that the applied stress biases either loop nucleation or their growth which lead to different loop populations density and size. Experimental results, provided by post-
mortem TEM observations at high doses, were not able to discriminate clearly between the two models, while in-situ observations carried out in high voltage microscopes reported opposite
trends.

To gain knowledge in these phenomena, we studied loop nucleation and growth during in-situ TEM experiments under stress and irradiation at low doses. To that purpose, we take advantage of
the low energy displacement threshold of aluminum, to both irradiate and observe samples at the same time, in-situ in a conventional transmission electron microscope.

We show that close to the elastic limit, almost only interstitial Frank loops are formed in the {111} planes normal to the tensile direction. Deep learning and tracking approaches were used to
follow the kinetics and distribution of loops during these experiments. They reveal that loop growth is in average linear with time, i.e. with electron fluence, but with numerous cases of
stagnation or accelerated growth. More importantly, we demonstrate that the anisotropy of loop population is determined at early stage, probably at the nucleation, and that the growth kinetic
only plays a minor role in the development of the observed loop population. These findings echo simulations performed both at atomic scale for the nucleation processes (molecular dynamics
Frenkel-pair accumulation), and at mesoscale (Object Kinetic Monte-Carlo) for elastic-diffusion mechanisms of loop growth.

4:00 PM CH03.08.02
Investigating Localized Deformation in Irradiated Stainless Steels through TEM In Situ Straining Experiments Silvia Guerral, Marta Navas®, Jia-Chao Chen?, Shavkat Akhmadaliev®

and Mercedes Hernandez Mayorall; centre for Energy, Environmental and Technological Research, Spain; 2paul Scherrer Institute, Switzerland; 3Helmholtz-Zentrum Dresden-Rossendorf,
Germany

This research focuses on comprehending the processes occurring in austenitic stainless steels during the initial stages of deformation that can lead to localized deformation, and the impact of
irradiation in the deformation modes of the material.

To achieve these goals, the methodology employed in this study deals with performing in-situ straining experiments at the interior of a Transmission Electron Microscope (TEM). These
experiments offer direct insights into the microstructural processes that occur in real time during sample deformation. This includes the observation of phenomena like nucleation and
movement of dislocations, the interaction between dislocations and defects as well as early stages of defect-free channel formation.

These in situ straining experiments were conducted as interrupted tests, and the resulting microstructure was characterized by means of SEM/EBSD and TEM before and after each in-situ
experiment in order to observe the evolution of the deformation in each sample and compare them.

The material under study is the AISI-316L, because due to its high corrosion resistance and good mechanical properties, it is a recurrent material in the construction of internal components of
nuclear power plants. Two irradiation conditions have been studied, (1) with helium ions and (2) with iron ions, and each of them along with the non-implanted material, have been
characterized.

A systematic study of the irradiated and deformed microstructures has been carried out with the aim to identify, describe, and classify features generated after interrupted testing and assess the
influence of the irradiation conditions studied. Results will be presented and discussed.

SESSION CH03.09: Computational and Simulation Tools Helping in the Interpretation and Management of In Situ Characterization Data
Session Chairs: Aurelie Gentils and Mercedes Hernandez Mayoral
Friday Morning, April 26, 2024
Room 441, Level 4, Summit

8:30 AM *CHO03.09.01

Advancements in Real-Time Quantification for In-Situ Materials in Extreme Environments Kevin G. Field'?, Hangyu Li%, Kai Sun!, Robert Renfrow?, Matthew Lynch?, Ryan Jacobs®,
Aidan Pilny?, Benjamin Eftink®, Dane Morgan® and Chris Field?; lUniversity of Michigan, United States; 2Theia Scientific, LLC, United States; SUniversity of Wisconsin—-Madison, United
States; “Los Alamos National Laboratory, United States

In this talk, we discuss our recent developments on integrating automated detection of defects~>, stereomicroscopy6'7, edge—computings, and in situ ion irradiations to form a high-throughput,

limited-bias workflow for studies on materials in extreme environments. Materials in extreme environments has been identified as a key research challenge for the materials community®, where
radiation at elevated temperature, as well as stress, is one facet of the materials in extreme environments paradigm. Experiments on radiation-temperature effects is highly complex and
dynamical, where defects are nucleated and can move in 1D and 3D with changes in their size, morphology, character, and can be annihilated. We discuss the application of machine learning to
form a backbone for a high-fidelity, rapid quantification architecture that can perform 2D-projection and 3D visualization of defects and analysis of these complex dynamical events per frame
and in near real-time fashion. We show that performance of deep learning methods, such as Mask R-CNN and You Only Look Once (YOLO), demonstrate performance levels that are at or
exceed human performance with inference times below 100 ms. We see that such high-level model performance persists even when trained using physics-based synthetic datasets. We explore
the application of deep learning coupled to tracking algorithms, such as DeepSORT, ByteTrack and BoT-SORT, to track hundreds of defects during extreme exposures, including during in-situ
transmission electron microscopy (TEM) ion irradiations of several FeCrAl alloy variants on edge and near-edge computing devices. Then, we will show how object detection and tracking can

be coupled with 2-tilt stereomicroscopy via the Obtain3D code package’ to form 3D reconstructions allowing for detailed 3D analysis such as pair distribution evolution of defects and 1D/3D
diffusion of slow-moving defects under irradiation. The capabilities of this algorithm ensemble for high fidelity quantification are realized through a platform that couples a modern web
application (webapp) hosted on edge or near-edge computing devices that is seamlessly coupled with a state-of-the-art in situ TEM ion irradiation facility. This platform enables real-time
application of the algorithm ensemble and corresponding graphical displays and overlays from the in situ video feed during irradiation providing for in operando microscopy. The edge-device

with a hosted webapp platform, termed Theiascope ™, has been demonstrated for in situ TEM ion irradiations. It will be shown the platform is system agnostic (both in hardware and
experiment) allowing for immediate feedback of materials evolution when exposed to extreme environments in other imaging systems such as scanning electron microscopy. We will conclude
the discussion with recent innovations and thinking on extending the overall presented framework and advances to automated microscopy experimentation through integration with microscopy
vendor software APIs.

. Li, W,, Field, K. G. & Morgan, D. NPJ Comput Mater 4, 36 (2018).

. Jacobs, R. et al. Scientific Reports 2023 13:1 13, 1-13 (2023).

. Shen, M. et al. Comput Mater Sci 197, 110560 (2021).

. Jacobs, R. et al. Cell Rep Phys Sci (2022).

. Shen, M. et al. Comput Mater Sci 199, 110576 (2021).

. Field, K. G., Eftink, B. P., Saleh, T. A. & Maloy, S. A. https://doi.org/10.2172/1439930 (2018) .

. Eftink, B. P. & Maloy, S. A. obtain3D. https://www.osti.gov/servlets/purl/1371737 (2017).

. Field, K. G. et al. Microscopy and Microanalysis 27, 2136-2137 (2021).

9. Wadsworth, J. et al. Basic Research Needs for Materials Under Extreme Environments, June 11-13, 2007. (2008) doi:10.2172/935440.
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9:00 AM *CH03.09.02
Bubble Stability and Mobility in Nickel under In Situ lon Irradiation Wei-Ying Chen, Logan Ward and Zhi-Gang Mei; Argonne National Laboratory, United States

Materials within nuclear reactors undergo irradiation that results in adverse microstructural changes, including the formation of point defects, defect clusters, voids, dislocation loops,
segregation, and precipitation. The Intermediate voltage electron microscope (IVEM)-Tandem Facility at Argonne National Laboratory is a user facility for in situ TEM study of the radiation
effects on material microstructures. It interfaces a 500 kV ion accelerator and a 20 kV helium ion source to a 300 kV Hitachi H-9000NAR TEM, allowing real-time microscopy under dual-
beam ion irradiation damage/implantation with well-controlled conditions including specimen orientation, temperature, ion type, ion energy, dose, dose rate, applied strain. In situ TEM has
unique capability to capture videos, offering quantitative insights into the dynamic process that cannot be obtained with ex situ experiments.

Our previous study in IVEM observed voids growing or shrinking in nickel at various temperatures from 525°C to 650°C under 1 MeV krypton ion irradiation with a flux of 6.3x1011 ions-

em 2571, Initially, 6 samples underwent irradiation at 600°C to achieve a damage level of 0.5 dpa, which resulted in the formation of voids with an average size of about 15 nm within the
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TEM foil. Subsequently, the temperature was individually adjusted to 525°C, 550°C, 575°C, 600°C, 625°C, and 650°C. Following this temperature adjustment, irradiation continued for an
additional 1 dpa. The stability of the voids at these new temperatures was monitored through in situ videos in regions where the foil thickness was approximately 100 nm. A total of about 5000
frames of videos were recorded. We applied deep learning-based semantic segmentation model (loU score = 0.8135) to automatically analyze the videos and showed that voids shrank at low

temperatures and grew at high temperatures under irradiation, where the transition occurred at 575°C (~0.5 TM).

This presentation will focus on the behavior of small Kr-containing bubbles, which had a size smaller than 10 nm. Unlike larger, immobile voids, these small bubbles are mobile under
irradiation. Notably, the bubbles were often found tagging along with the irradiation-induced dislocations loops. The movement of those bubbles was confined to the path where dislocation
loops expanded or shrank. For bubbles not associated with dislocations, on the other hand, their movements appeared to be random. Besides, while large voids tended to grow steadily at

temperatures above 575°C, the bubbles were unstable, switching between growth and shrinkage. The behavior of individual bubbles may be affected by its own unique surroundings such as
nearby voids, bubbles, dislocations, and concentration of point defects. Understanding how these individual bubbles exhibited heterogeneous behavior and added up contributing to the resultant
macroscopic property requires tracking capability.

We developed a tracking algorithm using Trackpy, and showed that, in average, void stability increases with void size, while void mobility decreases with void size. Nonetheless, there is
significant variability in growth or mobility across voids of the same size and for the same void at different times. Besides, the analysis allows us to identify the threshold size at which bubbles
transition from instability to steady growth. The temperature dependence on the bubble stability and mobility will also be discussed.

9:30 AM CH03.09.03
Kinetics Governed by Elastic Bias in In-Situ Electron Irradiated Aluminium: A Coupled Experimental and Modeling Study Camille Jacquelin, Thomas Jourdan, Maylise Nastar, Chu
Chun Fu and Estelle Meslin; CEA Saclay, France

In this study, we investigate the direct in-situ formation of nanometer-scale radiation damage, including voids and loops, using a High-Resolution Transmission Electron Microscope (HRTEM).
We observe a size-dependent effect on the shape of cavities induced by electron irradiation, with non-truncated and cross shapes appearing at sizes below 2 nm, while larger sizes exhibit
truncated shapes, consistent with DFT based-equilibrium shapes. This effect is explained by our multi-scale modelling, considering the effects of finite size and network discretization on void
shapes. The observed dispersion in cavity shape during their growth and shrinkage is primarily influenced by magic numbers, determined by geometry and network frustration. Additionally, not
only the voids but also loops were followed in-situ. Loops grow until they eliminate at the surface, while voids go through periodic growth and shrinkage. We demonstrate that the evolution of
both objects is linked and governed by elastic bias. The unexpected void shrinkage is attributed to the change of the main sink for the elimination of interstitials. VVoid growth occurs when the
main sinks for interstitials are the strongly biased dislocation loops, generating a stronger vacancy flux towards voids. Conversely, cavity shrinkage occurs when the loops are absent, and the
main sinks for interstitials are the foil surface, generating a stronger interstitials flux towards voids.

We reproduce accurately this phenomenon through Object-Kinetic Monte Carlo (OKMC) modelling.

9:45 AM CH03.09.04
Automated Defect Detection in Electron Microscopy of Radiation Damage in Metals Dane Morgan®, Ryan Jacobs?, Ajay Annamareddy?, Matthew Lynch? and Kevin G. Field?;
lUniversity of Wisconsin--Madison, United States; 2University of Michigan—Ann Arbor, United States

In this talk, we discuss our recent work on automating detection of defects in electron microscopy images of irradiated metals relevant for advancing the capabilities of in situ defect
characterization of nuclear materials [1-5]. Radiation response of materials is a critical design constraint for future nuclear fission and fusion materials. Electron microscopy is widely used to
explore defects in crystal structures, but human tracking of defects can be time-consuming, error prone, unreliable, and is not scalable to large numbers of images or real-time analysis. In this
work, we discuss application of machine learning approaches to find the location and geometry of different defects in irradiated alloys, such as dislocation loops, black dot interstitial clusters,
and cavities. We explore multiple deep learning methods and generally find performance approaching or equivalent that of human accuracy. We explore multiple avenues of assessment,
including canonical classification metrics like precision and recall of specific defect identification (F1~0.8), accuracy of microstructurally-relevant defect properties (e.g., average defect areal
density and size distribution (=10% fractional errors), and accuracy of macroscopic engineering properties such as hardening (10-20 MPa errors, or about 10% of total hardening) and swelling
(=0.3% swelling errors). These results suggest that specific images can have significant errors, but averaging over many images yields quite good results. We explore convergence of the results
with number of training samples, finding that certain defect types are significantly less well detected, likely due both to their having reduced sampling and greater variability, as well as labeling
and model limitations for small size features. Finally, we discuss recent efforts using synthetic data to improve object detection model training and reduce the need for a large corpus of labeled
experimental data. We explore both deep learning approaches of image generation (namely variational autoencoders) to create synthetic dislocation loop images and physics-based electron
dynamics simulations to create synthetic cavities. We generally find that the use of synthetic data is a practical path toward generating new training data essentially instantaneously, leading to
improvements in objection detection model performance.

1. Shen, M.; Li, G.; Wu, D.; Yaguchi, Y.; Haley, J. C.; Field, K. G.; Morgan, D.; Ridge, O.; Ridge, O. A Deep Learning Based Automatic Defect Analysis Framework for In-Situ TEM lon
Irradiations. Comput Mater Sci 2021, 197 (November 2020), 110560. https://doi.org/10.1016/j.commatsci.2021.110560.

2. Jacobs, R.; Shen, M.; Liu, Y.; Hao, W.; Li, X.; He, R.; Greaves, J. R. C.; Wang, D.; Xie, Z.; Huang, Z.; Wang, C.; Field, K. G.; Morgan, D. Performance and Limitations of Deep Learning
Semantic Segmentation of Multiple Defects in Transmission Electron Micrographs. Cell Rep Phys Sci 2022, 100876. https://doi.org/10.1016/j.xcrp.2022.100876.

3. Field, K. G.; Jacobs, R.; Shen, M.; Lynch, M.; Patki, P.; Field, C.; Morgan, D. Development and Deployment of Automated Machine Learning Detection in Electron Microcopy Experiments.
Microscopy and Microanalysis 2021, 27 (S1), 2136-2137. https://doi.org/10.1017/s1431927621007704.

4. Jacobs, R.; Patki, P.; Lynch, M. J.; Chen, S.; Morgan, D.; Field, K. G. Materials Swelling Revealed through Automated Semantic Segmentation of Cavities in Electron Microscopy Images.
Sci Rep 2023, 13 (1). https://doi.org/10.1038/s41598-023-32454-2.

5. Jacobs, R. Deep Learning Object Detection in Materials Science : Current State and Future Directions. Comput Mater Sci 2022, 211 (May), 111527.
https://doi.org/10.1016/j.commatsci.2022.111527.

10:00 AM BREAK

10:30 AM *CH03.09.05
A Comprehensive Study on The Kinetics of Defect Formation and Interaction Coupling In-Situ TEM with Deep Neural Networks Kory D. Burns?, Caitlin Kohnert? and Khalid Hattar®;
University of Virginia, United States; 2Los Alamos National Laboratory, United States; 3The University of Tennessee, Knoxville, United States

Simulating reactor conditions inside a transmission electron microscope (TEM) gives insight into the rate of defect formation and survivability of materials in the environments in which they
were designed to perform. Efforts to fully encapsulate dynamic processes occurring in a material have been challenging, owing to the large volume of information collected from an individual
experiment and multiple interactions occurring simultaneously. Hereby, deep neural networks emerge as a suitable method to extract complicated information from input images and output
useful analytics that help understand the physics of a reaction. This talk discusses strategies for handling a range of datasets from in situ TEM experiments that span different material systems,
imaging conditions, and irradiation conditions to predict the stability of materials. Emphasis will be placed on developing end-to-end process flows equipped with generating synthetic data to
learn feature representations of images, pattern recognition to highlight hidden trends in the data, and overall implications for the advancement of nuclear materials characterization.

11:00 AM CHO03.09.06
Investigation of Extended Defect Evolution in UO, and ThO, during lon Irradiation and Post-Irradiation Annealing Marat Khafizov', Joshua Ferrigno?, Mutaz Alshannag!, Md

Minaruzzaman?, Kaustubh Bawane?, Miaomiao Jin®, Yongfeng Zhang®, Boopathy Kombaiah?, Lingfeng He® and David Hurley?; 1The Ohio State University, United States; 2Idaho National
Laboratory, United States; 3The Pennsylvania State University, United States; “University of Wisconsin-Madison, United States; °North Carolina State University, United States

A rate theory model is applied to analyze the kinetics of extended defect evolution revealed by in-situ transmission electron microscopy characterization during ion irradiation and post-
irradiation annealing of uranium dioxide (UO,) and thorium dioxide (ThO,). The objective is to investigate mechanisms governing dislocation loop growth, unfaulting of Frank loops, and

extended defect coarsening. In-situ characterization of krypton ion irradiated ThO, reveals that loop growth is limited by the mobility of cation interstitial and loop nucleation is influenced by
the mobility of both cation and anion interstitials. Similar conclusion has been obtained from ex-situ characterization of proton irradiated ThO,. Additionally, we determined that during in-situ

experiments utilizing TEM lamellae it is important to include surface as a sink for both extended and point defects. Observed extended defect coarsening under in-situ annealing is best
described by coalescence mechanism resulting from migration of extended defects. This detailed understanding of extended defect evolution allows to improve assessment of physical
properties important for nuclear fuel performance analysis. The established procedure also allows to infer point defect concentration, which are more impactful in determining several physical
properties, such as thermal conductivity and atomic diffusion.
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SESSION CH04.01: Understanding Material Dynamics in Multimodalities
Session Chairs: Yuzi Liu and Xingchen Ye
Tuesday Morning, April 23, 2024
Room 443, Level 4, Summit

10:30 AM *CHO04.01.01

Operando, Multimodal Characterization of Bimetallic Catalysts with Electrons and X-Rays Alexandre Foucher™2, Nicholas Marcella®3, Jennifer Lee*%, Daniel Rosen?, Ryan Tappero®,
Christopher B. Murray*, Anatoly Frenkel?® and Eric A. Stach*; *Massachusetts Institute of Technology, United States; 2Stony Brook University, The State University of New York, United
States; 3Brookhaven National Laboratory, United States; 4University of Pennsylvania, United States; 5University of California, Merced, United States

Alloyed nanoparticles are of increasing interest in many applications, most notably as heterogeneous catalysts. Alloying allows the tuning of composition and structure to increase functionality,
most specifically reactivity and selectivity. However, harsh, reactive environments can induce changes in the structure and composition of these materials in unexpected ways, which can inhibit
their performance. These materials also present a significant characterization challenge: they are tiny (from single atoms to particles of 10 nm) and can also be heterogeneous in size,
composition, and structure.

1 will describe how we have developed a new approach to characterize catalysts using so-called ‘operando’ methods to take measurements. At the same time, the materials are 'in a working
condition": i.e., in a reactive environment performing their function. We use a microreactor system compatible with imaging, diffraction, and spectroscopy, using electron, photon, and x-ray
probes. The presentation will describe how this multimodal approach can provide unique insights into the dynamic changes in these complex systems as they function.

There will be two specific applications. In the first portion, | will show how we can exploit an innovative colloidal synthesis method to produce highly monodisperse Cu-Pt alloy nanoparticles
with a Pt-rich shell and Cu-rich core; the intermetallic CuPt phase formed after annealing shows enhanced and stable catalytic activity for CO oxidation compared to pure Pt nanoparticles or the
fresh Cu-Pt particles with a Pt-shell. This synthesis route allows control over Cu-Pt nanostructures, demonstrating Cu-Pt alloys' promising catalytic properties. In the second portion, I will show
how Ni-Cu alloy nanoparticles undergo compositional and morphological changes during redox cycles that simulate catalytic reactions; specifically, while Cu segregates in the fresh catalyst,
oxidation at 400°C leads to restructuring into hollow particles with heterogenous Ni-Cu composition, explaining the deactivation observed for conversion of biomass-derived 5-
hydroxymethylfurfural over NiCu,/C.

11:00 AM *CH04.01.03

Understanding Particle-Mediated Growth Pathways by using Advanced Transmission Electron Microscopy and X-Ray Scattering Techniques Xin Zhang?!, Xiaoxu Li%, Yining Wang?,
Jianbin Zhou?, Sebastian T. Mergelsbergl, Tuan Ho?, Lili Liu?, Honghu Zhang3, Ruipeng Li3, Mark Bowden?, Ping P. Chen?, Maria Sushko?, Carolyn Pearcel, James J. De Yoreo® and Kevin
Rossol; 1pacific Northwest National Laboratory, United States; 23andia National Laboratories, United States; 3Brookhaven National Laboratory, United States

Particle aggregation involves the phenomenon of oriented attachment (OA), where crystalline particles join together by attaching to specific crystal faces with lattice matching, is a prevalent
mechanism in crystal growth and has been extensively utilized in the development of hierarchically structured crystalline materials, which has been applied to catalysis, energy storage,
environmental conservation, biological medicine, etc. Using a combination of advanced transmission electron microscopy (TEM) and small-angle X-ray scattering/wide-angle X-ray scattering
(WAXS) techniques and computational methods, we are investigating these phenomena for several metal oxide systems and their relationship to interfacial structure in vacuum and water vapor.
Here we discuss three cases. In the first, we use high-resolution TEM and scanning TEM (STEM) to explore the aggregation behaviors of hematite nanocrystals with different exposed facets
including {001}, {012}, {104} and {116}. The experimental data indicates that hematite nanoparticles aggregation-based crystallization is orientation dependent (along the [001] direction), not
relies on exposed facet. We then compare the results to the predictions of density functional theory (DFT) to relate the behavior to surface interactions. In the second case, we report the
formation of gibbsite mesocrystals in pure water. By evaporating the suspension of monodisperse gibbsite nanoplates with a diameter of around 100 nm, plate-like mesocrystals with a diameter
of up to a hundred micrometers were formed. The single crystal XRD pattern and SAXS/WAXS of the mesocrystals matched that of bulk gibbsite crystal along the specific zone axis, indicating
well-aligned particles in the monocrystals. Further analysis through scanning electron microscopy (SEM) and TEM revealed a hexagonal columnar superstructure. Moreover, the in situ liquid
phase TEM was conducted and observed the OA of a few gibbsite nanoplates in pure water, and the result matched well with ex situ characterizations. The MD simulation was used to
investigate the energy-structure relationship for the sliding motion of two co-planar gibbsite nanoplatelets along the (010) direction. The results indicated that to obtain the first perfectly aligned
configuration, sliding in the (010) direction exhibits a smaller energy barrier than sliding in the (100) direction (0.89 vs. 2.49 kcal/mol). In the third case, the measurement of anisotropic forces
between rutile TiO, (001) nanocrystals as a function of their azimuthal orientation and surface hydration extent using a combined environmental TEM-atomic force microscopy (AFM)

technique. At tens of nanometers of separation, the attractive forces are weak and show no dependence on azimuthal alignment nor surface hydration. At separations of approximately one
hydration layer, attractive forces are strongly dependent on azimuthal alignment and systematically decrease as intervening water density increases. Measured forces closely agree with
predictions from Lifshitz theory and show that dispersion forces are capable of generating a torque between particles to align them.

SESSION CHO04.02: Advanced Characterization of Energy Materials
Session Chairs: Tianyi Li and Xianghui Xiao
Tuesday Afternoon, April 23, 2024
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Room 443, Level 4, Summit

1:30 PM *CH04.02.01
Origin of Structural Degradation in Lithium Layered Oxide Cathode Luxi Li', Tongchao Liu?, lan Robinson?3, Ross Harder! and Wonsuk Chal; 1Argonne National Laboratory, United
States; 2Brookhaven National Laboratory, United States; 3University College London, United Kingdom

Li and Mn-rich (LMR) layered oxide cathode materials can substantially increase battery energy density by facilitating both cation and anion redox energy. However, the cathode material
suffers from continuous voltage decay over the charge/discharge cycles and results in capacity loss. Coherent X-ray Diffraction (CXD) techniques are invaluable for investigating the
morphology, structural and strain information in crystalline specimens under in-situ and operando conditions [1-2]. In this presentation, Li; 5Nig 13Mng 54C0q 130 is used as a benchmark to
explore the origin of structural degradation in LMR cathode materials [3]. In-situ CXD techniques are used to visualize the strain accumulation in the charging process that leads to an abrupt
oxygen loss to release the lattice strain. In the meanwhile, a new phase with a trace quantity is observed from the microbeam diffraction that supports the hypothesis of oxygen loss. These
results highlight the significance of lattice strain in the voltage decay mechanism and will inspire a wave of efforts that seek novel solutions for eliminating this issue.

[1] lan Robinson & Ross Harder, Nat. Mater. 8, 291-298 (2009)
[2] Luxi Li, Yingying Xie, Evan Maxey, & Ross Harder J. Synchrotron Rad. 26, 220-229 (2019).
[3] Tongchao Liu, Luxi Li, et al. Nature 606. 305-312 (2022).

2:00 PM *CH04.02.02
X-Ray Nano-Scale Spectroscopic Imaging on Battery Research — A Case Study Xianghui Xiao®, Dong Hou?, Feng Lin® and Zhengrui Xu$; 1Brookhaven National Laboratory, United
States; 2University of Louisiana at Lafayette, United States; 3Virginia Tech, United States

Chemical reaction heterogeneity is ubiquitous at both interparticle and intraparticle scales during battery cycling. Spectroscopic imaging provides position-dependent chemical state information
that is directly related to the chemical reaction heterogeneity in the samples. Transmission X-ray Microscope has been widely used in battery research as a spectroscopic imaging modality.
Simultaneously, it also provides morphological structure information. In this paper, we will present a case study of the characterizations of two types of high-Ni NMC cathode materials that
have different primary particle arrangement patterns. They show distinct performances at room temperature. Nonetheless, the thermal stabilities of these two types of materials are inverse
compared to their electrochemical performances. The chemical state distributions and morphological structures at the single particle level show consistent evolution behaviors as the
observations with neutron diffraction. The results help to reveal the fundamental mechanisms that cause the differences. The case demonstrates the capability of TXM as a spectroscopic
imaging tool and its applications in battery research.

2:30 PM CH04.02.03
Boosting the CO, Uptake of MgO-Based Sorbents using Na,COj as Nucleation Seeds: Mechanistic Insights via In Situ Synchrotron XRD Annelies Landuyt?, Ilia Kochetygov?,

Maximilian Krédel®, Wendy L. Queen?, Paula Abdalal and Christoph R. Miiller!; 1ETH Ziirich, Switzerland; 2EPFL, Switzerland

CO, capture, utilization and storage (CCUS) is a key technology to reach net zero CO, emissions and mitigate global warming. Therefore, there is an urgent need to develop functional
materials that can capture and release CO, under industrially relevant conditions. Solid oxide materials such as MgO are earth-abundant and constitute a promising family of materials for CO,

capture.! MgO-based CO, sorbents are characterized by favorable carbonation thermodynamics and high gravimetric CO, uptake capacities but display limited CO, uptake due to slow

carbonation kinetics. The first step that partially resolves the slow kinetics involves the addition of alkali metal nitrates, which are molten under operation conditions.? Here, we show a second
sorbent engineering step that effectively resolves the limited CO, uptake kinetics of MgO-sorbents, by co-promoting MgO with NaNO and Na,COg, resulting in fast CO, uptake rates. We

demonstrate the mechanism behind this promotion via in-situ synchrotron XRD measurements (1 s resolution), revealing that Na,CO4 rapidly (within seconds) transforms into Na,Mg(COs;),,
which acts as a nucleation seed for MgCO5 growth. Na,Mg(CO;), seeds facilitate MgCO4 nucleation, which has been identified as the rate-determining step, resulting in increased CO, uptake
kinetics (from minutes to seconds). Lastly, using electron-microscopy techniques, we visualize the nucleation of MgCO, directly onto the Na,Mg(CO,), seeds. Taken together, we show that
the co-promotion of MgO with Na,CO, and NaNOj is a facile, inexpensive and highly promising strategy for improving MgO-based CO, capture sorbents.

[1] Dunstan, M. T. et al. Chem Rev 2021, 121 (20), 12681-12745.
[2] Landuyt, A. et al. JACS Au 2022, 2 (12), 2731-2741.

2:45 PM CHO04.02.04
Depth-Profiling Spectroscopic Investigation of The Activation Mechanism of LiMn,0,: Micro-SORS Method Wang-Hyo Kim®, So Yeon Yoon!, Myeong-Hee Lee!, Byung-Man Kim?

and Tae-Hyuk Kwon; IUlsan National Institute of Science and Technology, Korea (the Republic of); 2University of Cambridge, United Kingdom

Lithium manganese oxide (LiMn204, LMO) stands out as a promising material for lithium-ion batteries due to its high thermal stability, low cost, abundance, and environmental compatibility.
However, the dynamics of LMO’s behavior in electrode is still unknown. In this study, we explore LMO as a storage electrode in photo-rechargeable batteries (PRB) using non-invasive depth
profiling techniques, specifically micro-spatially offset Raman spectroscopy (micro-SORS). We delve into the Raman profiles of LMO layers, examining their variations based on depth after
galvanostatic charging and discharging cycles of PRB. During these cycles, the oxidation state of manganese species shifts from Mn3* to Mn35*, accompanied by a phase transition from cubic
to tetragonal. This transition results in increased capacity. To unravel this mechanism, we analyze depth-dependent Raman profiles corresponding to the phase transition throughout charging
and discharging cycles. To validate our micro-SORS findings, we employ X-ray absorption fine structure (XAFS) and X-ray absorption near edge structure (XANES) techniques, confirming
both oxidation states and phases. The XAFS and XANES data reveal the accumulation of an irreversible charged state (Li2Mn204, L2MO) over repeated charging-discharging cycles. By
integrating micro-SORS analysis with this information, we pinpoint the specific site of accumulation in the electrode, elucidating the capacity increment mechanism through tracking this
accumulation. While Raman analysis is common in battery research, this study marks the pioneering use of non-destructive, depth-dependent analysis using micro-SORS. This innovative
approach not only provides valuable insights into battery degradation but also offers a revolutionary perspective, capturing macroscopic changes with microscopic precision.

3:00 PM BREAK

3:30 PM *CHO04.02.05
Developing Automation and In-Situ Capabilities for X-Ray Scattering towards Autonomous Lab-At-Beamline Ruipeng Li; Brookhaven National Laboratory, United States

X-ray scattering is a unique tool for revealing material structures, spanning from the atomic level to hundreds of nanometers. Its broad probe range and flexibility make it invaluable for in-situ
and operando studies across various materials research fields. The development of the in-situ capabilities, coupled with technological advances in light sources and detectors, have increased our
ability to explore complex material processing, resulting in vast amounts of data in more intricate parameter spaces.

In this presentation, I will discuss recent developments in in-situ capabilities at the Complex Materials Scattering (CMS) beamline of NSLS 11, as well as our journey toward automation and
autonomous exploration of materials. | will also outline our strategy to integrate automation, advanced data analysis, in-situ capabilities, and other characterizations to develop the beamline into
an autonomous lab-at-beamline.

4:00 PM *CHO04.02.06
Advancing Research with Combined Synchrotron Techniques at 7-BM NSLS Il Lu Ma; Brookhaven National Laboratory, United States

At the 7-BM, NSLS 11, we've developed combined synchrotron techniques for materials characterization, particularly X-ray absorption spectroscopy (XAS)/X-ray diffraction (XRD) and XAS/
Diffuse Reflectance Infrared Fourier Transform Spectroscopy (DRIFTS). These combined approaches yield numerous advantages including comprehensive analysis, real-time monitoring, and
the maximization of data yield during valuable beamtime. Notably, their integration often reveals unexpected material properties and bridges gaps across varied research areas.

The combination of XRD and XAS offers an all-encompassing perspective on material structure/properties. XRD examines phase identification, crystal structure, and other microstructural
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properties, while XAS studies the electronic configurations, oxidation states, and the intricacies of local coordination.

With XAS elucidating details of the catalyst structure and DRIFTS offering a snapshot of surface interactions and molecular dynamics, this combination proves to be a powerful tool for gaining
a comprehensive view of catalytic reactions.

Leveraging these integrated techniques at the 7-BM NSLS 11, we not only enhance our understanding of material properties but also set the stage for future innovations in diverse research
fields.

4:30 PM CH04.02.07
Designing The Next Generation Silicon/Graphite Anodes for Lithium-lon Batteries: From The Nanoscale to The Macroscale Benjamen Reed, Sofia Marchesini, Carmen Lopez, Andrew
Wain, Rudra Samajdar, Ken Mingard, Vivian Tong, Helen Jones, Daniel O'Connor, Giannis Chatzopoulos and Andrew Pollard; National Physical Laboratory, United Kingdom

Reaching net-zero emissions and transitioning to widespread electrification of vehicles have emerged as key challenges for ensuring a sustainable future. Central to these goals is the critical
role played by energy storage systems, which are pivotal in enabling the efficient utilisation and distribution of renewable energy. The advancement of energy storage technologies, particularly
in the realm of lithium-ion batteries, holds the key to mitigating the challenges posed by intermittent renewable energy sources. Moreover, electrification of the transportation sector, primarily
through electric vehicles, is fundamental to reducing greenhouse gas emissions.

The operating range for electric vehicles is determined by the energy density of the battery, which in the case of anode materials is directly correlated to their lithium storage capacity. While
traditional graphite anodes have a theoretical capacity of 360 mAh/g, silicon has a much larger theoretical capacity (3600 mAh/g) and silicon-based lithium-ion batteries have therefore emerged
as a promising technology.

However, silicon anodes suffer from large volume expansion (up to 300 %) during cycling, which cause a drop in capacity. Recent industrial advances allowed to engineer silicon/graphite
composite materials with limited volume expansion and increased capacity. However, while these materials showed improved electrochemical performance, little is understood on the
physicochemical mechanisms underpinning these improvements. The successful advancement of this technology necessitates a thorough understanding of intricate phenomena such as particle
cracking, volume changes on various length scales (from pouch cell level down to individual particles), and the formation of solid electrolyte interphase (SEI) layers.

Herein, we employed a suite of complementary physical and chemical characterisation techniques using both post-mortem and operando methods, across a range of length scales, from pouch
cells down to individual particles observed at the nanoscale. Collaboration with an industrial supplier of these anodes and cells allowed the elucidation of the material degradation phenomena
and the correlation to their electrochemical cycling performance.

This work highlights the significance of integrating multiple characterisation methods to unravel the underlying degradation mechanisms in silicon-based anodes, paving the way for the design
and engineering of efficient silicon and graphite anodes, thus propelling the evolution of lithium-ion battery technology.

4:45 PM CH04.02.08
Evaluations of Reaction Heterogeneities in Battery Electrodes upon Fast Charging using Operando Focused Beam X-Ray Diffraction Tianyi Li', Donal Finegan2 and Kamila
Wiaderek?; LArgonne National Laboratory, United States; ZNational Renewable Energy Laboratory, United States

Recently, the use of thick electrodes in lithium-ion batteries has drawn extensive attention as it effectively promotes cell-level energy density by reducing the fraction of inactive components
such as separators and current collectors. However, the spatially non-uniform reaction can easily arise within a thick electrode design due to the sluggish electrolyte transport. Understanding the
heterogeneous reaction and preventing it is happening are therefore critical as it may result in inferior rate performance, fast capacity degradation, and even safety hazards. This study aims to
experimentally evaluate the reaction heterogeneities in thick electrodes by employing operando focused beam X-ray diffraction (XRD). We will compare the traditional graphite anode with
laser ablated sample in full cells upon 6C fast charging, therefore, quantitatively assessing the degree of reaction along the depth direction in electrodes under operational conditions. A detailed
comparison between the experiments and simulations will help us better understand the origin of reaction heterogeneities in electrodes and guide the design of battery materials and structures in
the future.

SESSION CHO04.03: Poster Session |
Session Chairs: Yang Yang and Xingchen Ye
Tuesday Afternoon, April 23, 2024
Flex Hall C, Level 2, Summit

5:00 PM CH04.03.01
Grand Canonical Monte Carlo Simulation with MOF-303 and Metal-Coated MOF-303 Jeognho An and Kunok Chang; Kyung Hee University, Korea (the Republic of)

Managing Xe/Kr radioactive novel gas generated from spent nuclear fuel is critical for both environmental and human radiation protection. While numerous experimental methods applied to
find effective adsorbent, the computational simulation can help minimize experimental costs and help pre-screening effective materials. The Grand Canonical Monte Carlo(GCMC) Simulations
are used to explore selective adsorptions at Metal-Organic Frameworks(MOFs). This study aims to use GCMC to select MOFs that have a large capture capacity and selective adsorption of
gaseous radionuclides emitted from spent nuclear fuel such as Xe/Kr. Among the MOFs, MOF-303 shows improvement it’s total uptakes and selectivity when it doped with metal such as Cu.
Through GCMC calculations, the effect of Cu doping on the gas adsorption of MOF-303 was evaluated, and the effects on the capture capacity and selectivity changes were quantitatively
analysed.

5:00 PM CH04.03.02
Excited-State Dynamic in Thiophene/Phenylene Co-Oligomer Nanocrystals Andi Marwanti Panre, Hitoshi Mizuno, Tomomi Jinjyo and Hiroyuki Katsuki; Nara Institute of Science and
Technology, Japan

Thiophene/phenylene co-oligomer (TPCO) nanocrystals (NCs) hold strong promise for nano-environment photoluminescence probes, qubits, and quantum light source. Their optical properties
show considerable versatility and flexibility depending on the size of the nanocrystals. This adaptability enhances light emission efficiency, making them a promising choice for improving
organic light-emitting diodes (OLED) technology, especially as active layers. To extend the potential applications of these nanocrystals, it is essential to investigate how the size of nanocrystals
is related with the excited state relaxation and photoluminescence (PL) dynamics. For example, we expect the excited state lifetime for smaller NCs should be affected by the enhanced spatial
overlap of electron and hole states. In the present study, we observe the transient absorption spectrum in NCs of 5,5’-bis(4’-cyanobiphenyl-4-yl)-2,2’-bithiophene (BP2T-CN). BP2T-CN NCs
with an average size of 75 nm were prepared by the reprecipitation method, which show strong yellow emission centered around 555 nm. The size-dependent steady-state optical properties
were elucidated through the measurement of absorption and PL spectra. In comparison to vapor-deposited films, the BP2T-CN NCs water dispersion displayed shifts in the 0-1 and 0-2
absorption bands, attributed to lattice softening (surface effect) and quantum effects. Additionally, PL lifetime measurements yielded a decay time of 1.33 ns at an excitation wavelength of 400
nm. The transient absorption signal in the yellow-emitting BP2T-CN NCs is characterized by three exponential decays with 0.65 ps, 2.3 ps, and 75 ps components. These time constants shed
light on relaxation processes, including electron trapping, intra-band relaxation, and non-radiative decay. Photoinduced absorption bands (PA, AT/T < 0) appeared at 670-700 nm from the
lowest excited state. Our findings will give a clue on the photophysical processes within these co-oligomer NCs, providing valuable insights for potential applications in optoelectronic devices
and photonics, especially in OLED development.

5:00 PM CH04.03.04
Microscopic Behaviour of Hydrogen and hHydrides in Atom Probe Tomography of Zirconium Aissatou Diagne and Lorenzo Rigutti; University of Rouen Normandie, France

The understanding of Zirconium (Zr) and Hydrogen (H) interactions is a topic of interest in the field of materials science. Zr is known to have a strong affinity with hydrogen, which can lead to
the formation of hydrides that can affect the mechanical properties (embrittlement, cracking, etc) of the material [1]. Our studies are carried out on pure Zr analysed by laser-assisted atom probe
tomography. This is complex, because the hydrogen detected during the analysis could come from the analysis chamber (parasitic hydrogen) or from the material (hydrogen contained in the

material). Our results show the formation of hydrogen species H*, H,*, H3* and hydrides ZrH,2*. The evolution of the relative abundances of H*, H,*, H,* depends on the surface field

estimated from the Zr3*/Zr?* ratios, as seen in previous studies on other materials[2]. This is not the case for the hydrides which overlap with the Zr isotopic species. In this contribution we will
discuss the quantification of hydrogen and zirconium hydrides and their dependence on the field.

[1] J. Bair, M. Asle Zaeem, et M. Tonks, « A review on hydride precipitation in zirconium alloys », J. Nucl. Mater., vol. 466, p. 12, nov. 2015, doi: 10.1016/j.jnucmat.2015.07.014.
o
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[2] L. Rigutti et al., « Surface Microscopy of Atomic and Molecular Hydrogen from Field-Evaporating Semiconductors », J. Phys. Chem. C, vol. 125, n 31, p. 17078, ao(t 2021, doi:
10.1021/acs.jpcc.1c04778.

5:00 PM CH04.03.05
Atomic Spatiotemporal Characterization of Light-Emitting 2D Materials by Cathodoluminescence and Femtosecond Photoluminescence Spectroscopies Ruofei Zheng?!, Ariel Petruk?,

Kostyantyn Pichugin®, Mike Fleischauer?, Darren Homeniuk?, Tyler Lott!, Mark Salomons? and German Sciaini®; *University of Waterloo, Canada; ZNational Research Council of Canada,
Canada

The emerging realm of two-dimensional (2D) materials has introduced remarkable advancements in the fields of optoelectronics and photonics. To harness the full potential of these materials, a
comprehensive understanding of their light-emitting characteristics at atomic spatiotemporal scales is indispensable. Cathodoluminescence (CL) integrated within a scanning electron
microscope (CL-SEM) or scanning transmission electron microscope (CL-STEM) is capable of conferring material properties with sub-nanometer spatial and spectral resolutions, surpassing
the limitations of traditional photoluminescence (PL) techniques imposed by the Abbe diffraction limit. Furthermore, time-resolved photoluminescence (TrPL) spectroscopy enables the
characterization of ultrafast electron-hole recombination dynamics through the up-conversion technique, employing ultrashort excitation and gating laser pulses. In this context, our specifically
designed sample holder and spectrometer, integrated with the high-resolution Hitachi S5500 SEM and equipped with sample loading chips featuring ultrathin windows, are aimed to develop an
atomic-resolution hyperspectral CL-SEM/STEM imaging system. Additionally, in conjunction with our homemade ultrafast TrPL setup, the ultimate goal is to investigate the electronic and
optical characteristics of 2D materials at the atomic scale, encompassing both spatial and temporal dimensions.

5:00 PM CH04.03.06
Photoluminescence of Up-Conversion Nanoparticles with High Spatial Resolution Eugeny Ermilov, Christian Oelsner, VVolker Buschmann, Matthias Patting and Rainer Erdmann;
PicoQuant GmbH, Germany

Up-conversion nanoparticles (UCNPs) are highly attractive for avoiding autofluorescence in application cases in biosensing and imaging. Characterizing the photophysical properties of such
nanoparticles is essential to enhance the efficiency of preparation methods as well as their electronic and optical properties. Up-conversion is a strongly power dependent energy-transfer
process which is based on excitation in the NIR and photon emission in visible range. The commonly used steady-state methods (i.e. excitation and emission spectroscopy) provide valuable
insights into the photophysics of samples. However, such results give only a partial view of a sample’s behavior after photoexcitation. A further piece of the puzzle is often revealed by
performing time-resolved luminescence spectroscopy. Combination of spectral and lifetime information of a sample’s luminescence allows for a deeper insight into photophysical processes
occurring after light absorption. This can be further enhanced by including spatial information. Time-resolved photoluminescence (TRPL) imaging is a powerful technique for characterizing
and inferring structural-to-photophysical relationships in up-conversion materials. Additionally, the kind of imaging method and the power applied to the sample are further parameters which
are important for

understanding TRPL imaging results. Gathering such information and knowing the chosen parameters are important steps toward the optimization of structure as well as preparation process of
UCNPs, resulting in increased performance of such materials.

We will demonstrate here the performance of a spectrometer-microscope assembly for characterization and analysis of UCNPs in terms of lifetime, spectral, and spatial resolution, which
provides more information in combination than can be obtained using only lifetime or only steady-state experiments.

5:00 PM CHO04.03.07
Multi-Modal Synchrotron X-Ray Techniques for Visualizing 3D Brittle Fracture Sara F. Gorske®, Mythreyi Ramesh?, Jun-Sang Park®, Peter Kenesei®, Hemant Sharma®, Jonathan Almer?,
Peter Voorhees? and Katherine Faberl; Lcalifornia Institute of Technology, United States; 2Northwestern University, United States; 3Argonne National Laboratory, United States

Fracture is difficult to assess in real time. Even when crack propagation can be measured as it is occurring, usually only a 2-dimensional state can be quantified. Assessing 3-dimensional (3D)
fracture has traditionally relied on post mortem analysis, but this does not capture the full intricacies of a growing crack front, such as a nonconstant velocity and shape. For brittle fracture,
where very little plastic deformation occurs between the accumulation of stress concentration at a crack tip and its extension, these difficulties are compounded. Furthermore, a material's
microstructure has a major effect on crack propagation, including its direction, speed, tortuosity, and even whether it arrests at points as a result of unequal stress distribution. Because of these
complications, predicting crack paths, speeds, and shapes is a thorny problem which needs more in-situ data from 3D cracks occurring in real materials. Utilizing multi-modal x-ray
characterization techniques available at a synchrotron source is a promising method for visualizing a crack’s growth and directly relating it to the microstructure and micromechanical state of
the studied material.

Our suite of multi-modal characterization techniques include far-field high-energy diffraction microscopy (FF-HEDM), near-field high-energy diffraction microscopy (NF-HEDM), and micro-
computed tomography (u-CT). FF-HEDM provides per-grain elastic strain tensors, while NF-HEDM provides a high-quality shape and location for each grain. u-CT identifies the location of a
crack in a material. Combining this information allows us to relate the grain structure and mechanical state found by the HEDM techniques with the crack location.

In this work, the material studied was aluminum oxynitride (AION), a cubic ceramic with randomly oriented anisotropic grains on the order of 100 um. The Rotational and Axial Motion
System (RAMS) [1] at the 1-ID beamline of the Advanced Photon Source at Argonne National Laboratory was used to carefully grow the crack and conduct these experiments. The sample
being investigated was machined into the double-cleavage drilled compression (DCDC) geometry with parallelipiped dimensions of 18 mm x 1.4 mm x 1.4 mm and a hole diameter of 0.42 mm.
The application of a uniaxial compressive load caused a crack to pop in to a length on the order of 100 um, and the crack was grown to over 1 mm by the application of further compressive
load.

Every grain in the material had unique stress and strain tensors at each load that were not identical to the applied stress. Crack propagation characteristics such as its speed and path
(intragranular or intergranular) were influenced as the crack interacted with these grains and complex micromechanical stress states. Because of the DCDC geometry, the crack could be grown
a short distance, and then the loading could be paused along with the crack extension, creating a near in-situ state for analysis. By taking u-CT and HEDM scans in this load-controlled state, the
relative extension of the crack with the increase in loading could be monitored, while also providing information on what features and grains in the microstructure caused the crack to slow
down, arrest its propagation, or divert its direction of extension. We have found that certain grain orientations and accompanying stress tensors acted as barriers to crack extension and forced
the crack either to change directions or to pause and accumulate enough stress concentration energy to advance. These findings can be used to inform computational methods and predictive
models for future studies of brittle fracture.

[1] Shade, P. A., Blank, B., Schuren, J. C., Turner, T. J., Kenesei, P., Goetze, K., Suter, R. M., Bernier, J. v., Li, S. F., Lind, J., Lienert, U., & Almer, J. (2015). A rotational and axial motion
system load frame insert for in situ high energy x-ray studies. Review of Scientific Instruments, 86(9), 93902. https://doi.org/10.1063/1.4927855

5:00 PM CH04.03.08
Thermal Stability of Calcium Carbonate and its Relationship with The Crystalline Growth of The Mineralized Phases Present in Chicken Eggshells Nerith R. Elejalde-Cadena and
Lauro Bucio-Galindo; National Autonomous University of Mexico, Mexico

Biomineralization processes in nature are associated with a structural control carried out by biomolecules (DNAs, proteins, and polysaccharides). There are two biomineralization processes,
which are usually used by living organisms in terms of producing biominerals: (1) organic matrix-mediated biomineralization, known to be a highly regulated and homogeneous process; (2)
biologically induced biomineralization, where mineralization deposits occur indefinitely and heterogeneously. However, little structural information is known about the macromolecules that
constitute and act in the living organisms in these processes, since the level of structural organization of biominerals is often hierarchical in different structural orders to produce a final structure
with a unique morphology with properties that until now have not been reproduced by man. Among the processes mediated by a membrane, like in diatoms, of which the importance of
biological entities is appreciated, there is a rigid and porous cell wall called a frustule composed of amorphous silica. It also appears in bones comprised mainly of calcium phosphate, and in
eggshells whose percentage of calcium carbonate can vary depending on the species.

However, there is a lack of a universal model that will allow us to obtain information about these two biomineralization processes. Therefore, this poster presentation will be focused on using
the mineral phase and the membranes of the eggshells from chickens that are with a controlled diet (industrial sale) and those that are free (organic) as a model to differentiate the calcification,
ensuring its permeability to stabilize the amorphous mineral part. By the thermal stability analysis, we will be able to obtain information on the process of formation of the eggshells as well as
on the change that occurs in the membrane during the formation of crystals. The topographical analysis was performed via X-ray diffraction (XRD) and scanning electronic microscopy (SEM).
The investigation has an important impact in the fields of biological and materials sciences, which would provide an effective understanding of the biomineralization processes. Additionally,
this research will also allow us to know how to mimic them since most of the studies carried out are focused on immunohistochemical studies on the formation of the chicken eggshell.

5:00 PM CH04.03.11
Effect of Phase Transition caused by Different Treatment Process on Mechanical Properties of Powder Metallurgy Titanium Alloys Jie Wu; Institute of Metal Research, Chinese
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Academy of Sciences, China

The microstructural evolution and mechanical properties of powder metallurgy Ti-22Al-24Nb-0.5Mo prepared by combination of hot isostatic pressing, ring rolling, and heat treatment were
investigated. Ring rolled and solution treatment in the (a, + B2 + O) region led to the refinement of grain size and long lath O phase and a, phase mostly located at the grain boundaries. Aging

treatment in the (B2 + O) region caused the occurrence of peritectoid reaction B2 + a, — O owing to the segregation of the Nb element and refined the acicular O phase. The mechanical
properties of PM alloys varied with the size and volume fraction of O phase and a,, phase. The long lath O phases improve the elongation and acicular O precipitates are benefit to the elevation
of alloy strength.

5:00 PM CH04.03.13
A Micro Mechanical and Chemical Analysis of a New Vitrified Rock Material for use in Environmental Sustainability Eve Meltzer and Herbert Einstein; Massachusetts Institute of
Technology, United States

Extraction of the energy available via geothermal heat in the Earth could provide substantial contributions to U.S. energy needs long-term. However, there are major technical and economic
limitations with the current technology available for Enhanced Geothermal Systems (EGS). | work on a new technology in the field of EGS that uses a millimeter (MM) wave gyrotron, which
allows for more efficient ultra-deep drilling. The gyrotron heats rock to temperatures ranging from 1500 to 3000°C, transforming the rock into its liquid state. Upon cooling, the new material
solidifies around the circumference of a well bore hole, creating a vitrified lining.

I have conducted an in-depth micro-mechanical and chemical analysis of the vitrified material from the melting and re-solidifying of basalt. Basalt is an igneous rock that forms from the
solidification of molten lava and primarily consists of minerals such as plagioclase, feldspar, pyroxenes, and olivine. And thus, when heated, the elements within these minerals go through
transformation processes; this includes the formation of iron oxides as well as the possible reduction of iron. To do my study | used a combination of experimental methods including Scanning
Electron Microscopy (SEM), Energy Dispersive X-ray Spectroscopy (EDS), optical imagery, micro-and nano-indentation, and Raman spectrometry. These experiments allow me to quantify the
micro- and nano-scale properties. The presence of mineral phase changes and elemental differences in the basalt pre- and post-melting are evident and thus understanding these differences can
give insight into the future use of this material in the field of EGS, sustainable mineral extraction, and beyond.

SESSION CHO04.04: Dynamics Study by X-ray
Session Chairs: Tao Sun and Tao Zhou
Wednesday Morning, April 24, 2024
Room 443, Level 4, Summit

8:00 AM CHO04.04.01
Modulation Excitation Coupled with X-Ray Absorption Spectroscopy for Probing The Restructuring Dynamics of Surface Species in Bimetallic Nanocatalysts Prahlad Kumar Routh
and Anatoly Frenkel; Stony Brook University, United States

Rational catalyst design guided by a combined theoretical-computational-experimental approach has recently allowed the development of a “dynamic catalyst” using dilute alloy components.
These bimetallic nanocatalysts possess dual functionality with a minority metal as the active element and a majority element as a less reactive environment to impart selectivity. Furthermore,
the composition and pretreatment of these nanocatalysts can be used to selectively tune the active species on surface. Such dynamic restructuring of surfaces creates a complex behavior of these
dynamic catalysts, under operando conditions in response to the changes in reactive environment. A notable challenge is the detailed understanding of the structure and evolving composition of
catalytic species on nanoparticle surfaces during reactions. In-situ X-ray absorption spectroscopy (XAS) is a potential tool to elucidate this, but its efficacy is hampered by the dilute and varied
nature of active sites. However, the dilute nature of the active sites, heterogeneity associated with nanoparticles as well as active sites, and the ensemble nature of XAS itself, presents
significant challenges in sensitivity to active species.

In this work, we addressed these challenges by enhancing XAS sensitivity with a modulation excitation approach, focusing on 30% Pd-Au supported bimetallic nanocatalysts. We applied a
modulation excitation approach to the X-ray absorption spectroscopy (ME-XAS) by inducing structural changes in the 30% Pd-Au supported bimetallic nanocatalysts (ca. 6 nm in diameter) via
the gas (H, and O,) concentration modulation and resolved the structure and kinetics of different surface species with 1s time resolution. We demonstrated that ME-XAS dramatically improves

the sensitivity towards surface species in bimetallic alloys — the active species in dynamic catalysts. We isolated the minor contributions (3-7 at. %) of different surface species, such as Pd-Au
ensembles and Pd oxides, from the total XAS data and discovered that they respond dynamically to the periodic modulation conditions. During the oxygen pulse, the formation of surface PdO,

species dominates over the bulk-to-surface segregation of Pd. During the hydrogen pulse, Pd dissolution within the Au host drives the oxide decomposition. Such direct experimental
measurement of the active species in various catalytic systems has been a challenge, given the heterogeneity associated with these active sites and the absence of a technique which can
selectively measure the active species and its dynamic evolution as the reaction conditions progress. This work provides an experimental pathway to not only study the dynamic nature of active
species but also enables designing non-equilibrium states of dynamic catalysts. The methodology and findings presented herein can be applied to a broad class of multicomponent nanoalloys
and processes involving the active minority species, for which the ensemble-average spectroscopy data are dominated by spectators.

8:15 AM CHO04.04.02
In-Situ/Operando Bragg Coherent X-Ray Diffraction Imaging for Visualization of Nanoscale Structural Evolution Wonsuk Cha; Argonne National Laboratory, United States

In the last two decades, Bragg Coherent X-ray Diffraction Imaging (BCDI) has become a powerful non-destructive 3D characterization tool for features in nanoscale [1]. Because of unique
sensitivity to lattice, BCDI has been employed on various nano-scaled materials such as metal, metal oxide, and mineral, to reveal 3D map of lattice distortion and strain distribution. Adding in-
situ and operando approaches to BCDI enables to address scientific questions on physics, chemistry, and materials science in recent years.

In this talk, | will introduce current state-of-art of BCDI and recent experimental results on in-situ and operando BCDI. Annealing effect on gold grains on thin films [2], relaxation of strain
inside quantum materials such as nanodiamond and silicon carbide [3, 4]. Strain and defect in battery materials [5] and in catalysts [6] will be discussed. In addition, some estimates of BCDI in
the near future will be discussed.

[1] M. A. Pfeifer, et al., Nature 442, 63 (2006).

[2] A. Yau, et al., Science 356, 739 (2017).

[3]1 S. O. Hruszkewycz, et al., APL Mater. 5, 026105 (2017).

[4] S. O. Hruszkewycz, et al., Phys. Rev. Mater. 2, 086001 (2018).
[5] A. Singer, et al., Nat. Energy 3, 641 (2018).

[6] D. Kim, et al., Nature Communications, 9, 3422 (2018).

8:30 AM *CHO04.04.03
Nanoscale Imaging of Structure and Dynamics through Time-Resolved Hard X-Ray Diffraction Microscopy Martin V. Holt and Tao Zhou; Argonne National Laboratory, United States

The unique imaging power of nano-focused synchrotron hard x-rays can be harnessed to provide non-destructive methods for 3D visualization of crystallographic phase and strain in solid-state
materials. This gives access to understanding extremely subtle lattice perturbations (<107-4 dc/c) near optically active defects or interfaces within fabricated heterostructures that can be located
potentially microns away from surfaces without sectioning the sample. The use of time-resolved coherent synchrotron illumination synchronized to external stimuli can further augment this
approach to understand excitation-driven energy flow and dynamic structure-function relationships across broad classes of classical and quantum materials for energy. Current work and future
directions enabled by the near-term completion of diffraction limited storage rings such as the Advanced Photon Source Upgrade (APSU) and correlative data synthesis with quantitative
electron microscopy methods will be explored in the context of recent results

9:00 AM *CH04.04.04
Coherent Acoustic Wave Propagation in Two-Dimensional Metal Halide Perovskites Peijun Guo; Yale University, United States

1 will discuss our recent efforts on the development of spatiotemporal optical imaging techniques to examine coherent strain waves in quasi-two-dimensional (2D) metal halide perovskites
(MHPs). Specifically, I will describe our experiments performed on a variety of 2D MHPs with different number of octahedral layers, where the experiments employ hyperspectrally-resolved
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pump and probe pulses and cover a unique nanosecond-to-microsecond time range. The effects of the choices on the halides and the organic cations will be discussed as well. If time permits, |
will also discuss our results on the self-trapped excitons in double perovskites examined by optical-pump x-ray diffraction experiments.

10:00 AM *CHO04.04.06
Keyhole Dynamics in Laser Powder Bed Fusion Additive Manufacturing Tao Sun; Northwestern University, United States

Laser powder bed fusion (LPBF) is the most extensively used metal additive manufacturing technology due to its unique capabilities in building parts with high geometric complexity and fine
features. During the LPBF process, sparks (i.e., spattered particles) can be observed following the laser scanning path, indicating the presence of high-velocity vapor arising from the melt pool.
Indeed, strong metal vaporization occurs in LPBF, resulting in recoil pressure that creates a depression in the melt pool, often referred to as a keyhole. The keyhole is an important dynamic
structural feature in LPBF as it influences energy coupling, metal melting mode, and defect generation. Without a keyhole, the laser is absorbed by the metal surface only once, with significant
amount of energy being reflected away. In contrast, with the presence of a deep keyhole, multiple laser absorption events occur, significantly increasing laser absorption efficiency. The laser
melting mode can shift from conduction to transition, stable keyhole, and then unstable keyhole as the energy input increases. When the conduction mode is applied, lack-of-fusion voids may
be generated during the build. An unstable keyhole condition also leads to porosity.

Keyhole porosity is a major defect that hinders the widespread adoption of laser-based metal additive manufacturing technologies. With simultaneous high-speed synchrotron X-ray imaging
and thermal imaging, coupled with multi-physics simulations, we discovered two types of keyhole oscillation in laser powder bed fusion of Ti-6Al-4V. Amplifying this understanding with
machine learning, we developed an approach for detecting the stochastic keyhole porosity generation events with sub-millisecond temporal resolution and near-perfect prediction rate. The
highly accurate data labeling enabled by operando X-ray imaging allowed us to demonstrate a facile and practical way to adopt our approach in commercial systems.

9:45 AM BREAK

10:30 AM CHO04.04.07
Gas Pore Formation in Powder Bed Fusion Kaitlin Lyszak, Erin B. Curry, Lauren A. Gorman, Donal Sheets, Lukas Lasig and Jason Hancock; University of Connecticut, United States

Additive manufacturing (AM) of metal materials based on powder bed fusion technology is widely used now in many industries. A known limitation of this type of manufacturing is the
formation of gas pores in bulk material arising from stochastic events related to molten metal fluid instabilities of a vapor depression. Here we present a combined X-ray imaging and infrared
pyrometry study of pore formation in repeated adjacent tracks, and quantify the correlations of pore positions and sizes for a common material (Aluminum 6061) of interest in AM as a function
of its laser processing conditions. We find in both cases that an existing pore in one track often catalyzes the formation of another pore in a consecutive track at the distance of closest approach.
In a raster scan strategy commonly used to construct bulk material, this phenomenon has the result of forming perforations, or lines of pores transverse to the scanning direction in a rastered
patch. If controlled, this effect can be eliminated to improve the yield strength of the build, or exploited to create programmable failures for specific purposes.

Distribution A. Approved for public release: distribution unlimited. (AFRL-2023-5001) Date Approved 10-10-2023.

10:45 AM CH04.04.09
Operando XAS-XRD Reveals Structural Dynamics in CoPt Nanoparticles under Dry Reforming of Methane Conditions David Niedbalka, Marcel Janak, Diana Piankova, Paula Abdala
and Christoph R. Muller; ETH Zurich, Switzerland

Gaining insight into how the geometric and electronic structure of (mono)metallic nanoparticles is modified through the addition of a second metal (bimetallic nanoparticles) and how such

structural changes affect in turn their catalytic properties! is crucial for the rational advancement of catalysts. Further, as the structure of a catalyst is often dynamic? ex-situ characterization
methods may be insufficient to describe the active phases of a catalyst. Therefore, operando studies are key to correlate a catalyst’s structure to its performance while relying at the same time
on well-defined model systems.

The dry reforming of methane (DRM) is a reaction that converts CH, and CO, into a synthesis gas at 600-1000 °C and is typically catalyzed by transition metals such as Ni, Co, or Pt.
However, such monometallic catalysts often suffer from deactivation due to particle growth, carbon deposition, and/or oxidation.

In this study, we investigate SiO,-supported, bimetallic CoPt nanoparticles and their monometallic counterparts (CoPt/SiO,, Co/SiO,, and Pt/SiO,) for the DRM. Prior to the catalytic DRM
tests, all catalysts were activated in-situ in a H,/N, mixture (1-2 h). The bimetallic CoPt/SiO, catalyst shows superior activity and stability under DRM conditions (800 °C and 1 bar, CH,:CO,

ratio = 1, space velocity = 30.000 ml g™* h™1) in comparison to its monometallic counterparts. Specifically, while Pt/SiO, showed the lowest CH, conversion (10%), Co/SiO, underwent
deactivation, resulting in a decrease in CH, conversion from 30% to 15% within 120 min. Conversely, CoPt/SiO, showed a stable performance of 35% CH, conversion over 6 h.

To elucidate the structure of the active phase in CoPt/SiO, under DRM conditions, and to probe structural dynamics, we conducted operando experiments using combined synchrotron X-ray
absorption spectroscopy (XAS) and X-ray diffraction (XRD). Co K-edge and Pt L;-edge XAS analysis shows that in CoPt/SiO, during in-situ H, activation Co and Pt become both fully
reduced to their metallic states. We further observe differences in the Co K-edge and Pt L-edge XAS features of CoPt/SiO, when compared to Co/SiO, or Pt/SiO,, possibly due to a charge

transfer between the metals, orbital hybridization in the CoPt alloy and/or a change in the local structure of Pt and Co.3 Rietveld analysis of the acquired XRD data after in-situ activation at 800
°C indicates the formation of two types of CoPt alloys: an ordered (intermetallic) CoPt (52%) and a random CoPt alloy (48%). Interestingly, upon switching to DRM conditions (800 °C,
CH,:CO, ratio = 1) XRD analysis revealed an instantaneous transformation of the intermetallic phase into a random alloy. This phase transition was also evidenced in the Pt Ly-edge XAS data

but did not change the electronic structure/oxidation state of Co (i.e., Co K-edge remained invariant prior to and during DRM). In contrast, under DRM conditions, Co/SiO, underwent a partial

oxidation showcasing the stabilization of the metallic state of Co through its alloying with Pt. This stabilization, combined with changes in the electronic/local structure and site isolation that
very likely suppresses coking on Pt, contribute to the superior activity of CoPt/SiO, compared to Co/SiO, and Pt/SiO,.

We also observe a phase transition from a random to intermetallic alloy during the cooling down to room temperature of the reacted catalyst, underscoring the significance of operando
characterization in capturing dynamic changes and identifying the catalytically active phase.

(1) Nakaya, Y.; Furukawa, S. Chem. Rev. 2023, 123 (9), 5859-5947.
(2) Chavez, S.; Werghi, B.; Sanroman Gutierrez, K. M.; Chen, R.; Lall, S.; Cargnello, M. J. Phys. Chem. B 2023, 127 (5), 2127-2146.
(3) Lee, Y. S.; Rhee, J. Y.; Whang, C. N.; Lee, Y. P. Phys. Rev. B 2003, 68 (23), 235111.

11:00 AM CH04.04.10
Revealing The Mechanisms of Ultrafast Transient Liquid Assisted Growth of REBCO-Type Superconducting Thin Films by Synchrotron Radiation In-Situ X-Ray Diffraction

Elzbieta Pach2, Lavinia Saltarelli, Diana G. Franco, Carla Torres, Daniel Sanchez?, Jordi Farjas®, Eduardo Solano®, Cristian Mocuta?, Xavier Obradors Berenguer® and Teresa Puig?;
1ICMAB-CSIC, Spain; 2Soleil Synchrotron, France; 3GRMT, University of Girona, Spain; “ALBA Synchrotron, Spain

The novel ultrafast Transient Liquid Assisted Growth (TLAG) method [1-3] is an outstanding opportunity to fabricate low-cost, high throughput epitaxial superconducting YBa,Cu;0; (YBCO)

films using scalable methods. However, the fast kinetics of this non-equilibrium process require in-situ techniques to understand its growth mechanism and determine key process parameters. A
specialized instrumentation was developed to allow investigating the dynamics of TLAG process based on in-situ monitoring of the precursors reaction, intermediate phases evolution and final
products of the YBCO growth by in-situ XRD at synchrotron radiation sources at acquisition times from 2 - 100 ms/frame. This set-up allows to control the key parameters of growth of the
YBCO by TLAG, this includes the temperature, partial oxygen pressure, total pressure and the heating rate, as well as to perform very fast changes in total and partial oxygen pressures.
Additionally, Mass Spectrometry measures the gaseous products of the reaction. Furthermore, the resistance is measured in-situ throughout all the growth process providing valuable
information on the growth rate of the superconducting phase. The installation is placed in a movable rack that allows its use in different synchrotron facilities and all the equipment is time
synchronized. All of the acquired data during the combined experiments is advancing our understanding of the non-equilibrium growth mechanism and pinpoints the direction to the optimal
conditions for ultrafast epitaxial growth of YBCO reaching up to 1000 nm/s.

The novel ultrafast Transient Liquid Assisted Growth (TLAG) method [1-3] is an outstanding opportunity to fabricate low-cost, high throughput epitaxial superconducting YBa,Cu;0; (YBCO)

films using scalable methods. However, the fast kinetics of this non-equilibrium process require in-situ techniques to understand its growth mechanism and determine key process parameters. A
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specialized instrumentation was developed to allow investigating the dynamics of TLAG process based on in-situ monitoring of the precursors reaction, intermediate phases evolution and final
products of the YBCO growth by in-situ XRD at synchrotron radiation sources at acquisition times from 2 - 100 ms/frame. This set-up allows to control the key parameters of growth of the
YBCO by TLAG, this includes the temperature, partial oxygen pressure, total pressure and the heating rate, as well as to perform very fast changes in total and partial oxygen pressures.
Additionally, Mass Spectrometry measures the gaseous products of the reaction. Furthermore, the resistance is measured in-situ throughout all the growth process providing valuable
information on the growth rate of the superconducting phase. The installation is placed in a movable rack that allows its use in different synchrotron facilities and all the equipment is time
synchronized. All of the acquired data during the combined experiments is advancing our understanding of the non-equilibrium growth mechanism and pinpoints the direction to the optimal
conditions for ultrafast epitaxial growth of YBCO reaching up to 1000 nm/s.

SESSION CHO04.05: Self-assembly
Session Chairs: Yuzi Liu and Michelle Mejia
Wednesday Afternoon, April 24, 2024
Room 443, Level 4, Summit

1:30 PM *CHO04.05.01
Peering into the Self- and Directed-Assembly of Nanoparticles Hongyou Fan; Sandia National Laboratories, United States

Self-assembly of synthetic nanoparticles enables the positioning of nanoparticles into one to three dimensional ordered arrays, facilitating integration of nanoparticle lattices into nanophotonic
and nanoelectronic architectures. The functional properties of these particle materials are expected to be highly sensitive to structural factors such as coordination number, degree of long-range
order, or interparticle separation distance, requiring the development of robust self- and directed-assembly pathways for precise control of structural parameters to improve optical and
electronic properties of functional nanoparticles. In this presentation, | will review our past efforts in development of self-assembled nanoparticles thin film arrays and in-situ structural
evolution at ambient condition. | will then extend my presentation to our recent progress in development of a new Stress-Induced Fabrication method in which we applied high pressure or stress
to nanoparticle arrays to induce structural phase transition and to consolidate new nanomaterials with precisely controlled structures and tunable properties. By manipulating nanoparticle
coupling through external pressure, a reversible change in their assemblies and properties can be achieved and demonstrated. In addition, over a certain threshold, the external pressure will
force these nanoparticles into contact, thereby allowing the formation and consolidation of one- to three-dimensional nanostructures. Through stress induced nanoparticle assembly, materials
engineering and synthesis become remarkably flexible without relying on traditional crystallization process where atoms/ions are locked in a specific crystal structure. Therefore, morphology or
architecture can be readily tuned to produce desirable properties for practical applications.

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology and Engineering Solutions of Sandia, LLC., a wholly owned subsidiary of Honeywell
International, Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.

2:00 PM CHO04.05.02
Design of Open Systems using Aqueous Polymer Solutions causing Meniscus Splitting Phenomena Reina Hagiwara and Kosuke Okeyoshi; Japan Advanced Institute of Science and
Technology, Japan

Self-organization is a process commonly observed in soft matter and in spontaneous phenomena of life. Extracting and reproducing in vitro the physicochemical conditions is an important step
beyond designing "life-like" materials having smart responses to environmental change. The behavior of polymeric solutions is known as viscous fingering. We have reported “meniscus

splitting"[”, in which the pattern formed on a substrate is developed into a millimeter-scale spatiotemporal structure. This is a non-equilibrium phenomenon in the controlled evaporation of
polymer solution that splits the air-water interface into multiple regions. Drying an aqueous polymer dispersion from one interface in a limited space causes the polymer to precipitate at a

specific position, driven by capillary forces. Also, the deposited polymer membrane has an oriented structure and becomes a functional material such as a humidity actuator 12 However, the
specific spatiotemporal changes at the interface observed in the meniscus-splitting phenomenon have been only shown using some biopolymers, and the regulatory factors toward the
universalization are unclear.

In this study, we demonstrate that meniscus splitting can happen with chemical species independence, and it is a universal phenomenon, through the experiment. Polyacrylic acid (PAAc),
polyacrylamide (PAAm), and polyvinyl alcohol (PVVA) were used as synthetic vinyl polymers for the demonstration. The effect of different molecular weights on the interfacial behavior was
pronounced, indicating that molecular weights with appropriate viscosity are necessary for membrane formation. PAAc and PAAm exhibited a splitting pattern like that of the polysaccharides
reported previously. On the other hand, PVA did not form vertical membranes, but rather horizontal ones. This difference is thought to be due to the retentivity of water, and PVA's propensity
to form intra- and intermolecular hydrogen bonds. When the relative humidity was adjusted, vertical membrane was also formed for PVA as well as for the other chemical species. Furthermore,
we attempted a mathematical analysis of the spatiotemporal changes in the specific interfacial shape observed during the drying process. To understand the transformation of the interface the
characteristic interface curves were fitted by a hyperbolic curve or an elliptic curve. Through the fitting evaluation, it was suggested that the interface curves transformed from a hyperbolic
curve to an elliptic curve during the splitting.

Reference: [1] K. Okeyoshi, et al, Sci. Rep. 2017, 7, 5615; Polymer J. 2020, 52, 1185. [2] K. Budpud, et al., Small, 2020, 16, 2001993.

SESSION CHO04.06: Surface and Chemistry
Session Chairs: Luxi Li and Yang Yang
Wednesday Afternoon, April 24, 2024
Room 443, Level 4, Summit

3:30 PM CH04.06.01
Electronic Characterization of 9A-GNR on H:Si(100) using a Scanning Tunneling Microscope Abigail Berg?, Mamun Sarker?, Anshual Saxena®, Narayana R. Aluru®, Alexander Sinitskii?
and Joseph Lyding!; University of Illinois at Urbana-Champaign, United States; 2University of Nebraska—Lincoln, United States; 3The University of Texas at Austin, United States

We present the electronic characterization of a new solution-synthesized type graphene nanoribbon (GNR). The GNR was synthesized with two different precursors to form coves along the
length of an N=9 armchair GNR. The GNR also contains two different functional end groups, -NO2 and -NH2, with each synthesized to attach to the two different precursors. Atomically
precise graphene nanoribbons with functional end groups have the potential for further modification and integration into complex electronic structures. We use the dry-contact transfer (DCT)
method to exfoliate the GNRs onto hydrogen passivated Si(100) in a room temperature ultra-high vacuum (UHV) scanning tunneling microscope (STM). The bandgap and density of states are
probed using scanning tunneling spectroscopy (STS) and current imaging tunneling spectroscopy (CITS). We find that GNRs tend to cluster in groups and form weak bonds at the
functionalized ends. We also find evidence of missing phenyl groups during synthesis which form extra-large coves in the final structure of the GNR. Simulation data indicates that the DFT
bandgap is 1.4 eV and an increased density of states over the NO2 end group. Experimentally we see that one end of the GNR appears to be metallic using STS, which we attribute to the NO2
end group. The bandgap appears to have a lateral dependence from 1.7 eV to 2.3 eV along the GNR which will be explored in more detail. Finally, we present the effects of using
nanolithography to depassivate the H:Si(100) below the GNR.

3:45 PM CH04.06.03
Effects of Anions on Phase Transformation and Crystallization of Aluminum Hydroxide Ping P. Chen, Suyun Wang, Trent R. Graham, Duo Song, Xiaodong Zhao, Zheming Wang,
Carolyn Pearce, Kevin Rosso and Xin Zhang; Pacific Northwest National Laboratory, United States

Gibbsite (a-Al(OH),) is naturally abundant and plays a vital role as a raw material in various industrial applications. Furthermore, it constitutes a significant portion of the solid components in

caustic nuclear waste at the Hanford Site (WA, USA). While extensive research has been conducted to understand gibbsite's behavior in processes such as crystallization, dissolution, phase
transformation, solution chemistry, and irradiation-induced changes, the effects of co-existing high concentrations of salts on gibbsite's nucleation and growth remain a less-explored area. In
this study, we investigated gibbsite crystallization from the solutions containing six sodium-based salts, specifically sodium salts of fluoride, chlorine, bromide, nitrate, phosphate, and sulfate.
Our findings illuminate the diverse ways in which different anions can influence the crystal phase, structure, morphology, and growth rate of gibbsite as determined with various advanced
techniques, including X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), Raman, nuclear magnetic resonance (NMR), scanning electron microscopy (SEM), and
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scanning/transmission electron microscopy (S/TEM). These results were further substantiated through the calculation of molecular cluster energies using density functional theory. In summary,
our exploration of gibbsite crystallization in complex, multicomponent electrolytes simulates the compositional complexity encountered in nuclear waste, shedding light on the intricate
interplay between gibbsite and co-existing salts.

4:00 PM CH04.06.04
Temperature-Dependent Structural and Elastic Properties of Cubic and Hexagonal Sc,Al;_, N Saskia Mihalic!, Lucia Ciprian®, Christopher Luttich?, Elisa Wade®, Armin Dadgar?, Bjorn

Christian!, André Strittmatter? and Oliver Ambacher!; YUniversity of Freiburg, Germany; 2Otto von Guericke Universitat Magdeburg, Germany

The novel wide-bandgap semiconductor, Scandium Aluminum Nitride (Sc,Al,_,N) significantly enhances its piezoelectric properties compared to Aluminum Nitride (AIN). This unique
increase in piezoelectric coefficient dg5(x) makes Sc,Al; N a highly favorable material for numerous applications, including improved piezo-acoustic devices, which can be utilized as high-

frequency filters [1]. The optimization of the devices is impeded by the trade-off between piezoelectric response and the stiffness of the crystal. To address this, a detailed investigation of the
anisotropic elastic, piezoelectric, and thermodynamic properties is necessary. However, the ternary alloy Sc,Al,_,N undergoes a solid-solid phase transition from hexagonal wurtzite (wz) to

cubic rock salt (rs) structure as the Sc content x increases, which differs from other ternary nitrides [2]. The coefficient da5(x) of wz-Sc,Al, N exhibits the highest values and the elastic

properties undergo significant changes when the Sc content is proximate to this transition. The specific Sc:Al ratio, pressure and temperature conditions and seed layer selection (either
AIN(0001) or ScN(111)) that induce this B4-B1 transition have yet been explored und will be discussed in this work. Accordingly, this study will discuss these conditions as they provide
valuable insights to improve the efficiency of devices that rely on maximum piezoelectric responses. The physical properties of resonators are dependent on the operating temperature (T). The
structural changes can be described utilizing lattice parameters c(x, T) and a(x, T), internal parameter u(x, T), and elastic tensor Cij(x, T). In order to determine temperature-dependent structural

properties of pulsed magnetron co-sputtered thin films, in-situ X-ray diffractometry measurements ranging from 300 K to 1000 K were conducted to determine the lattice parameters c(x, T) and
a(x, T) for hexagonal and cubic Sc,Al;_,N(0001)/Si(111) thin films, respectively. The Debye model was utilized to determine the coefficients of linear thermal expansion a, and o for wz-

Sc,Al; 4N along the {1000) and [0001] directions and a, for rs-Sc,Al,_,N along the 100 directions. For the first time, the linear thermal expansion coefficient was experimentally determined
for wz-Sc, Al N (0.0<x<0.5) and rs-Sc,Al;_,N (0.5<x<1.0). This temperature-dependent structural information was used to compute additional structural specifications such as bond lengths
and bond angles for random alloys of wz-Sc,Al,;_, N and rs-Sc,Al; ,N. Scanning electron microscopy (SEM) was utilized to observe the effects of heating on surface morphology. To
understand the elastic properties of wz- and rs-Sc,Al,_,N fully, various anisotropic elastic properties including shear modulus G and Young’s modulus E were calculated for multiple
crystallographic planes, by employing simulated tensor quantities at ambient conditions. For the first time, the in-plane epitaxial relation between rs-Sc,Al;,N(111) and Si(111) was
determined, which is rs-Sc,Al;_,N[110] || Si[100]. Further thermodynamic properties such as specific heat, heat conductivity and Debye temperature were calculated. This newfound knowledge
of tfemperature— and direction-dependent structural and elastic properties offers the potential for improved efficiency of piezo-acoustic devices.

References

[1] N. M. Feil, E. Mayer, A. Nair, B. Christian, A. Ding, C. Sun, S. Mihalic, M. Kessel, A. Zukauskaité, and O. Ambacher, J. Appl. Phys. 130, 164501 (2021); doi: 10.1063/5.0055028.
[2] O. Ambacher, S. Mihalic, E. Wade, M. Yassine, A. Yassine, N. Feil, and B. Christian, J. Appl. Phys. 132, 175101 (2022); doi: 10.1063/5.0120141.

4:15 PM CHO04.06.05
Tailored Aluminum Surfaces for Adhesive Bonding — Joint Properties and Moisture induced Damage Mechanisms Jonathan Freundl, Miriam Ldbbeckel, Frank Fdrstez, Michael

Wiedenbeck3, loanna Mantouvalou® and Jan Haubrichl; 1German Aerospace Center (DLR), Germany; 2TU Berlin, Germany; 3Helmholtz-Zentrum Potsdam, Germany; 4Helmholtz-Zentrum
Berlin, Germany

For the energy efficiency of future vehicles and aircraft, weight reductions through the use of alternative materials and joining techniques will be essential. Structural adhesive bonding is one
technique to join dissimilar materials, eliminating the need for additional fasteners like bolts or rivets while enabling a uniform stress distribution across the bonded materials.

However, the fundamental understanding of the relationships between the physical and chemical surface properties of the interfaces and the resulting joint properties is needed. One major
concern is joint weakening due to exposure to moisture, which has blocked the widespread uptake of adhesive bonding technologies in safety relevant applications [1]. Despite such aging
process being difficult to detect non-destructively, further research into the mechanisms that cause such weakening is necessary if long-term durable adhesive joints are to be achieved.
Pulsed laser surface pretreatment of metal surfaces prior to adhesive bonding can significantly increases the mechanical strength and the long-term durability of metal-polymer joints. This
benefit is often attributed to cleaning effects while also generating structures with suitable roughness on the metal surface that allow a better mechanical interlocking with the polymer matrix
[2]. However, an enlarged, roughened metal oxide surface will also offer more surface area for chemical bonding with the polymer adhesive. The reasons for the improved aging properties
provided by such laser surface pretreatment remains a matter of investigation, and here atomic-scale diffusion can play a role. Since the joint interface is buried and since the hydrogen and the
oxygen atoms from water molecules cannot be distinguished easily from those native to the surface oxide film and polymer, it is difficult to study the diffusion in the joints.

Our study uses on a new approach for investigating the role of diffusion in modifying laser-pretreated adhesive joints. Scanning electron microscopy (SEM) can characterize the laser-
modification of such surfaces down to the nanometer scale. We combined this information with observed diffusion rates determined by micro-x-ray fluorescence spectroscopy (p-XRF) and

secondary ion mass spectrometry (SIMS), which used elemental and 180 tracers, respectively. The preliminary results from our tracer studies indicate that significant diffusion in the polymer-
metal interface and within the bulk polymer occurs. We also used single-lap shear tests of both unaged and hydrothermally aged specimens both with and without laser-pretreatment to link
surface features and diffusion lengths with the mechanical strength of the specimens. This brought new insights concerning the mechanisms responsible for the loss of mechanical joint
performance due to moisture and the role of interface features in suppressing this problem.

References
[1] R. A., Pethrick; Design and ageing of adhesives for structural adhesive bonding — A review Journal of Materials, Design and Applications, 2015, 229 (5), 349-379.
[2] J. Min, H. Wang; Application of laser ablating in adhesive bonding of metallic materials: A review Optics and Laser Technology, 2020, 128, 1-23.

4:30 PM CH04.06.06
Atom Probe Tomography for Dynamic Characterization of Materials Surface Phenomena Lorenzo Rigutti?, Aissatou Diagne?, Samba Ndiaye®, Christian Bacchi®, Benjamin Klaes!,
Noelle Gogneau?, Mariaconcetta Canino® and Francois Vurpillot'; 1University of Rouen Normandie, France; 2C2N, France; 3IMM CNR, Italy

Atom Probe Tomography (APT) is a microscopy and micro-analysis technique based on field ion evaporation. Its standard application to materials science yields a static picture of a system,
providing a set of 3D reconstructed positions of ions chemically identified through their mass/charge ratio. However, field ion evaporation is a complex dynamic process, driven by the system
chemistry and by environmental parameters such as temperature, electric field, intensity and wavelength of laser pulses [1]. The correlated evaporation of spatially neighboring atoms, the
formation and evaporation of molecular ions either through surface dynamics or through the interaction of residual gas molecules and the surface, the dissociation of molecular ions are
examples of processes that occur and carry specific traces in APT datasets. This information is typically neglected in APT analysis, but may give important insight about surface chemistry
under high field (with or without laser illumination), which makes of APT a technique for dynamic studies of material surfaces.

In this contribution several examples of a dynamic use of APT will be reported: (i) the formation of molecular ions in silicon carbide, with its consequences on spatial and compositional
accuracy of APT reconstructions[2], (ii) the microscopic assessment of single reactions involving molecular hydrogen adsorbed at the surface of 111-N materials [3] and (iii) the field-dependent
formation of hydride molecules in I11-N materials.

The perspective extension of these dynamic APT approaches to other materials and surface chemical reactions will finally be discussed.

[1] M. K. Miller et R. G. Forbes, « Introduction to the Physics of Field lon Emitters », in Atom-Probe Tomography, Springer, Boston, MA, 2014, p. 51. doi: 10.1007/978-1-4899-7430-3_2.

[2] S. Ndiaye, C. Bacchi, B. Klaes, M. Canino, F. Vurpillot, et L. Rigutti, « Surface Dynamics of Field Evaporation in Silicon Carbide », J. Phys. Chem. C, vol. 127, n® 11, p. 5467, mars 2023,
doi: 10.1021/acs.jpcc.2c08908.

[3] L. Rigutti et al., « Surface Microscopy of Atomic and Molecular Hydrogen from Field-Evaporating Semiconductors », J. Phys. Chem. C, vol. 125, n° 31, p. 17078, ao(t 2021, doi:
10.1021/acs.jpcc.1c04778.
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Session Chairs: Qian Chen, Yuzi Liu and Judith Yang
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8:00 AM *CHO04.07.01
4D-STEM Imaging of The Evolution and Performance Relevance of Microstructures in Cathode Nanoparticles Qian Chen; University of Illinois at Urbana-Champaign, United States

In this talk, I will discuss our recent efforts on utilizing four-dimensional scanning transmission electron microscopy (4D-STEM) to image the microstructures in cathode nanoparticles in
rechargeable multivalent-ion batteries. We use metal oxide nanoparticles, either single-crystalline or defect-laden ones, as the cathodes, which undergo electrochemically driven phase
transformation during charge and discharge cycles. The phase transformation induces the emergence of complex microstructures in the nanoparticles, such as phase orientation domains, domain
boundaries, and defects such as stacking faults and dislocations. These microstructures ultimately change the energy barriers associated with ion diffusivity, the capacity, and cyclability of the
battery systems. Our work demonstrates the prospect of “microstructure” engineering in energy storage materials, where spatiotemporal heterogeneity from the atomic to the nanoscale can
impact macroscopic performances.

8:30 AM *CHO04.07.02
Probing Grain Boundary Dynamics in Polycrystalline Materials by In-SituTEM Yuan Tian, Yutong Bi and Xiaoging Pan; University of California, Irvine, United States

Understanding grain boundary (GB) dynamics in polycrystalline materials is crucial for predicting their macroscopic properties, such as mechanical strength, ductility, and conductivity. The
migration and interaction of GBs are key factors affecting the thermal and mechanical stability of these materials. In situ transmission electron microscopy (TEM) plays an important role in
investigating GB dynamics at the atomic scale. However, the lack of statistics for atomic scale study presents challenges in uncovering the predominance of multiple mechanisms in certain
dynamic processes. This study employs cutting-edge four-dimensional transmission electron microscopy (4D-STEM) techniques for in situ experiments to shed light on the mechanisms of
grain boundary migration at the microstructural and statistical level.

In the first part of the study, an in situ 4D-STEM experiment was conducted on a Pt polycrystal thin film sample at an elevated temperature. The datasets were cyclically collected in the same
region of the sample after predetermined annealing times. Crystallographic orientation information was derived from the 4D-STEM datasets through cross-correlation between the experimental
and simulated diffraction patterns of the Pt sample. By utilizing grain segmentation and inter-frame association, the evolution of grain orientation and GB dynamics was traced. The
observations revealed ubiquitous grain rotation and GB migration during the annealing process, as well as a strong correlation between GB migration and grain rotation. Subsequently, atomic-
resolution high-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) observations of grain boundary migration were conducted on the Pt sample. These
observations at the atomic scale demonstrated that GB migration occurs through disconnection propagation, leading to the induction of local shear strain. This shear strain accumulates near the
GB and needs to be released before further migration can occur. The findings from this observation indicate that grain rotation and annealing twin formation serve as effective pathways for
releasing the strain generated by shear-coupled GB migration. This comprehensive study provides valuable insights into the complex mechanisms governing grain boundary migration in
polycrystalline materials, contributing to our understanding of their macroscopic properties and potential applications in material science and engineering.

9:00 AM CH04.07.03
Imaging Mobility of Charge Order Topology via Charge Density Wave Interferometery Suk Hyun Sung™2, Noah Schnitzer?, Ismail El Baggari®, Lena Kourkoutis® and Robert Hovden?;
IHarvard University, United States; 2University of Michigan, United States; 3Cornell University, United States

Charge density waves (CDWs) are emergent correlated electron behavior that span crystals with strong electron-lattice coupling and are associated with exciting phenomena such as metal—
insulator transitions and superconductivity. Often described as a superlattice crystal of electrons, CDWs can also accommodate defects such as dislocations and elastic deformations. CDW
defects are of a particular interest as they are believed to dominate conductance [1] and mediate phase transitions of the charge lattice itself [2-4]. Topological defects in a CDW are even
expected to locally host superconductivity [5]. Therefore, understanding the formation, destruction, and mechanics of CDW defects is paramount to harnessing the full potential of charge
ordered materials.

Tas, is prototypical layered CDW system that hosts multiple CDW phases tuned by temperature, thickness and polytype [6-8]. Octahedrally coordinated 1T-TaS, at room temperature hosts a
nearly-commensurate (NC-) CDW lacking long-range order, and a long-range ordered commensurate (C-) CDW below 200 K. While the nature of order in NC-CDW phase remains unclear, it
is generally accepted that NC-CDW incorporates discommensurations (i.e., slips in the CDW phase) [3, 4]. Real space measurement of the nanoscale structure of the NC-CDW is complicated
by out-of-plane incoherence of the CDW; features are washed out in atomic resolution measurements. Here we use CDW moiré engineering to magnify and image the structure of CDW
dislocations in the NC-CDW phase of TaS,.

We generate a CDW moiré by synthesizing an endotaxial polytype heterostructure [9] that stabilizes both NC- and C-CDW phase layers embedded in a metallic prismatic matrix. Here the long-
range ordered C-CDW serves as a grating with which the NC-CDW interferes. The resulting moiré interference pattern resolves a topological defect present in the NC-CDW. This pattern
effectively encodes and magnifies the phase information in the NC- and C-CDW phases, taking advantage of the fact that NC- and C-CDWs diffract electrons with only slightly different
momentum. By collecting scanned nanobeam diffraction patterns (i.e., 4D scanning transmission electron microscopy (STEM)) with the convergence angle and camera length tuned such that
both C and NC reflections are incident on a single pixel of an electron microscope pixel array detector (EMPAD), moiré interference patterns are speedily acquired in parallel at every point in
reciprocal space that the superlattice peaks nearly coincide.

In summary, we image CDW defects by employing 4D-STEM on polytype heterostructures of TaS,. The interference from C and NC-CDW forms a moiré pattern that encodes the phase

disorder of the NC phase, allowing defects to be imaged despite the out of plane incoherence inherent to the system. This work suggests a new experimental framework that can shed light on
difficult-to-study CDW mechanics.

[1] AW Tsen et al., Proc. Natl. Acad. Sci. 112 (2015) p.15054.

[2] WL McMillan, Phys. Rev. B 12 (1975) p. 1187.

[3] WL McMillan, Phys. Rev. B 14 (1976) p. 1496.

[4] K Nakanish and H. Shiba, J. Phys. Soc. Jpn. 43 (1977) p.1839.
[5] B Leridon et al., New J. Phys. 22 (2020) 073075.

[6] JA Wilson, FJ Di Salvo, S Mahajan Adv. Phys. 24 (1975) p.117.
[71Y Yuetal., Nat. Nanotech. 10 (2015) 270.

[8] E Martino et al., npj 2D Mater. App. 4 (2020) 7.

[9] SH. Sung et al., Nat. Commun. 13 (2022) p.413.

9:15 AM CH04.07.04
Nanoscale Evaluation of SiO, Density by Stretching Vibrations Measurement using STEM-EELS Takanori Asano, Manabu Tezura, Masumi Saitoh and Hiroki Tanaka; Kioxia

Corporation, Japan

SiO, is one of the most important dielectric materials used as gate insulators and interlayer films in nanoelectronic devices. Although the density of SiO, has been evaluated by the Si-O-Si
stretching vibration peak using IR (infrared spectroscopy) [1] so far, there is no established technique to evaluate the density distribution in the nanoscale area. In this work, we develop a
technique for nanoscale evaluation of SiO, using STEM (scanning transmission electron microscopy) — EELS (electron energy loss spectroscopy). While there are a number of reports on
vibrational spectra measured by STEM-EELS [2,3], a method for density evaluation using EELS has not been established yet. We found differences in the stretching vibration peaks reflecting
the density between SiO, with different atomic structures: a-quartz (2.648 g/cms) and silica glass (2.2 g/cm3). The dependence of the stretching peak on the thickness of the STEM specimen
was investigated in detail by experiment and spectral calculation using a dielectric model.

IR spectra showed that the FWHM (full width at half maximum) of the stretching peak was larger for silica glass than for a-quartz. This corresponds to lower density in the silica glass as a
result of greater variation in the Si-O-Si bond angle [3]. We also measured vibrational EELS spectra using STEM with a nanometer resolution and a high energy resolution of 16 meV (FWHM
of the zero-loss peak). The FWHM of the stretching peak for silica glass was observed to be 5 meV larger than that for a-quartz, which is consistent with the IR results. On the other hand,
simulations based on the Krdger formula [4] showed the experimental stretching peaks reflect both surface scattering and bulk scattering. This simulation suggests the specimen thickness is a
key factor when comparing the different samples, because the contribution of surface scattering strongly depends on the specimen thickness. Thus, to establish our evaluation method by
STEM-EELS, we investigated in detail the dependence of the stretching peaks on specimen thickness in the range of 30 nm to 100 nm. By comparing the FWHM of the samples with the same
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specimen thickness, we confirmed that there is a significant difference of more than 4 meV in the stretching peaks between silica glass and a-quartz for all the thicknesses.

We prepared a-quartz locally amorphized by electron irradiation for a longer duration (~50,000 times longer) than the vibrational EELS measurements, and investigated its density using the
established evaluation method. As a result, the amorphized a-quartz was found to be denser than silica glass and to have the same density as a-quartz. This suggests that the atomic number of
a-quartz is maintained during the amorphization under the low electron current (~10 pA) irradiation, which does not cause significant atomic desorption. These results indicate that vibrational
EELS using STEM is a promising technique for local density analysis of SiO,.

[1]1 N. Yasuda et al., Appl. Surf. Sci. 117 (1997) 216.
[2] R.F.Egerton et al., Microsc. Microanal. 26 (2020) 1117.
[3] K. Venkatraman et al., Microscopy 67 (2018) i14.
[4] G. Lucovsky et al., J. Vac. Sci. Technol. B 5 (1987) 530.

9:30 AM BREAK

10:00 AM *CHO04.07.05

Dynamic Atomic-Scale Fundamental Mechanisms of the Initial Stages of Cu Oxidation Revealed by Environmental Transmission Electron Microscopy Judith C. Yang™2, Meng Li??,
Matt Curnan®, Linna Qiao?, Dmitri N. Zakharov®, Guangwen Zhou* and Wissam Saidi®?; 'Brookhaven National Laboratory, United States; 2University of Pittsburgh, United States; 3Pohang
University of Science and Technology, Korea (the Republic of); “Binghamton University, The State University of New York, United States; >NETL, United States

Surface oxidation is an important process for corrosion, which costs a few percent of the U.S. Gross Domestic Product (GDP) each year. Much is known about oxygen interaction with metal
surfaces and the macroscopic growth of thermodynamically stable oxides. At present, however, the transient stages of oxidation - from nucleation of the metal oxide to formation of the
thermodynamically stable oxide - represent a scientifically challenging and technologically important terra incognito. These issues can only be understood through a detailed study of the
relevant microscopic processes at the nanoscale in situ. We have previously demonstrated via in situ transmission electron microscopy (TEM) that the formation of epitaxial Cu20 islands
during the transient oxidation of Cu(100), (110), and (111) films bear a striking resemblance to heteroepitaxy, where the initial stages of growth are dominated by oxygen surface diffusion and
strain impacts the evolution of the oxide morphologies. To deepen our understanding of the atomic-scale dynamic processes of Cu20 island formation on Cu during oxidation in situ, we are
presently using correlated in situ high-resolution environmental TEM (ETEM) and atomistic theoretical simulations. As an example of this approach, preferential monolayer-by-monolayer
growth along Cu20(110) planes was noted instead of along Cu20(100) planes. Correlated Density Functional Theory (DFT) simulations on the surface and diffusion energies during Cu20
growth on various Cu20 surface orientations and terminations were carried out. Our DFT results show that monolayer formation of Cu20 along Cu20(110) was both thermodynamically and
kinetically preferred over that of Cu20(100) during Cu20 growth, which explains the observed phenomenon. These results shed new light on the epitaxial oxide growth mechanism and provide
a deeper understanding of the dynamic processes involved in initial oxidation, which will ultimately help to precisely predict, design, and control nanostructured oxide growth for either
corrosion-protection or creating nano-oxides for their functional properties. Furthermore, advancing hardware and software for enhancing in situ experiments will be discussed. We gratefully
acknowledge support from the National Science Foundation (NSF), including NSF-CMMI 1905647, NSF-DMR 1410055, 1508417, 1410335. This research used the electron microscopy
resources of the Center for Functional Nanomaterials (CFN), which is a U.S. Department of Energy Office of Science User Facility, at Brookhaven National Laboratory under Contract No. DE-
SC0012704.

10:30 AM *CHO04.07.06
Enabling sustainable chemical manufacturing with atomically-optimized photocatalysts Jennifer A. Dionne; Stanford University, United States

Chemical manufacturing is critical for industries spanning construction, plastics, pharmaceuticals, food, and fertilizers, yet remains among the most energy-demanding practices. Optical
excitation of plasmons offers a route to more sustainable chemical synthesis. Plasmons create nanoscopic regions of high electromagnetic field intensity that can modify electronic and
molecular energy levels, enable access to excited-state dynamics, and open new reaction pathways that are impossible to achieve under typical conditions. Further, plasmons can be efficiently
excited with sunlight or solar-driven LEDs, for sustainable chemical transformations.

Here, we present our research advancing plasmon photocatalysis from the atomic to the reactor scale (see Figure 1). First, we describe advances in in-situ atomic-scale catalyst characterization,
using environmental optically-coupled transmission electron microscopy. With both light and reactive gases introduced into the column of an electron microscope, we can monitor chemical
transformations under various illumination conditions, gaseous environments, and at controlled temperatures, correlating three-dimensional atomic-scale catalyst structure with photo-chemical
reactivity. Then, we describe how these atomic-scale insights enable optimized reactor-scale performance. As model systems, we consider three reactions: 1) acetylene hydrogenation with Ag-
Pd catalysts; 2) CO2 reduction with Au-Pd catalysts; and 3) nitrogen fixation with AuRu catalysts. Here, Au/Ag acts as a strong plasmonic light absorber while Pd/Ru serves as the catalyst. We
find that plasmons modify the rate of distinct reaction steps differently and that reaction nucleation occurs at electromagnetic hot-spots — even when those hot-spots do not occur in the preferred
nucleation site. Plasmons also open new reaction pathways that are not observed without illumination, enabling both high-efficiency and selective catalysis with tuned bimetallic catalyst
composition. Our results provide a roadmap for how atomically-architected photocatalysts can precisely control molecular interactions for high-efficiency and product-selective chemistry.

11:00 AM CHO04.07.07
Structural Studies of 2D Perovskites for Catalyst Support Applications by Environmental Transmission Electron Microscopy Dmitri N. Zakharov; Brookhaven National Laboratory,
United States

Two-dimensional perovskites materials gained traction for applications in various optoelectronic and sensor devices. Another potential application for this class of the material is a catalyst
support, as epitaxial relationships between catalyst and support can be utilized to gain control over catalyst active sites in catalyst activity studies. Nanosheets of Sr,Nb30,4(SNO) with

thicknesses down to 1.8 nm were synthesized by liquid exfoliation technique. Palladium film of a nominal thickness of 1.0 nm was deposited by electron beam evaporation to form Pd particles
supported on SNO, which was picked up as a model system. Structural characterization was done in the column of C¢-corrected environmental FEI Titan scanning transmission electron
microscope (ETEM). Bright field (BF) and dark field (DF) imaging revealed nanosheets of sizes of few squared micrometers. SNO flakes show contrast revealing strain and deviation from the
exact [001] zone axis across the nanosheet. A perfect orientation down to the [001] zone axis was limited to a few hundred square nanometers. DF images of the SNO flakes acquired in several
two-beam conditions show contrast from grain boundaries of misoriented grains. Planar defects (PD) running at an angle to the imaging plane reveal alternating contrast. Some areas show
defected structure on HREM images, which also reveals itself by additional diffraction spots on the FFT in comparison with the perfect perovskites structure. In addition to vacuum
environment, deposited films were also studied in the presence of Hydrogen in environmental regime of the same Titan (S)TEM. The sample was heated to 900C in the presence of 80mTorr
Hydrogen. Nanoparticles supported on SNO exhibit faceted nature compared to those supported on amorphous SiN support, which potentially opens a way to controllable studies of catalyst’s
active sites. This research used the Electron Microscopy facility of the Center for Functional Nanomaterials (CFN), which is a U.S. Department of Energy Office of Science User Facility, at
Brookhaven National Laboratory under Contract No. DESC0012704.

SESSION CHO04.08: Ultrafast Dynamics
Session Chairs: Yuzi Liu and Michelle Mejia
Thursday Afternoon, April 25, 2024
Room 443, Level 4, Summit

1:30 PM *CHO04.08.01

Ultrafast Dynamics in Materials Haihua Liu, Thomas Gage and llke Arslan; Argonne National Laboratory, United States

Ultrafast transmission electron microscopy (UEM) methods have become a new frontier in materials science due to the ability to follow dynamics on time scales down to hundreds of
femtoseconds with nanometer spatial resolution. Imaging on ultrafast time scales reveals nonequilibrium metastable states of matter, phonon transport pathways in materials, and plasmon

dynamics. This presentation will overview some of these ultrafast methods, and provide examples of how they have been used to enable new understanding of materials.

Work performed at the Center for Nanoscale Materials, a U.S. Department of Energy Office of Science User Facility, was supported by the U.S. DOE, Office of Basic Energy Sciences, under
Contract No. DE-AC02-06CH11357.
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2:00 PM *CH04.08.02
MeV Electron Time-Resolved Total Scattering for Material Dynamics Xijie Wang; SLAC National Accelerator Laboratory, United States

The MeV electrons produced by the photocathode RF gun made it feasible for MeV ultrafast electron scattering [1-2]. MeV ultrafast electron scattering became a new frontier in ultrafast
science due to its capability of following dynamics on femtoseconds scale with the high spatial resolution and sensitivity [3-4]. Furthermore, MeV electrons experience less multiple-scattering,
and possess “real” flat Ewald-sphere; MeV ultrafast electron diffraction (MeV-UED) is an ideal tool to explore both structure and dynamics using total scattering technique. Total scattering has
been explored by X-ray and Neutron scattering communities to study energy materials, the time-resolved total scattering enabled by MeV-UED make it feasible to image strcture dynamics and
energy transfer in 2-D heterostructure [3] and revealing the intricate relation between dynamics and function of 2-D perovskite [4].

1 will discuss many advantages of MeV electron for total scattering. MeV electron total scattering not only produces stronger diffraction signal and sensitive to the structure change, but also has
less background and no geometric correction. Furthermore, we have experimentally demonstrated that MeV electron total scattering is capable of probing both electronic and nuclear structure
dynamic [5]. MeV-UED enabled the first ultrafast operando [6] and in-situ [7] experiments.

1. X.J. Wang et al, Phys. Rev. E , 54, No.4, R3121 -3124 (1996).

2. X.J. Wang et al, Proceedings of the 2003 Particle Accelerator Conference, 2003, pp. 420-422 Vol.1, doi: 10.1109/PAC.2003.1288940.

3.J. Sood, et al, “Bidirectional phonon emission in two-dimensional heterostructures triggered by ultrafast charge transfer”, Nat. Nanotechnol.18, 29-35 (2023).
4. H. Zhang et al., “Ultrafast relaxation of lattice distortion in two-dimensional perovskites”, Nature Physics volume 19, pages 545-550 (2023).

5.J. Yang et al, "Simultaneous observation of nuclear and electronic dynamics by ultrafast electron diffraction", Science 368, 885 (2020).

6. A. Sood et al, "Universal phase dynamics in VO, switches revealed by ultrafast operando diffraction”, Science 373, 352 (2021).

7. P. K. Muscher et al, "Highly Efficient Uniaxial In-Plane Stretching of a 2D Material via lon Insertion", Adv. Mater. 33, 2101875 (2021).

2:30 PM CH04.08.03
Capturing Laser Induced Dynamics of Materials via Ultrafast Transmission Electron Microscopy Volkan Ortalan; University of Connecticut, United States

Recent developments in instrumentation have made it a very exciting time to perform both fundamental and applied research in the electron microscope. In-situ microscopy is moving forward
at a rapid pace with the development of gas/liquid stages that permit reaction processes to be imaged and analyzed at atomic resolution. Moreover, the development of nanosecond and faster
photoemission electron sources offers the chance to move the high spatial resolution world of electron microscopy into the ultrafast world of materials dynamics. Conventional in-situ TEM
coupled with ultrafast TEM can be utilized to gain a fundamental understanding of dynamic processes occurring in materials. The combination of these capabilities allow for vast improvements
of in-situ TEM studies limited by video rate in that many processes span multiple time and length scales. Ultrafast in-situ electron microscopy promises to answer challenging questions in the
fields ranging from materials science and chemistry to nanoscience and biology. In this presentation, examples of ultrafast electron microscopy studies will be presented for selected systems.
Short lived transient processes involved in dynamic processes in materials will be discussed to obtain new insights. Additionally, the potential of novel in-situ stages for various data acquisition
schemes to push the envelope of ultrafast electron microscopy for the investigation of materials will be discussed.

2:45 PM CHO04.08.04

High-Speed Imaging Techniques for Imaging High-Jitter Dielectric Breakdown Noah Hopgisl, Kathryn Sturgel, Jonathan E. Barneyz, Brian L. Beaudoin, Ariana Bussio®, Ashley E.
Hammell!, Samuel Henderson?, James Krutzler!, Joseph P. Lichthardt?, Alexander H. Mueller?, Karl Smith?, Bryce Tappan? and Timothy W. Koeth'2; 1University of Maryland, United States;
2| os Alamos National Laboratory, United States

Imaging mechanically induced dielectric breakdown, which unfolds on ultra-short timescales, poses a formidable challenge. A significant hurdle in this endeavor is breakdown initiation jitter,
where even a tenth of a microsecond of timing deviation can frustrate imaging efforts. Our initial attempt to use a gigahertz frame rate camera to record dielectric breakdown initiated by an
exploding bridge wire detonator was hindered by pronounced initiation jitter.

To surmount this obstacle, we developed an innovative optical image delay line apparatus to mitigate the effects of breakdown jitter on imaging timing. In this presentation, we delve into the
design and performance of this optical delay line apparatus, showcasing its transformative impact. The integration of the optical delay line increased image capture success rate from 25% to
94%. Moreover, it facilitated superior temporal resolution. Beyond its applicability in the realm of dielectric breakdown, this technique holds promise for imaging other high-jitter, ultra-fast
phenomena

3:00 PM BREAK

3:30 PM *CH04.08.05
Imaging Quantum Coherence using Electron Wavepackets Ido Kaminer! and Giovanni Maria Vanacore?; 'Technion, Israel; 2The University of Milano-Bicocca, Italy

Until recently, work in quantum optics focused on light interacting with bound-electron systems such as atoms, quantum dots, and nonlinear optical crystals. In contrast, free-electron systems
enable fundamentally different physical phenomena, as their energy distribution is continuous and not discrete, allowing for tunable transitions and selection rules. Free electrons also enable
unique capabilities in microscopy and spectroscopy that are otherwise inaccessible.

Recent theoretical and experimental breakthroughs involving quantum interactions of free electrons spawned an exciting new field: free-electron quantum optics. We developed a platform for
exploring coherent free-electron interactions at the nanoscale, and used it to demonstrate the first coherent interaction of a free electron with quantum statistics of photons.

These capabilities open new paths toward using free electrons as carriers of quantum information. Concepts of quantum optics with free electrons also promote new modalities in electron
microscopy. We recently demonstrated the first instance of coherent amplification in electron microscopy. Specifically, we present an algorithm-based microscopy approach that uses light-
induced electron modulation to demonstrate the coherent amplification effect in electron imaging of optical near-fields. We provide a simultaneous time-, space-, and phase-resolved
measurement in a microdrum made from a hexagonal boron nitride membrane, visualizing the sub-cycle dynamics of 2D polariton wavepackets therein. Our experiments show a 20-fold
coherent amplification of the near-field signal compared to conventional electron near-field imaging, resolving peak field amplitudes of few kV/m.

Our vision is to develop a microscope that can image coherence, going beyond conventional imaging of matter to also image the quantum state of matter and probe quantum correlations
between individual quantum systems.

-N. Rivera and I. Kaminer, Light-matter interactions with photonic quasiparticles, Nature Reviews Physics 2, 538-561 (2020) (Review)

-K. Wang, R. Dahan, M. Shentcis, Y. Kauffmann, A. Ben-Hayun, O. Reinhardt, S. Tsesses, I. Kaminer, Coherent Interaction between Free Electrons and Cavity Photons, Nature 582, 50 (2020)
-R. Ruimyt, A. Gorlacht, C. Mechel, N. Rivera, and I. Kaminer, Towards atomic-resolution quantum measurements with coherently-shaped free electrons, Phys. Rev. Lett. 126, 233403 (2021)
-O. Reinhardtt, C. Mechelt, M. H. Lynch, and |. Kaminer, Free-Electron Qubits, Annalen der Physik 533, 2000254 (2021)

-Y. Kurmant, R. Dahant, H. Herzig Shenfux, K. Wang, M. Yannai, Y. Adiv, O. Reinhardt, L. H. G. Tizei, S. Y. Woo, J. Li, J. H. Edgar, M. Kociak, F. H. L. Koppens, and I. Kaminer,
Spatiotemporal imaging of 2D polariton wavepacket dynamics using free electrons, Science 372, 1181 (2021)

-R. Dahant, A. Gorlacht, U. Haeuslert, A. Karnielit, O. Eyal, P. Yousefi, M. Segev, A. Arie, G. Eisenstein, P. Hommelhoff, and I. Kaminer, Imprinting the quantum statistics of photons on
free electrons, Science 373, 6561 (2021)

-A. Karnielit, S. Tsessest, R. Yut, N. Rivera, Z. Zhao, A. Arie, S. Fan, and I. Kaminer, Quantum sensing of strongly coupled light-matter systems using free electrons, Science Advances 9,
add2349 (2023)

-R. Dahant, G. Baranest, A. Gorlach, R. Ruimy, N. Rivera, and I. Kaminer, Creation of Optical Cat and GKP States Using Shaped Free Electrons, to appear in PRX (2022); arXiv:2206.08828
-T. Bucher et al., Coherently amplified ultrafast imaging in a free-electron interferometer, arXiv:2305.04877

4:00 PM *CHO04.08.06
New Approaches of Ultrafast Electron Microscopy for Quantum Materials Yimei Zhu; Brookhaven National Laboratory, United States

In this presentation, several of our research examples are selected to highlight the characterization of materials dynamics in strongly correlated systems. | will focus on ultrafast phenomena and
charge-lattice and spin-lattice correlations. For instance, | will show: 1) a new two-color scheme based on near-field electron microscopy (PINEM), one for temporal gating, the other for
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pumping to achieve nm-fs spatiotemporal resolution to visualize ultrafast dielectric response and insulator-to-metal transition in nanowires [1]; 2) quantitative diffraction and diffuse scattering
analysis to capture the photoinduced ultrafast atom dimerization and rotation dynamic pathways [2] and the evolution of optical and acoustic phonon population in charge-density-wave
materials [3] using MeV-UED; and 3) study electromagnetic wave propagation in interdigitated comb device that is widely used as an antenna or sensor in mobile platforms [4] and observe
spin wave dynamics under microwave excitation using the GHz electron pulser we developed at BNL. The ability to probe materials dynamic responses under RF excitations has promising
applications for qubit devices and quantum information science.

Work at BNL was supported by the DOE-BES-MSED under the grant DE-SC0012704.

References:

1. X. Fu, et al., "Nanoscale-femtosecond dielectric response of Mott insulators captured by two-color near-field UEM “, Nat. Comm., 11:5770 (2020).

2.J. Li, etal., "Direct detection of V-V atom dimerization and rotation dynamic pathways upon ultrafast photoexcitation in VO2”, PRX 12, 021032 (2022).
3.Y. Cheng et al., “Ultrafast formation of topological defects in a 2D charge density wave”, Nat. Phys., in press (2023) (arXiv:2211.05748).

4. X. Fu, et al., "Laser-free ultrafast electron microscopy of electromagnetic wave dynamics", Sci. Adv., 6 eabc3456 (2020).

4:30 PM DISCUSSION TIME

4:45 PM CHO04.08.08
Uncovering Microscopic Interactions in Skyrmion Hosts via Lattice Dynamics Andi M. Barbour?, Myung-Geun Han?, Fernando Camino®, Chuhang Liu?, Mario Cuoco?, Yimei Zhu® and
Claudio Mazzolil; 1Brookhaven National Laboratory, United States; 2Consiglio Nazionale delle Ricerche, Italy

NSLS-II’s Coherent Soft X-ray (CSX) beamline has world leading coherent soft x-ray flux and, as such, can provide insight to materials traditionally studied with either neutrons or electron
microscopy (EM). In other words, bulk versus neara-surface, respectively. The highly tunable CSX beamline can close this gap since “bulk-like” and EM specific free-standing films are readily
investigated using soft x-ray resonant elastic scattering (REXS). Capitalizing on this capability, we turn to study interacting skyrmions. Most skyrmion hosting materials are conducting metal
alloys (the B20 metals), and these materials do exhibit interesting skyrmion lattice dynamics. However, Cu,0SeO; (CSO) offers an interesting comparison since it is a vastly different material,
being an insulator and exhibiting magnetoelectric coupling — which are attractive properties for devices. We will present new findings associated with skyrmion lattice (SkL) dynamics in CSO.
Recently reported rotational dynamics of the SkL are currently thought to be induced by either thermal gradients [1] or magnetic field gradients [2]. By combining coherent X-rays and REXS,
we can interrogate the structure and dynamics of rotating and non-rotating SKL points in a highly controlled manner. In collaboration with LTEM researachers, we are able to expand our
findings with complementary LTEM experiments.

1. Mochizuki et. al, Nature Materials 13, 241, 2014.
2. Zhang et. al, Nature Communications 9, 2115, 2018.
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5:00 PM CH04.09.02
Identifying Degradation Mechanism in Cathode Materials for Lithium lon Batteries with Precession Electron Diffraction Hyungcheoul Shim?, Young-Woon Byeon?, Seungmin Hyun®
and Jae-Pyoung Ahn?; 1Korea Institute of Machinery and Materials, Korea (the Republic of); 2Korea Institute of Science and Technology, Korea (the Republic of)

Due to the explosive growth of the electric vehicle market, recently, attention to lithium ion batteries (LiBs) is increased. The specialty of automotive applications is promoting the development
of long-life batteries based on material reliability. Developing a reliable LiB begins with understanding the mechanism of degradation of the material. In other words, based on the degradation
mechanism of the material analyzed from accurate and various angles, we can propose a design method of robust material that is one step further.

In this study, we tried to analyze the cause of the deterioration of cycling characteristics for Li(Ni;;3C0,,3Mn,,3)O,, which is mainly used as a cathode material for LiBs, by precession electron
diffraction (PED). In other words, we wanted to know the causes of degradation in the whole system by analyzing the material properties at a single crystal in nanoscale. For the analysis of
extremely small ranges of materials, we analyzed the degradation mechanism of the material in the sub-10nm range using Precession Electron Diffraction (PED) techniques.

The PED method can reduce the dynamic diffraction phenomenon according to the thickness of the TEM sample, so that the diffraction intensity can be quantified within a very small range. By
using the PED technique based on nano-sized electron beams, we were able to map the structural change of Li(Niy;3C0/,3Mny,3)O, material in a single crystalline unit over a long period of
electrochemical cycles.

It is known that the main cause of the decrease in LiB’s capacity over the electrochemical cycles is the formation of an electrochemically irreversible rock salt phase inside the cathode material.
However, the PED analysis showed that we could identify the existence of new metastable phase that had not discovered before. In other words, accelerated testing results revealed new
unstable phases due to cation migration and found that the presence and distribution of these phases had a decisive effect on LiB’s electrochemical degradation. In addition, the quantitative
relationship between the strain and phase transition also could be derived. Therefore, based on these results, we expect that PED based on nano-sized electron beams can add new perspectives
to the analysis of the degradation mechanism of materials for LiBs.

5:00 PM CH04.09.03
Unveiling The Distribution and Dynamic Behavior of Multi-Valent Chromium lons in Li(Sc;_,In,)O,:Cr Phosphors via In-Depth X-Ray Characterization Yi-Ting Tsai and Mu Huai

Fang; Research Center for Applied Sciences, Academia Sinica (RCAS), Taiwan

Cr¥*-doped inorganic compounds have played an important role in the development of near-infrared optical materials. However, the presence and distribution of multi-valent Cr ions remains
unclear. In this study, we examined a series of Li(Sc;_,In,)O, phosphors doped with crit using X-ray techniques from National Synchrotron Radiation Research Center. Through high-
resolution synchrotron X-ray diffraction, we identified two closely related phases within Li(Sc;_,In,)O,. Raman spectra also confirmed distinctive scattering patterns for the two end-members
of the compositional range, consistent with our XRD results. Further investigation using Cr K-edge X-ray absorption near edge structure and extended X-ray absorption fine structure
techniques revealed the prevalence of Cr* ions in the initial samples. However, a significant shift occurred towards Cr3* dominance upon water washing. We also used X-ray fluorescence and
X-ray excited optical luminescence methods to analyze the source and spatial distribution of Cr3* and Cr®* ions in both as-prepared and washed samples. Our analysis indicated that crb* ions

aggregate within the material, while Cr3* ions exhibit a more uniform dispersion. By utilizing photoluminescence, decay curve, and lineshape analyses, we were able to understand the electron-
lattice interactions responsible for the optical properties. Our study explains the multi-valent, low-concentration ion distribution in solid-state materials and provides valuable insights into
precise methodologies for discerning subtle alterations in crystal structures, contributing to the development of tailored optical materials.

5:00 PM CH04.09.05

Unraveling The Interfacial Behavior of Double Functionalized Silica Nanoparticles at Oil-Water Interfaces: Insights from Atomic Force Microscopy, In Operando Ultrasmall and
Small-Angle and X-Ray and Interfacial Rheology Measurements Ahmed W. Alsmaeil®, Sohaib Mohammed?, Bashayer Aldakkan?, Nikolaos Chalmpes®, Antonios Kouloumpis!, Georgia
Potsi', Greeshma Gadikota®, Mazen Kanj? and Emmanuel P. Giannelis'; Cornell University, United States; 2King Fahd University of Petroleum and Minerals, Saudi Arabia

Tuning interfacial interactions of emulsions is of utmost importance in addressing hydrocarbon contamination of water resources and facilitating sustainable synthesis and processing of
organics across different industries, such as energy recovery, pharmaceuticals, and the food industry. In this comprehensive study, we investigated the assembly of colloidally stable silica
nanoparticles (NPs) at the oil-water interface, employing a novel double functionalization strategy. The NPs were functionalized with a blend of two silanes, one based on a quaternary
ammonium group and the other combining primary and secondary amine groups, thereby endowing them with a positive charge. By modulating the charges on both the NP's surface groups and
the oil phase, either by pH adjustments or the addition of electrolytes, we controlled the assembly and behavior of the emulsion. The careful combination of tunable charge and specifically
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chosen silane coupling agents provided the NPs with outstanding colloidal stability, which is significant for practical applications.

To evaluate the colloidal stability of the NPs, we conducted accelerated Space-Time Extinction Profiles (STEP®) measurements in brine solutions up to 60,000 ppm containing monovalent and
divalent electrolytes and temperatures up to 60 °C. Remarkably, even under these harsh conditions, the NPs displayed exceptional stability. Assembly of the NPs at the oil-water interface can
be controlled by controlling the pH or in the presence of electrolytes. Specifically, at pH 9 or in high salt concentrations, the interfacial tension (IFT) was substantially reduced from 35 mN/m
to 5 mN/m and 2 mN/m, respectively.

To gain further insights into the interfacial properties of the emulsion, we used Ultrasmall/Small-angle X-ray scattering measurements, which unequivocally confirmed the presence of
nanoparticles at the interface. Moreover, we found a correlation between the time-dependent scattering profiles and the dynamics of the growth of the interfacial film. To explore the
nanomechanical characteristics of the interface, Atomic Force Microscopy (AFM) was employed. Notably, in the presence of the NPs at pH 9, the stiffness of the interface was substantially
lower compared to acidic and neutral conditions, in brine or at pH 9 the assembly leads to jamming, reminiscent of an elastic membrane characterized by high dilatational and storage moduli.
Leveraging the jamming phenomenon, we demonstrated the efficacy of our approach in herding oil droplets, thereby showcasing its potential for oil spill remediation. Additionally, our method
facilitated the production of highly moldable and printable oil-in-water emulsions, presenting novel opportunities for various applications in the fields of environmental remediation, catalysis,
drug delivery, food technology, and oil recovery.

5:00 PM CH04.09.07
Effects of Topological Parameters on Thermal Properties of Single-Walled Carbon Nanotubes by Molecular Dynamics Simulation Lida Najmi and Zhong Hu; South Dakota State
University, United States

Due to their enhanced properties, carbon nanotubes (CNTS) are increasingly used in various industrial sectors. Specifically, the thermal conductivity of these materials is affected by heat
transfer mechanisms across multiple scales, leading to a complex relationship between the effective response and the microscopic characteristics of the material. Due to their high thermal
conductivity, CNTs have applications in various fields including electronics, materials science, and thermal management. They are incorporated into composites, films, and other materials to
enhance their thermal performance. In this topic, the thermal properties of single-walled carbon nanotubes (SWNTS) are investigated using molecular dynamics (MD) simulation. The effects of
the chirality, diameter, and length of SWNTSs on the thermal properties were studied using the reverse non-equilibrium molecular dynamics (RNEMD) method and the carbon-carbon based
Tersoff interatomic potential based on the Large-scaled Atomic/Molecular Massively Parallel Simulator (LAMMPS). The SWNTSs studied have tube lengths of 5, 10, 15 and 20 nm,

respectively. The thermal conductivity follows a LB law. The exponent B is insensitive to the chiral angle of the CNT; B at room temperature is about 0.89 and 0.69 for zigzag and armchair
CNTs, respectively. Although thermal conductivity increases with increasing the chiral angle, and armchair SWNTs have higher thermal conductivity than zigzag CNTSs, the effect of chirality
on the thermal conductivity for longer CNTs decreases. Therefore, for longer length SWNTSs, the thermal conductivity of the zigzag is greater than that of the armchair ones. Through research
on SWNTs of different diameters, it was found that at the same chiral angle, the thermal conductivity of SWNTSs decreases with the increase in diameter, while SWNTSs with greater chiral

angles exhibit higher thermal conductivity than those of the same diameter. The thermal conductivity follows a D8 trend, and the exponent B is insensitive to the chiral angle of the CNTSs; the
B of zigzag and armchair CNTs at room temperature are about 0.43 and 0.26, respectively. In addition, the thermal resistance at the CNT’s interfaces was studied as a function of the nanotube
spacing, overlap, and length. The simulation results were compared with the experiments and simulation results from the literature which are in agreement. The presented approach can be
applied to study the properties of other advanced materials.

5:00 PM CH04.09.08
In-Situ Electron Channeling Contrast Imaging of Local Deformation Behavior of Lath Martensite in Low-Carbon-Steel Shuang Gong and Junya Inoue; University of Tokyo, Japan

This study reveals the dislocation dynamics that control the local deformation behavior of lath martensite in low-carbon steel using a combination of in-situ tensile Electron Channeling Contrast
Imaging (ECCI) and X-ray based Convolutional Multiple Whole Profile (CMWP) fitting methods.

Lath martensite, characterized by distinct anisotropy in its local deformation behavior, poses challenges for its ductility in engineering applications. Unveiling the local dislocation dynamics
driving this behavior is crucial for material optimization. Recent studies using X-ray and neutron diffraction line profiles have successfully employed the CMWP fitting method to probe the
macroscopic evolution of dislocations in this material. Building on the foundation of this innovative approach, this study presents an integrative use of advanced X-ray analysis and in-situ
tensile ECCI, which allows for microscopic direct observation of dislocation motion dynamics, directly linking them with the macroscopic evolutions.

By capturing X-ray diffraction patterns before and after a specific elongation threshold, and applying CMWP fitting, the study accurately determines the dislocation density, character, and
arrangement within the lath. The analysis meticulously tracks the behavior of dislocations, identifying intra-lath crystallographic slip and boundary sliding as the two primary deformation
processes. The onset of dislocation movement signifies the commencement of microscopic yielding. As the stress applied to the material increases, a transition to macroscopic yielding is
observed, characterized by the ability of dislocations to navigate through and overcome densely packed dislocation walls within the laths. Near the lath boundaries, the pile-up of dislocations
from out-of-lath-plane slip systems contrasts with the ongoing movement of those in-lath-plane, which are mainly responsible for plastic deformation.

Further, this study successfully captures the boundary sliding phenomenon and clarifies the critical resolved shear stress (CRSS) required for this process to become the dominant form of
plastic deformation following work hardening. The swift movement of the dislocation network close to the boundaries is particularly emphasized, as it plays an important role in mediating
boundary sliding.

In summary, the correlation between the dislocation structure evolution observed through in-situ tensile ECCI and the evaluation made by CMWP fitting elucidate the intricate mechanism of
plastic deformation in low-carbon steel lath martensite, with profound implications for enhancing the ductility of the material for industrial applications.

5:00 PM CH04.09.09
Disentangling Thermal from Electronic Contributions in The Spectral Response of Photo-Excited Perovskite Materials Lijie Wang®?, Razan O. Nughays®, Omar F Mohammed? and
Majed CherguiZ; IKAUST, Saudi Arabia; 2EPFL, Switzerland

Disentangling electronic and thermal effects in photo-excited perovskite materials is crucial for photovoltaic and optoelectronic applications, but remains a challenge due to their intertwined
nature in both the time and energy domains. In this study, we employed temperature-dependent variable-angle spectroscopic ellipsometry, density functional theory calculations, and broadband
transient absorption spectroscopy spanning from the visible to mid-to-deep-Ultraviolet (UV) ranges on MAPbBT; thin films. The use of deep-UV detection opens a new spectral window that

enables the exploration of high-energy excitations at various symmetry points within the Brillouin zone, facilitating the understanding of the ultrafast responses of the UV bands and the
underlying mechanisms governing them. Our investigation reveals that the photo-induced spectral features remarkably resemble those generated by pure lattice heating, and we disentangle the
relative thermal and electronic contributions and their evolutions at different delay times using combinations of decay-associated spectra and temperature-induced differential absorption. The
results demonstrate that the photo-induced transients possess a significant thermal origin and cannot be attributed solely to electronic effects. Following photo-excitation, as carriers (electrons
and holes) transfer their energy to lattice, the thermal contribution increases from ~15% at 1 ps to ~55% at 500 ps, and subsequently decreases to ~35-50% at 1 ns. These findings elucidate the
intricate energy exchange between charge carriers and lattice in photo-excited perovskite materials, and provide insights into the limited utilization efficiency of photo-generated charge carriers.

5:00 PM CHO04.09.11
Non-Newtonian Dynamics in Water-In-Salt Electrolytes Marie-Louise Saboungil, David PriceZ, Andrei Dukhin?, Tsuyoshi Yamaguchi4 and Dongzhou Zhang5; 1IMPMC -Sorbonne
Université, France; ZCEMHTI, France; 3Dispersion Technology Inc, United States; 4Nalgoya\ University, Japan; 5University of Chicago, United States

Water-in-salt electrolytes have attracted considerable interest in the past decade

for advanced lithium-ion batteries, possessing important advantages over the non-aqueous
electrolytes currently in use. A battery with a LiTFSI-water electrolyte was demonstrated in
which an operating window of 3 V is made possible by a solid—electrolyte interface. Viscosity is
an important property for such electrolytes, because high viscosity is normally associated with
low ionic conductivity. Here, we investigate shear and longitudinal viscosities using shear stress
and compressional longitudinal stress measurements as functions of frequency and
concentration. We find that both viscosities are frequency-dependent and exhibit almost
identical frequency and concentration dependences in the high-concentration region. A
comparison to quasielastic neutron scattering experiments suggests that both are governed by
structural relaxation of the TFSI— network. Thus, LiFTSI-water electrolytes appear to be an
unusual case of a non-Newtonian fluid, where shear and longitudinal viscosities are determined
by the same relaxation mechanism.
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5:00 PM CH04.09.12
Evaluation of Anti-Icing/De-Icing Performance of PU Topcoat with CNT Addition in Aircraft Applications Lee Donghyeon, Yang Seong Baek and Kwon Dong-Jun; Gyeongsang
National University, Korea (the Republic of)

Icing on aircraft can lead to increased weight, reduced lift, and pose a risk of accidents. Methods for removing aircraft icing include the use of deicing solutions like glycol or employing
techniques such as heating and vibration. However, these methods have limitations in terms of applicable areas, energy consumption, duration constraints, and low efficiency. To prevent ice
formation on the aircraft itself, anti-icing methods are employed.

Anti-icing methods involve surface etching on metal surfaces or the application of hydrophobic polymer coatings. Commonly used polymers for this purpose are polytetrafluoroethylene
(PTFE) and polyurethane due to their ability to cure at room temperature and compatibility with base materials like epoxy. To enhance hydrophobic effects, research is exploring the addition of
hydrophobic nanoparticles to create nanostructured surfaces. Nanoparticles, acting as binders, form the topcoat in the coating layer. However, nano surfaces face challenges related to durability
and sustainability.

In this study, a nanostructured surface was achieved by incorporating hydrophobic nanoparticles, specifically carbon nanotubes (CNT), into the polymeric topcoat. Polyurethane was utilized as
the topcoat, and CNT dispersed in a solvent such as xylene was sprayed after coating. To address durability issues associated with previously researched nano surfaces, CNT was dispersed in
the binder to enhance the strength of the topcoat and increase the adhesion between the binder and the exposed CNT on the surface. Additionally, the conductivity of CNT dispersed in the
topcoat contributed to higher thermal conductivity compared to coating CNT only on the surface.

To expose hydrophobic CNT on the surface, some hardening of the topcoat surface was induced before coating with xylene. This allowed for the manifestation of the hydrophobic effect from
the carbon surface of CNT and also contributed to surface morphology effects induced by CNT. The addition of CNT increased the contact angle with water from 74.3 degrees to 121.2 degrees,
resulting in a significant delay in icing effects, approximately a 260% increase. Moreover, a decrease in adhesion time and strength of ice on the surface was observed. When a current of 3V
was applied, a temperature increase of about 54 degrees was noted, effectively causing the ice to melt and slide off.

Ongoing research involves investigating the impact of surface roughness changes on aircraft wings or similar structures when applied as an actual model. The study aims to understand the
influence of surface variations on aircraft wings and related components.

This work was partly supported by Korea carbon Industry Promotion Agency grant funded by the Ministry of Trade, Industry and Energy (RS-2023-0026563). This research was supported by
the National Research Foundation of Korea(NRF) funded by the Ministry of Science and ICT (RS-2023-00211944). This work was supported by Policy R&D program funded by Korea
Ceramic Engineering & Technology, Republic of Korea(No. KPP23006-0-01).

5:00 PM CH04.09.13
Advanced Characterization Approaches for Anisotropic Metal Patchy Particles Julia S. Seifert!, Andreas Voelkl', Dominik Drobek?, Nabi E. Traoré!, Paola Cardenas Lopez!, Mingjian

Wu?, Benjamin Apeleo-Zubiri?, Johannes Walter! and Robin N. Klupp Taylor!; tInstitute of Particle Technology, Germany; ZInstitute of Micro- and Nanostructure Research & Center for
Nanoanalysis and Electron Microscopy, Germany

Plasmon resonant nanoparticles have garnered significant interest in recent decades due to their potential as sensing or marker particles in various applications. Particularly, anisotropic
plasmonic particles offer the advantage of highly tunable optical properties within a particle system. However, the increased number of shape parameters compared to isotropic particles,
challenges for thorough particle characterization. Precise descriptions of particle shape and product yield are, nevertheless, indispensable for product optimization, which requires, for example,
particle growth models. Therefore, in this contribution we present a variety of characterization methods used to extract information from our anisotropic particle system, obtaining the desired
parameters on different levels.

We have developed several continuous flow processes for synthesizing gold and silver patchy particles whereby dielectric core particles are coated with thin islands of metal. The size, shape
and morphology of the patches determine the optical resonance position which can be tuned over the visible and near-infrared spectral range. The synthesis is performed in a seed-mediated
two-step process. Understanding the influence of seed particles on the growth of patches with different dimensions and morphologies is crucial. To this end, we will show how newly developed
4D-STEM analysis can resolve individual crystal grains’ orientations and probe the influence of seed particles on the crystal growth directions in the patch.

On the whole patch scale, coating dimensions and morphology must be thoroughly characterized to obtain quantitative size parameters. These are essential for optical simulations and the
development of patch growth models. STEM analysis and electron tomography are indispensable for revealing the patch structures where SEM imaging fails due to resolution limitations. Here
we will show how these techniques can be applied to quenched samples, in which the growth has been “frozen” during patch formation, thus providing insight into the growth process.
Additionally, patch shape degradation after synthesis, observed as changes in the optical spectra, can only be resolved through TEM imaging. Here, 3D data obtained from electron tomography
can further be used as direct input for optical simulations to compare the obtained results with experimental spectra.

At the overall particle level, it is important to note that not every particle is coated with a patch. Determining the so-called patch yield is crucial for optimizing process efficiency. In this regard,
we demonstrate the use of different methods to identify the patch yield of the product. Firstly, single particle scattering and extinction, a novel technique derived from flow cytometry, can
distinguish between bare and gold-coated polystyrene particles due to their different optical responses. Secondly, analytical ultracentrifugation, as an ensemble measurement, is used to
determine product yield based on differences in particle density and sedimentation velocity.

The diverse characterization methods we demonstrate for patchy particles enhance our understanding of their complex properties and synthesis. These methodologies, adaptable to other
anisotropic systems, are expected to be pivotal for future advancements in plasmonic nanoparticle applications.

5:00 PM CH04.09.14
Self-Healing Polymer Composites with Enhanced Strength for Use in Protective Textiles Evan A. Griffiths, Blaine M. Barrington, Jessica M. Andriolo, Scott Coguill, Brahmananda
Pramanik, Richard LaDouceur and Jack L. Skinner; Montana Technological University, United States

Self-healing materials have the potential to increase the lifetime of products exponentially through both non-reversible healing and reversible healing processes. For instance, non-reversible
healing has been demonstrated with the use of micro-spheres filled with healing-compounds used to mitigate micro-crack propagation in materials like concrete or asphalt. Upon use, however,
micro-sphere rupture is irreversible. Reversible self-healing traditionally takes the form of polymeric or rubber materials designed to exhibit both covalent and ionic bonds within the same
material. Reversible self-healing materials not only repair other products but can have extended lifetimes themselves. However, reversible self-healing materials are often mechanically weak
when compared to non-reversible self-healing materials, thereby, limiting applications. In this work we report mechanical results of aramid nanofiber (ANF) reinforcement of polycaprolactone
(PCL). These results and future testing will then be applied to self-healing polymer materials to observe the mechanical reinforcement factors.

To fabricate the aramid nanofibers, macroscale fibers were broken down through hydrolysis in a dimethyl sulfoxide and potassium hydroxide solution. Fibers were then reformed through the
addition of water and filtered to remove larger fibers. Following filtration, the remaining fibers were suspended in PCL that had been pre-dissolved in trifluoroethanol. The ANF/PCL
suspension was sonicated for dispersion of the nanofibers within the polymer matrix. For this study, the samples examined were: 1) PCL melted and impregnated with ANFs before solidifying,
2) PCL that was solvent-dissolved before ANFs were blended into the liquid polymer and then let dry to evaporate solvent, 3) and solvent-dissolved PCL/ANF composites (1 and 2 wt%) that
were embedded with ANFs before solvent was evaporated from the samples. Mechanical testing for this study included compressive, tensile and split-Hopkinson pressure bar (SHPB). Results
of this testing demonstrated an increase of compressive yield strength by 22 %, an increase in tensile Young’s modulus by 28 %, and a decrease in ultimate strength by 32 %. SHPB testing also
revealed an increase in dynamic resistance when absorbing impacts at speeds ranging from 10 to 22 m/s where impact duration lasted as much as 23 % longer. Further testing will be performed
to characterize shear performance of the samples as well as the Charpy impact energy absorption. Transmission electron microscopy and energy dispersive spectroscopy will be used to
correlate embedded fiber morphologies and distributions with mechanical properties.

The primary objective of this work is to provide self-healing textiles with enhanced strength for soldiers in the field to maintain protection following damage of protective gear or uniforms.
Following determination of a preferable aramid concentration in a reinforced polymer matrix, the polymer will be electrospun into fibrous textiles for further mechanical testing, to monitor
properties following impact and self-repair, and determine sustainability.

SESSION CHO04.10: Emerging Characterization and Modeling
Session Chairs: Tianyi Li, Michelle Mejia and Yang Yang
Friday Morning, April 26, 2024
Room 443, Level 4, Summit

8:00 AM CHO04.10.01

Hydrogen Exchange and Diffusion Kinetics at Elevated Temperatures in Proton-Conducting Solid Oxide Materials Mudasir A. Yatoo®, Sakuda Yuichi?, Kataro Fujii%, Masatomo
2 11 2
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Yashima and Stephen Skinner ; Imperial College London, United Kingdom; Tokyo Institute of Technology, Japan

Storage of purified hydrogen is one of the central challenges in addressing climate change and reducing our reliance on fossil fuels for energy conversion and storage, and therefore there is a
global surge in research and development concerning hydrogen purification and storage. In this regard, we are studying proton conduction in solid oxide materials at elevated temperatures for
applications in hydrogen separation and compression membranes. Hydrogen compression is the most recommended method to store hydrogen for automotive applications as it allows an
increase in the hydrogen volumetric energy density.

Traditionally the protonic conductivity in these materials is measured by indirect methods. For example, conductivity measurements in mixed gas atmospheres, comparing for example dry N,
with humidified N,, thereby allowing the contribution of protons to be evaluated. In this study, we for the first time report the evaluation of protonic conductivity in BaZr,_,Ce, Y ,03 5,
BaZrg 1Ceq 7Y g0, YD, O3 5, Ba;NbyM0oO,, and Ba;Nb,M0oO, 4 by direct measurements afforded by the Isotope Exchange Depth Profiling technique with deuterium labelling. We also report

the kinetics of H/D transport through the bulk materials and across metal-ceramic interfaces with a particular interest in the behaviour of the interface between the key Pd/Pd alloy catalyst
component and the hydrogen-transporting oxide ceramic material. The transport and interface behaviour information will be of significance in designing hydrogen separation and compression
membranes.

8:15 AM CHO04.10.02

Novel Electrical Tree Type Observed using Gigahertz Frame Rate Camera to Image Dielectric Breakdown in Space-Charged Polymer Kathryn Sturge?, Noah Hoppis?, Ariana Bussio®,
Jonathan E. Barneyz, Brian L. Beaudoin®, Cameron Brown?, Bruce Carlsten?, Carolyn Chun?, Nicholas Dallmann?, Jack Fitzgibbon?, Ashley E. Hammell', Samuel Henderson?, Miriam
Hiebert, James Krutzler!, Joseph P. Lichthardt?, Mark Marr-Lyon?, Nathan Moody?, Alexander H. Mueller?, Patrick O'Sheal, Ryan Schneider?, Karl Smith?, Bryce Tappan?, Clayton
Tiemannz, David Walter? and Timothy W. Koethl; 1University of Maryland, College Park, United States; 2|os Alamos National Laboratory, United States

We have successfully imaged dielectric breakdown occurring in electron irradiated space-charged polymethyl methacrylate (PMMA) blocks at a nanosecond time resolution. These images,
which are the first of their kind, reveal two distinct dielectric breakdown treeing effects, one of which is absent from the present literature on dielectric breakdown. This new mode of electrical
tree formed during dielectric breakdown of a space-charged polymer demonstrates unique behavior from its better-documented and widely known “branch-type” channels, including structural
and formation dynamics differences. Due to its threadlike, smooth appearance, this new type of electrical tree has been coined “vine-type,” in contrast to its “branch-type” counterpart. Both
vine-type and branch-type electrical trees were imaged as they formed in the electron irradiated samples, allowing for close study of the channel formation dynamics. The speeds at which the

channels form for both types were directly measured from these images and found to exceed 107 m/s and 108 m/s for vine-type and branch-type, respectively—speeds approaching 4% the
speed of light in the material. These speeds are faster than previously predicted by models and imply the channel growth is the fastest physical phenomenon in a solid material. Further, the
propagation of the electrical tree formation was imaged and three regimes of breakdown channel formation were identified and characterized for the two modes of electrical trees, solving a
decades-long mystery on the plasma channel formation process in space-charge dielectric breakdown.

8:30 AM CHO04.10.03

Hygromechanical Behavior of Cellulose-Based Materials Caterina Czibulal, Ulrich Hirn! and Kristie J. Koskiz; 1Graz University of Technology, Austria; 2University of California, Davis,
United States

Cellulose is the most abundant biopolymer on Earth and, as most biological materials, has a hierarchical, anisotropic structure. Its mechanical properties are strongly influenced by
environmental conditions such as temperature and moisture content. Especially the influence of humidity is very difficult to investigate. In most cases, water behaves like a plasticizer and leads
to lower mechanical properties, swelling of the material and shows an apparent effect on the viscoelastic behavior of the material. This has strong implications for the technical use of cellulose-
based materials. The production of paper is a classic example with the material going through different process steps, which have an influence on the chemical and physical properties, and at
the same time also cause different hydration states in the material. When the product is finished and put into use, the effects of moisture changes trigger undesirable effects and have an impact
on service life.

Here, Brillouin Light Scattering Spectroscopy (BLS) is applied as a non-contact, optical method based on inelastic scattering of laser light by acoustic phonons in the sample material to study
the mechanical properties. By using BLS, the mechanical behavior in the GHz frequency regime is investigated with a high time resolution during wetting and drying of cellulose-based
materials. In this talk, first results of such experiments will be presented.

8:45 AM CH04.10.04
Interpreting Spectroscopic Data in Halide Perovskites using Bayesian Inference Tobias Rudolph!, Chris Dreessen!? and Thomas Kirchartz!%; LIEK5-Photovoltaik, Germany; 2Instituto de
Ciencia Molecular, ICMol, Spain; 3Faculty of Engineering and CENIDE, Germany

The characterization of recombination processes is a crucial step in the development of solar cells. TRPL is a traditional characterization method for observing recombination mechanisms,
frequently used for instance in the field of lead-halide perovskites for photovoltaic and optoelectronic applications. However, especially in the fairly intrinsic lead-halide perovskites, the
interpretation of data is complicated because many processes, such as different recombination mechanisms and charge transport, occur at similar time scales. While it is reasonably
straightforward to solve the forward problem of simulating TRPL transients for a given set of material parameters, the inverse problem of inferring the material parameters from measured
transients is difficult. Fitting analytical models typically leads to an oversimplified model while fitting numerical simulations is very time consuming.

In this study, we propose a novel approach that combines Bayesian inference with surrogate models to increase computational speed. Using our approach, we obtained results from a typical
TRPL dataset in less than an hour on an ordinary desktop PC. Instead of using the drift-diffusion simulations during fitting, we used ~108 simulations to train a convolutional neural network
which works as a surrogate model. Reading out the surrogate model for a certain material parameter combination is approximately as fast as the evaluation of an analytical equation but allows
the inclusion of significantly more complexity in the choice of model. Given the speed of comparing the output of the surrogate model with the experimental data, it becomes feasible to
evaluate the physically plausible parameter space by slow methods such as grid search. This approach allows us to obtain a profound understanding of parameter correlations and can estimate
fitting errors.

Conventional methods used to experimentally determine TRPL transients such as TCSPC suffer from a limited dynamic range. However, the recombination parameters only become visible in
data that covers several orders (>4) of magnitude in PL intensity and time. Thus, we used a gated CCD setup to measure TRPL over a wide dynamic range of up to eight orders of magnitude.
This provides insights into the recombination processes that would be difficult to obtain otherwise. A noteworthy result in the context of lead-halide perovskite thin films is the predominance of
recombination via shallow defects and the apparent complete absence of deep defect recombination in the data that we observe over a wide range of compositions. We can infer important
parameters, such as trap depths, trap density, and capture cross-sections from the TRPL data. Our method offers rapid and comprehensive insights into the parameters governing the
recombination process in solar cells.

9:00 AM CHO04.10.05
High Operation Stability of Solution-Processed Ultrathin (<1pm) Flexible Transparent Electrodes with Wire-Particle Nano-Adhesion between Metal and Metal-Oxide-

Semiconductor John Jinwook Kim?, Haibin Su? and Wallace C. Choy?; 1The University of Hong Kong, Hong Kong; 2The Hong Kong University of Science and Technology, Hong Kong

Ultrathin flexible transparent electrodes (UFTES) are an indispensable component in emerging flexible electronics due to a high level of compatibility and comfortability while there is an ever-
increasing demand for low-cost solution-process-based high-throughput production for uFTEs. Owing to the successful advances of solution-processed nanomaterials [1], UFTE composites

from transparent metal-oxide-semiconductors (TMOS) and silver nanowires (*9NWs) have been extensively reported. However, there is still a big gap in achieving simultaneous multi-loading

operations (i.e., folding cycles with <1.5 mm radius of curvature, current bias with >300 mA cm™, and humid environments at 85 % of relative humidity (RH)), which is highly required as one
of the practically rigorous environments.

The fundamental bottleneck is to achieve high-quality interfaces simultaneously by performing tri-system integration in ~9NW-TMOSNP hybrid uFTEs. The tri-system includes three different
interfaces AINW-AINW, TMOSNP.TMOSNP and AINW-TMOSNP. Al interfaces play key roles in the long operational stability against the simultaneous multi-loading operations. Although
excellent works have been reported in the individual systems of AANW-AINW networks [2] and TMOS-TMOS nanocrystal films [3], importantly, the quality of ANW-TMOSNP heterogeneous
interfaces needs substantially improving due to the mismatched interaction between ASNW and TMOSNP. As a consequence, there are primary need to realize the tri-system integration for

achieving the mechanical, electrical, and chemical stability in the solution-processed ~INW-TMOSNP composites for better uFTEs.
In this study, we develop a simple one-step in situ solution processed method (iISPM) to fabricate the solution-processed tri-system-integrated UFTEs (greatly thin less than 1um) composed of

AINWs and Z"ONPs at room temperature. The iSPM is developed for both (i) removing the capping agents from A9NWs and (ii) facilitating Z"°NPs with flexible geometric shapes through the
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course of the coalescence process. The provided condition from both (i) and (ii) enables the Z"°NPs to be capable of in situ nano-adhesion into the cleaned surface of A9NWs via flexible

geometric shapes. Fundamentally, we show the in-situ atomic passivating mechanism of A9NW by the liquid-like spreading dynamics of solid-state Z"°NP being wetted on the ASNW surface.
The nanonet uFTEs with tri-system integration via iISPM show very good mechanical-electrical-thermal-moisture stability of the current density fluctuations less than 5 % against simultaneous

multi-loading fatigue tests (10,000 cyclic mechanical folding with approximately 0.5 mm of FR, continuous electrical bias of 8.4 MA cm™, and 85 % RH condition). The superior
electrical/optical properties (<10 © sq.™! of sheet resistance and >88 % of diffused transmittance in the region of wavelengths 400-1000 nm) and smooth surface topography (within ~1 nm of
RMS and ~5 nm of PtV roughness) have been achieved within all the iISPM-treated AINW-Z"ONP nanonet uFTESs. Consequently, our finding unveils the complex interfacial dynamics

associated with the heterogeneous interface system between ~INWs and Z"ONPs and holds great promise in understanding the in-situ nano-adhesion process and increasing the design flexibility
of promising solution-processed UFTEs.

Reference

1. Huang, Z., Ouyang, D., Shih, C., Yang, B. and Choy, W. C. H. Solution-Processed Ternary Oxides as Carrier Transport/Injection Layers in Optoelectronics. Adv. Energy Mater. 10, 1900903
(2020).

2. Park, J. H. et al. Flash-Induced Self-Limited Plasmonic Welding of Silver Nanowire Network for Transparent Flexible Energy Harvester. Adv. Mater. 29, 1603473 (2016).

3. Chen, Z. et al. A Transparent Electrode Based on Solution-Processed ZnO for Organic Optoelectronic Devices. Nat. Commun. 13, 4387 (2022).

9:15 AM CH04.10.06
Structure and Dynamics of Water Ice Ih Tianran Chen and David A. Tennant; The University of Tennessee, Knoxville, United States

Water ice Ih is a non-periodic system with proton disorder due to the large number of possible configurations of hydrogen atoms that follow the ice rule. Understanding the structure and
dynamics of water ice Ih is important for various scientific and technological applications. In this work, we measured the static and dynamic structure factors of a single crystal ice Ih at
different temperatures using elastic and inelastic neutron scattering techniques. We showed that our static structure factors could be well explained by the Fourier transform of the simulated
spatial configurations of water ice.

We derived the formula to calculate the dynamic structure factor of non-periodic systems. We showed the limitations of classical first-principle phonon calculations when dealing with non-
periodic systems. We presented a novel method to calculate the dynamics of water ice Ih. We constructed the force constant matrices using a mathematical model based on the local symmetry
guaranteed by the ice rule. The model parameters were first fitted to first-principle phonon results and then fine-tuned to fit the neutron scattering data. Our results showed the detailed short-
range interactions of water ice Ih with high accuracy and corrected the underestimated hydrogen interactions using classical first-principle phonon calculations. Our results provided new
insights into the lattice dynamics and thermal properties of water ice Ih and offered potential applications for understanding other non-periodic systems with local symmetry.

9:30 AM BREAK

10:00 AM CH04.10.07
Energy Storage using Order-Disorder Phase Transitions in Plastic Crystals Ares Sanuy, Gustavo Madrigal, Carlos Escorihuela, Claudio Cazorla and Luis Carlos Pardo Soto; Universitat
Politécnica de Catalunya, Spain

Energy storage materials based on order-disorder phase transitions are a promising strategy for harnessing solar energy in a simple and efficient manner. Thermal energy is stored by inducing a
phase transition between an ordered solid phase, where molecules are ordered both translationally and orientationally, and a plastic phase where molecules are allowed to rotate in a more or less
free way. Two materials that can be used for this purpose are Neopentyl Glycol (NPG) and methylammonium-lead-iodide (MAPI), the latter having an organic molecule inserted into an
inorganic framework, in contrast to the former. From a theoretical perspective, the strategy of harnessing energy through order-disorder transitions requires a deep understanding of the nature of
disorder in the plastic phases. This understanding is crucial for analyzing existing materials and developing new ones based on the same principle. In this work, we present Molecular Dynamics
simulations aimed at establishing a unified microscopic description that rationalizes the experiments conducted so far. Additionally, the study proposes a standardized protocol for investigating
order-disorder phase transitions.

10:15 AM CH04.10.08

Unraveling The Catalytic Effect of Hydrogen Adsorption on Pt Nanoparticle Shape-Change Cameron J. Owen?, Nicholas Marcella?, Yu Xie!, Jonathan Vandermause?, Anatoly
Frenkel®#, Ralph Nuzzo? and Boris Kozinsky®; Harvard University, United States; 2University of Illinois at Urbana-Champaign, United States; 3Stony Brook University, The State
University of New York, United States; 4Brookhaven National Laboratory, United States; SRobert Bosch LLC, United States

The activity of metal catalysts depends sensitively on dynamic structural changes that occur during operating conditions. The mechanistic understanding underlying such transformations in
small Pt nanoparticles (NPs) of ~1-5 nm in diameter, commonly used in hydrogenation reactions, is currently far from complete. In this study, we investigate the structural evolution of Pt NPs
in the presence of hydrogen using long time-scale reactive molecular dynamics (MD) simulations paired with experimental X-ray absorption spectroscopy. From these comparisons, we obtain
atomic-level mechanistic insights into “order-disorder' structural transformations exhibited by highly dispersed Pt NP catalysts upon exposure to hydrogen. We report the emergence of
previously unknown candidate structures in the 1 nm Pt NP size range, where exposure to hydrogen leads to the appearance of a “quasi-icosahedral’ intermediate symmetry, followed by the
formation of “rosettes' on the NP surface. Hydrogen adsorption is found to catalyze these shape transitions by lowering their temperatures and increasing the apparent rates at which these
candidate structures appear, revealing the mutually catalytic and dynamic nature of interaction between nanoparticle and adsorbate. This study offers a new pathway for deciphering the
reversible evolution of catalyst structure resulting from the chemisorption of reactive species, enabling the determination of active sites and improved interpretation of experimental results with
atomic resolution.

10:30 AM CHO04.10.09
Temperature-Dependent Mechanical Properties of Organic Semiconductors Kehinde Fagbohungbe, Connor Callaway and Chad Risko; University of Kentucky, United States

Rationalizing the deformation of molecular and polymer-based organic semiconductors (OSC) under mechanical stress across a range of operating temperatures is critical both to the
development of OSC for flexible devices and to a more general understanding of the degradation of OSC performance. Here, we develop and deploy atomistic molecular dynamics simulations
to determine stress-strain relationships of molecular (i.e., non-fullerene and fullerene acceptors) and polymer (i.e., P3HT)-based OSC of interest for organic solar cells. A key goal of this work
is to clarify how changes in chemical structure of the OSC building blocks, packing configurations, polymer chain entanglement, and both local and long-range material order (e.g., torsional
disorder, crystallinity, etc.) influence properties such as the elastic modulus. By making connections with other (thermo)mechanical and optoelectronic works in the literature, the results
discussed here seek to provide insights into upper and lower temperature limits for OSC during device operation and overall material stability.

10:45 AM CHO04.10.10
Real Time Sensing of One Dimensional Nanostring Vibrations Michael C. Skripalsh, Arnab Manna, Laurel E. Anderson and Arthur Barnard; University of Washington, Seattle, United
States

Micromechanical resonators host localized vibrations which make them useful tools for sensing and exploring the physics of small-scale systems. Devices such as silicon nitride cantilevers or
suspended carbon nanotubes can be used as sensing devices through measurements of how their resonant frequencies change due to local perturbations. The small size of these resonators
enables extremely precise resolution of masses and forces. While reducing the size of mechanical resonators conceptually improves sensitivity, when a resonator is shrunk down to the
molecular scale, a much more complex regime emerges. Polymers, for instance, are known to be highly entropic: coupling to their environment causes large thermal fluctuations among their
many flexural modes. The dynamics of such systems are well understood in highly damped environments such as biopolymers inside a living cell. However, in underdamped environments the
dynamics are largely unexplored.

In this study, single molecules of DNA are suspended between SU-8 nanopillars with superhydrophobic surfaces that clamp the DNA nanostrings to both ends. The vibrations are measured by
using a scannable photonic crystal cavity coupled to a tapered optical fiber. When the cavity is positioned close to the DNA, the near field coupling between the cavity and resonator allows for
real-time measurement of the flexural dynamics of the nanostring via optical readout. These measurements are conducted at room temperature and can be used to further study the complex
behavior of the nanostring's flexural modes such as thermalization, nonlinear coupling, and chaotic behavior. Looking forward, resonators made from DNA can be programmed to have
arbitrary structures to tune their phononic character for added functionality and to probe the physics of nanostrings.

SESSION CH04.11: On-Demand Presentation
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Thursday Morning, May 9, 2024
CHO4-virtual

10:30 AM CHO04.09.04
Morphology-Driven Magnetic Property Manipulation in Binary Particle Mixtures for Microscale Magnetic Control. Khalil ur Rehman®*, Mario Hofmann® and Ya-Ping Hsieh?Z;
INational Taiwan University, Taiwan; 2Academia Sinica, Taiwan

Magnetic microactuators and microrobots have the potential to revolutionize remote manipulation and swarm-based collaboration. Unfortunately, conventional approaches to controlling
individual magnetic systems cannot be shrunk to the microscale due to fundamental challenges in the generation and modification of magnetic fields. We here demonstrate the manipulation of
magnetic properties in binary particle mixtures through morphology control. A combination of ferromagnetic and non-magnetic particles demonstrates the emergence of ordering and magnetic
anisotropy under conditions that induce mechanical jamming in the assembly. A combined theoretical and experimental investigation confirms the importance of arresting forces from
neighboring particles as the origin of this behavior. Utilizing this insight, a novel actuator, termed “Magnet with Mechanical Tunability (MagMeT)” was developed that transduces mechanical
deformation in magneto/elastomer particle mixtures into magnetic torque. Our results open up a route toward actively controlling magnetic microrobots for future remote operating applications.

SYMPOSIUM ELO1

Surfaces and Interfaces in Electronics and Photonics
April 23 - May 7, 2024

Symposium Organizers
Silvia Armini, IMEC
Santanu Bag, AsterTech
Mandakini Kanungo, Corning Incorporated
Gilad Zorn, General Electric Aerospace
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SESSION EL01.01: Area Selective Deposition and Etching |
Session Chairs: Silvia Armini, Santanu Bag, Stacey Bent, Mandakini Kanungo and Gilad Zorn
Tuesday Morning, April 23, 2024
Room 348, Level 3, Summit

10:30 AM *EL01.01.01
Controlling Interfaces toward Area Selective Atomic Layer Deposition Stacey F. Bent; Stanford University, United States

With the growing demands on nanostructure fabrication for advanced electronics, atomic layer deposition (ALD) continues to gain attention as an important method to achieve pattern features
at the sub-10 nm length scale. Based on sequential, self-limiting vapor-surface reactions, ALD offers exceptional conformality, thickness control at the Angstrom level, and tunable film
composition. Due to the chemical specificity of ALD reactions, several molecular-level system parameters can strongly impact the ALD nucleation and growth rate, including the specific
substrate interface as well as the type of ALD precursor. As a result, the substrate interface and precursor selection can be tuned to intentionally control nucleation rates in ALD, which in turn
provides a means to achieve selectivity on spatially patterned substrates. The resulting process of area selective atomic layer deposition (AS-ALD) has attracted significant attention in recent
years. In this talk, we will provide examples of tuning surface chemistry to achieve AS-ALD. The development of inhibitory layers such as self-assembled monolayers (SAMs) and small
molecule inhibitors (SMIs) to alter the native surface reactivity will be described. Some new SMis include aryl or alkyl thiol, amine, nitro, and sulfonic acid compounds. The inhibition
strategies demonstrate good selectivity in the deposition of thin films on a variety of substrate materials, and selectivity in AS-ALD can be further enhanced by choice of ALD precursor.
Finally, we will describe the development of carbon-free inhibitor layers for AS-ALD.

11:00 AM EL01.01.02
Investigation of The Optical Constants of Absorbing Atomic Layer Deposition (ALD)-Grown TiO, Thin Films Nimarta Chowdhary and Theodosia Gougousi; UMBC, United States

Titanium dioxide, TiO,, has been investigated extensively due to its unique and tailorable optical properties, including high refractive index, high dielectric constant, and high photocatalytic
activity. The optical properties of thin films can be affected by the deposition process, composition, thickness, conductivity, and density. While TiO, is typically regarded as a wide band-gap
semiconductor, with applications limited to the UV light range, TiO,-based modified materials show promising results for applications with harvesting renewable solar energy. Applications of
these sorts, however, require TiO,-based materials to exhibit absorption in the visible light range. This can be achieved with band gap and optical property engineering.

For Atomic layer deposition (ALD), the process temperature is known to affect the film composition and, consequently, optical properties. We have used ALD to deposit 20-130 nm TiO, thin
films from tetrakis(dimethyl amino) titanium (TDMAT, Ti[N(CHj),],) and deionized (DI) H,O at process temperatures ranging from 200 to 350°C. For films of the same thickness, the actual
coloration is dependent on the deposition conditions. Control TiO, samples have been produced by a physical vapor deposition method (PVD) at room temperature from a TiO, target. X-ray
photoelectron spectroscopy (XPS) analysis shows that ALD-grown TiO, films incorporate Ti-N/Ti-O-N metallic bonds while the PVD-produced films are purer, as expected. As the ALD
process temperature increases, so is the measured at. % of Ti-O-N/Ti-N metallic bonding ranging from ~1 at. % at 250°C to ~4.5 at. % at 350°C.

Ultraviolet-visible spectroscopy (UV-VIS) confirms that the ALD-grown thin films are partially absorbing in the visible range with their absorbance dependent on the process temperature.
Similar measurements have shown that PVVD-grown films are transparent, as expected. The optical properties of the films have been investigated using spectroscopic ellipsometry (SE) at 380-
900 nm. For these partially absorbing ALD films, conventional single-angle SE approaches fail to provide the requisite number of linearly independent equations to allow for the determination
of the optical constants, n and k, and film thickness d. We have developed a modified ALD approach that produces samples on quartz substrates that are suitable to be used with a combination
of single-angle ellipsometry (SE) data and intensity-based transmission (T) measurements to determine these parameters (n, k d) and their spectral dependence simultaneously.
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When compared to pure PVD TiO, films, the partially absorbing ALD TiO, films exhibit a reduced n (e;) and increased K (e,), [TG5] which is consistent with the presence of TiOXNy bonding
in the film. At 633 nm, n and k for PVD TiO, films are ~2.4 and 0, respectively, which is consistent with the literature. For the ALD films, the optical constants are found to depend on the ALD
process temperature; values for n range from ~1.7 - 2.3, and k ranges from ~ 0.2 - 1.2 at 633 nm.

When the as-deposited ALD-grown TiO, thin films are annealed at 900°C in an argon environment, the thin film coloration changes, indicating a structural and compositional change. XPS
analysis shows that the metallic bonding detectable in the as-deposited films has been removed and the films are fully oxidized TiO,. We demonstrate that the ALD process temperature, as well
as post-deposition thermal treatment for the films, are both avenues for controlling the band gap and tailoring the optical constants of TiO, films for a wide variety of applications.

11:15 AM *EL01.01.03
A Public-Private-Academic Partnership: The Microelectronics Commons Alison Smith and Bryan Smith; NSWC Crane, United States

Public-private-academic partnerships have the potential to drive innovation by leveraging the collective expertise and resources of government agencies, industry, and academic institutions to
solve complex challenges. The Microelectronics Commons (Commons) is a key national initiative that is executed with oversight from the Office of the Under Secretary of Defense for
Research and Engineering’s (OUSD(R&E)’s) Principal Director for Microelectronics. This effort benefits both the Department of Defense (DoD) and the United States in spurring development
of a domestic microelectronics manufacturing industry by forging critical partnerships with commercial industry, academic, and government partners. The Commons supports laboratory to
fabrication (lab-to-fab) testing and prototyping hubs to create a network focused on maturing emerging microelectronics technologies, strengthening microelectronics education and training,
and developing a pipeline of talent to bolster local semiconductor economies and contribute to the growth of a domestic semiconductor workforce. In particular, the Commons will address the
need for processes, materials, devices, and architectures to be developed and transitioned from research labs to small-volume prototyping in a fab or foundry.

11:45 AM EL01.01.04
CHIPS and Science Act: Opportunities for Materials Science Community Santanu Bag; Huntington Ingalls Industries, United States

With the passage of the CHIPS and Science Act of 2022, a flurry of activity is expected to kick-off in the semiconducting research, development, and manufacturing field. Numerous programs
and funding opportunities have been announced to tackle different challenges in the semiconducting value chain. The CHIPS funding will benefit not only U.S. chip manufacturers, but also tool
vendors, U.S. universities, defense contractors, community colleges, K-12 STEM educational programs, and regional hubs. Materials science community plays an important part in the
semiconducting industry and could be benefited from this opportunity as well. In this talk, an overview of all these opportunities will be discussed.

SESSION EL01.02: Surfaces and Interfaces |
Session Chairs: Santanu Bag, Tse Nga Ng and Angel Yanguas-Gil
Tuesday Afternoon, April 23, 2024
Room 348, Level 3, Summit

1:30 PM *EL01.02.05
Scaling and Scale Up Effects during Area Selective Deposition using Self-Assembled Monolayers and Small Molecule Inhibitors Angel Yanguas-Gil; Argonne National Laboratory,
United States

Area selective deposition (ASD) is a promising bottom-up patterning approach that has attracted significant interest in microelectronics. Area selective deposition methods can be roughly
divided into two classes: intrinsically selective processes, which take advantage of preferential reactivity of precursors, and processes based on surface passivation. While growth selectivity is
often used as a benchmark to quantify the performance of an ASD process, the scalability of ASD both in terms of pattern size (scaling) and substrate size (in terms of area and aspect ratio) is
comparatively less understood.

In this presentation, | will focus on two case studies that explore the scalability of different area selective deposition approaches: the first example explores the impact of pattern size on the
stability and density of defects of self-assembled monolayers (SAMs). SAMs exhibit a range of dynamic behaviors that can greatly affect their effectivity blocking precursors: these include
order/disorder transitions, non-negligible surface mobility, or the presence of so-called gauche defects. Using simple dynamic models, we have explored how pattern size affect the stability of
SAMs, and how, depending on chain-chain and surface interactions, size effects can lead to substantial changes on the areal density and distributions of defects in SAMs.

In the second example, | focus on how heterogeneous processes during small molecule area selective deposition can affect the scale up of area selective deposition to large scale (i.e. wafer size)
and high surface area (i.e. high aspect ratio) substrates. A key aspect of area selective deposition processes using small molecule inhibitors is the need of effectively remove them from the
substrate after each ALD cycle. Through a combination of in-situ characterization techniques, kinetic models, and transport models both within features and at the reactor scale, we have
explored the impact that surface kinetics has on the elimination of inhibitor molecules. Our results show that reversibility in the inhibition process can greatly increase the purge times required
to effectively remove inhibitors from large area substrates, creating inhomogeneities in film thickness even when processes are fully self-limited.

These two examples exemplify the tight coupling between the fundamental aspects of area selective deposition processes and their behavior under conditions relevant for semiconductor
manufacturing.

2:00 PM EL01.02.02
Synthesis and Guided Self-Assembly of Mixed-Metal Oxide Arrays from Undercooled Liquid Metal Julia J. Chang, Andrew Martin, Alana Pauls, Dhanush Jamadgni and Martin M. Thuo;
North Carolina State University, United States

In the Information Age, inexorable progression of big data demands rapid upgradation of modern electronics. Internet of Things (1oT), for example, requires numerous “communicable”
electronics and powerful central processing units to build a “smart” world, where every physical object is digitally connected. With vast amount of high-performance electronics in-need,
advancement of nanofabrication technologies become pivotal. Contradiction between better performance and lower cost, however, has long been unreconciled for electronic fabrication, and
Moore’s law is an exemplary case of facing such challenge. While Moore’s law has inspired disparate advances in Complementary Metal Oxide Semiconductor (CMOS) devices (>20 doubling
in transistors per chip every year), the scaling approach that drives these advances is predicted to stall after ~27 doubling events. This scaling approach faces a triple challenge in: i) continued
miniaturization with concomitant need for more tools, characterization, metrology, among others, transitioning Moore’s law into ‘more’ law. ii) a looming fabrication challenge as we approach
the sub nanometer-length (atomic) scale per component, and iii) global demand for more computation presents an energy and supply challenge unless new, rapid, energy efficient fabrication
methods are realized. New paradigm(s) in multiscale manufacturing of microelectronics is therefore needed, among which interface-based (43 more doublings) and/or self-assembled organic
(>100 doublings) post-CMOS devices pertains great potential. This calls for a significant shift in microelectronic fabrication with an emphasis to the introduction of new chemistries,
composition and functionality while maintaining energy efficiency and low-cost through a device lifecycle.

Liquid metal particles bear great potential to reduce energy and capital cost in functional array fabrication since they can act as a controlled reservoir for metal ions. Exploiting partial
miscibility of organometallic adducts in aqueous media, steady-state kinetics ad-infinitum living polymerization was demonstrated using liquid metal particles as an infinitely large metal ion
reservoir — the so-called HetMet reaction. This reaction led to synthesis of high aspect ratio self-assembled beams that were then translated to graphitic-carbon coated metal oxides with tunable
band gaps. Herein, we extend this work by coupling the HetMet reaction with confinement from nanograting templates to separate the metal particles from the self-assembling adducts. Using
molds bearing channels with desired dimensions and periodicity enables deposition of desired arrays, and exploiting fluidic dynamics of this process allows us to control both the nucleation
point and the rate of ion transport to the growing seed. Driven by capillary action and solution evaporation, large-area, high-quality organometallic nanowire arrays were fabricated by D-Met,
of which an in-air heat-treatment conveniently transformed the organic wires into mixed-metal oxide without compromising wire continuity or array periodicity. Besides planar patterns,
fabrication of multi-layer nanostructures such as 2-layer arrays were also achieved, which is promising for design and fabrication of 3D electronics. With the high structural precision of D-Met
fabricated wire arrays, we demonstrate unique electrical and optical properties including diode behavior and guided wave resonance.

2:15 PM EL01.02.03
Delafossite-Coated Cotton Fabrics and Their Potential Applications in The Textile Industry for Photocatalytic Self-Cleaning, UV-Blocking and Antimicrobial Activity Shahria
Ahmed, Sachin Chopra, Swati Mohan and Jasim Uddin; The University of Texas Rio Grande Valley, United States

Delafossite materials demonstrate multifunctional applications due to their excellent catalytic properties, which vary depending on their morphology, particle size, and synthetic method. Herein,
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a few novel applications of the delafossites are reported, which can be implemented in commercial, medical, and domestic settings. In present work we are presenting two different delafossite
CuGa0, and CuFeO, nanoparticles and its composite with cotton fiber. Multifunctional cotton fabric is prepared by depositing a uniform coating layer of CuGaO, and CuFeO,, exhibits

excellent photocatalytic self-cleaning, UV blocking, and antimicrobial activity. CuGaO, and CuFeO, nanoparticles concentration of ImM and 2mM were deposited over cotton fabric using

citric acid as a binder by a simple sonication method.Surface analysis, bindings, stability, stain resistance, and UV blocking characteristics of the functionalized cotton fabric are performed by
SEM, EDX, XRD, FTIR, and UV-vis spectroscopy. Both CuGaO,-cotton and CuFeO,-cotton exhibit excellent photocatalytic activity, which is evident from the UV-Vis spectroscopic analysis

after mixing with methylene blue dye and subsequent exposure to simulated solar light. 2 mM CuGaO,-cotton fabric has the highest rate of stain extinction compared to others. In addition,
CuGaO,-cotton and CuFeO,-cotton block most of the harmful UV radiation, 95-97.5% (approx.) in the case of CuGaO, and 90% (approx.) in the case of CuFeO,. The modified cotton fabrics

present good antimicrobial activity against gram-positive and gram-negative bacteria, which is confirmed by antimicrobial tests with Staphylococcus aureus and E. coli bacteria. The newly
fabricated cotton-delafossite composite, with all its promising applications, can be viewed as a valuable, sustanable contribution of materials science to humanity.

2:30 PM BREAK

3:00 PM ELO01.02.04
Impact of The Wafer-Scale Fabrication on The Performance of Graphene-Based Flexible Microelectronics and New Strategies for Improvement Elena del Corro’, Marta Delga-
Fernandez!, Aina Galceranl, Anton Guimera?, Xavi Illa? and Jose A. Garrido®?; 1ICN2, Spain; 2IMB-CNM, Spain; 3ICREA, Spain

Graphene possesses unique mechanical and electronic properties that make it a crucial material in the biomedical field. Specifically, graphene-based electronic devices have been developed and

are in continuous improvement for biomedical recording, stimulating and sensing purposes-2. Despite the demonstrated capabilities of graphene-based solution-gated field-effect transistors
(SGFETSs) in this field, their wafer-scale fabrication process introduces uncontrolled residual charges on the graphene surface, which has an impact on the final functionality of the devices in
the form of undesired doping and thus a deterioration of the general electrical performance.

In this work, we present a detailed study of the effect of residues presence at each step of photolithography in the wafer-scale fabrication process of graphene microtechnology. By means of
Raman spectroscopy and spectro-electrochemistry we monitor the doping state of graphene during fabrication processes. As function of pH and the ionic strength of the electrolyte in contact

with graphene, we register the frequency of the graphene's G phonon that can be directly related with the Fermi energy and doping state of graphene3.

Our study reveals that certain steps in the fabrication process leave a major amount of residues on the graphene surface that leads to inhomogeneities at cm scale in terms of device performance.
With this information in hand, we propose a new fabrication strategy including the deposition of a sacrificial copper layer on graphene to protect it against induced contamination during the
whole photolithography process. We analyze the impact of this additional layer on the quality of graphene material, after deposition and final etching procedures. Finalized graphene devices
and electrically characterized and compared with standard technology.

REFERENCES

1. Masvidal-Codina, E., llla, X., Dasilva, M., et al (2019) High-resolution mapping of infraslow cortical brain activity enabled by graphene microtransistors, Nature Mater

2. Bonaccini Calia, A., Masvidal-Codina, E., Smith, at al (2022). Full-bandwidth electrophysiology of seizures and epileptiform activity enabled by flexible graphene microtransistor depth
neural probes. Nature nanotechnology

3.J. Yan et al., (2007) Electric Field Effect Tuning of Electron-Phonon Coupling in Graphene, Phys. Rev. Lett

3:15 PM *EL01.02.01
Reinforced Interfaces to Realize Multifunctional Supercapacitors Tse Nga Ng; University of California, San Diego, United States

Today’s electrochemical storage devices are restricted in capacity, a key challenge that limits the operational time of wireless devices. To increase the energy storage capacity, multifunctional
structures such as structural supercapacitors combine load-bearing and energy-storage functions into the same device, resulting in weight savings and safety improvements. To achieve an
efficient structural supercapacitor, we developed strategies based on interfacial engineering to improve both the electrodes and electrolytes.

The structural electrodes were reinforced by coating carbon-fiber weaves with a uniquely stable conjugated redox polymer and reduced graphene oxide that raised pseudocapacitive capacitance
and tensile strength. The solid polymer electrolyte was tuned to a gradient configuration, where it facilitated high ionic conductivity at the electrode-electrolyte interfaces and transitioned to a
composition with high mechanical strength in the bulk for load support. The gradient design enabled the multilayer structural supercapacitors to reach state-of-the-art performance matching the
level of monofunctional supercapacitors (Science Advances 2023, 9, eadh0069)

Lastly, as a feasibility study, we fabricated a structural supercapacitor to serve as the weight-bearing hull of a model boat. The boat was integrated with a solar panel for charging up the
supercapacitor hull, which in turn powered up the boat motor to cruise across a pool. This demonstration showed the potential of structural supercapacitors to facilitate mass savings and
increase the capacity for energy harvesting and storage in future electric systems.

3:45 PM EL01.02.06
Enhancing The Hole Conductivity of an Undoped Silicon Channel by Defect Engineering of Surrounding SiO, Dielectric Soundarya Nagarajan®, Daniel Hiller?, Ingmar Ratschinski2,

Dirk Kénig®, Thomas Mikolajick'* and Jens Trommer!; INaMLab gGmbH, Germany; >TU Bergakademie Freiberg, Germany; 3Australian National University, Australia; “TU Dresden,
Germany

The road to miniaturization in semiconductor microelectronic technology has led to an ongoing demand for identification of suitable approaches for device performance enhancements and
raised requirements of new materials and device structures [1].

Here, we report the electronic device performance improvement opportunity of silicon nanostructures without direct channel doping by adding Al acceptor states into a thin SiO, layer

surrounding the silicon [2]. This novel concept is analogous to modulation doping in I11-V semiconductors. The manifestation of the dielectric by incorporation of trivalent Al impurities gives
the possibility for electrons from silicon to tunnel to the acceptor states in SiO, yielding silicon with holes as majority carriers. Our method removes the disadvantages of impurity doping,

namely a required thermal ionization, inelastic impurity scattering, problematic dopant activation vs. out-diffusion and statistical fluctuations of dopant density [3-4]. The SiO, doping also
facilitates interface passivation by discharging the dangling bond defects at Si/SiO, interface [5]. To this end, the doping approach is demonstrated on silicon channels fabricated on a silicon-
on-insulator (SOI) substrate with nickel silicide contacts. The same layers sequence is extended to a transfer length measurement (TLM) structure.

It was experimentally observed that the energetic state of Al-acceptors in SiO, formed by atomic layer deposition of Al,O3 on thin thermally grown SiO, induces a corresponding shift in the
Fermi level of silicon towards the valence band. A variation in the density of hole carriers in the silicon channel is regulated by the variation of number of ALD Al,O4 cycles [6] which governs
both the silicon resistivity and the specific contact resistivity. The effect of addition of a monolayer of ALD Al,O is reflected in the reduction of silicon resistivity to a value as low as 0.04-

0.06 Qecm and a contact resistivity as low as 3.5E-7 Qecm? [7].

A single segment of the fabricated TLM structure can also perform equivalently as a transistor with the body contact operated as a back gate. The performance of the transistor is improved by
an enhanced hole carrier transport with an I/l ogg ratio of up to 108 at a drain voltage of -1V. The NiSi source/drain contacts placed directly within the SOI region also undergoes a transition

from Schottky to low-resistance contact as an effect of the barrier height reduction [8]. The drawbacks of conventional impurity doped devices such as dopant scattering, fluctuating device
performance due to dopant diffusion, and even requirements of lightly or heavily doped source/drain regions can be circumvented by the new method. The aforesaid impurity free doping of the
channel would be ideal for a high performance, high mobility device and enables new advancements encompassing areas of low-temperature physics and quantum technology.

[1] Wong. H, and lwai. H, Physics World 18.9 (2005): 40.

[2] Konig. D, et al., Scientific Reports 7.1 (2017): 46703.
[3] Norris. D. J., et al., Science 319.5871, 1776 (2008).
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[4] Nagarajan. S, et al., Solid-State Electronics 208 (2023): 108739.

[5] Hiller. D, et al., J. App. Phys. 125.1 (2019): 015301.

[6] Ratschinski. I, et al., physica status solidi (a) (2023): 2300068.

[7]1 Nagarajan. S, et al., Advanced Materials Interfaces, Oct 2023 (Accepted).
[8] Nagarajan. S, et al., Device Research Conference. IEEE, 2023.

4:00 PM EL01.02.07
Multiplexing Reactor for the High-Throughput Screening of Molecular Layer Deposition Processes David S. Bergsman, Yuri Choe and Duncan Reece; University of Washington, United
States

Continued progress in information and communication technologies requires sustained innovations in memory and storage devices' architecture and production processes. For example, scaling
technology to sub-5nm using extreme ultraviolet (EUV) sources necessitates new processes for making hybrid organic-inorganic thin film photoresist materials that are highly adsorbing of
EUV. One potential approach for making these films is through molecular layer deposition (MLD), the organic analog of atomic layer deposition. However, the discovery of desirable MLD
materials is slowed by the large number of combinations of inorganic and organic reactants available.

Here, we present an approach for rapidly screening new materials deposited by MLD using a custom-built, high-throughput, multiplexing MLD-style reactor. In such a system, multiple reaction
chambers are connected to shared reactants and pumping lines, allowing for the elimination of redundant reactor components and reducing capital costs compared to an equivalent number of
independent systems. By carefully controlling pressure gradients in the system and valve operation, different MLD processes can be performed simultaneously in separate reaction chambers,
allowing for many materials to be produced at the same time. These materials can then be screened for their properties of interest. To demonstrate this approach, a multiplexing reactor of this
design was constructed with six independent reactor systems, two shared reactant manifold lines, and one shared pumping line. Using the well-studied trimethylaluminum (TMA) and water
reaction into alumina, depositions in this system are shown to be reproducible, comparable to depositions shown in the literature, and without cross-contamination between chambers. In
demonstration of the capabilities of this system, a TMA/water growth curve is developed using a combination of depositions in all systems, along with a measurement of the ALD temperature
window using simultaneous depositions in all six chambers at different temperatures. Finally, the ability to simultaneously deposit multiple films is demonstrated using diethylzinc and one of
six different organic diols. Using such a system can enable the faster screening of processes for potential materials, like photoresists, which will be needed for many electronic and photonic
materials.
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5:00 PM EL01.03.01
Understanding the Degradation Mechanism of Spiro-OMeTAD during the Long-Term Operation of Perovskite Solar Cells and Mitigating it via ALD. Mayank Kedia®?, Chittaranjan
Das®2 and Michael Salibal; YUniversity of Stuttgart, Germany; 2Forschungszentrum Julich GmbH, Germany

Metal halide perovskites (MHPs) have emerged as promising photovoltaic (PV) materials with a power conversion efficiency (PCE) of 26% on the laboratory scale. Despite achieving high
performance in less than a decade, device degradation under operating conditions is outcompeted in the PV market by silicon and CdTe technologies. To overcome this challenge, interface
passivation with organic molecules and composition engineering are commonly explored to improve the device stability. While most studies have focused on the intrinsic stability of the
perovskite active layer, there is a lack of understanding of the degradation of other charge-extraction layers and electrodes, and its effect on the final device performance upon aging.

In this work, triple-cation-based PSCs with a planar n-i-p architecture and a champion PCE of 20.1% were aged under maximum power point tracking (MPPT) for 1000 min under 1 sun
illumination without any encapsulation in an ambient atmosphere. After aging, we performed soft Ar atom cluster sputtering XPS depth profiling to study the ionic motion/interactions between
the perovskite active layer and the overlying charge extraction layer. In addition to iodine migration from the perovskite to the Spiro-OMeTAD/electrode interface, we observed a shift in the
binding energies (BE) of the constituent species present in Spiro-OMeTAD with p-dopants lithium bistrifluoromethanesulfonimidate (LiTFSI) and 4-tertbutylpyridine (tBP).

When looking specifically at the core level spectra of S 2p centered at 169.3 eV are present uniformly from the Spiro/electrode interface to the Spiro/perovskite interface in the fresh PSC. Upon
aging, the S 2s exhibit a lower binding energy 168.3 eV attributing to the reduction of sulfur present in the Spiro layer. Notably, the F 1s spectrum also showed an extra peak at 685.5 eV for the
aged sample from 689.0 eV for the fresh sample. Additionally, the F/S ratio changed after MPPT aging, leading to a final change in the charge extraction properties of the Spiro-OMeTAD
layer, leading to the final device degradation. We observed that this chemical redistribution created pinholes in the films, leading to easier penetration of H,O and O,, and perovskite instability.

Applying near-ambient pressure XPS (NAP-XPS) on the perovskite film with and without the spiro-OMeTAD layer at 1 mbar of H,O at 50 °C, 100 °C, and 150 °C showed the formation of

metallic lead (Pb®) and iodine due to the degradation of Spiro-OMeTAD, accelerating the decomposition of the perovskite. Interestingly, our XRD results confirm that the interaction between
the degraded Spiro-OMeTAD and perovskite leads to the amorphization of perovskite, which is different from what is commonly observed for Pbl,. The cross-sectional SEM image of the aged

PSCs highlights the spiro/perovskite interface as the breaking point under constant illumination.

Finally, to mitigate the instability caused by the degradation of Spiro-OMeTAD, robust passivation of ALD-deposited AlOx of <1 nm has proven to be an effective strategy for the long-term
stability of PSCs. We examined the conformity of this sub-nanometer layer via HRTEM and observed the complete coverage of a rough perovskite layer (RMS + 20 nm) by AlOx, which is
difficult to obtain by the chemical deposition of organic passivation layers. In-situ electron diffraction also showed that the grown ALD layer was amorphous and acted not only as a surface
passivation layer for perovskite but also as a barrier layer to prevent the degradation of perovskite as a result of the decomposition of Spiro-OMeTAD.

Overall, our work provides chemical and mechanical insights into the degradation of the overlying layer on perovskite by combining macroscopic, microscopic, and spectroscopic studies. We
also decoupled the role of ALD as a passivation layer for perovskite intrinsic stability and as a nanoencapsulant layer for mitigating the phase transition to amorphous phases upon Spiro-
OMeTAD degradation.

5:00 PM EL01.03.04
Improvement in Switching Characteristics and Bias Stability of Solution-Processed Zinc-Tin Oxide Thin Film Transistors via Simple Low-Pressure Thermal Annealing Treatment
Junhao Feng, Sang-Hwa Jeon and Jin-Hyuk Bae; Kyungpook National University, Korea (the Republic of)

In this study, we used a low-pressure thermal annealing (LPTA) treatment to improve the switching characteristics and bias stability of zinc-tin oxide (ZTO) thin film transistors (TFTs). For
this, we first fabricated the TFT and then applied LPTA treatment at temperatures of 80°C and 140°C. The LPTA treatment reduced the number of defects in the bulk and interface of the ZTO
TFTs. In addition, the changes in the water contact angle on the ZTO TFT surface indicated that the LPTA treatment reduced the surface defects. Hydrophobicity suppressed the off-current and
instability under negative bias stress because of the limited absorption of moisture on the oxide surface. Moreover, the ratio of metal-oxygen bonds increased, while the ratio of oxygen—
hydrogen bonds decreased. The reduced action of hydrogen as a shallow donor induced improvements in the on/off ratio (from 5.5 x 102 to 1.1 x 10) and subthreshold swing (8.63 to V dec™?
and 0.73 V dec™1), producing ZTO TFTs with excellent switching characteristics. In addition, device-to-device uniformity was significantly improved because of the reduced defects in the
LPTA-treated ZTO TFTs.

5:00 PM EL01.03.05
Tunable Dielectric Properties of CVD-Processed Polymer via Click Chemistry Seongcheol Jang?, Gunoh Lee?, Kyung Jin Lee? and Hyun-Suk Kim'; 'Dongguk University, Korea (the
Republic of); 2Chungnam National University, Korea (the Republic of)

Recently, the increasing demand for high-end displays has led to the development of flexible displays using non-traditional flexible substrates rather than traditional rigid substrate. Currently,
thin-film transistors (TFTs) for flexible devices mainly use inorganic dielectrics such as SiO,, and Al,O5. These inorganic gate dielectrics have critical issues to applicate in flexible devices
because of their high temperature process, high-cost production, and limited flexibility. Therefore, the mass production yield inevitably decreases, leading to increase in price of devices. From
this point of view, polymer dielectrics have attracted considerable attention as a gate insulator for flexible transistors because of their mechanical nature. Even if polymer gate dielectrics are
suitable for future flexible electronics, properties such as dielectric constant, and leakage current, are not suitable for cutting-edge devices. Also, fabrication process for polymers is usually
consist of solution process, which has poor step coverage, side effect like coffee-ring effect and pinholes.

poly(p-xylylene) (PPx, commercialized name is parylene) is well known passivation materials for various electronics, which can be fabricated by chemical vapor deposition system that can
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give pinhole-free conformal film. Conventional parylene family, such as parylene-C, -D, -N, and -AF4 shows low dielectric constant of ~ 3, which is does not meet requirements for future
advanced electronic. However, physical, dielectric, and electrical properties of parylene family can be tuned by adjusting functional groups. We reported custom synthesized parylene-ethynyl
that shows higher dielectric constant, smoother surface and similar leakage current compared to conventional parylene. This approach is quite intricate as it necessitates design from the
monomer.

In this work, click chemistry was employed to further tuning the properties of custom-synthesized parylene-ethynyl for dielectric layer for TFTs. IGZO oxide semiconductors were used as the
active layer to demonstrate high-performance hybrid TFTs. Unlike most polymers fabricated through solution processes, parylene's fabrication method relies on the Gorham method CVD
system. This system provides a thin, conformal, and pinhole-free film, resulting in a compatible interface with oxide materials. Additionally, the deposition temperature is around room
temperature, and no additional high-temperature annealing is required, making it suitable for plastic substrates with low glass transition temperatures, ideal for flexible or stretchable
applications. Four types of click reactions were conducted on parylene-ethynyl, and it was confirmed that all of them exhibited click reactions. After click reaction, parylene-ethynyl
demonstrated an improved dielectric constant exceeding 4 without compromising film quality. Successful fabrication of IGZO TFTs combined with parylene-ethynyl showcased reliable
switching properties, indicating that the combination of parylene-ethynyl with click reaction and 1IGZO posed no issues at interfaces. The click reaction is anticipated to facilitate easy
adjustments to the characteristics of the polymer gate dielectric. Moreover, it opens up the possibility of manufacturing a functional device utilizing the clicked part.

5:00 PM EL01.03.07
Antireflective Properties of Plasma-Polymerized Biomimetic Surfaces Luigi P. Verdoni; Edmund Optics Research and Development, United States

Biomimetic surfaces inspired by Moth’s eyes are characterized by the subwavelength structures that cover the eye’s surface. These nanostructures, possessing tapered geometries of variable
height and shape, present as a gradient refractive index and offer antireflective (AR) properties over a high angle of incidence (AOI). A facile technique utilizing inductively coupled reactive
ion etching (ICP-RIE) was devised to endow the optical surface with randomly patterned subwavelength nanostructures. In this two step nanostructuring process, an etch mask and recipe were
implemented to deliver AR behavior at desired wavelengths, followed by a plasma polymer deposition of a thin fluorocarbon film with a low surface energy. The resultant subwavelength
antireflective surface can be tuned from the ultraviolet to infrared wavelengths and has been shown to possess utility in both antiwetting and high laser damage threshold applications.

5:00 PM EL01.03.08
Exploring Dopant Dynamics in Crystalline Germanium through Microwave Annealing (MWA) and High-Pressure Annealing (HPA): A Study on Diffusion, Activation and

Recrystallization TaiChen Kuo! and WenHsi Lee?; 1Chung Yuan Christian University, Taiwan; ZNational Cheng Kung University, Taiwan

This study delves into the nuanced activation behavior of phosphorus and boron dopants in crystalline germanium substrates through meticulous investigation of high-pressure annealing (HPA)
and microwave annealing (MWA) techniques. Phosphorus implantation at 10 keV, with a dose of 5 x 10715 atoms/cm”2, showcased intriguing profiles revealing a concentration peak
exceeding the maximum equilibrium solubility in germanium. The subsequent HPA at 500 °C for 60 s resulted in a stable profile with a junction depth of 44.1 nm, contrasting the diffusion
broadening observed at higher HPA temperatures. MWA at 3P to 5P demonstrated diffusion patterns akin to HPA at 500 °C. Sheet resistance comparisons between HPA and MWA unveiled
the stability of sheet resistance in MWA, even at increased power levels (5P, 3000W, approximately 700°C), though not reaching the low resistance achieved with low-temperature HPA. Hall
measurements after HPA at 500 °C revealed a decrease in sheet resistance to 0.63 Q/square and an increase in N-carrier concentration to 5.76 x 10"19 P/cm”3, despite subsequent decreases in
carrier concentration and mobility after 500 °C, possibly attributed to deactivation induced by high-temperature annealing. The study also explores the activation of boron, demonstrating
significant enhancement through solid-phase epitaxial regrowth (SPER) with minimal diffusion, particularly notable despite the low solid solubility. The investigation involves dopant diffusion
analysis using SIMS, highlighting the importance of maintaining a high dopant concentration at the surface for low contact resistivity. Sheet resistances measured by a four-point probe post-
HPA and MWA underscore the effectiveness of higher temperatures in HPA for achieving high B activation through SPER. Comparative analyses and TEM images further elucidate the
recovery of amorphous layers in both phosphorus and boron doping scenarios, emphasizing the advantageous SPER behavior facilitated by high-pressure annealing. In summary, this study
provides comprehensive insights into the activation dynamics of phosphorus and boron in germanium substrates, emphasizing the nuanced interplay between annealing techniques and dopant
behavior for advanced semiconductor device fabrication.

5:00 PM ELO01.03.09
Controlled Bipolar Doping of One-Dimensional Van der Waals Nb,Pd;Seq Bom Lee and Jae-Young Choi; Sungkyunkwan University, Korea (the Republic of)

2D layered materials such as graphene, transition metal dichalcogenides (TMDCs), h-BN, and black phosphorous have been extensively studied in a wide range of applications due to their
fascinating structural, physical, and chemical properties. However, as the width of the 2D semi-infinite plane becomes narrow to meet the stringent dimensional requirements of the transistor,
the dangling bond density at the edge of 2D vdW increases, resulting in degradation of electronic performance. To solve such scale-down problems, research has been conducted in recent years
on one-dimensional (1D) vdW materials with a further reduced dimension from a 2D structure. 1D vdW materials, where single molecular chains with strong covalent bonds are assembled by a
weak vdW force, are free of broken or dangling bonds on the chain surface, even when separated by a diameter of less than 1 nm. On the basis of these structural features, various 1D vdW
material-based applications have been demonstrated, such as molecular connectors, transistors, and sensors. In recent years, ternary 1D transition metal chalcogenides containing a noble metal
such as Pd or Pt have gained attention as promising semiconducting materials for electronic and optoelectronic devices. For example, Nb,Pd,Seg, successfully synthesized by Keszler et al.

Nevertheless, research into the stable tuning of electrical properties, which is a prerequisite for basic electronic materials, is still in its infancy stage for 1D vdW materials.
In this study, we introduce a new ternary transition metal chalcogenide, Nb,Pd;Seg, which was successfully synthesized via chemical vapor transport (CVT) method using iodine as a transport

agent. Furthermore, we first demonstrated the chemical doping of Nb,Pd;Seg, which is a representative n-type 1D vdW material, through chemically doping AuCl, and p-nicotinamide adenine

dinucleotide (NADH) as p-type and n-type dopants, respectively. The concentration of holes and electrons controlled by varying the immersion time in the doping solution were effectively
confirmed by spectroscopic and transport studies. In addition, we demonstrated an axial p—n junction on Nb2Pd3Se8 that exhibits near-perfect rectifying behavior using a selective doping
method. We believe that this work can promote research based on 1D vdW semiconductors for future electronic applications.

5:00 PM EL01.03.11
Direct Characterization of Single-Molecule Reaction via Tip Enhanced Raman Spectrum Ruihao Li; Arizona State University, United States

Characterizing chemical reactions at a single-molecule scale enables a deep understanding of the mechanism of complex chemical reactions and thus establishes new material science
frameworks. Previous works explore the real-time current changes of reactants and its products to figure out the steps of the reaction process. However, it is hard to identify the paths of some
reactions accurately because the current signal does not have fingerprint information of the reactants. Tip-enhanced Raman spectroscopy (TERS) can accurately characterize chemical reactions
due to its ability to characterize chemical bond fingerprint information at single-molecule scale precision. By combining Raman spectroscopy with single-molecule Break Junction technology,
we can control single-molecule reactions through electric fields and simultaneously observe the Raman shifts of its corresponding chemical bonds.

5:00 PM EL01.03.13
Micro-Heater Integrated Nanotube Array Gas Sensor for Parts-Per-Trillion Level Gas Detection and Single Sensor-Based Gas Discrimination Wenying Tang, Zhesi CHEN and
Zhiyong Fan; The Hong Kong University of Science and Technology, Hong Kong

Ensuring chemical safety and safeguarding human health require real-time monitoring and discrimination of trace gases using appropriate gas sensors. Typically, this task involves expensive,
bulky, and power-intensive devices such as optical and electrochemical gas sensors. Achieving this objective with a single, miniature, low-power semiconductor gas sensor is challenging due to
selectivity issues.

In this study, we demonstrated a novel gas sensor called micro-heater integrated nanotube array gas sensor (MINA sensor), which can operate in dual modes. The sensor can detect multiple
gases at parts-per-trillion (ppt) level under the continuous heating (CH) mode and distinguish multiple gases under the pulse heating (PH) mode. We constructed the MINA sensor on the nano-
porous anodic aluminum oxide (AAO) templates with a top-bottom electrode structure, which significantly increases the sensor's surface area for molecular access. To create the sensing
material layer, we used atomic layer deposition to deposit an ultrathin and conformal SnO, thin film and decorated it with Pd nanoparticles. When operating under the CH mode, the MINA

sensor could detect hydrogen, acetone, toluene and formaldehyde with measured LODs as low as 100 ppt, 100 ppt, 100 ppt, 4 ppb, with the corresponding theoretical LODs as 6.96 ppt, 11.88
ppt, 16.52 ppt, 70.06 ppt, respectively. Under PH mode, the MINA sensor provided varying transient responses to different gases due to the variations of gas diffusion and surface reaction
activation energy of the gases. By analyzing the conductance amplitude and slope features of a single pulse, different concentrations of hydrogen, acetone, toluene, and formaldehyde can be
distinguished. Furthermore, the PH mode saved 66.7% energy compared to the traditional CH mode. The remarkable capabilities of the MINA sensor make it highly appealing for various
applications, including distributed low-power sensor networks and battery-powered mobile sensing systems for chemical safety, environmental monitoring, and healthcare.

5:00 PM EL01.03.14

Flexible Embedded Metal Meshes by Sputter-Free Crack Lithography for Transparent Electrodes and Electromagnetic Interference Shielding Mohammad Mehdi Zarei, Mingxuan Li
and Paul Leu; University of Pittsburgh, United States
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Radio frequency (RF) electromagnetic radiation has revolutionized communication networks. As we become more reliant on electronic devices and systems, there is a pressing need for the
development of effective EMI shielding materials. These shielding materials protect electronic components from radiation damage and block undesirable signals. Metal networks, such as metal
meshes and metal nanowires,

have been the subject of much research for transparent conducting electrodes with high transparency and low sheet resistance. In this abstract, we provide a novel approach in the field of crack
lithgraphy focusing on the creation of flexible embedded metal meshes. Our novel method involves the use of a self-forming crack template as a mask.

Instead of relying on traditional lithography methods that require complex and expensive equipment to create masks for etching, this approach simplifies the mask creation step through the
natural formation of cracks. Our facile fabrication method involves transferring the crack patterns to a PET substrate using RIE. The process also eliminates the need of the sputtering process,
traditionally employed in crack lithography for producing conductive meshes. After removing the crack template, we fill the embedded cracks with a highly conductive Ag ink and cure the ink.
Our flexible embedded Ag meshes achieve 91.3\% visible transmission and \red{a} sheet resistance ($R_s$) of 0.54, which corresponds to a figure of merit of 7500. For transparent EMI
shielding, the samples exhibit an SE of 42 dB with 91.3\% visible transmission

5:00 PM ELO01.03.15
Superhydrophobic Surfaces and Surface Modification via Vapour Deposition Techniques Julie J. Kalmoni, Claire Carmalt and Christopher Blackman; University College London (UCL),
United Kingdom

Superhydrophobicity, a common property within the field of protective coatings, was first observed in Lotus leaves where water droplets roll off the surface, taking dirt particles with them,
rather than wet it.12

To replicate this process on a synthetic scale, both micro-/nano-scale roughness and a low surface energy reagent are required.3’4 The latter employs the use of toxic fluorinated polymers
(which also contributes to the robustness and high transparencies of the films) and requires high depositional temperatures.>® Superhydrophobic materials have potential applications in oil-
water separation and photovoltaics. However the widespread application of superhydrophobic coatings has been hindered due to their typically poor durability or robustness.”

A relatively unexplored technique combines the use of aerosol-assisted chemical vapour deposition (AACVD) to deposit superhydrophobic polymer films along with the resultant surface
modification via AACVD of metal oxides (e.g. TiO, and CeO,). AACVD is a scalable technique as it involves spraying a precursor on a heated substrate. Superhydrophobic coatings are

known for their self-cleaning properties but depositing thin layers of metal oxides on top has allowed us to fabricate superhydrophobic metal oxide films, enhancing the photocatalytic
properties of the superhydrophobic layer and the self-cleaning properties of the TiO, film.

Another surface modification technique is atomic layer deposition (ALD). ALD, a branch of chemical vapour deposition (CVD), is a technique used to deposit atomic layers of complex and
layered thin films. By operating at such a scale, thickness control, conformality of the films, low temperature depositions and even the ability to scale-up are possible.?

This research seeks to fabricate a superhydrophobic photocatalytic self-cleaning coating, first by producing a superhydrophobic film from simple and non-toxic compounds via AACVD. This
depositional technique also provides the highly textured morphology required. Thin films with a rough morphology, formed through island growth of aggregates have been produced, displaying

static water contact angles > 160°, transparencies > 40% and maintained superhydrophobicity after 300 tape peel cycles.® Thereafter, the surfaces’ properties are modified via the AACVD of
TiO,. Thus far, the deposited films are hydrophobic/superhydrophobic, exhibit photocatalytic activity and tolerate pencil hardness’ of up to “6H”.

This novel route could be used to produce ‘easy-to-clean’ coatings for slip-resistant flooring as well as coatings on solar cells.
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5:00 PM EL01.03.16

Novel Metal/2D Insulator/Metal Junctions for Rectenna Switches Evelyn Lilvz, Parameswari Raju1 and Erhai Zhaol; lC-I‘eorge Mason University, United States; 2Thomas Jefferson High
School of Science and Technology, United States

The solar cell market is dominated by Silicon-based (single- or poly-crystalline) photovoltaic cells which directly convert sunlight into electricity. For example, the most commercially available
Si polycrystalline solar cells have a conversion efficiency of 14-19%. In the past decades, major research efforts have been spent on improving the conversion efficiency by using multiple-
junction cells and new materials, such as organic semiconductor and perovskite materials. However, sunlight is a form of electromagnetic waves with ultra-high frequency and short
wavelength, in comparison to the radio frequencies which can be collected by antenna. Although the sunlight can be collected by antenna, a fast switch to rectify the sunlight signal is needed. If
successful, such a rectenna solar cell can reach very high energy conversion efficiency (85% - 90%) at very low cost. The conventional radio receivers use semiconductor PN-junction-like
diodes which are not able to rectify frequencies beyond tera Hertz. Metal/insulator/metal (MIM) diodes have been proposed as the switch as the electrons are tunneling across the MIM
junctions at high speed. The tunneling time is defined as : , reaching femtosecond [1], where d, m, U, e and V are barrier thickness, electron mass, barrier height, electron charge and bias across
the junction. However, the conventional MIM diodes use bulk materials as the insulators which cannot be very thin and contain high-density of surface dangling bonds and defects.

In this work, we applied density function theory (DFT) method to design and study MIM junctions by using two-dimensional (2D) insulators, such as mono-, bi- and try-layer TiO,, Ta,05 and

Sn0O,. The 2D insulators can be obtained by oxidizing the corresponding 2D metal-sulfur materials. [2] Such 2D insulators have the smallest thickness and smoothest surface, perfect for
tunneling barrier. The selection of metal electrode has a significant impact on the electrical characteristics. We found that the Au/monolayer TiO,/Al junction exhibits the best performance in

current rectifying. The tunneling time was studied by the extracted potential profile from DFT calculation, indicating the thickness and bias are the key factors. The effect of strain on the
junctions was also studied. No significant effect was observed for up to £0.6% of strain. In addition, the DFT-simulated current-voltage characteristics and tunneling time were modeled and fed
into a rectenna circuit in Pspice. The circuit simulation showed excellent power output in the optical frequencies. Together, we will present a comprehensive study on MIM junctions using 2D
insulators and their performance in rectenna circuits.
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5:00 PM EL01.03.17
Wide Working Range Mechanochromic Sensor based on Multiple Photonic Crystals and Angle Compensators Hoang Minh Nguyenlvz, Kwanoh Kim?, Do-Hyun Kangz, Yeong-Eun
Y0021 and Jae Sung Yoon2L; IUniversity of Science and Technology, Korea (the Republic of); 2Korea Institute of Machinery & Materials, Korea (the Republic of)

Flexible and wearable sensors have gained tremendous interest due to increasing demands in diverse applications such as prosthetics, personal healthcare, and e-skin. However, they are mostly
based on electronic signals, restricting their potential in visualized mechanical measuring. Herein, inspired by the structural colors of natural species, we developed a novel mechanochromic
sensor with a wide working range and angle compensators. Employing the colloidal lithography technique, multiple nanostructures were fabricated on a single stretchable substrate. Thus,
broadening the detection range to 150% without sacrificing high sensitivity. We also introduced a novel approach using angle compensators to circumvent the issue of angle-dependent colors.
By comparing the colors of rigid and stretchable photonic crystals, the users can facilely estimate the strain regardless of the incident and viewing angles. The fabrication principle in this study
is based on a reusable mold, which is cost-effective for large-scale production. Thus, we believe this study will have a broad impact on the development of smart mechanochromic devices for
visually measuring the deformation of materials.
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5:00 PM ELO01.03.19
Towards a Universal Biosensing Platform based on Graphene/Pyrene Surfaces for Neurotransmitters Marta DeIga—Fernandezl, Aina Galceran?, Jose Caicedo—Roquel, Xavi lla2, Jose A.
Garrido®® and Elena del Corro®; ICatalan Institute of Nanoscience and Nanotechnology, Spain; 2IMB-CNM, Spain; 3ICREA, Spain

The development of new therapeutic treatments and diagnosis of neural-related illnesses is linked to research in the electronic devices field. Devices as neural implants allow the recording of

electrical signals to better understand the central and peripheral nervous systems®2 and, therefore, advance in the diagnosis and treatment of these diseases. One of the main issues of current
implants, mostly based on silicon technology (and thus, rigid) is that they are invasive. The use of graphene-based transistors may overcome this drawback, taking advantage of graphene’s
mechanical and electronic properties, and also opening the possibility to include chemical recording capabilities to the implant. Here, we develop a versatile graphene/pyrenebutyric acid
(PyBA) platform for the detection of neurotransmitters, or other analytes of interest, while recording electrical neural activity.

To build this platform, we perform physical evaporation of PyBA, a molecule capable to interact with the p system of graphene thanks to its aromatic nature, and to covalently interact, due to
its carboxylic group, with an aptamer of interest through the formation of a peptide bond.

We optimize the PyBA evaporation conditions, which are those leading to the formation of a PyBA monolayer on the surface of graphene. This optimization and further detailed
characterization of the pyrenebutyric layer is key for ensuring an understanding of the future sensor functionality.

The viability of the system is studied with electrical characterizations of the transistors fabricated including the PyBA layer on graphene.

Then, the binding of an aptamer that recognizes a specific neurotransmitter — thrombin in our particular case- is explored and used as a prove of the utility of the platform presented. Thrombin
is detected by electrical characterization of the functionalized graphene transistors, while morphological characterization of the samples is performed by Atomic force microscopy (AFM) and
Raman spectroscopy.

The thrombin biosensing results reveal changes in the electrical properties of graphene corresponding to each concentration tested, and the detection range achieved is correspondent to the one

achieved by reported approaches based on in-liquid functionalization® — more difficult to control-. This demonstrates the ability of the system to recognize the analyte of interest through
binding to its specific aptamer. This graphene/PyBA universal biosensing platform is in the pipeline for the development of a new generation of multifunctional graphene-based neural implants.
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5:00 PM EL01.03.20
Cation Bonding on Functional Groups for Greatly Enhanced Dipole Moments and Excellent SERS Sensing as a Universal Approach Ruey-Chi Wang and Hsiu-Cheng Chen; National
University of Kaohsiung, Taiwan

The recently developed dipole-based surface-enhanced Raman scattering (SERS) technique has ushered in a new era of opportunities for crafting cutting-edge sensing platforms, boasting a host
of advantages, including the ability to identify molecules, reduced costs, and heightened sensitivity. While significant efforts have been dedicated to augmenting the molecular dipole density on
the surface to enhance sensing sensitivity, the constrained dipole moments have limited further advancement and application possibilities. In the work, we present a universal method known as
cation bonding to enhance the dipole moments of oxygen-containing functional groups (OFGs) with the goal of achieving high-sensitivity trace sensing through Surface-Enhanced Raman
Scattering (SERS).

Utilizing Cu?* as a representative model, we have demonstrated substantial enhancements in dipole moments through density functional theory-based calculations, which have been further
validated through SERS measurements. These enhancements have been compared with typical OFGs and SERS platforms based on graphene oxide (GO). The analysis results from
Transmission Electron Microscopy (TEM) show no formation of copper particles, while Energy Dispersive X-ray Spectroscopy (EDS) clearly indicates the presence of copper signals, which
indicates the formation of copper ions on the surface and rule out common electromagnetic mechanisms. A comprehensive analysis of the electronic structures of analytes and SERS substrates
has been conducted to exclude conventional chemical mechanisms. The results obtained from Infrared Spectroscopy (IR), X-ray Photoelectron Spectroscopy (XPS), and Electrostatic Force
Microscopy (EFM) confirm the formation of C-O-Cu bonds and the reversal of dipole moments through copper bonding. The Cu-OFG SERS platforms thus prepared not only exhibit

remarkable sensitivity in detecting Rhodamine6G (at concentrations as low as 1010 M) but also prove their utility in detecting trace amounts of nitrate (at 1010 M), a harmful contaminant in
drinking water, and thiabendazole (at 0.01 ppm), a parasiticide used in fruit preservation. This cation bonding strategy is highly versatile, applicable to various cations, and opens the door to
creating exceptional SERS platforms for a wide array of sensing applications.

5:00 PM EL01.03.23
Electrically Tuneable Silicon-Based Photomodulator for THz Applications Xavier Romain!, Peter R. Wilshaw?, Rayko I. Stantchev®!, Tina Miao®, Tim Niewelt!, Shona McNab?, Sophie

L. Paint, Nicholas Grant!, Ruy S. Bonilla%, Emma Pickwell-MacPherson® and John D. Murphy?; tUniversity of Warwick, United Kingdom; 2University of Oxford, United Kingdom; 3National
Sun Yat-sen University, Taiwan

Silicon is a well-established semiconductor which is extensively used in a wide variety of applications; it is the basic component for photovoltaic solar cells and is a widespread substrate in
many photonic devices. More recently, silicon has found new use in the ever-growing research area of terahertz (THz) waves. For example, silicon can serve as a THz photomodulator i.e.,
when the silicon is illuminated by an above bandgap optical source which renders the silicon opaque to the THz radiation. The opacity level (modulation depth) and the switching speed
between the transparent and opaque states of silicon (modulation speed) are determined by the lifetime of the photoexcited charge carriers in the silicon wafer. For some applications (such as in
THz single-pixel imaging) the effective lifetime of silicon is a critical parameter, which must be carefully considered to reach the best trade-off possible between the modulation depth and the
modulation speed. However, neither bare silicon (too low) nor routinely surface passivated silicon (too high) yields effective lifetimes that are best suited for such THz applications. Hence we
suggest a novel device configuration featuring controlled carrier lifetime modulation of Si-based THz modulators via voltage application across a transparent gate electrode.

In this work, we report the fabrication, characterisation, and implementation in a THz imaging setup of such a photomodulator. We deposited hafnium oxide via atomic layer deposition as the
passivation layer on both side of a high-resistivity silicon substrate. The hafnium oxide provides a sufficient electrical insulation and an adequate surface passivation level yielding lifetimes in
the hundreds of microseconds. We then coated the hafnium oxide layers with poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS) as the conductive layer for the electrical
gating. The choice of PEDOT:PSS is particularly relevant for THz photomodulation as it is transparent to both the THz and the visible light. We performed an injection-dependent lifetime
characterisation of the photomodulator using standard photoconductance decay (PCD) measurements while a bias voltage in a -10V to +10V range was applied between the PEDOT:PSS top
layer and the silicon layer. We observed results for the effective lifetime as a function of the applied bias voltage that are consistent with similar devices previously reported in literature. We
also confirmed the applied voltage homogeneity across the whole photomodulator surface by repeating a similar experiment using a photoluminescence imaging technique.

We implemented the electrically tuneable photomodulator in a THz time domain spectroscopy setup (THz-TDS) capable of single-pixel imaging. Similar to the PCD measurements, we first
characterised the photomodulator effective lifetime by monitoring the THz radiation decay for a range of photoexcitation intensities and applied bias voltages. The lifetime curves extracted
from this THz-TDS photomodulation configuration showed comparable trends with the lifetime curves produced by PCD. To demonstrate the potential of this electrically tuneable THz
photomodulator, we performed single-pixel imaging where the photoexcitation source is now spatially structured so that the photomodulator acts as a THz spatial light modulator. We showed
that tuning only the bias voltage, which controls the photomodulator effective lifetime, can massively impact the THz imaging. With such silicon-based THz photomodulator, the effective
lifetime is not a constraining fixed factor but rather an additional degree of freedom for THz photomodulation.

5:00 PM ELO01.03.24
Toward Solution-Processed UV Photodetectors via Atomically Thin Fluorine-Functionalized Graphene Coupled with Consecutive Carbon Quantum Dots Po-Hsuan Hsiao, Kuan-Han
Lin, Tsung-Yen Wu and Chia-Yun Chen; National Cheng Kung University, Taiwan

Heterostructures stand for the artificial structures composed of two or more different solid-state materials. When the dimensionality of materials scales down to nanoscale, the interfaces
associated with constitute materials play the dominant role on their materials chemistry, materials physics and even being decisive for the correlated device performances. In this presentation,
the photophysical dynamics of fluorine-functionalized graphene (FF-Gra) coupled with carbon quantum dot film (CQDF) is manifested. By probing the involved electronic structures and
optical transitions, bound-carrier population and dynamic phenomena is revealed, which exhibit as main features of for the modulation of photophysical origin. All these features implicate the
outstanding UV-responsive flexible photodetectors with sound optical transparency, attesting external quantum efficiency (EQE) of 1.68x10%%, photoresponsivity of 4.66x10% A/W and
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detectivity of 2.92x10 Jones based on such nonintuitive quantum-confined hybrid materials. The present photodetector design, along with the mechanism validation was anticipated to be
potential for the development of next-generation optoelectronic devices with desired properties.

5:00 PM EL01.03.25
Revealing Gas Sensing Mechanism of PtO, Originated from The Structural Equivalence with SnO, Seongsu Choit, Yeon Sik Jung® and Hyeuk Jin HanZ; 'Korea Advanced Institute of

Science and Technology, Korea (the Republic of); 2Sungshin Women's University, Korea (the Republic of)

Conventional gas sensing with Pt relies on the spillover effect, where Pt nanoparticles split gas molecules and disperse onto n-type semiconductors such as ZnO, WO, and SnO,. In the

presence of PtO, the p-type semiconductor nature of PtO creates an electron depletion region at the heterojunction with n-type semiconductors, which in turn affects the gas sensor resistance
and thus provides information about the surrounding gas composition. The gas sensing mechanism of another oxidation state, PtO,, has conventionally been considered a p-type semiconductor,

similar to PtO until now. However, this traditional interpretation does not explain the increased selectivity and sensitivity observed with PtO, compared to both PtO and Pt. There is also a lack
of research comparing the gas sensing properties based on the different oxidation states of Pt.

In this study, we suggest a novel gas sensing mechanism of PtO, when combined with SnO,, originating from the structural equivalency between PtO, and SnO,. Previously, it has been
demonstrated that at elevated temperatures and under high O, partial pressure conditions, Pt in PtO, can replace Sn in SnO, lattice due to their identical rutile structure and oxidation state (4*)
as well as their similar ionic radii. Additionally, PtO,, known for its strong oxidizing properties, creates oxygen vacancies in a reducing gas atmosphere. These vacancies then become active
sites for the adsorption of target gases, significantly enhancing gas sensor performance. To verify the sole influence of the oxidation state of Pt, we designed 3D-aligned Pt decorated SnO,

nanowires using Thermally-assisted nanotransfer printing(T-nTP). This method improved mass transport, ensured consistent network connections, and increased the surface area, enabling
specific focus on the differences originating from the oxidation state of Pt. Via annealing in an air furnace, the oxidation states of Pt were selectively altered while keeping the other conditions,
such as the structure of the gas sensor and the state of the supporting material, SnO,. Specifically, annealing the gas sensor at 900°C results in approximately 99% conversion of Pt into PtO,.

We observed that PtO, decoration on SnO, exhibited superior sensitivity and selectivity for hydrogen sulfide (H,S) compared to Pt decoration. PtO, showed approximately 60 times greater
sensitivity compared to the sample annealed at a lower temperature, achieving response ratios (R / Rgas) exceeding 50 at a concentration of 1 ppm. Overall, this study presents a newly
discovered gas sensing mechanism with PtO, and demonstrates significantly improved sensitivity and selectivity, particularly in detecting H,S. Moreover, the gas sensors synthesized via T-
nTP offer the potential for comparative analysis of gas sensing properties across different oxidation states of other noble metals.

5:00 PM ELO01.03.26
Nanoscale Morphology, Defect Identification and Electronic Spectroscopy of Thin Molybdenum Carbide (a-Mo,C) Crystals under Ambient Conditions Gokay Adabasi!, Saima A.

Sumaiya?, llker Demiroglu?, Elif Okay®, Omer R. Caylan®, Goknur Cambaz Buke®, Cem Sevik* and Mehmet Z. Baykara®; 1University of California, Merced, United States; 2Eskisehir
Technical University, Turkey; STOBB University of Economics and Technology, Turkey; *University of Antwerp, Belgium

The emerging materials family of thin transition metal carbides (TMCs) have garnered significant recent attention due to their distinctive features such as high thermal and chemical resistance,
good electrical and thermal conductivity, high hardness, and potential for energy storage as well as electromagnetic shielding. The application potential of thin TMCs will strongly depend on
atomic-scale structural and physical-chemical properties. On the other hand, the necessity of high vacuum and low temperatures for atomic-resolution experiments has led to a debate regarding
the relevance of such characterization approaches for real-life applications.

Here, we present a nanometer- and atomic-scale characterization study of thin crystals of molybdenum carbide (a-Mo,C) grown through chemical vapor deposition (CVD). The experiments are

performed via conductive atomic force microscopy (C-AFM), under ambient conditions. It is found that the crystal surfaces are partially covered by graphene. Moreover, atomic-resolution
imaging, combined with density functional theory (DFT), allows the identification of various defects found on the crystal surfaces. Finally, current vs. voltage spectroscopy performed on the
defects provides information about their local influence on surface electronics.

5:00 PM ELO01.03.28
Mimicking Positive Aging using Atomic Layer Deposition of Alumina in Quantum Dot Light-Emitting Diodes Haoyue Wan', Euidae Jung?, Pan Xia®, Benjamin Rehl*, Ruigi Zhangz,
Yanjiang Liut, Yakun Wang?, Sjoerd Hoogland?, Vladimir Bulovic? and Edward H. Sargent!; 1University of Toronto, Canada; ZMassachusetts Institute of Technology, United States

Quantum dot light-emitting diodes (QD-LEDs) frequently exhibit a unique characteristic known as positive aging, where their efficiency improves over time. In this study, we delve into the
underlying causes of this behavior. Our findings suggest that the densification of the ZnMgO electron transport layer plays a pivotal role in this process. As the device undergoes shelf-aging,
ZnMgO nanoparticles coalesce, leading to a reduction in leakage current and a decrease in surface vacancies within the ZnMgO layer. To expedite the device's performance without waiting for
the positive aging effect, we introduced an Al,Og layer via atomic layer deposition between the ZnMgO and the electrode. This modification resulted in red InP QD-LEDs showcasing a

remarkable 1.3-fold boost in efficiency and a tenfold enhancement in stability, underscoring the potential of the Al,O4 layer in optimizing QD-LED performance.

5:00 PM ELO01.03.29
Curvature-Induced Instability in Crystallization of Chiral Liquid Crystals Sepideh Norouzi®, Jeremy R. Money?, Jose A. Martinez-Gonzalez? and Monirosadat Sadati; 1The University of
South Carolina, United States; 2Universidad Auténoma de San Luis Potosi, Mexico

Crystallization in curved entities such as viral capsids, Radiolaria, and ice-freezing is ubiquitous in nature, wherein the spatial coordination of constituent materials adjusts to adequately
accommodate within curvature, resulting in exotic collective properties. Herein, we investigated the nucleation and growth of blue phase (BPs) soft crystals within curved topological
confinement. BPs represent 3D periodic cubic crystals while they have fluidity. They have the potential to assemble into two crystalline symmetries: BPI with a body-centered cubic structure
and BPII with a simple cubic structure. These cubic crystal lattices are a few hundred nanometers and show selective Bragg's reflection with rapid sub-millisecond response times, which makes
them attractive for sensing and photonic applications. They, however, exist in a very narrow temperature range and generate polycrystalline structures when confined in flat films, preventing
their widespread use in most practical applications. Moreover, the growing interest in the integration of these ordered materials into miniaturized, flexible devices brings about the need to
understand the effect of geometrical confinement and curved boundaries on the structure of BPs and their stability and photonic responses.

To understand how the interplay of curvature, confinement, and surface anchoring impacts the structural stability and optical response of BPs, we have confined BPs within core-shell and
microdroplets with precise size and shell thicknesses. Our observations in shells indicate that increased curvature and strong spatial confinement destabilize BPI promoting its transition into
configuration and optical characteristics resembling BPII. Although BPs in shells appeared polycrystalline, the inherent 3D symmetrical curvature in microdroplets facilitated the formation of
monodomain crystals, eliminating the need for any specific surface treatments. Moreover, using photo-polymerization technique to stabilize defects in droplets led to an expanded thermal
stability range for BPs. Yet, the phase transition temperature in these microdroplets was found to be strongly size-dependent. We have delved into the underlying principles of these molecular
arrangements through both experimental and theoretical simulations. These findings can pave the way for designing optically active microstructures, addressing BP-related challenges, offering
potential for cutting-edge photonic and sensing applications especially in flexible and wearable devices.

5:00 PM EL01.03.30
Local Defect-Engineering in Monolayer MoS2 through Sulfur Vacancies Controlling with Dip-Pen Nanolithography Jinho Lee, Jeong-Sik S. Jo, Do Wan K. Kim and Jae-Won Jang;
Dongguk University, Korea (the Republic of)

Molybdenum disulfide (MoS,) is a promising layered semiconductor material that can overcome the limitations of conventional silicon-based devices. MoS, has a unique characteristic in
which the band gap changes depending on the thickness; Monolayer MoS, has a direct band gap of about 1.8 eV, while multilayer MoS, has an indirect band gap of about 1.3 eV. Therefore,
MoS, has potential applications in various fields such as optoelectronics, sensors, and catalysis. However, the electrical and optical properties of monolayer MoS, are sensitive to defects on its
surface. Sulfur vacancies are the most prevalent defects in MoS, and they work as electron donors and trap sites. Thus, they create mid-gap states influencing the band structure and the Fermi
level of monolayer MoS,. The charge state and the local environment of the sulfur vacancies can either improve or deteriorate the electrical conductivity, the photoluminescence intensity, and
the catalytic activity of monolayer MoS,. Thus, it is crucial to control the sulfur vacancies in monolayer MoS, to optimize its electrical characteristics and device performance. In this study, we
propose a method for local defect engineering in monolayer MoS,. The proposed method controls sulfur vacancies through dip-pen nanolithography (DPN), a tip-based lithography technique
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that enables direct deposition of molecules or ions onto specific regions of the substrate surface.

5:00 PM EL01.03.31
Understanding Surfaces and Interfaces in Nanocomposites of Silicone and Barium Titanate through Experiments and Modeling Avery Pritchard?, Vanessa Bartling!, Heather Fuentes’,

Katrina Nelson, Jessica Santosal, Albert Dato?, Todd Monson? and Renee Van Ginhoven?; Harvey Mudd College, United States; 2Sandia National Laboratories, United States; 3Air Force
Research Laboratory, United States

Computational and experimental studies into particle surfaces and particle-matrix interfaces in nanocomposites of silicone and barium titanate (BTO) nanoparticles will be the focus of this
presentation. BTO is a ferroelectric perovskite that is used in electronic devices and energy storage systems because of its high dielectric constant (up to 7,000). Research has shown that the
dielectric constant of BTO drastically increases to 15,000 at a BTO particle diameter of 70 nm, which is an intriguing but highly contested result. Dielectric constants of BTO nanoparticles
have been determined by fabricating, characterizing, and modeling surface-functionalized BTO powders incorporated into polymer matrices. These studies have indicated that BTO particle size
does impact the dielectric constant of the perovskite. However, more sophisticated modeling and advanced characterization techniques are needed to better understand the nature and
complexity of interfaces formed between polymers and BTO, as well as investigate the relationships between interfacial properties, nanocomposite properties, and nanoparticle properties.

Here we present experimental and theoretical research into the preparation, transmission electron microscope (TEM) characterization, and simulation of elastomer-matrix nanocomposites
containing BTO nanoparticles with diameters ranging from 50 nm to 500 nm. Methods of functionalizing the surfaces of BTO nanoparticles, preparing nanocomposites of BTO and silicone,
and determining the dielectric properties of BTO-silicone nanocomposites will be shown. TEM images of BTO nanoparticles in silicone will provide insight into interface formation and be
related to (1) nanocomposite properties, (2) COMSOL models of the nanocomposites, and (3) density functional theory simulations of the interactions of water with BTO surfaces. The results
from this project will advance our understanding of surfaces and interfaces in BTO-polymer nanocomposites, elucidate the particle size dependence of the BTO dielectric constant, and
demonstrate an avenue toward manufacturing flexible elastomer-perovskite nanocomposites for wearable electronic devices and energy storage applications.

SNL is managed and operated by NTESS under DOE NNSA contract DE-NA0003525. This study was also supported by the National Science Foundation under Grant No. 1943599.
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8:30 AM *EL01.04.01
Plasma Processes for Isotropic and Anisotropic Atomic Layer Etching Adrie Mackus; Eindhoven University of Technology, Netherlands

The development of nanoelectronics towards increasingly complex 3D nanostructured devices requires novel combinations of anisotropic and isotropic etching. Atomic layer etching (ALE)
will play an important role in the fabrication of such nanodevices because of its Angstrom-level control and ability to uniformly etch on complex structures. Previously reported ALE processes
can be classified in two main categories: plasma processes for anisotropic etching and thermal chemistries for isotropic etching.

In this contribution, results for both isotropic and anisotropic ALE will be discussed, focusing on the unique opportunities provided by plasmas. The relatively unexplored category of using
plasmas for isotropic ALE allows for processing at lower temperatures and higher etch rates, as will be demonstrated for processes involving fluorination with a SFg plasma. Recent work also

focuses on isotropic ALE based on etching by diketone dosing (e.g., hexafluoroacetylacetone) and plasma cleaning steps. Infrared spectroscopy and simulation studies revealed that the
mechanism of etching with diketones involves a competition between etching and inhibition reactions.

9:00 AM EL01.04.02
Atomic Layer Deposition of WO-Doped In,04 for High-Performance BEOL-Compatible Transistors Chanyoung Yoo'2, Balreen Saini2, Jonathan Hartanto?, Cristian Ruano Arens?,

John D. Baniecki!, Wilman Tsai2, Baylor B. Triplett and Paul C. Mcintyre'»?; 1SLAC National Accelerator Laboratory, United States; 2Stanford University, United States

Metal oxide semiconductors incorporating In,O5 have received significant attention as they possess high electron mobility, can be synthesized at back-end-of-line (BEOL) compatible
temperatures, and exhibit excellent transistor characteristics at nanoscale dimensions. Doping In,05 with several mole % tungsten oxide to form “IWO” has been reported to improve the

threshold voltage stability of these semiconductor channel materials. However, currently reported film deposition for IWO is limited to sputtering, which does not allow the growth of
conformal films with precise thickness and stoichiometry control on topographically complex BEOL surfaces. This limitation becomes critical when utilizing these films as channel materials in
gate-all-around structures. A shift toward deposition methods that support 3D structures is necessary to address the increasing demand for high on-current.

Consequently, we use the 3D-compatible atomic layer deposition (ALD) method to deposit IWO by adjusting the cycle ratios for In and W precursors and the oxidant co-reactant, enabling
precise control over the doped film composition. In addition to facilitating highly conformal film growth, ALD-grown IWO may exhibit different point defect populations and a broader process
window for amorphous structure because of the lack of bombardment by energetic species that are present during sputtering. We demonstrate deposition of IWO (1~4 mol% WOy) films using

ALD and fabricate both bottom- and top-gated thin film transistors with a 3-nm thick IWO channel in a BEOL-compatible process with a maximum temperature of less than 250°C. A transistor
with 2 mol% WOy-doped IWO exhibits exceptional performance characteristics, including a subthreshold slope of 65 mV/decade, a high I, ¢, of 70 (W=12, L=1.5) at V,g=1.0 V and
Vss=2.0 V, and remarkable stability under bias stress. The transistor showed negligible hysteresis and maintained a stable threshold voltage (Vy,) under negative and positive bias stress
conditions (AVy, =-0.06 V and +0.1 V, respectively, at an electric field of 4.2 MV/cm for 1000 seconds). This Vy, stability under bias stress highlights the reliability of ALD-grown IWO for

ferroelectric field-effect transistors and its potential to enable high-performance monolithic 3D integrated devices.
Furthermore, we explored the evolution of long-range order within the IWO films through synchrotron X-ray diffraction. We found that doping In,O with several mole % of tungsten oxide has

a strong anti-correlation with both the ordering and the presence of oxygen vacancies, which are themselves strongly correlated with Vy,. This work offers an understanding of the impact of W
doping and provides insight into the reliability of In,O5-based oxide transistors.

9:15 AM EL01.04.03

Understanding The Formation and Evolution of Surface Oxidation Layers in Nb Thin Films Jeffrey Dhas™2, Zihua Zhu!, Peter V. Sushko®, Mingzhao Liu®, Ekta Bhatia*, Jakub
Nalaskowski#, Sandra Schujman?, Corbet Johnson*, Tom Murray*, Satyavolu Papa Rao* and Yingge Du?; 1Pacific Northwest National Laboratory, United States; 2Oregon State University,
United States; 3Brookhaven National Laboratory, United States; “NY Creates, United States

Surface oxides formed on metal films have a significant impact on the decoherence and stability of superconducting qubits. Niobium (Nb) exhibits a complex native oxide layer, approximately
10 nm thick, believed to harbor structural and chemical defects contributing to coherence loss in Nb-based devices. In this study, Time-of-Flight Secondary lon Mass Spectrometry (ToF-SIMS)
was used to assess the influence of different treatments on the surface oxidation layers of Nb thin films. We employed ToF-SIMS for high-resolution chemical mapping and depth profiling,

combined with ex situ 18O2 annealing experiments. This allowed us to characterize and evaluate the surface oxidation layers of Nb thin films resulting from chemical mechanical polishing

(CMP) and accelerated neutral atom beam (ANAB) treatments, comparing them to native oxides formed through air exposure. By combining ToF-SIMS results with XPS and TEM studies, we
revealed the differences in oxidation layer thickness and composition, including Nb,Os, Nb,O5, and NbO, on the surface. Moreover, we demonstrated that ANAB-generated oxidation layers

exhibit enhanced resistance to further oxidation when compared to native oxides. This finding suggests a promising strategy for mitigating surface oxidation and improving the performance of
devices based on superconducting metals.

9:30 AM BREAK

10:00 AM *EL01.04.04
Passivation of Si, Ge and SiGe Surfaces by ALD Nanolayers Erwin Kessels; Eindhoven University of Technology, Netherlands
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For many (opto)electronic devices, it is vital to reduce the recombination of charge carriers at the semiconductor surfaces and interfaces. This is becoming more and more challenging due to the
ongoing diversification in semiconductor materials to be used in the devices but also due to the increasing surface-to-volume ratio of the (nano)structures employed in electronics and photonics.
Surface passivation can be achieved by employing ultrathin films of semiconductor or dielectric materials which often serve other functionalities in the devices too. The underlying mechanism
of the surface passivation can be the reduction of surface defect states (i.e., so-called chemical passivation) and/or band bending due to so-called field-effect passivation effect (e.g., due to fixed
charges in the film).

In this contribution the surface passivation by some innovative nanolayer approaches prepared by atomic layer deposition (ALD) will be presented. The focus will be on Si and Ge surfaces and
also include hexagonal SiGe alloy nanowires which are of interest for nanolasers due to their direct-bandgap [1]. The nanolayers include materials such as Al,O5, PO, and (doped) ZnO as well

as stacks thereof [2,3,4,5]. Special attention will be given to the underlying mechanism of the surface passivation achieved as well as its relation to the properties of the nanolayers employed.

[1] E. M. T. Fadaly, A. Dijkstra, J.R. Suckert, D. Ziss, M. A. J. van Tilburg, C. Mao, Y. Ren, V.T. van Lange, K. Korzun, S. Kélling, M. A. Verheijen, D. Busse, C. Rddl, J. Furthmiller, F.
Bechstedt, J. Stangl, J.J. Finley, S. Botti, J. E. M. Haverkort, E. P. A. M. Bakkers, Nature 580, 205 (2020).

[2] W. J. H.Berghuis, J. Melskens, B. Macco, R. J. Theeuwes, L. E. Black, M. A. Verheijen, W. M. M. Kessels, J. Appl. Phys. 130, 135303 (2021).

[3] R. J. Theeuwes, W.J.H. Berghuis, B. Macco, W. M. M. Kessels, Appl. Phys. Lett. 123, 091604 (2023).

[4]1 W. J. H. Berghuis, M. A. J. van Tilburg, W. H. J. Peeters, V. T. van Lange, E. M. T. Fadaly, E. C. M. Renirie, R. J. Theeuwes, M. A. Verheijen, B. Macco, E. P. A. M. Bakkers, J. E. M.
Haverkort, W. M. M. Kessels, to be published.

[5] B. Macco, M.L. van de Poll, B.W.H. van de Loo, T.M.P. Broekema, S.B. Basuvalingam, C.A.A. van Helvoirt, W.J.H. Berghuis, R.J. Theeuwes, N. Phung, and W.M.M. Kessels, Sol.
Energy Mater. Solar Cells, 245, 111689 (2022).

10:30 AM EL01.04.05
Substrate Characteristics and Their Impact on Ruthenium Metal Growth via Atomic Layer Deposition (ALD) Amnon Rothman and Stacey F. Bent; Stanford University, United States

Noble metal thin films have attracted significant interest owing to their distinctive properties and structures, which make them ideal for applications in microelectronics, catalysis, energy, and
photovoltaics. While several parameters influence the properties of these metals for such applications, the deposition process remains a critical factor. Atomic Layer Deposition (ALD) stands
out as a prevalent deposition technique due to its surface-sensitive nature. The ALD process is characterized by its self-limiting surface reactions, promoting a layer-by-layer growth mechanism
and allowing for precise control over film thickness and conformality. However, challenges arise in achieving continuous, pinhole-free noble metal ALD layers on oxide surfaces, often
resulting in low film quality. These challenges can be traced back to the lack of adequate nucleation sites and the poor wettability of the low-surface energy substrates. We have studied the
impact of substrate surface functionalization using organometallic molecules, such as trimethylaluminum (TMA) and diethylzinc (DEZ), on the nucleation and growth of Ru layers. Our results
reveal an enhancement in both nucleation density and the average diameter of the Ru nanoparticles deposited, and we attribute these improvements to an increase in both nucleation sites and
elevated surface diffusivity. The latter effect is speculated to result from a reduction in the substrate's surface free energy.

We also examine the influence of substrate surface characteristics, including surface termination and crystallinity, on the nucleation and growth of Ru metal via ALD. We utilize a range of
substrates, including Si with native oxide, HF-etched Si, quartz, amorphous Al,O,, and sapphire, for the Ru metal deposition process. Surface properties such as water contact angle and surface

free energy of the examined substrates are measured. The morphologies of the resulting Ru thin films are studied using scanning electron microscopy (SEM), atomic force microscopy (AFM),
and grazing incidence small angle x-ray scattering (GISAXS). These analytical results are integrated with an experimental model to elucidate the differences in growth mechanisms observed
across substrates. The deposited Ru coverage as well as the Ru island density and average diameter are correlated to the surface free energy of the substrate. The findings underscore the
importance of substrate choice in the ALD process and broaden our understanding of Ru metal growth. This research serves as an important step in optimizing the ALD process for various
applications by tailoring substrate selection.

10:45 AM *EL01.04.06
Energy Enhanced Atomic Layer Deposition (EEALD) John F. Conley; Oregon State University, United States

Atomic layer deposition (ALD) is based on alternating purge-separated self-limiting surface chemical reactions in which films are deposited in a layer-by-layer fashion. Inherent advantages of
ALD include atomic scale controlled growth of high quality highly conformal thin films at relatively low temperatures. A low thermal budget is often critical for BEOL processing, 3D
integration, avoiding unwanted diffusion, and maintaining stable effective work functions and threshold voltages in metal/insulator/metal (MIM) and metal/oxide/semiconductor (MOS) devices
and well as for deposition on glass or flexible substrates for large area electronics. While advantageous for some applications, the low deposition temperatures common in ALD can lead to
incorporation of excess -OH groups or other residual impurities from unreacted ligands and result in poor stoichiometr, which may in turn lead to sub-optimal physical, optical, and electrical
properties.

A number of approaches have been used to reduce impurities, increase density, improve stoichiometry and morphology, and achieve the desired properties of ALD films. One obvious approach
is to increase deposition temperature. However this may move a process into the CVD regime, negating many of the benefits of ALD. The most common approach to improving film quality is
post-deposition annealing (PDA) at elevated temperatures. The PDA temperatures that are typically required, however, can exceed the maximum temperature limitations of the substrate or
previously formed electronics.

To maintain low thermal budget while maximizing film properties, performing annealing during, rather than after, ALD can be beneficial. An alternate approach to help drive reactions and
reduce impurity / ligand incorporation is to add extra energy as part of each (or every few) ALD cycles or supercycles. Methods to date include in-situ rapid thermal (MTA, DADA, etc.)
annealing, flash lamp annealing, plasma exposure, UV exposure, etc. | collectedly refer to all of these as energy enhanced ALD (EE-ALD) [1-16]. (Note that these are distinct from plasma
enhanced ALD (PEALD), see [17] for excellent review.) Documented benefits of the various forms of EE-ALD include higher GPC, denser films, lower temperature, improved dielectric
constant and refractive index, lower leakage, lower residual impurities. A potential downside of energy enhancement is the additional time these steps add to the ALD super-cycl