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2021 Joint Nanoscience and Neutron Scattering Virtual User Meeting

Note: All times listed are US Eastern Time/New York. Zoom links can be accessed in Whova (see page 5 for instructions).

Monday, August 9: Day 1

10:30 a.m.—12:40 p.m.

10:30 a.m.

10:40 a.m.

11:00 a.m.

11:10 a.m.

11:40 a.m.

1:00 - 1:30 p.m.
1:00 - 2:00 p.m.
1:00 - 2:00 p.m.

2:00-4:00 p.m.
Parallel Oral Sessions

2:00 p.m.

2:30 p.m.

3:00 p.m.

3:30 p.m.

4:00-5:00 p.m.

Welcome and Plenary Session A

ORNL Welcome

Joshua Agar, CNMS UEC Chair and Daniel Shoemaker, SHUG EC Chair

Neutron Sciences Overview

Ken Andersen, Associate Lab Director for the Neutron Sciences Directorate

Hans Christen, Neutron Scattering Division Director

Nanoscience Overview

Karren More, Center for Nanophase Materials Sciences Director

Plenary Speaker: Linda Horton, Associate Director of Science for Basic Energy Sciences (BES),
US Department of Energy (DOE) Office of Science (SC)
Title: DOE Office of Science Update

Plenary Speaker: Luke Brewer, The University of Alabama

Title: Processing-Structure Relationships in Metallic Materials: Discovering the Enabling
Science for Advanced Manufacturing

Virtual Tour of the CNMS

HFIR/SNS Data Analysis Town Hall - Thomas Proffen, Oak Ridge National Laboratory

Poster Viewing (available in Whova under the agenda for Sunday, August 8)

Joint Session:
Hard Materials: Energy

Storage and Conversion
Moderator: Ethan Self

Juan-Pablo Correa Baena,
Georgia Tech

Nicholas Weadock, University
of Colorado at Boulder
George Nelson, U of Alabama
in Huntsville

Janet E. Macdonald, Vanderbilt
University

Joint Session:
Soft Materials: Polymers
Moderator: Laura Stingaciu

Yangyang Wang, Oak Ridge
National Laboratory

Gaurav Arya, Duke
University

Simon Rogers, University of
Illinois at
Urbana-Champaign

Nate Lynd, University of
Texas at Austin

Joint Session:

Data Enabled Science
Moderators: William Ratcliff,
Joshua Agar
Anjana Samarakoon, Argonne

National Laboratory

Nhan Tran, Fermi National
Accelerator Laboratory
Austin McDannald, NIST

Nikhil Shukla, University of
Virginia

Poster Viewing (available in Whova under the agenda for Sunday, August 8)



2021 Joint Nanoscience and Neutron Scattering Virtual User Meeting

10:30 a.m.-1:00 p.m.
10:30 a.m.

10:40-11:40 a.m.

11:40 - 1:00 pm

1:00-2:00 p.m.

2:00-4:00 p.m.
Parallel Oral Sessions

2:00 p.m.

2:30 p.m.

3:00 p.m.

3:30 p.m.

4:00-5:00 p.m.

Tuesday, August 10: Day 2

Welcome, Plenary Session B, and Student Presentations

ORNL Welcome

Joshua Agar, CNMS UEC Chair and Daniel Shoemaker, SHUG EC Chair
Plenary Speaker: Deji Akinwande, University of Texas at Austin

Title: Imaging of Single Defect Memristors in 2D Materials and Applications
Talks from Best Student Presentation Award Winners

Moderator: Zachary Hood

Gathertown Virtual Mixer

Joint Session: . . Joint Session:
N . Joint Session: e
ard Materials: Imagin . . ata Enabled Science
) ging Soft Materials: Biology
Moderators: Adrian Bruegger, . . Moderators: Joshua Agar,
Moderator: Jarek Majewski .
Ethan Self Geneva Laurita
Anton Tremsin, UC Berkeley Matthais Kolle, MIT Eun-Ah Kim, Cornell
University
Mary Scott, UC Berkeley/LBNL Daniel Kneller, Oak Ridge Simon Billinge, Columbia/BNL
National Laboratory
James T. Burns, University of Tomonori Saito, Oak Ridge Olexandr Isayev - Carnegie
Virginia National Laboratory Mellon University
Roger Proksch, Asylum Kathryn Morris, Xavier James Warren, Materials
Research and Oxford University Genome Program (NIST)
Instruments

Poster Viewing (available in Whova under the agenda for Sunday, August 8)
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10:30 a.m.—-12:40 p.m.

10:30 a.m.

10:40-11:40 a.m.

11:40-12:40 pm

1:00-2:00 p.m.
1:00-2:00 p.m.

2:00-4:00 p.m.
Parallel Oral Sessions

2:00 p.m.

2:30 p.m.

3:00 p.m.

3:30 p.m.

4:00-5:00 p.m.

Wednesday, August 11: Day 3

Welcome, Plenary Session C, SHUG Town Hall

ORNL Welcome

Joshua Agar, CNMS UEC Chair and Daniel Shoemaker, SHUG EC Chair

Plenary Speaker: Rana Ashkar, Virginia Tech

Title: Cell Membranes from the Lens of Neutron Scattering and Computer Simulations
SHUG Town Hall Meeting

Including announcement of “Best Student Presentation” Award Winners in Neutron
Scattering Sciences and “Outstanding Staff Service” Awards

Poster Viewing (available in Whova under the agenda for Sunday, August 8)

Gather Town Virtual Mixer

. . Joint Session:
Joint Session:

Hard Materials:
Magnetism, quantum,
and nanoelectronics

Emerging Researchers in
Nanoscience and Neutron Scattering
(postdocs, junior faculty, and

Joint Session:
Soft Materials: Energy &
Gas Adsorption

Moderators: Danielle Yahne, Moderator: Yun Liu equivalent) )
. Moderators: Zachary Hood, Travis
Shengxi Huang o
Williams
Benjamin Frandsen, Guoliang (Greg) Liu, 2:00 Michelle Calabrese,
: .m.
Brigham Young University Virginia Tech : University of Minnesota
Weiwei Xie - Rutgers Murillo Longo Martins, )
] . . . Robert Wexler, Princeton
University Oak Ridge National 2:20 p.m. i .
University
Laboratory
Kemp Plumb, Brown Greeshma Gadikota, 9:40 Hillary Smith,
: .m.
University Cornell University . Swarthmore College
Michael Strano, Sandra J. Rosenthal, Peter Meisenheimer,
Massachusetts Institute ~ Vanderbilt University 3:00 p.m. University of California,
of Technology Berkeley
Alessandro Mazza, Oak
3:20 p.m. . .
Ridge National Laboratory
Ruijuan Xu, Stanford
3:40 p.m.

University
Poster Viewing (available in Whova under the agenda for Sunday, August 8)



2021 Joint Nanoscience and Neutron Scattering Virtual User Meeting

10:30 a.m.—-12:20 p.m.
10:30 a.m.

10:40-11:40 a.m.

11:40-12:20 p.m.

1:00-1:30 p.m.

1:30 - 2:00 p.m.

2:00-4:00 p.m.
Parallel Oral Sessions

2:00 p.m.

2:30 p.m.

3:00 p.m.

3:30 p.m.

4:00-5:00 p.m.

Thursday, August 12: Day 4

ORNL Welcome

Welcome, Plenary Session D, CNMS Town Hall

Joshua Agar, CNMS UEC Chair and Daniel Shoemaker, SHUG EC Chair
Plenary Speaker: John Randall, Zyvex Labs
Title: A Promising Path to Atomically Precise Manufacturing: Digital Atomic-Scale Fabrication

CNMS Town Hall Meeting

Including announcement of “Best Student Presentation” Award Winners in the Nanosciences
and the CNMS Staff Appreciation Award

SNS Virtual Tour
Melanie Kirkham
HFIR Virtual Tour
Matthias Frontzek
Joint Session:
Hard Materials:

Functional Materials /

Condensed Matter
Moderators: Lisa
Debeer-Schmitt, Peter
Moeck

Tanushree Choudhury,
Indian Institute of
Technology Bombay

Alex Zettl, University of
California at Berkeley

Sara Haravifard, Duke
University

Claire Saunders,
California Institute of
Technology

1:00 - 2:00 p.m.

Joint Session:

Soft Materials: Colloids

& Complex Fluids
Moderator: Rana Ashkar

Ryan Poling-Skutvik,
University of Rhode
Island

Philip William,
University of Notre
Dame

Nairiti Sinha, University
of California, Santa
Barbara

Carlos Silvera Batista,
Vanderbilt University

Poster Viewing (available in Whova
under the agenda for Sunday, August 8)

Joint Session:

Emerging Researchers in Nanoscience

and Neutron Scattering (postdocs, junior

faculty, and equivalent)
Moderators: Martin Mourigal, Zachary Hood

2:00 p.m.

2:20 p.m.

2:40 p.m.

3:00 p.m.

3:20 p.m.

3:40 p.m.

Amy Xu, Louisiana State
University

Kiranmayi Dattareya
Dexit, Purdue University

Mary Machado, Cornell
University

Nina Andrejevic, MIT
Aeriel D.M. Leonard, Ohio
State University

Rafael Balderas, Oak Ridge
National Laboratory

Poster Viewing (available in Whova under the agenda for Sunday, August 8)



2021 Joint Nanoscience and Neutron Scattering Virtual User Meeting

Accessing the Virtual Meeting in Whova

We are using an online platform called Whova for our event. All Zoom links can be accessed directly
from the event page. You should have received an email titled “Ready for the 2021 Joint Nanoscience
and Neutron Scattering User Meeting? Download the Whova App”. Click on the “Download App” link
in the email to access the meeting. On the resulting page, there is an option to “Go to

Desktop/Laptop” if you do not want to download the mobile app.

After downloading or accessing the web page for Whova on your browser, use the same email

address to sign up. Once you're signed up, you should be taken directly to the event.

If you need more guidance on how to use Whova to attend the event, please visit Whova User
Guides.

Enjoy the 2021 Joint Nanoscience and Neutron Scattering User Meeting!


https://whova.com/portal/webapp/cumt_202108/sign_in/
https://whova.io/email/click/87782c214e1e6a776e137b03c1bbe00a/034e499ee0f23755901a4a8ff224f389/
https://whova.io/email/click/87782c214e1e6a776e137b03c1bbe00a/034e499ee0f23755901a4a8ff224f389/

Associated
Workshops

2021 Joint Nanoscience and
Neutron Scattering User Meeting



*Note all times are Eastern Daylight Time.

WSI1: Artificial Intelligence in Multi-Fidelity, Multi-Scale and Multi-Physics
Simulation of Materials, August 2-4, 11am - Spm

Organizers: P. Ganesh, Bobby Sumpter, Thomas Maier, Maxim Ziatdinov (ORNL CNMS)

With the scalability presented by complex machine-learning (ML) and artificial intelligence (Al)
approaches on modern hybrid computer architectures, there is a growing interest in applying
such Al methodologies to ‘learn’ new physical and chemical insights from both big and small
datasets. At the same time, the classical (correlative) AI/ML solutions may not be adequate for
meaningful applications in the domain sciences as they typically do not take into account the
causal relationships as well as the prior domain knowledge. This workshop will focus not only
on leveraging well established AI/ML-based approaches but also latest developments in physics-
guided AI/ML to enable novel technical solutions to computational bottlenecks, that need to be
overcome to solve some of the current grand-challenge scientific problems in materials discovery
and control, for future energy and computing applications. Specifically, the focus will be on
using AI/ML-based methods in:

(i) Multi-fidelity simulation of materials: Simulations of materials at the atomic-scale encompass
a wide range of methods — from the most exact to the most approximate. A major computational
bottleneck remains — how can we quantify uncertainties in predicted material properties due
to varying approximations in the underlying ab initio based quantum-mechanical
approaches? This is particularly relevant for materials with strong electron-electron
correlations, where practical approaches are either limited to a full quantum-mechanical
Hamiltonian with approximate treatments of the correlations or to an exact treatment of
correlations in restricted model Hamiltonians with very few degrees of freedom. The challenge
lies not only in accelerating these methods, but also assessing the uncertainties in measured
observables in both of these approaches due to their underlying approximations so as to make
reliable predictions of experimentally measured properties. Probabilistic AI/ML-approaches that
incorporate physical priors and constraints can potentially play a crucial role in both accelerating
costlier exact methods, while at the same time quantifying the predictive uncertainties and
propagating them across these complimentary approaches to make trustworthy predictions.

(ii) Multi-scale simulation of materials: Material properties fundamentally emerge at the atomic-
scale (~few A), where a quantum-mechanical description of the electronic-structure is required,
while their functionalities due to these fundamental interactions start to emerge at larger length-
scales. A major computational bottleneck remains — how can we bridge the scale from few
atoms to hundreds of nano-meters so as to predict emergent functionalities — both static as
well as in-operando? This is particularly relevant for reactive systems, where reactions involve
few atoms, but influence the functionality of the whole nano-scale system. Examples include
redox-reactions under bias at solid-solid and solid-liquid interfaces of catalytic, energy-storage
and memory-materials, autocatalytic reactions in polymeric materials, synthesis of materials
from few-atoms to a nanostructure, among others. Active and transfer learning based Al-




approaches can potentially help with bridging the length scales, with uncertainties computed
from multi-fidelity ab initio calculations.

(iii) Multi-physics simulation of materials: Heterogeneities in ordered systems come with
varying characteristic length-scales and end up eventually dictating the response of meso-scale
materials. A major computational bottleneck remains — how can we discover the governing
equations of a material with characteristic heterogeneities that determine its response to
external stimuli at the mesoscale? While quantum-mechanical evolution of the electronic-
wavefunction is applicable to describe the response at the very smallest length-scales, Landau- or
Euler-Lagrangian or phase-field formalisms are more appropriate to describe response to
external fields at the mesoscale, say in the case of topological defects in ferroelectric materials,
skyrmions in magnetic materials or ordering in charged polymeric systems. A combination of
variational autoencoders and symbolic regression-based AI/ML techniques, specifically for
dynamical systems, can potentially extract relevant ‘coarse-grained’ physical laws to treat
dynamical response of heterogeneous meso-scale systems from multi-scale and multi-fidelity
simulations.

WS2: Advanced Software Tools for Single Crystal Data Analysis, August 2, 9:00am -
3:00pm, and August 3, 9am - 4:30pm

Organizers: Xiaoping Wang (ORNL NScD), Zachary Morgan (ORNL NScD), Feng Ye (ORNL
NScD) and Christina Hoffmann (ORNL NScD)

The two-day workshop will showcase the structural study of Bragg and diffuse scattering from
single crystal neutron diffraction using advanced software tools in JANA2020 and rmc-discord.
Topical lectures will cover concepts and applications of symmetry relationships to solve and
refine complex crystal structures from Bragg diffraction, including twinning, modulated structure
associated with local ordering, charge and magnetic phase transitions using the JANA2020
program. A new program rmec-discord recently developed for Reverse Monte Carlo refinement of
diffuse scattering from three-dimensional single crystals data will be introduced for the first time.
Hands-on tutorials on JANA2020 and 3D RMC refinements will be provided. Additional
instructions will show how data can be further analyzed in other programs. Both software
programs will be available for download.

Confirmed Speakers: Vaclav Petricek (Institute of Physics, Czech Republic); Margarida S.
Henriques (Institute of Physics, Czech Republic); Zachary Morgan, Neutron Scattering Division,
ORNL; Feng Ye, Neutron Scattering Division, ORNL; Xiaoping Wang, Neutron Scattering
Division, ORNL

WS3: New Chemistry Driven by Extremes, August 4, 8:30am - 5:30pm

Organizers: Chris Tulk (ORNL NScD) and Ilia Ivanov (ORNL CNMS)



ORNL, its user facilities, and its user community are becoming uniquely positioned to study both
the in-situ synthesis and in-situ characterization of materials that can only form under extreme
experimental conditions. Indeed, a new extreme environments inelastic instrument-TITAN,
which will complement capabilities elsewhere within NScD, has been proposed for the SNS -
STS. It is the goal of this workshop to bring together scientists to discuss current and near future
possibilities of conducting chemistry under exotic conditions. For example, we foresee a
dynamic discussion on a broad range of topics where realization of metastable states through
extreme conditions opens opportunities to access metastable states or intermediates which were
not accessible in traditional chemistry, which will lead to a new range of products, new
technologies, and new research break throughs. Our intent is to include chemistry of energy
related materials, environment chemistry, including CO2, and chemistry enabling sustainable,
recyclable, upcycling polymers enabling cycling economy of the future. Sessions could include,
Chemistry in Plasma (hot and cold), Chemistry and Electrochemistry in critical CO2,
Mechanochemistry, Chemistry Under Mixed Radiation Fields, and Chemistry Under Extreme
Pressure (a relatively new field being pioneered at CNMS and NScD where chemical properties
of the reactants are dramatically changed as they are brought within the distance of atomic
interactions, enabling room temperature reactions which usually happen under very high
temperatures).

WS4: Quantum Materials Across Multiple Length Scales, August 5, 11:00am -
5:00pm, and August 6, 11:00am - 5:00pm

Organizers: Matt Stone (ORNL NScD), An-Ping Li (ORNL CNMS), Wonhee Ko (ORNL
CNMS), Zheng Gai (ORNL CNMS), Clarina Dela Cruz (ORNL NScD), Allen Scheie (ORNL
NScD)

This workshop is a partnership between the Center for Nanophase Materials Sciences (CNMS)
and the Quantum Materials Initiative (QMI) of the Neutron Scattering Division (NSD) of Oak
Ridge National Laboratory (ORNL). The interactions involved in generating quantum states in
materials span multiple length, energy, and time-scales. These are effectively probed using
spectroscopy probes such as the neutron scattering facilities available at the High Flux Isotope
Reactor (HFIR) and the Spallation Neutron Source (SNS), as well as the scanning tunneling
microscopy (STM), electron energy loss spectroscopy, optical and laser spectroscopy available at
the CNMS. These complementary user facilities co-located at ORNL provide powerful tools to
understand and manipulate quantum materials. This workshop aims to bring together the user
communities of these facilities with the local expertise to showcase recent quantum materials
research from SNS, HFIR, and CNMS.

The workshop will be a two-day VIRTUAL event aiming to:

1. Highlight the world class science being done by the quantum materials research
community.

2. Promote the collaborations of quantum materials researchers who use the CNMS, SNS,
and HFIR facilities.

3. Provide an opportunity for open discussions between facility users and ORNL staff.



Confirmed Speakers: M. Zahid Hasan (Princeton University); Cui-Zu Chang (The Penn State
University); Hari Manoharan (Stanford University); Robert Klie (University of Illinois Chicago);
Brian LeRoy (University of Arizona); Pengcheng Dai (Rice University); Chris Leighton
(University of Minnesota); Kemp Plumb (Brown University); Stephen Wilson (University of
California, Santa Barbara); Shan Wu (University of California, Berkeley); Bo Yuan (University
of Toronto); Xiojian Bai (Oak Ridge National Laboratory); Shang Gao (Oak Ridge National
Laboratory)

WSS: Materials Synthesis Science and Opportunities Aided by in-situ Scattering
Tools, August 5, 10:00am - 4:00pm

Organizers: Yan Chen (ORNL NScD), Alicia Manjon Sanz (ORNL NScD), Jue Liu (ORNL
NScD), Jong K. Keum (ORNL NScD), Thomas Proffen (ORNL NScD), Ke An (ORNL NScD)

The advances of materials synthesis science shape future technologies of energy, environment,
transportation and so on with broad and deep impacts on daily life. Expedited understanding of
the underlying physical and chemical principles in materials synthesis is a key to the synthesis
design to accelerate the predict-synthesize-measure loop for new materials. But the reactive,
dynamic, and non-equilibrium conditions in most synthesis processes make it difficult to fully
determine the mechanism and synthesis pathways via post-mortem characterizations. The in-situ
methods by using advanced tools are uniquely suited to deliver the hidden information, such as
metastable states, intermediate step, reversible process, dynamic evolution etc. That aids the
understanding the mechanisms and thus the thermodynamic and kinetic controls.

In this workshop, the capability of in-situ tools at the user facilities SNS/HFIR/CNMS for
materials synthesis research on broad energy and engineering applications is demonstrated,
including neutron and X-ray diffraction, pair distribution function and scattering. Having
instrument specifics to match the requirement on length scales, time scales, sensitivities as well
as the synthesis environment, different instruments are used to reveal in-situ atomic occupancy
and rearrangement, phase transition, morphology evolution etc. Through the workshop, the
material synthesis science along with the in-situ tools are broadcasted to the NScD/CNMS user
communities in various fields from academics to industry, in order to benefit the communities
from synergistic utilization of those in-situ tools in synthesis science. Potential high-impact
directions of material synthesis science will be discussed, and the demands on instrumentation,
and sample environment will be collected to direct future development of the in-situ tools at the
user facilities. The needs and development of the advanced computation and software will also
be discussed, which enable both the automation of fast process of the high-throughput in-situ
data and the real-time data analytics, with theory and modeling, to guide the productive synthesis
control for desired materials.

Confirmed speakers: Jian Luo (U. of California San Diego), Peter Liaw (U. of Tennessee), Irene
Peterson (Corning Inc.), Enyuan Hu (Brookhaven National Lab), Lu Cai (Idaho National Lab),
Kai Xiao (ORNL), Carlos Marti-Gastaldo (Universidad de Valencia), YQ Cheng (ORNL), Efrain
Rodriguez (U. of Maryland), Pengfei Cao (ORNL)



WS6: Polarized Neutrons for Diffraction and Inelastic Scattering, August 16, 8:00am -
5:00pm, and August 17, 8:00-5:00pm

Organizers: Barry Winn (ORNL NScD), Masa Matsuda (ORNL NScD), Huibo Cao (ORNL
NScD), Peter Jiang (ORNL NScD), Ovi Garlea (ORNL NScD), Josh Pierce (ORNL NScD)

This workshop showcases the polarized neutron diffraction and inelastic scattering community in
the United States. Science emphasis is on quantum materials, hydrogenous systems, and
innovative combinations thereof. The range of techniques includes half polarized, local
susceptibility, longitudinal polarization analysis and 3D polarization analysis, spherical neutron
polarimetry, dynamic nuclear polarization and enhanced resolution. Users of the polarization
capabilities of PTAX, DEMAND and HYSPEC will present their findings for a day and a

half. During the final afternoon the user community is briefed about emerging polarization
capabilities and compatible sample conditions.

WS7: Biological Small-Angle Neutron Scattering Experiments and Data Analysis,
August 18, 9:00am - 4:00pm

Organizers: Wellington Leite (ORNL NScD) and Haden Scott (ORNL NScD)

Small-angle neutron scattering (SANS), combined with contrast variation and/or deuteration, is
particularly well suited to studying the structure of biomacromolecules under physiologically
relevant conditions. This workshop will provide a practical guide on how to carry out, analyze,
and interpret data from SANS experiments on biomembranes as well as biomacromolecular
complexes. A practical tutorial section will demonstrate how to model SANS data for
biomembranes using the EZ-SDP model and the use of appropriate modeling approaches for the
analysis multicomponent protein complexes.

WS8: Al at the Extreme Edge with HLS4ML, August 18, 1:00pm - 4:00pm
Organizer: Nhan Tran (Fermilab)

Machine Learning techniques executed in FPGAs can be very powerful tools for the realtime
data processing. The hls4ml package allows to translate trained neural network models into
synthesizable FPGA firmware. The firmware library targets efficient, ultrafast inference for its
original application in real-time processing in particle physics. However, the generality of the
package makes it applicable to a wide range of scientific and industry areas in which real-time
processing on-device is needed.

In this tutorial we will give hands on experience with the workflow, including:

o Demonstration of the easy to use, yet deep customisation options hls4ml provides,
including tunable parallelism and quantization.



e Model pruning, observing the impact on the resource usage of the inference.

e Quantization-aware training, resulting in low precision weights and activations and
enabling very lightweight inference without loss of model accuracy.

e Synthesizing the FPGA firmware and evaluating the relevant metrics.

Attendees should have basic familiarity with Python, machine learning concepts, and ideally
hands on experience with ML frameworks. Knowledge of FPGAs is advantageous, but not
essential. Prerequisites: We will authenticate participants to our interactive tutorial notebooks
using Github accounts. If you intend to take part in the tutorial, and do not already have a Github
account, please sign up for one: https://github.com/

Confirmed Speakers: Ben Hawks and Jovan Mitrevski (Fermilab)

WS9: Analysis of Small-Angle Scattering Data from Soft Materials, August 19, 9:00am
-4:00pm

Organizers: Lilin He (ORNL NScD) and Yangyang Wang (ORNL NScD)

Small-angle scattering (SAS) of neutron or X-ray is an important characterization technique for
soft materials. This workshop aims to train graduate students, postdoctoral researchers, and
early-career materials scientists who want to get an in-depth knowledge on how to analyze SAS
data. The workshop will cover lectures on the fundamentals of SAS data analysis and hands-on
practical exercises. The topics include model-free and model-dependent data analysis methods.
The use of SasView will be introduced. Scattering data from materials with hierarchical
structures and anisotropic scattering will be touched on as well.

Confirmed speakers: Dr. Otto Glatter, Dr. Gregory Beaucage, Dr. Stephen King

WS10: Visualization of Multidimensional Data for Neutron Scattering Experiments,
August 20, 10:00am - 3:00pm

Organizer: Andrei Savici (ORNL NScD)

Understanding single crystal diffuse neutron scattering (both elastic and inelastic) begins with
data reduction (transformation from time of flight to momentum and energy transfer), and
visualization. This tutorial is primarily targeted towards users of direct geometry inelastic
instruments (ARCS/CNCS/HYSPEC/SEQUOIA) and for those looking at diffuse scattering on
TOPAZ/CORELLI. It aims to introduce the new workflows of generating multi-dimensional
datasets, taking cuts and slices, and making plots using Mantid and the matplotlib python library.
Following a brief theoretical description, users will have an opportunity to perform hands on data
processing and visualization. A basic knowledge of Python programming is a prerequisite for
this tutorial. Example datasets will be provided. The analysis.sns.gov compute facility will be
available for the users to work through the tutorial.


https://github.com/

WS11: Nanoscopic Characterization Resources for Biological Materials, August 20,
9:00am - 5:00pm

Organizers: John Katsaras (ORNL NScD), Rana Ashkar (Virginia Tech), Ben Doughty (ORNL
Chemical Sciences Div.), Zach Liu (ORNL CNMS), Haden Scott (ORNL NScD), Charles
Collier (ORNL CNMS), Jacob Kinnun (ORNL NScD), Mu-Ping Nieh (U. of Connecticut), Lilin
He (ORNL NScD), Flora Meilleur (ORNL NScD), Hugh O'Neill (ORNL NScD), Kunlun Hong
(ORNL CNMS), Jan Carrillo (ORNL CNMS), Volker Urban (ORNL NScD)

The nanoscale enables unique phenomena that lead to novel materials and new applications.
However, to access this length scale requires special measuring, modeling and manipulation
tools. During this one day workshop, speakers will describe different experimental,
computational and chemical synthesis techniques available at ORNL that allow users to access
the nanoscale of soft and biological materials.
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Best Student Presentation Award Winners

Neutrons

Nanoscience

Neutrons

Neutrons

Neutrons

Nanoscience

Nanoscience

Nanoscience

Nina Andrejevic, Massachusetts Institute of Technology
Elucidating proximity coupling through polarized neutron reflectometry and machine learning

Kellen Arnold, Vanderbilt University
Design and Analysis of Photonic Crystals with Split Ring Unit Cells

Bogdan Dryzhakov, University of Tennessee
Optically Induced Static Magnetization in Metal Halide Perovskite for Spin-Related
Optoelectronics

Sajna Hameed, University of Minnesota
Ferroelectric quantum criticality and enhanced superconductivity in plastically deformed
strontium titanate

Alexandra Koegel, Colorado State University
Correlating Structural Dynamics and Broadband Emission in Hybrid Layered Perovskites

Nicole Moehring, Vanderbilt University
Scalable Tuning of Single Layer Graphene for Size Selective lonic Transport

Georgios Papoutsidakis, University College Dublin
Towards Continuous Characterization of Complex Liquids - from Bulk to Interface

Michael Spencer, NC State University
Influence of Confined Interlayer Molecules on the Electrochemical Reactivity of Bulk Layered
Transition Metal Oxides
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Local structural correlations in the simple-tetragonal cuprate superconductor HgBa,CuOs.s

Zachary W. Anderson?, D. Pelc?, M. J. Krogstad?®, N. Biniskos?, B. Yul, Y. Liu®, L. Thompson?, J. Zwettler?, R.
Spieker?, N. Bielinski', F. Ye®* R. Osborn3, M. Greven!

1School of Physics and Astronomy, University of Minnesota; 2Department of Physics, Faculty of Science,
University of Zagreb; 3Materials Science Division, Argonne National Laboratory; “Neutron Scattering
Division, Oak Ridge National Laboratory

The origin of high-T. superconductivity in the cuprates is one of the most intensively studied problems in
condensed matter physics. While it is well-documented that the properties of the superconducting state
are sensitive to crystal structure, the precise nature of the coupling between structure and
electronic/superconducting properties is not yet understood. Recent experiments suggest that the
emergence of superconductivity in cuprates and other oxide superconductors is percolative in nature
[1,2], due to local variation in T, which in turn is related to local structural inhomogeneity [3]. We have
measured neutron diffuse scattering to investigate local structural correlations in several cuprate
superconductors, with a focus on HgBa,CuOa. s (Hg1201). Hg1201 is a simple tetragonal compound with
the highest T. at optimal doping of all single-CuO,-layer cuprates and no structural transition. These
properties make it an excellent material in which to study the interplay of structural and electronic
physics and their effects on superconducting properties.

We used the CORELLI spectrometer to study the
diffuse scattering in Hg1201 as a function of doping
and temperature. These experiments revealed strong
diffuse scattering in the form of lobe-like structures
emanating along [001], i.e., perpendicular to the CuO;
planes (Fig. 1). This diffuse scattering is present at all
measured doping levels, ranging from strongly-
underdoped to optimally-doped, and similar diffuse
scattering is observed in several other cuprate
superconductors. We have begun to use the 3D-APDF
method to gain some insight to the real-space
correlations. The results of this analysis suggest that
the diffuse scattering is mainly the result of bond-
stretching distortions along the crystalline c-axis.

Figure 1. Elastic diffuse scattering in a
Notably, the length scale of these structural

moderately-underdoped sample of Hg1201

distortions is similar to the superconducting coherence (T. = 75 K) measured at T = 10 K using

length. CORELLI. The strong lobed structures
1. D.Pelc, et al., Nat. Commun. 9, 4327 (2018) extending along the L direction are the
2. P.Popéevié et al., npj Quant. Mat. 3, 42 (2018) | strongest diffuse feature observed in the
3. D.Pelcetal, Nat. Commun. 10, 2729 (2019) | cuprates, and are present in many Brillouin

zones, especially with |L| 29.
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Abstract

For decades, the effects of hydrogen
embrittlement in metals, particularly ferritic steels, has
posed a serious obstacle in designing and manufacturing
strong and reliable structural materials for use in energy
storage and transportation applications. Pipeline steels,
such as those used to transport natural gas, are
particularly  susceptible to embrittlement and
subsequent structural failure due to fatigue, reduction in
ductility, and fracture when exposed to hydrogen.
Therefore, understanding the fundamental mechanisms
governing the embrittlement process, including how
hydrogen diffuses within steel microstructures,
particularly dislocations, is of great importance. To
investigate hydrogen diffusion in ferritic steel, we
performed quasielastic neutron scattering (QENS)
measurements using the backscattering spectrometer

Fig 1: QENS spectra of a strained steel specimen
exposed to 2.5 kbar hydrogen.

(BASIS) at Oak Ridge

National
Dislocations were created by subjecting the specimen to multiple strain cycles prior to its exposure to
hydrogen. Preliminary QENS spectra (Fig. 1) were collected from the strained steel specimen at hydrogen
pressures up to 2.5 kbar in the temperature range 50 K to 300 K. Diffusion coefficients obtained by

Fig 2: Neutron diffraction pattern of strained

ferritic steel. Inset shows a Williamson-Hall plot

for an as-received
specimen (red).

(black)

and

strained

Laboratory.

analyzing the spectra using a jump diffusion model were
found to be greater than those reported from bulk bcc Fe,
suggesting that hydrogen diffusion through the steel
framework is enhanced by the presence of dislocations.
Dislocation densities as a function of percent strain
applied were quantified using a neutron powder
diffractometer at the University of Missouri Research
Reactor (MURR). A Williamson-Hall analysis of Bragg
peak broadening revealed a factor of 2.3 increase in
dislocation density when the specimens were strained to
9%. Fig. 2 shows a neutron diffraction pattern of a strained
specimen. Understanding how the presence of
dislocations affects hydrogen diffusion within the steel
framework is important for assessing models that have
been proposed for hydrogen embrittlement. Further QENS
measurements on BASIS are in progress to establish
whether a high dislocation density in ferritic steel causes
areduction in the activation barrier for hydrogen diffusion.
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The extended delocalization of electrons along donor-accepter conjugated polymers (D-A CPs)
backbone is key for developing high-performance organic electronic devices. The control of chain
conformation via molecular design is the cornerstone for the design of next generation D-A CPs with
long range delocalized electrons along polymer backbone. However, the interplay between chemical

structures and chain
conformation and finally
optoelectronic properties in
CPs is far from being clearly
understood.  Here, we
explore the effect of

sidechains on chain
conformation

experimentally as well as
computationally of

isoindigo  (IID)  based
polymers with high charge
mobility (see Figure 1a for
molecular structure). Using
small-angle neutron
scattering (SANS)
measurements, we find that
chain rigidity of IID
polymers increases with the
distance of branch position
to the backbone (Figure
1d). Similar trend in the
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Figure 1: (a) Molecular structure of IID-based polymers with different sidechain
branching point. (b) UV-vis of IID-based polymer solution 130 °C at 0.05 mg/ml.
(c) SANS data, lines are best fitting via flexible cylinder model. (d) Changes of
persistence length and charge mobility of IID-based polymers with varied sidechain

branching point.

charge mobility has also been observed. Thus, we demonstrate that the high charge carrier mobility
originates from high chain rigidity which could be tuned for CPs through judicious design of the

sidechain structure.
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Transition metal chalcogenides (TMCs) form a versatile platform for realizing topologically nontrivial
phenomena. Quasi two-dimensional (2D) Cr,Tes (Figs. 1a) magnetic films grown by molecular beam
epitaxy enable control over the charge and spin degrees of freedom, leveraged by strain tunability at the
substrate/film interface. Cr,Te; films display perpendicular magnetic anisotropy with a Curie temperature
Tc exceeding 160 K for thickness of 20 unit cells, whose structure and magnetic properties are further
characterized by scanning transmission electron microscopy, polarized neutron reflectometry (PNR, Fig.
1b) and scanning tunneling microscopy. This is accompanied by rich magneto-transport properties: apart
from the ordinary Hall effect with linear field dependence, the anomalous Hall effect manifests a unique
temperature-dependent sign reversal. An interesting novel feature is the appearance of the topological Hall
effect (Fig. 1c) associated with the emergence of magnetic skyrmions, real-space nanometer-sized
quasiparticles with topological spin textures. The magnitude of the topological Hall effect is tunable via
substrate/film interface strain that can be varied by film thickness and choice of substrate (Al,O3 and
SrTiOs). The effective interface-driven tunability of non-coplanar spin textures in Cr,Te; ultrathin films
offers new opportunities for spintronics and topological electronics.

Figure 1 | Novel magnetism in Cr2Tes ultrathin films. a, Crystal structure of quasi 2D magnetic TMC Cr;Tes. b,
Depth profiles of nuclear (NSLD), magnetic (MSLD) and electron (ESLD) scattering length densities from PNR
experiments at SN'S, ORNL. ¢, Thickness and substrate dependences of the anomalous and topological Hall effects,
demonstrating interface tunability of the nontrivial magnetism.
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Researchers have found numerous applications for halide perovskites in opto-electronics (solar
cells, radiation detectors, LEDs, etc.) making them a multi-functional material with highly tunable
properties. Although, the lacking coherence times of these devices at room-temperature thwart the
practicality. In this discussion, a fundamentally new phenomenon of optically induced magnetization,
essentially a novel method for spin-control, is discovered and achieved by interfacial coupling of
photoexcited orbital magnetic dipoles with magnetic spins at a perovskite heterojunction. Understanding
the feasibility to couple semiconducting and magnetic properties in metal halide perovskites through
interface design opens new opportunities for creating the next generation spin-related optoelectronics.

Depth-sensitive polarized neutron reflectometry (PNR) provides the key evidence of electric-
magnetic coupling and allowed for the development of a proven experimental setup, shown in figure 1a,
with in-situ polarized photoexcitation of the perovskite layer.! The sample in this system is the model
perovskite MAPbBr3. The interfacial coupling of the Co magnetism to the perovskite’s spin polarized
excitons is found to be tunable by photoexcitation polarization, figure 1b, with PNR resolving both a
chemical (NSLD) and magnetization (MSLD) depth profile, figure 1c. Circularly polarized
photoexcitation induces a stable magnetization signal within the depth up to 7.5 nm into the surface of
high-quality perovskite (MAPbBr3) film underneath a ferromagnetic cobalt layer at room temperature,
indicating optically induced magnetization within the perovskite’s surface.

B

N
0

1 C 5
10 ] R+exp > ] NSLD Circular | &
© R-exp o Co i S
i e | 1MSLD Circular S
2400 g —— MSLD Linear g
= ] ¥ 39 100_)
© 1 = ——— MSLD Dark o
21054 ~ S
© ] 927 %
© 1071 (%) Perovskite 157
Z,] s
9’ 7.5nm
104
- - T : T T 0 r T T 0
0O 02 04 06 08 1 12 30 40 50 60
Q (nm™) Distance from the surface (nm)

Fig. 1. (a) Schematic of the experiment on a photoexcited perovskite/Co structure with applied in-plane
magnetic field, polarized neutron beam with neutrons spins impinging under the grazing angle (b)
Polarized neutron reflectivity plots for the perovskite/Co sample measured in the dark and under
circularly/linearly polarized photoexcitation (¢) NSLD and MSLD profiles of the perovskite/Co interface
region in the three photoexcitation conditions.

Static photoinduced magnetization is difficult to realize when a short spin lifetime is paired with a
long carrier lifetime. We additionally report spin dynamics of a preliminary PNR interfacial material
system, using a dually light-emitting and ferroelectric 2D-phase metal halide perovskite. This material,
4,4-DFPD,Pbl4, exhibits long spin lifetime, monitored by magnetic field effect photoluminescence, and
reduced dielectric screening as compared to the MAPbBrs. These material properties foreshadow
enhancement of interfacial optically induced magnetization, and our results establish the new concept of
utilizing spin and orbital degrees of freedom in new-generation spin-related optoelectronic devices.

1. Wang, M.; Xu, H.; Wu, T.; Ambaye, H.; Qin, J.; Keum, J.; Ivanov, . N.; Lauter, V.; Hu, B.,
Optically Induced Static Magnetization in Metal Halide Perovskite for Spin-Related Optoelectronics. Adv
Sci (Weinh) 2021, 8 (11), 2004488.
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Refractory high-entropy alloys (RHEA) show promising applications at high temperatures.
However, achieving high strengths at high temperatures above 1,173K is still challenging due to
heat softening. Using intrinsic material characteristics as the alloy-design principles, we introduce
a single-phase body-centered-cubic (BCC) CrMoNbV RHEA with superior high-temperature
strengths to other reported RHEAs as well as conventional superalloys. The origin of the high-
temperature strength is revealed by in-situ neutron scattering and transmission-electron
microscopy, and first-principles calculations. The CrMoNbV’s elevated-temperature strength
retention up to 1,273 K arises from its large local lattice distortion and modulus mismatch, the
insensitive temperature dependence of elastic constants, and the dominance of non-screw character
dislocations caused by the strong solute pinning, which makes the solid-solution strengthening
pronounced. The alloy-design principles and the insights in this study pave the way to design

RHEAs with outstanding high-temperature strength.
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Surface Chemistry of polymer derived ceramics with high surface area and high conductivity was
investigated. By utilizing time of flight secondary ion mass spectrometry (ToF-SIMS), a more detailed
structural determination of microchemistry of the polymer and the ceramic is possible. This technique
allows for more information to be exacted compared to other methods such as x-ray diffraction (XRD) or
x-ray photoelectron spectroscopy (XPS). Each of the molecular components can be broken down, as
opposed to just determining the elements, leading to a more detailed chemical analysis [1]. Samples
were produced at a low/immediate pyrolysis temperature below 1000 °C with a polysiloxane polymer
precursor and divinylbenzene (DVB) carbon monomer additive. [2] For some samples, nanographene
was also added. Both polymeric and ceramic states were investigated of the samples and compared.[3]
In addition, ToF-SIMS allows, for the samples with the addition of carbon additives (DVB and graphene),
how the carbon is incorporated into the ceramic structure. Mapping with ToF-SIMS [4] will be used to
investigate the special distribution of DVB in the polymer and carbon/graphene in the pyrolyzed
ceramic. Other complementary methods for characterization were utilized such as FTIR, Raman, TGA-
MS, XPS and conductivity measurements. This set of characterizations techniques is focused on
developing an understanding the effect of carbon and pyrolysis temperature on the chemical, structural,
and microstructural evolution, as a function of precursor composition and thermal treatment, for this
new class of materials with a uniqgue combination of properties — high electrical conductivity and high
microporosity. As a results, these materials have potential applications in gas separation membranes
and/or battery electrodes.

[1] Y. Liu, M. Lorenz, A. V. levlev, O.S. Ovchinnikova, Secondary lon Mass Spectrometry (SIMS) for
Chemical Characterization of Metal Halide Perovskites, Adv. Funct. Mater. (2020).
https://doi.org/10.1002/adfm.202002201.

[2] M. Greenough, Z. Zhao, L.G. Jacobsohn, J. Tong, R.K. Bordia, Low/intermediate temperature
pyrolyzed polysiloxane derived ceramics with increased carbon for electrical applications, J. Eur.
Ceram. Soc. (2021). https://doi.org/10.1016/j.jeurceramsoc.2021.04.007.

[3] C.M. Chan, L.T. Weng, Y.T.R. Lau, Polymer surface structures determined using ToF-SIMS, Rev.
Anal. Chem. (2014). https://doi.org/10.1515/revac-2013-0015.

(4] F.L. Esteban Florez, A.A. Trofimov, A. levlev, S. Qian, A.J. Rondinone, S.S. Khajotia, Advanced
characterization of surface-modified nanoparticles and nanofilled antibacterial dental adhesive
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The properties of quantum materials are commonly
tuned using experimental variables such as pressure,
magnetic field and doping. Here we explore a
different approach: irreversible, plastic deformation
of single crystals. We show for the superconductor
SrTiO; (STO) that compressive plastic deformation
induces low-dimensional superconductivity
significantly above the superconducting transition
temperature (7:) of undeformed samples, with
evidence of superconducting correlations at
temperatures two orders of magnitude above the bulk
T.. The superconductivity enhancement is correlated
with the appearance of self-organized dislocation
structures, as revealed by diffuse neutron and X-ray
scattering. We also observe signatures of
deformation-induced quantum-critical ferroelectric
fluctuations and inhomogeneous ferroelectric order
via Raman scattering. These results suggest that the
strain surrounding the self-organized dislocation
structures induces local ferroelectricity and
quantum-critical dynamics that strongly influence T,
consistent with a theory of superconductivity
enhanced by soft polar fluctuations. More broadly,
our results demonstrate the promise of plastic
deformation and dislocation engineering as tools to
manipulate electronic properties of quantum
materials [1].

Fig. 1: (a) Schematic of self-organized dislocation
walls formed in STO as a result of plastic
deformation. (b) Phase diagram of plastically
deformed STO. The stars are bulk 7t for deformed
STO with the deformation levels as indicated. The
dashed lines correspond to bulk 7. of undeformed
STO taken from [2].

[1] S. Hameed, D. Pelc, Z. W. Anderson, A. Klein, R. J. Spieker, L. Yue, B. Das, J. Ramberger, M.
Lukas, Y. Liu, M. J. Krogstad, R. Osborn, Y. Li, C. Leighton, R. M. Fernandes, and M. Greven,
Ferroelectric quantum criticality and enhanced superconductivity in plastically deformed SrTiO3,

arXiv:2005.00514 (2020).

[2] C. Collignon, X. Lin, C. W. Rischau, B. Fauqué, and K. Behnia, Metallicity and superconductivity in
doped strontium titanate, Annu. Rev. Condens. Matter Phys. 10, 25 (2019).
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Oxygen defects play a crucial role for the understanding of the physical properties of complex
oxides. [1] It is known that a layered vacancy ordered brownmillerite (BM) structure can be
realized from an initial perovskite (PV) framework by removing oxygen. The special feature of
oxygen vacancy distributions and dynamics are intrinsically coupled with magnetic, electronic and
transport properties. [2] [3] However, the influence of the vacancy ordering on the magnetic
properties is still under debate.

In the present study, we employ Lao sSr04C003-d (LSCO) thin films fabricated by pulsed laser
deposition (PLD) as model systems for the systematic study of the phase transition from perovskite
to brownmillerite. In situ XRD investigations reveal the structural evolution of the LSCO thin film,
which can be attributed to the release of oxygen during the annealing at elevated temperatures. By
comparing the magnetic properties of the sample before and after annealing, the transformation
from a ferromagnetic to an antiferromagnetic state is identified.

Using in situ polarized neutron reflectometry (PNR), we explore the nuclear scattering density
(nSLD) and also the oxygen stoichiometry change of LSCO film before and after annealing. The
nSLD extracted from the neutron reflectometry is sensitive to the variation of oxygen content. [1]
The PNR fit shows a significant decrease of nSLD for annealed film indicating reduced oxygen
concentration. The oxygen concentration is found to vary from 2.85 before annealing to 2.5 for
annealed films. The magnetic depth profile extracted from PNR describes in greater detail the
influence of oxygen on magnetic transitions in the film during annealing. It demonstrates that
oxygen vacancy plays an important role in the magnetic properties of LSCO film. Such work
provides crucial information regarding the dynamics of phase transitions.

[1] Cao L, Petracic O, Zakalek P, et al. Advanced Materials, 2019, 31(7): 1806183.
[2] Liu, Bin, et al. Physical Review B 93.9 (2016): 094421.
[3] Torija, M. A., et al. Journal of Applied Physics 104.2 (2008): 023901
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The use of deterministic design is a growing area of interest to achieve both high energy and power density
for energy storage electrodes. Traditionally manufactured energy storage electrodes consist of a multi-
component slurry containing an electrochemically active material as well as conductive carbon and polymer
binder additives cast onto a flat conductive substrate. Inhomogeneity in the dispersion of the slurry
components limits areal power and energy densities due to tortuous and poorly controlled electron and ion
transport pathways. In this work a common cathode material, a nickel-rich oxide, is deposited onto a
conductive carbon nanotube (CNT) foam scaffold to attain high mass loading energy storage electrodes
with fast Li" intercalation kinetics. CNT foams provide surface area for the deposition while maintaining
sufficient electrical conduction throughout electrodes. Ample porosity between the CNTs provides good
ion transport pathways. This presentation will describe how control over the properties of the CNT foam
and active material deposition are used to tailor the energy storage performance of the electrode
architecture, along with characterization to understand the how the structure of the electrode affects its
energy storage behavior. Overall, this research seeks to understand the relationships between electrode
architecture and energy storage behavior to achieve simultaneous high power and high energy density.
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Intrinsic broadband white light emission has been observed in layered hybrid organic-inorganic
perovskites with the formula (RHs*)PbBr, and previously correlated to static lattice distortions. The
structure and relevant electronic states of the inorganic sublattice are impacted by choice of the organic
spacer cation (R-Hs*). The emission and structural dependence on the organic cation suggest the
movement of the organic moieties within the crystal may play a role in octahedral tilt angles and,
therefore, broadband emission. We have prepared a series of lead bromide HOIPs with varying white light
emission; (nBA),PbBrs, (ODA)PbBri, (GABA),PbBr, (nBA = n-butylammonium, ODA = 1,8-
diaminooctammonium, GABA = 4-aminobutyric acid). Using quasielastic neutron scattering and
photoluminescence, we correlate more intense broadband emission with materials exhibiting slower
cation dynamics. Slower cation dynamics compared to (nBA),PbBr, were observed concurrently with an
increase in broadband emission for the ODA and GABA-derived samples. This work shows the intensity of
the observed excitonic emission is dependent on the lattice dynamics and the organic cation, suggesting
these dynamics are coupled.
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The single-layered ruthenate Sr.RuO. is one of the most enigmatic unconventional
superconductors. While for many years it was thought to be the best candidate for a chiral p-
wave superconducting ground state, desirable for topological quantum computations, recent
experiments suggest a singlet state, ruling out the original p-wave scenario. The
superconductivity as well as the properties of the multi-layered compounds of the ruthenate
perovskites are strongly influenced by a van Hove singularity in proximity of the Fermi
energy. Tiny structural distortions move the van Hove singularity across the Fermi energy
with dramatic consequences for the physical properties.

Here we resolve the mystery of the seeming absence of the y-band from tunneling
spectroscopy through combination of a phenomenological model of the low energy electronic
structure with ab-initio calculations of the tunneling matrix elements based on a Wannier
function method [1] and ultra-low temperature scanning tunneling microscopy experiments.
Our results demonstrate quasiparticle
interfereence (QPI) of the y-band and settle the
normal state electronic structure and QPI in the
surface layer of Sr,RuO. and thus provide a
reference for modelling of the superconducting
QPIL. In the reconstructed surface, the octahedral
rotation leads to additional d,. weight for the y-
band, making it accessible by QPI. One possibility
highlighted by our analysis is  that
superconductivity is suppressed if the surface is
reconstructed by octahedral rotation, as assumed
here. It is conceivable that disorder, or other
subtle surface effects, may lead to other
reconstructions  that do not  suppress
superconductivity - calling for new ways to
suppress the surface reconstruction, possibly
through adsorbate layers to facilitate a detection
of the superconducting gap in tunneling
experiments and thus determination of the
superconducting order parameter - providing a
resolution to the long-standing mystery of the
symmetry of the superconducting order parameter

Fig. 1 Electron tunneling and
nematicity at the surface of SroRuO4

(a) The out-of-plane symmetry of a d,

in Sr,RuO..

[1] A. Kreisel, P. Choubey, T. Berlijn, W. Ku, B. M.
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orbital suggests a high probability of
electron tunneling and significant
contribution to the tunneling current while
for an in-plane atomic orbital the overlap
with the tip orbitals is small. (b) High-
resolution differential conductance
showing the characteristic gap-like
structure. (c) Sketch of the structure of
the reconstructed surface with rotated
RuOs octahedra. The experimentally
observed checkerboard charge order
(right hand side) is equivalent to the
breaking of Cs-symmetry.
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Magnetic behavior of Cu-intercalated MnPSes
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There has been a growing interest in magnetic van der Waals (vdW) compounds owing to
their two-dimensional magnetic properties, making them particularly suited for the
developing field of spintronics. One particular family of vdW compounds, transition-metal
phosphorous trichalcogenides (MPX3, M = Mn, Ni, Fe, Cu, Co, etc. X = S and Se), has
shown a great potential in the field of magnonics. We study the magnetic nature of MnPSes
by doping Cu into the structure and analyzing its impact on the long-range magnetic order.
Powders of Mn1.,CuxPSes have been synthesized using high-temperature solid state
method. Phase purity was confirmed using synchrotron powder X-Ray Diffraction (XRD),
Pair Distribution Function (PDF) and powder neutron diffraction. From our PDF and XRD
analysis, we find that Cu is most favorably found to be intercalated in the vdW gap of
MnPSes, inducing a long-range magnetic order transformation as observed in magnetic
susceptibility and powder neutron diffraction data. Herein, we report magnetic
susceptibility, PDF, XRD, carrier density, neutron diffraction data, and DFT calculations
for Mn1..CuxPSes.
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Abstract

Polar magnets display an intriguing spectrum of novel physical properties, from multiferroics to
vortex-like spin states, and associated non-trivial topology spin physics.! Topologically distinct
spin textures, termed skyrmions, featuring a nanometric-sized particle nature are anticipated to
play an important role in a diverse range of demonstrations, from new knowledge in electronic and
magnetic states of matter, to unconventional computing and high-density low-power magnetic
memory applications.? These vortex-like spin nanostructures are stabilized by Dzyaloshinskii-
Moriya asymmetric exchange interaction facilitated by strong coupling of spin, orbital, and lattice
degrees of freedom.> However, designing and creating materials featuring such unique spin
textures presents a significant challenge. To address this, we propose a chemical strategy for
inducing skyrmions in new classes of materials based on combinations of magnetic spin,
asymmetric building units with stereo-active lone-pair electrons, and polar lattice symmetry. We
successfully synthesized noncentrosymmetric polar magnets Fe(IO3)3, Mn(103)2, and a-Cu(103)2,
that have varying lattice, spin, and orbital degrees of freedom, by using low-temperature reactions,
and characterized the crystal structure using powder synchrotron X-ray diffraction.* In Fe(105)s
(P63 space group), the magnetic Fe** cation resides on the 3-fold rotation axis which promote
asymmetric exchange coupling.* In the crystal lattices of Mn(IOs), and a-Cu(IOs)> (P2; space
group), the 3-fold symmetry is broken. The magnetic structure and magnetic spin evolution of
these materials were investigated by performing neutron diffraction, magnetization, and heat
capacity measurements. We find evidence of putative skyrmion phase in Fe(I03); at 4 K < T <
16 Kand 2.5 T < uoH < 3.2 T driven by a Dzyaloshinskii—Moriya (DM) interaction, a conclusion
supported by the appreciable DM exchange and the zero-field spiral antiferromagnetic ground state
deduced from neutron diffraction experiments.* In a similar & system Mn(IOs3),, the magnetic
order is commensurate antiferromagnetic with zero DM exchange. In contrast, the magnetic
structure of a-Cu(103). feature incommensurate antiferromagnetic order similar to Fe(IO3)s. The
asymmetric exchange interaction in a-Cu(IOs): is stabilized by large spin-orbit coupling of the
Cu?" cation, induced by the Jahn-Teller distortion. Density functional theory calculations were
also performed to gain better insights into chemical bonding and exchange interaction in these
materials. Our results demonstrate the effect of lattice, spin, and orbital in stabilizing topological



magnetism, expanding avenues to create new skyrmion materials. The results and knowledge
gained from this study will be discussed.
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Transport in Magnetic FesGeTe,-MoTe, Heterostructures: Full Transport
Calculations and Predictive Model

Adam M. Pfeifle and Marcelo A. Kuroda
Department of Physics, Auburn University

Recently, van der Waals (vdW) heterostructures, built by layering two-dimensional (2D)
materials, have led to new device applications and platforms for understanding physics at the
nanoscale level. Of particular interest are novel 2D magnetic vdW materials, including FesGeTe;
(FGT) [1]. In this work we investigate vdW magnetic tunnel junctions (MTJ) composed of FGT
ferromagnetic electrodes and (monolayer and bilayer) semiconducting MoTe; channel using
first-principles calculations within density functional theory and Landauer formalism in order to
characterize their spin-dependent electronic transport. Similar to what has been observed for
MTJs where graphene and BN served as tunneling barrier between the ferromagnetic
electrodes [2], we obtain a remarkable tunneling magnetoresistance (TMR). We compare the
transport results of these systems to a compact model based on the physical properties of bulk
constituents to estimate the TMR in the full junctions that circumvent computationally
expensive transport calculations [3,4]. Our results may guide experimental studies of vdW MTJs
to realize their use for applications in spintronics and other magnetic based devices. We
acknowledge the resources provided via the Easley and Hopper computing clusters through
Auburn University and funding from NSF DMR-1848344 and the Alabama EPSCoR Round 16
Graduate Research Scholars Program.

[1] Xiao Wang et al., Sci. Adv. 2019 5
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Poor oxidation resistance is a key contributor to material failure within extreme environments.
Understanding oxygen solubility is important for computation aided design of new high strength,
high-temperature oxidation resistant alloys. Oxygen solubility within pure metals, such as Ni,
has been studied using a multitude of techniques, but Atom Probe Tomography (APT) has not
been used for such a measurement to date. APT is the only technique offering both a high
chemical sensitivity (<10 ppm) and resolution (<1 nm) allowing for a composition measurement
within nms of the oxide/metal interface. APT was employed to measure the oxygen content at
different depths from the oxide/metal interface as well as grain boundaries for a high and low
purity Ni sample oxidized at 1000 °C for 48 hours. The results reveal <10s of ppm oxygen
solubility within Ni metal at all depths and 100s of ppm of oxygen within GBs. Research was
conducted at ORNL's Center for Nanophase Materials Sciences (CNMS), which is a U.S. DOE
Office of Science User Facility.
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Prussian blue (Fes[Fe(CNs)]3) and its analogues are of interest as electrode materials for
electrochemical energy storage. The open cubic framework of Prussian blue allows for long cycle life and
reversible intercalation kinetics during cation insertion/extraction with capacities of up to 125 mAh/g in
aqueous electrolytes. However, this performance is highly dependent on the electrolyte cation, and prior
results indicate that a smaller hydrated cation radius leads to the best cyclability. The hypothesis guiding
this study is that the cycling stability of ions with lower hydration energies is tied to lower structural
deformation of Prussian blue during electrochemical intercalation. In this study, we investigate the
electrochemomechanics of Prussian due to the intercalation of three different aqueous cations, K*, Na“,
and Li".

Cyclic voltammetry experiments of Prussian blue cycled in aqueous K, Na*, and Li" electrolytes
show a decline in capacity and capacity retention from K" to Li" insertion (Fig. 1a), correlating with an
increase in hydration energy. The poor cycling performance in Na;SO4 and Li,SO4 are due to the
degradation of the Prussian blue film caused by structural deterioration upon ion insertion. To further
investigate the nature of the inserting species, electrochemical quartz crystal microbalance (EQCM)
measurements is used, revealing that K* sheds its hydration shell before insertion.

Operando atomic force microscopy (AFM) is used to measure the mechanical deformation of the
electrode during electrochemical cycling as a function of electrolyte and cyclic voltammetry sweep rate.
This technique confirms that the electrochemical stability as well as the local deformation of the Prussian
blue is dependent on the hydrated cation radius, with smaller cations giving rise to larger deformation.
The superior cycling stability seen during K + insertion is commensurate with the high mechanical
stability measured via operando AFM. The rate of deformation agrees strongly with the CVs and the rate
of mass change obtained from EQCM (Fig. 1b and c). his presentation highlights the coupling between
electrolyte cation size and electrochemomechanical response of a framework-type energy storage
material.



Origin and stabilization of ferrielectricity in layered thiophosphates: a first-principles case
study of CulnP,Se¢
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(ganeshp@ornl.gov)

Recently, ferroelectricity in layered materials “beyond graphene” has attracted a lot of
attention because of its applications in high-density nonvolatile memory devices. However, very
few layered materials demonstrate switchable out-of-plane polarization. Of them, the
transition metal thiophosphates are a promising family of beyond-graphene materials that host
out-of-plane ferrielectricity (FiE) with large values of polarization [1-2]. Further, research efforts
in these materials have reported a plethora of properties including negative piezoelectricity,
negative electrostriction, large dielectric tunability, and unconventional field-induced switching
behavior, all of which depend strongly on the polarization [3-5]. Despite the growing interest, a
clear understanding of the origin and stabilization of the polar phase is still lacking in transition
metal thiophosphate.

Using first-principles calculations and group-theoretical methods, we study the origin and
stabilization of FiE in CulnP,Seg [6]. We find that the polar distortions of metal atoms create
most of the polarization in the FiE phase. Surprisingly, the stabilization of the FiE phase comes
from an anharmonic coupling between the polar mode and a fully symmetric Raman-active
mode comprising primarily of the Se atoms. This coupling is large, with the degree of
anharmonicity is comparable to improper ferroelectrics. Thus, the origin of polarization is
different from the factors that stabilizes the FiE phase in CulnP;Ses, unlike conventional
ferroelectrics. Our results open possibilities for dynamical control of the single-step
ferroelectric switching barrier by directly tuning the Raman-active mode. These finding has
important implications not only for designing next-generation microelectronic devices that can
overcome the voltage-time dilemma [7] but also in understanding the emergent responses in
these materials.

[1] V. Maisonneuve et al., Phys. Rev. B 56, 10860 (1997).

[2] F. Liu et al., Nat. Comm. 7, 12357 (2016).

[3] A. Dziaugys et al., “Piezoelectric domain walls in van der Waals antiferroelectric CulnP;Seg”,
Nat. Comm. 11, 3623 (2020).

[4] J. A. Brehm et al., “Tunable quadruple-well ferroelectric van der Waals crystals”, Nat. Mat.
19, 43 (2020)

[5] Y. Qi and A. M. Rappe, Phys. Rev. Lett. 126, 217601 (2021).

[6] N. Sivadas, P. Doak and P. Ganesh, “Origin and stabilization of ferrielectricity in CulnP2Ses”,
arXiv:2106.08783

[7] T. Schenk et al., Reports on Progress in Phy. 83, 086501 (2020).

This research was conducted at the Center for Nanophase Materials Sciences (CNMS) and used
resources of the Compute and Data Environment for Science (CADES) at CNMS. Computations


mailto:sivadasn@ornl.gov
mailto:doakpw@ornl.gov

also used resources of the National Energy Research Scientific Computing Center, operated
under Contract No. DE-AC02-05CH11231.



Influence of Confined Interlayer Molecules on the Electrochemical Reactivity of Bulk Layered
Transition Metal Oxides

Authors: Michael Spencer, Veronica Augustyn

Affiliation: Department of Materials Science and Engineering, North Carolina State University,
Raleigh, NC 27606, United States

Abstract

The local electrochemical environment can affect electrochemical reactivity by determining the
interactions between the electrode, reactant, reaction intermediates, and products. One method for
tuning the local electrochemical environment is through confinement in porous materials.
However, experimental evidence of the role of confinement on electrochemical reactivity in porous
materials remains elusive due to the challenges of decoupling confinement effects from other
variables, such as high surface area. In this work, we compare the structure, morphology and
electrochemical reactivity of WO3;-H2O and a hybrid organic/inorganic layered material,
octylamine-expanded WO3. We investigate the electrochemical response in three electrolytes to
understand how interlayer modification affects cation adsorption at the outer surface and cation
and proton insertion into the bulk of the metal oxide. Overall, this work demonstrates the
possibility of studying electrochemical reactivity and confinement through tuning the interlayer
structure and chemistry of bulk layered materials.
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The copper-oxide “cuprate” superconductors have been extensively studied for over thirty years,
yet important questions about their nature remain. In particular, the interplay between structural and
electronic degrees of freedom in the cuprates remains under debate. One interesting question is the extent
of pre-transitional short-range order and its impact on macroscopic properties. We used state-of-the-art
diffuse neutron and X-ray scattering to investigate
orthorhombic structural fluctuations in the tetragonal phases of
two cuprates, Las.x«SrxCuQs and T1,Ba;CuOe:5 [1]. We used the
CORELLI instrument at the Oak Ridge Spallation Neutron
Source to perform diffuse neutron scattering measurements,
where incommensurate orthorhombic superstructure peaks
were observed. Complementary diffuse X-ray scattering at the
Advanced Photon Source revealed commensurate
superstructure peaks. The unique design of CORELLI allowed
for the separation of elastic and total scattering, giving insight
into the differences between the static and dynamic behavior
of the structural correlations. These orthorhombic fluctuations
exhibited unusual scaling, with an exponential temperature
dependence, qualitatively consistent with a structural rare- Figure 1: Comparison between
region effect. Similar exponential scaling was previously  orthorhombic and superconducting
observed for superconducting fluctuations [2,3]. The fluctuations, demonstrating similar
similarities between these structural fluctuations and  unusual exponential behavior and
superconducting fluctuations points to the relevance of  scaling. Figure reproduced from [1].
structural  inhomogeneity  for the  emergence  of
superconductivity in the cuprates (Fig. 1).

D. Pelc, R. Spieker et al., Unconventional short-range structural fluctuations in cuprate high-T.
superconductors, arXiv:2103.05482v1 (2021)

D. Pelc et al., Universal superconducting precursor in three classes of unconventional superconductors,
Nat. Commun. 10, 2729 (2019)
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Oxide interfaces, characterized by the distinctively strong interaction and reconstruction
among charge, spin, orbital and structural degrees of freedom, have served as versatile platforms
to study emergent novel states and phenomena in the last decade'. Spinel oxides are natural
candidates for studies on interfacial emergent phenomena, because their inter-site cation migration,
potentially as the driving force for interfacial reconstruction, can be enhanced if parameters such
as temperature and lattice constants are adjusted. Among them, inverse spinel CoFe,O4, of large
magnetocrystalline anisotropy, superior mechanic hardness and excellent physical and chemical
stability, has been widely studied and applied in high density magnetic storage, magnetoelectric
transducers and spin filters. And CoFe»Os films of (111) normal direction can be epitaxially grown
on a-AlO; (0001) substrates of the rhombohedral corundum structure. The large difference in
crystal structures and lattice parameter between these two materials implies potential strong
interfacial reconstruction. Here we report a CoO interfacial layer formed between CoFe;O4 thin
films and sapphire substrates corroborated by the analysis of structure, magnetism and electronic
states.

We have epitaxially grown CoFe>O4 (111) films on Al,O3 (0001) substrates by pulsed laser
deposition?. X-ray and reflection high-energy electron diffraction (RHEED) demonstrate an
interfacial layer of different
crystal structure from the “bulk”
part of the CoFe;04
film(Fig.1(b)&(c)). As a result
of this interfacial reconstruction,
colossal intrinsic exchange bias
up to 7 = 2 kOe was observed PPN Pl am| g
whose interfacial origin is 0% 0w 5;0(6,')] noRox ¢
indicated by the power-law
thickness-dependence relation 10
of exchange bias(Fig.1(d)). The 8
temperature  dependence  of
exchange bias reveals the
exchange interaction between
the interfacial layer and the of
ferrimagnetic CoFe,04
disappear between 250-300K, [7 = 20K, Field Cool +70 kOe
which  matches the Néel ' , I?nm)
temperature of CoO(~290 K).

And the lattice constant of the Fig.1 (a) Out-of-plan 8-28 XRD pattern of a CoFe,Os film.(b)
interfacial layer extracted from

Thickness-dependent interplane spacing of {111} lattice
thickness-resolved RHEED planes, with an anomaly near the interface.(c)The evolution of
patterns matches that of CoO. X- [110]-direction RHEED pattern during the growth, indicating
ray photoemission spectra of a an interfacial lay'er without characteristic weak lines.of spinel
17 nm sample shows the structure. (d) Thickness(fcro)-dependent exchange bias
existence of the suboxide of

following a power-law pattern.
cobalt in the interface. X-ray reflection and polarized neutron reflection data further support CoO
as the best candidate for the interfacial layer with small magnetic moment. This work suggests a
path for enhancing intrinsic exchange bias using combination of film and substrate of large
structural differences, highlighting the role of interfacial atomic and electronic reconstructions.
17. Huang, et al., Adv. Mater. 30(47), 1802439 (2018).
2D. Yang, et al., Phys. Rev. B 103, 224405 (2021).
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Enhancement of Ionic Conductivity by Controlling Interfacial Strain in Fluorite Gd-
doped CeO:-Bixbyite Re203 (RE =Y and Sm) Multilayer Thin Films

Gene Yang, Yuxi Ma, and Dongkyu Lee”

Mechanical Engineering, University of South Carolina, Columbia, SC 29208, USA

Achieving fast ion transport at reduced temperatures is a key requirement to develop
advanced oxide-based energy applications. With the development of thin film technologies
such as pulsed laser deposition (PLD), oxide heterostructures, which enable fast ion conduction
at interfaces, have attracted great attention. Interfacial strain plays a determining role in oxygen
ion conduction owing to its capability of altering the oxygen ion migration and oxygen vacancy
formation. However, only a few studies have experimentally demonstrated the effect of strain
on ion transport properties. To elucidate the sole effect of interfacial strain on ion conduction,
careful materials selection must be taken into account in oxide heterostructures. In this work,
we use two different material systems, an ionic conductor Gd-doped CeO> (GDC) and an
insulator RE;O3 (RE =Y and Sm), to exclude the space charge effect and the contribution to
the ionic conductivity, respectively. Pulsed laser deposition is performed to synthesize GDC-
RE0O3 (RE =Y and Sm) multilayer thin films using a KrF excimer laser at A = 248 nm, 10 Hz
pulse rate, and 1.5 J/cm? laser fluence under an oxygen partial pressure of 50~100 mTorr at
700 °C. Considering the lattice mismatch between GDC and RE2O3; (RE =Y and Sm), Sm>O3
(a=10.935 A) and Y203 (a=10.607 A) introduce tensile and compressive strain, respectively,
into GDC (a = 5.418 A). In addition, multilayer films with various thicknesses of each layer
are also deposited to modulate the lattice strains on GDC. High-resolution X-ray diffraction
(XRD) measurements show that the multilayer thin films are epitaxially grown. We confirm
the strain state of GDC depending on its counterpart with XRD reciprocal space maps.
Measurements of in-plane ionic conductivity demonstrate how the ionic conductivity of GDC
is influenced by strain states. We observe an increase in the ionic conductivity by inducing
tensile strain in the GDC-Sm>0s3 films. With further decreasing the GDC thickness to 4 nm, the
ionic conductivity of GDC significantly increased by two orders of magnitudes as increasing
tensile strain. However, we observe no discernible change in the ionic conductivity from
compressively strained GDC. These results can be attributed to that tensile strain may
significantly reduce the energy barriers for either oxygen vacancy formation or oxygen ion
migration at the interface in contrast to compressive strain. Our work illustrates that strain in
multilayer thin films can be effectively used to modify the ionic conductivity.

This research was funded by the U.S. Department of Energy (DOE), Office of Science (OS),
Basic Energy Sciences (BES), grant number DE-SC0021363.



Quantum Disordered State of Magnetic Charges in Nanoengineered Honeycomb Lattice
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A quantum magnetic state due to magnetic charges is never observed, even though they are treated
as quantum mechanical variables in theoretical calculations. Here in this work, the occurrence of a novel
quantum disordered state of magnetic charges in a nanoengineered magnetic honeycomb lattice of ultra-
small connecting elements is demonstrated. The experimental research, performed using spin resolved
neutron scattering, reveals a massively degenerate ground state, comprised of low integer and energetically
forbidden high integer magnetic charges, that manifests cooperative paramagnetism at low temperature.
This system of nanoengineered magnetic honeycomb lattice tends to preserve the degenerate configuration
even under large magnetic field application, which shows the robustness of disordered correlation of
magnetic charges in a (quasi) 2-dimensional honeycomb lattice. The realization of quantum disordered
ground state elucidates the dominance of exchange energy, which is enabled due to the nanoscopic magnetic
element size in nanoengineered honeycomb. Consequently, an archetypal platform is envisaged to study
quantum mechanical phenomena due to emergent magnetic charges in these systems.

In this work, we report the existence of a quantum disordered state of magnetic charges in
nanoengineered honeycomb lattice of connecting permalloy (NigsiFeo.19) elements, with typical dimension
of ~12 nm (length) x 5 nm (width) x 10 nm (thickness). We have employed a hierarchical large throughput
nanoengineering technique to create an artificial honeycomb lattice of nanoscopic elements, which
comprise of fabricating honeycomb lattice via the
synthesis of porous hexagonal diblock templates on top
of silicon substrate, calibrated reactive ion-etching with
CF4 gas, and the uniform deposition of magnetic material
(permalloy) in a near-parallel configuration (~1°) to
achieve 2D-character of the system. Atomic force
micrograph of a typical honeycomb lattice exhibits a ~30
nm center-to-center spacing between neighboring
honeycombs. We performed a grazing incidence
polarized neutron reflectometry measurements on ~1 sq.
inch samples on the Magnetism Reflectometry at BL-4A
at SNS, ORNL for different characteristic temperatures
of 300 K, 30 K, and 5K. Distorted wave Born
Approximation (DWBA) based numerical simulations
revealed that a quantum degenerate disordered state Fig 1. Evolution of quantum disordered state in nanoengineered
COl’an‘iSing of iQ and i3Q Charges manifests in the low magnetic honeycomb lattice. (a-c) Experimental 2D maps of neutron
temperature regime, which agrees reasonably well with :Z;i)";};yr Z;;ZZ;‘;ZZZ?QZ;":?; i;“;jfm{gﬁ Z,:ij’\ isrli';'g"_iite‘j P
our experimental data. The persistence of £3Q charge
states in the low temperature arises due to the nanoscopic element size of our sample, which has a reduced
inter-elemental energy of ~10 K. We also tested the magnetic field effect on the prevailing disordered state
of fragmented £Q and +3Q charges at 5K by applying an external magnetic field of 0.5T, which is five-
times the coercivity of these magnetic honeycomb lattice. We observe that the application of the strong
external magnetic field does not lift the massive degeneracy of disordered states, although it nominally
reduces it. The opposing magnetization behaviors as a function of varying thicknesses hint of a
comprehensive research platform in artificial magnetic honeycomb lattice of nanoscopic elements.
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Abstract:

Graphene oxide (GO) membranes were recently suggested for applications in separation of
ethanol from water using a vapor permeation method. Understanding microscopic diffusivity of
water and ethanol in graphene oxide membranes is important for separations applications. It is
also important to study the anisotropy of water and ethanol diffusivity between the direction
perpendicular to the plane and in-plane direction. We used quasi-elastic neutron scattering
(QENS) to measure the temperature dependence of the diffusivity of water and ethanol, and its
anisotropy by the utilization of Q-dependence of QENS signals obtained from BASIS at Oak
Ridge National Lab. We will also discuss how dynamic measurements from QENS can be
correlated with atomic force microscopy measurements of the temperature dependence of
viscosity in water/ethanol confined in GO.

*We thank Wayne State University for funding and ORNL for providing access to BASIS through
a user proposal.
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The interface between soft matter physics and biology is evolving into an exciting and ever-
growing area of science. Our research team is interested in developing a multidisciplinary
research program that combines experiment, theory, and computer simulations, thus enabling
detailed descriptions of physiologically relevant, functional soft matter and biological systems.
Special focus is being placed on lipid-lipid and lipid-protein interactions, particularly pertaining
structure and dynamics of lung surfactant and synaptic plasticity. To characterize the systems of
interest, we use a range of physical characterization techniques (e.g., vibrational spectroscopy,
fluorescence microscopy, x-ray and neutron scattering techniques), including all-atom and
coarse-grained molecular dynamics simulations.

Figure 2 (a) Pulmonary surfactant is a surface-active phospholipoprotein complex formed by type
II alveolar cells. (b) The proteins and lipids making up lung surfactant.
Dipalmitoylphosphatidylcholine (DPPC) acyl chains extend into the air-water interface of alveoli,
while its hydrophilic head group is in contact with water, a structural arrangement that reduces
surface tension. (¢) Left: Confocal fluorescence microscopy of micrometer-sized giant unilamellar
vesicles (GUVs); Right: Visualization of nanoscopic lipid domains/rafts through small-angle
neutron scattering (SANS) based on the spherical harmonic modes’ analyses developed in our
research group.
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Topological features in polymeric systems such as chain ends, knots, and junctions in
diblock copolymers have profound effects on the properties and behavior of these systems. These
features are known to affect the structure and dynamics of individual macromolecule, such as
reduced hydrodynamic size of knotted chains, and cause changes in properties of polymer melts
such as elevated glass transition temperatures and lower melt viscosities for rings and knots in
comparison to linear chains due to the absence of chain ends. To investigate the effects of
topological constraints on microphase separation, we performed coarse-grained molecular
dynamics simulations of phase separating diblock copolymer melts having different chain
topologies and probe the effects of topologies. Specifically, we investigated the self-assembly of
50-50 AB lamella structures composed of linear chains, rings or trefoil knots having the same
molecular weights. We found that the transition from lamellar to disordered morphology to be
continuous, while the order-disorder temperature (ODT) and the domain sizes were found to
decrease in the order: linear chains > rings > trefoil knots. This behavior correlates with the size
of the polymer chain in the melt. Investigation of the polymer chain structures shows that chains
are perturbed relative to the homopolymer melt with structures being stretched and compressed in
the normal and lateral dimensions of the lamella domains, respectively. Further analysis of the
simulation data reveal that the polymer chain conformation in terms of their writhe values (a
measure for the degree of intertwining of a chain around itself) and their Jones polynomials (a
method to measure entanglement of curves) showed that linear chains and rings remained stretched
while knots were stretched as well as tightened in the disordered melts close to the lamellar-
disorder transition. The junction points between A and B blocks enrich interfaces between lamellar
domains. Interestingly, for the trefoil knot diblock copolymer melts in the lamellar phase, we found
the knots are localized in the domains having the stronger interaction parameter.

Figure 1. (a) Snapshot of a simulation box. (b) The ratio of the lamella domain spacing and the
average macromolecule size in terms of the radius of gyration for different chain topologies of
diblock copolymer melts. (¢) Distribution of the location of the length of the trefoil knot within a
knotted copolymer.
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Atomically thin graphene membrane has been considered as an ideal candidate for next-generation
membrane-based technologies. While catalytic chemical vapor deposition (CVD) has been
demonstrated to be an economical and versatile way of enabling the commercial production of
high-quality graphene, CVD graphene has to be transferred from the growth substrate onto a
porous support substrate to provide mechanical stability for membrane applications. However,
commonly used polymer scaffold methods typically leave polymer residues detrimental to
membrane performance, while transfers without sacrificial polymers suffer from low transfer yield
leading to high membrane leakage. Hence, high-yield transfer of clean large-area graphene onto
appropriately porous supports using scalable processes for membrane applications remains
elusive. In this work, we systematically investigate the factors influencing the transfer of CVD
graphene from a Cu foil onto a model polycarbonate track etch (PCTE) support for fabricating
large-area atomically thin membranes via manual compression, mechanical press and scalable
lamination approaches. Particularly, we report on a novel roll-to-roll manufacturing compatible
isopropanol-assisted hot lamination that allows for facile, clean and scalable transfer of centimeter-
scale graphene onto model PCTE supports with coverage = 99.2% without compromising support
porosity, which is one of the best values reported to this date for centimeter-scale atomically thin
membranes. The remaining 0.8% of leakage is attributed to defects (>50 nm) primarily along
wrinkles formed during CVD growth. Furthermore, water-assisted oxidation effectively detaches
CVD graphene from the Cu foil and helps graphene transfer, but significantly damages (~10%)
graphene along wrinkles. Finally, fully functional centimeter-scale atomically thin membranes are
demonstrated. Our work provides a facile and effective method for the fabrication of atomically
thin graphene membranes and can help on the progress towards the practical application of
graphene membrane technologies relevant to gas separation, nanofiltration, desalination,
ionic/molecular transport, energy and dialysis fields and beyond.
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Biological membranes (made up primarily of lipids and proteins) are structures that encapsulate
living cells. Once thought as simple barriers they are now viewed as being dynamic
supramolecular structures whose lipid composition can change in response to the local
environment.? Early membrane research hinted at the existence of lateral heterogeneity and
domain formation, eventually leading to the development of the controversial lipid raft hypothesis.
However, recent research has identified biological roles for domain formation in membranes and
most recently, have been observed in living cells.? Based on our current knowledge regarding
membrane lateral heterogeneity, we decided to study how different lipid compositions alter the
molecular structure of domain-forming membranes. Specifically, we studied a model membrane
system comprised of DOPC (1,2-dioleoyl-sn-glycero-3-phosphocholine), POPC (1-palmitoyl-2-
oleoyl-sn-glycero-3-phosphocholine), DSPC (1,2-distearoyl-sn-glycero-3-phosphocholine), and
cholesterol. Compared to DOPC or POPC, DSPC is a more-ordered lipid with a higher liquid-to-
solid phase transition temperature and forms domains at physiological temperatures. Of note, is
that increasing amounts of DOPC — and decreasing amounts of POPC —result in larger domains.?

To study how DOPC and POPC affect molecular structure, we deposited lipid monolayers on a
water subphase in a Langmuir-Blodgett trough. The monolayers were compressed, under
constant temperature, using polyoxymethylene barriers, while the surface tension was measured
with a Wilhelmy plate. Typically, disordered lipids result in an increased surface tension, due to
the increased entropic cost expended to compress them. Thus, in mixtures with DSPC and
cholesterol we expected DOPC would produce an increased surface tension (given a particular
molecular area), compared to a POPC/DSPC/cholesterol mixture. What we found, however, was
that it was POPC, not DOPC, that resulted in an increased surface tension. One explanation,
could be that DSPC and cholesterol become more sequestered and ordered in domains in the
DOPC mixture, thus reducing the overall surface tension. This would then be consistent with
previous results, which show DOPC forms large domains in DSPC and cholesterol mixtures when
compared to POPC.? Importantly, this demonstrates that monolayer compression isotherms are
sensitive to lateral heterogeneity and can be leveraged to study domain formation under various
conditions with different lipid mixtures.
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Motivated by the fundamental interest in understanding
structure and dynamics of charged block copolymers near
interfaces, we have studied the effects of salt
concentration on the conformations of polymerized ionic
liquid-based diblock copolymers (PIL-BCPs). In
particular, a liquid-liquid Langmuir trough has been
employed for controlling the interfacial pressure of
Langmuir films prepared with PIL-BCPs at the oil-water
interface (Figure 1) in conjunction with highly surface
sensitive technique — vibrational sum frequency

generation spectroscopy (SFG). The preliminary results

Figure 1. Surface pressure - apparent mean
molecular area isotherms of PIL-BCPs Langmuir
film at hexadecane-water interface. Inset:
molecular structure of synthesized PIL-BCPs.

shed lights on the effects of added monovalent salt concentration in aqueous solution on the

structure of Langmuir films. The finding can be leveraged to control assembly of polyelectrolytes

into functional interfaces.
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Oxidation-reduction (redox) enzymes often perform their reactions through domain
movements and inter-subunit interactions. Sulfite reductase (SiR) reduces sulfur for
incorporation into biomolecules through high-volume electron transfer reactions. SiR is a
dodecamer composed of an octameric flavoprotein (SiRFP) and four monomeric hemoproteins
(SIRHP). SiRFP octamerizes through its N-terminus, the absence of which yields monomeric
SiRFP. SiRHP binds octameric or monomeric SiRFP at SiRFP’s FNR domain. Electron transfer
occurs between FNR and FId domains of SiRFP as well as between SiRFP and SiRHP. Small-
angle neutron scattering (SANS) of SiR has generated the first glimpse of this multicomponent
redox enzyme’s structure (Tavolieri, et al, JSB, 2019 and Murray, et al, JSB, 2021). Neutrons
afford the ability to probe SiR without impacting redox state while also isolating each subunit’s
scattering contributions
through contrast variation.

The solution structure
of SiR heterodimer has been
elucidated using SANS (Fig.
1A). This assigns SiRFP’s
domains as well as SiRHP in
the heterodimer. These
assignments were confirmed
with contrast variation of SiR
assembled with partially
deuterated (D)SiRHP and
SiRFP. The FId domain of
SiRFP swiveled to an
extended position relative to
its FNR domain, a result of
the flexible linker connecting
domains. SANS of
anaerobically reduced SiRFP  Figure 1. A. Heterodimer solution structure. B. Anaerobically
(Fig. 1B) showed a reduced SiRFP. C. Contrast variation of SiR dodecamer. D.
rearrangement of its FId Distance distribution calculated from SANS data.
domain, now projecting
towards the binding interface with SiRHP.

SANS of SiR dodecamer and reconstituted DSIR have given insight into their higher-
order assembly (Fig. 1C). Specifically, SiR exhibits a large degree of flexibility, enabling a global
compaction of SiRFP octamer within the dodecamer (Fig. 1D). SiRHP’s positioning is dynamic
as exhibited by multiple inter-subunit distance distribution peaks (Fig. 1D). This suggests SiRHP
positioning is spread between peripheral as well as central locales in the dodecamer.

These studies support a model for inter- and intra-molecular electron transfer. Electrons
are transferred in a domain-swapping manner between FNR and Fld domains within singular or
between adjacent SiRFP as well as between SiRFP and SiRHP that are either bound or
neighboring in the complex.
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Abstract: Proteases play important role in various biological and in food processes. In this work, we
focused on the analysis of the activity of three proteases: chymotrypsin, trypsin and plasmin. These
proteases are important in human digestion as well as for cleavage of milk proteins. Therefore, the
detection of protease activity is important for monitoring quality of dairy products. We have focused
on detection of proteases activity in a volume using spectrophotometric and dynamic light scattering
(DLS) methods as well as at surfaces by means of quartz crystal microbalance (QCM) [1]. For the
assay in a volume we used gold nanoparticles (AuNPs) (diameter 13 nm) modified by B-casein. In
order to monitor spectrophotometric changes after protease addition the AuNPs were further modified
by non-polar 1-mercaptohexanol (MCH) [2]. For DLS method AuNPs were modified only by B-
casein. In QCM method, the B-casein has been immobilized at the surface of QCM covered by 11-
mercaptoundecanoic acid (MUA) Addition of proteases resulted in changes of absorbance
(spectrophotometric method) and size (DLS) as well as in increase of the resonant frequency (QCM).
The scheme of the methods used and signal detected is outlined in Figure 1. The limit of detection
(LOD) for all methods used has been calculated and comparative analysis of the effectivity of
detection of protease activity in a volume and at surfaces has been discussed.

Figure 1. Overview of methods used for analysis of proteases activity.
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Memory resistors (memristors) and capacitors (memcapacitors) are circuit elements whose
behavior depends on their prior history and are the result of different combinations of nonlinear
electric responses. Altering the frequency of the applied voltage influences the capacitive
response of memcapacitors (Fig. 1A). Currently, only a few examples of systems exhibiting
memcapacitive behavior have been reported. One such system is the droplet interface bilayer
(DIB) that has been developed to study membrane and membrane protein properties in a planar
lipid bilayer system.

DIBs are formed by suspending two aqueous lipid droplets attached to Ag/AgCl electrodes in an
alkane oil reservoir with a lipid monolayer forming at the water-oil interface, where the lipid
headgroups interact with water and the acyl chains protrude into the oil phase (Fig. 1B). DIBs are
formed when two droplets are pushed together, allowing the acyl chains of the individual droplets
to interact with each other forming a lipid bilayer (Fig. 1B). Lipid bilayer formation is monitored via
capacitance measurements. To date, DIBs have been used to study a variety of membrane
related phenomena, including, but not limited to, membrane protein activity, membrane
asymmetry, and the ability of lipid bilayers to function as memristors and/or memcapacitors. A
current topic of interest is how lipid and oil

compositions affect DIB memcapacitive p

behavior.

Figure 1. DIBs as memcapacitors. Simulated lipid
bilayer in response to a sinusoidal voltage showing
that the capacitance exhibits a transient response
before reaching equilibrium at the different
frequencies (A). DIB formation begins with allowing
monolayer formation of suspended drops (B, Step B
1), followed by pushing the drops together to form
the DIB (B, Step 2). Formation occurs above the
main transition (Tm) of the lipid composition, after
which, the DIB can then be thermal cycled at
temperatures below Tm (B, Step 3).

DIBs made up of a single lipid composition

showed variable memcapacitive behavior

when the chain length of the oil in the reservoir was increased from ten (decane) to sixteen
(hexadecane) carbons, indicating that memcapacitor behavior can be finely tuned. Here, we aim
to extend this study by using a biologically relevant three-component lipid composition that
includes high and low melting lipids, and cholesterol. This composition has been shown to form
lipid domains, a feature that has been implicated to be important in cell signaling in the plasma
membrane of living cells, but that can play an important role in modulating memcapacitive
behavior.
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Proteolysis of milk proteins, such as caseins, caused by milk proteases, can change the organoleptic and
nutritional characteristics of milk, and therefore it is essential to monitor this enzymatic activity. We
used trypsin as a model protease and due to its role as a biomarker for pancreatitis. The aim of this work
is to demonstrate detection of proteolysis of f-casein using multiharmonic quartz crystal microbalance
(QCM). The B-casein in a concentration of 0.1 mg/mL has been deposited on a hydrophobic surface
consisting of a self-assembled monolayer of 1-dodecanthiol on the gold electrode of QCM. Addition of
the increasing concentration of trypsin resulted in increasing of the resonant frequency of QCM
transducer, which is due to removal of protein fragments from casein layer. We studied the effect of
trypsin in a concentration range0.3 - 20 nM on the kinetics of proteolysis of f-casein, and demonstrated
that frequency changes can be described by inverse Michaelis-Menten model, that has been
characterized by the Michaelis-Menten constant Ky = 0.38 £ 0.02 nM. The limit of trypsin detection
has been estimated as: 0.16 £ 0.02 nM. Thickness, mass and viscoelastic properties of the f-casein
adlayer after its formation and following the proteolytic cleavage were evaluated by the multi-harmonic
analysis. We found that B-casein is preferably adsorbed on the hydrophobic surfaces as an asymmetrical
double layer, of which the innermost layer was found to be denser and thinner (about 2.37 nm) and the
outermost layer was less tightly bound and thicker (about 3.5 nm).

Figure 1. The scheme of the QCM method used for analysis of casein layer cleavage (left) and the plot of the
changes of the normalized frequency vs. concentration of trypsin (vight)..
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Detection and prevention of foodborne diseases in food usually requires expensive and time-
consuming methods and qualified staffs. This is particularly important also for dairy production, as it suffers
from food contamination by bacteria [1]. Traditional methods are not suitable for large-scale pathogen
detection, especially for developing countries. However, recent achievements in acoustic biosensors are
promising for effective detection of bacterial pathogens. Popular Quartz Crystal Microbalance (QCM)
method has been substantially improved since its discovery in 1959 by G. Sauerbrey. The new tool
consisting in multi-harmonic measurement of frequency and energy dissipation is rather informative. The
data that can be obtained by this approach provide information on the mass changes as well as on the
viscoelastic properties of the sensing layer. In this work, we used 8 MHz quartz crystal with sputtered gold
electrodes to produce DNA aptamer sensing layer that can specifically bind bacterial pathogen Listeria
innocua. Biotinylated DNA aptamers of the sequence 5’-biotin-TAC TAT CGC GGA GAC AGC GCG
GGA GGC ACC GGG GA-3’ reported in [2] have been used for this purpose. The aptamers were linked
to the monolayer formed by neutravidin chemisorbed at the gold electrode at one side of the piezocrystal.
The Listeria innocua has been isolated from contaminated food by standard microbiology methods. While
neutravidin formed the dense layer at gold surface, addition of the aptamers caused greater dissipation of
the energy. This is evidence of the viscosity contribution. Application of multi-harmonic measurements
allowed us to evaluate changes in penetration depth, viscosity, and elastic coefficients during formation of
each layer and interaction with Listeria. The increased concentration of Listeria resulted in decrease of the
resonant frequency and in slight increase of dissipation. However, at higher concentrations of Listeria (>10°
CFU/mL) we observed increase of resonant frequency. This phenomenon has been analyzed by
determination of viscoelastic parameters. Based on the linear part of the calibration curve (frequency
changes vs. concentration of Listeria) the limit of detection has been determined: 1.6x10° CFU/mL. This
value is sufficient for the detection of the minimal infection dose of Listeria innocua [3]. The specificity of
aptasensor has been confirmed by experiments with highly concentrated Escherichia coli samples, which
didn’t react with aptamer-based sensing layer. By comparing the viscoelastic parameters, we were able to
investigate mass removal during application of the high concentration of the Listeria innocua. It seems that
the properties of aptamer layers are affected by removed bacteria. The obtained results show great potential
of multi-harmonic QCM method with dissipation for detection of bacteria in food.
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The efficiency of polymer photovoltaic devices has significantly improved thanks to the
synthesis of novel conjugated polymers. The optimization of the multilayer device structure is
lagging behind, which requires new ways to cross correlate effects of interfaces and layer
composition on the efficiency of photovoltaic devices. We have used spectroscopic
characterization of devices under strong internal electric field by electroabsorption (EA)
spectroscopy, a technique which enables study of the interplay between light absorption and
internal electric field .

Excellent film forming properties of the fluorinated derivative PBDB-T-2F (PM6) were
combined with the efficient electron acceptor BTP-4F-12 (Y6-12). Devices with inverted
architecture exceed efficiency of 10%, with the short circuit current and open circuit voltage
similar to those reported for the best devices in the literature. We have performed current-voltage
measurements in dark and under illumination before and after each spectroscopy session to
verify that the devices didn’t degrade substantially during the spectroscopic measurements. This
has confirmed that the EA spectra are representative for well performing devices.

We have interpreted the EA spectra using the first derivative of the absorption spectra, as is
typical for quadratic Stark effect. A more detailed understanding was developed by following the
spectral variations with DC bias. We have used the
EA dynamic spectra, which represent the difference
of the EA signal relative to the signal at a reference
bias, Fig. 1. The EA dynamic spectra were analyzed
further with 2D synchronous and asynchronous
correlation spectroscopy. Our studies reveal
substantial coupling of electron states below the
absorption edge with the electric field, which is a
feature not detectable in the absorption, and
photocurrent spectra. A second important finding is
the modification of the electronic states of PM6 and
Y 6-12 when mixed, compared to their pristine state.

Details on this additional interaction may hold the

explanation for the successful operation of polymer
photovoltaic devices. solar cell of PM6:Y6-12.

Figure 1. EA dynamic spectra of polymer

This research was conducted partly at the Center for Nanophase Materials Sciences, which
is a DOE Office of Science User Facility.
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The Center for Structural Molecular Biology (CSMB) at Oak Ridge National Laboratory (ORNL) is a
national user facility funded to support and develop the user access and scientific research program of the
Biological Small-Angle Neutron Scattering (Bio-SANS) instrument at the High Flux Isotope Reactor
(HFIR). The Bio-SANS instrument is ideally suited for studies of biomacromolecules including proteins,
DNA/RNA, lipid membranes and other hierarchical complexes. This is due to a large dynamic Q-range
(~0.003 to 0.85 A™") and a series of sample environment capabilities that support the studies of biological
systems. The CSMB also operates a Bio-Deuteration Laboratory located at the Spallation Neutron Source
(SNS) that supports the production of deuterium-labeled materials, which is crucial for maximizing the
utility of neutron scattering experiments for the biological sciences. Technical capabilities and recent
developments of the CSMB will be presented.
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Abstract. Copolymerization of a poly(ethylene glycol) (PEG) diamine macromonomer, pyromellitic
dianhydride (PMDA), and 4,4’-oxydianiline (ODA) yielded a series of novel, robust polyimide graft
copolymers (PI-g-PEG). These copolymers consisted of a thermally stable PI backbone bearing pendant
PEG sidechains, which were susceptible to thermolysis and subsequent nanopore formation.
Thermogravimetric analysis (TGA) confirmed quantitative imidization and indicated predictable
incorporation of PEG across a broad compositional range. Differential scanning calorimetry (DSC) revealed
the absence of thermal transitions excluding the appearance of a PEG crystalline melting endotherm and
crystallization exotherm for the 25 mol % PEG-containing copolymer. Subsequent dynamic mechanical
analysis (DMA) revealed low temperature (< 0 °C) glass transition temperatures (T,) for all samples
independent of PEG copolymer composition. These observations supported a nanoscale phase separated
morphology, which was amenable to subsequent nanopore formation upon PEG thermolysis. Initial
thermolysis studies indicated complete removal of the PEG phase, and TGA further confirmed the
predictable incorporation of the PEG macromonomer. ORNL CNMS small angle x-ray scattering (SAXS)
experiments confirmed the retention of nanoscale voids upon removal of the PEG pendant branches with
the 25 mol % copolymers showing the highest intensity, therefore offering the highest volume fraction of
void content. These observations resulted in an unprecedented pathway for the 3D printing of nanoporous
fully aromatic polyimides, which will enable light-weight structures for aerospace and automotive

technologies.
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Neutron scattering is a powerful, non-destructive method for obtaining unique information about the
structure and dynamics of complex biological systems. The power of this method originates primarily from
a sensitivity for hydrogen, which is one of the most abundant elements found in biology. Furthermore, the
large neutron scattering length difference between hydrogen and deuterium can be exploited to selectively
highlight different components of systems to obtain unique information regarding structure and dynamics.
This makes the production of deuterium-labeled materials crucial for maximizing the utility of neutron
scattering experiments for the biological sciences. To satisfy this critical need, the Center for Structural
Molecular Biology operates the Bio-Deuteration Laboratory (BDL) as a centralized resource and training
ground for the preparation of deuterium-labeled biomaterials in support of ORNL’s neutron scattering
facilities. New technical capabilities, including segmental labeling, deuterated nanodisc and deuterated
lipids for membrane protein study, are being developed in BDL to expand the support for the biological
research user community.



Modeling of polymers in applied electric field
Shuaifang Zhang, Rajeev Kumar
Center for Nanophase Materials Sciences
Oak Ridge National Laboratory, Oak Ridge, TN 37831

Abstract

Polymerized ionic liquid based block copolymers(PIL-BCPs) are very promising and can be used
for batteries and fuel cells and so on. Thin films of cationic di-block copolymers were studied
using neutron reflectometry (NR) in the presence of external electric fields. So it is important to
understand the behaviors of PIL-BCPs under electric field. Phase field method is a powerful tool
to simulate the block copolymers under electric field in mesoscale.

Firstly, we will present a standard phase field model of block co-polymers, then we will show how
electric field is coupled in the model to simulate the phase transitions. The equilibrium state of
the total free energy slightly changes with applied electric field. In order to study the difference,
we firstly studied the behaviors of di-block copolymers with and without electric field, the di-
block copolymers under electric field alighed much faster and the final lamellar phase is totally
different from the one without electric field. Secondly, numerical examples showing the phase
transitions under electric field are presented, including lamellar, hexagonal and BCC phases, all
these examples are done under electric field, all the different phases show a good match with
the phase diagram of polymers. As a final example of polymers, scattering length density(SLD)
profiles is calculated through the average density distributions along Z direction calculated by
phase field method, which shows a good agreement with the experimental data.
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Polarized neutron reflectometry (PNR) is a powerful technique for probing the nuclear and magnetic
structure of interfacial materials with depth sensitivity. However, measured reflectometry profiles are
often interpreted through a complex and high-dimensional physical model of the experimental system
that is fit to the measured data (Fig. 1a). As a result, the cost function relating the theoretical and
measured profiles can exhibit a highly complicated landscape with many local minima, requiring
sophisticated optimization methods and/or expert insight to adequately constrain the parameter space
of the model and converge to an appropriate solution [1,2]. This can be especially true in the presence of
subtle interfacial phenomena that are difficult to single out from the bulk contributions, such as magnetic
proximity coupling, which has been widely investigated as a pathway for magnetizing topological
insulators (Tls) to realize new, emergent phenomena that can advance Tl-based device applications [3].

In this work, we suggest a data-driven approach to retrieve the model parameters of two proximity-
coupled systems from their PNR profiles with minimal user intervention. We train a variational
autoencoder (VAE) to map the reflectometry profiles to a well-organized latent representation space for
a broad range of candidate models (Fig. 1b). The VAE enforces a smooth and continuous latent space,
with similar latent vectors corresponding to similar reconstructions, which allows us to reframe the
optimization problem in an alternate parameter space without local minima in the region of interest. The
latent representation further informs the suitability and scope of candidate models by clearly designating
profiles generated by a model outside the selected parameter space as outliers. Our method enables us
to recover the scattering length density (SLD) profile of a well-studied TI-ferromagnetic insulator (FMI)
heterostructure, Bi>Ses/EuS, exhibiting proximity magnetism [4,5], in good agreement with the results of
conventional fitting methods. We further apply this method to analyze the PNR profile of a novel TI-
antiferromagnet (AFM) heterostructure, (Bio,Sbos).Tes/Cr.0s, which poses a greater challenge for
traditional methods, allowing us to identify a possible short-range interfacial exchange coupling that
magnetizes the Tl surface. The accurate interpretation of PNR measurements is often critical to
understanding the internal structure of heterostructure systems, and we anticipate the methodology
developed in this work can be extended to a broad spectrum of materials systems.

Figure 1: a. Representative
reflectometry profile and fit
obtained using a conventional
optimization method. The
inset depicts a schematic of
the PNR experiment.

b. lllustration of the VAE
architecture used in this work.
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Correlations between structure and electronic properties of Single-Walled Carbon Nanotubes (SWCNTs)
have been predicted theoretically and confirmed experimentally. However, while theoretical
calculations are commonly done for vacuum, experimental measurements are done n various
environments, including gas, liquid, and more complex environments (surfactants/polymer interfaced
with defects of heteroatom dopant on nanotubes/their bundles suspended in liquid). Sensitivity of
electronic properties SWCNTs to environment led to the development of a broad range of sensors, but
also complicates nanotube identification. SWCNTSs are usually identified by directly comparing
experimentally observed Raman, fluorescence, absorption bands to the values derived from the Density
Function Theory calculations. Machine learning algorithms present an opportunity for improved
nanotube identification and extending it to correlation of SWCNT structure and property. A feed-
forward neural network model was recently used to model atomic coordinate predictions with a mean
squared error of 6.68x10°® [1]. Convolutional neural networks have been shown to agree with manual
nanotube assignment from TEM images in 71% of trials [2]. Furthermore, neural networks successfully
used to predict structure of nanotube can be potentially extended to include SWCNT properties. We
used theoretically derived data on structural and electronic properties of SWCNTSs to train machine
learning algorithms to classify SWCNTSs as metallic, quasimetallic, or semiconducting. Using principal
component analysis, we identified six properties which account for 90% of variance in data. Several
regression models were used to correlate structural and functional properties of SWCNTSs, with
maximum prediction accuracies of 45%. Preliminary results using neural network methods improved
accuracy to about 68%. This neural model will be further improved to include physical equations,
correlating structural descriptors with the nanotube optical properties, adding additional data streams
on environmental effects.
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Adsorption on transition metals involves the coupling of adsorbate and surface d
states, with the d-band center serving as an approximate descriptor. However,
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Abstract:

In the past couple of decades, the development and availability of more computational capabilities
including accessible CPU/GPUs, efficient algorithms and corresponding implementations have
significantly advanced the field of physical simulations at different length scales. On the other
hand, the electron and scanning probe microscopies have also emerged as a keystone tools for
exploration of matter on the atomic and mesoscale levels. However, utilization of theoretical
models to guide, perform experiments and refine the parameters in both spaces, to establish a
continuous feedback-loop, are still at a novice stage. There is a need to bridge between this gap
such that theory and experiments can be complementary to develop a comprehensive
understanding of the physics involved.

Now, there already exists plenty of resources/packages to perform instrument-specific
experimental data analysis and simulations of physical systems at different length scales to
evaluate their properties. AtomAl is a python-based infrastructure that aims towards establishing
a bridge environment between the instrument specific libraries and general physical analysis by
enabling the seamless deployment of the deep learning algorithms including deep convolutional
neural networks, invariant variational autoencoders, and Gaussian Process regression to image and
hyperspectral data and transform the experimental knowledge to build suitable environments for
performing atomistic simulations. Ultimately, it aims to combine the power and flexibility of
PyTorch deep learning and simplicity and intuitive nature of packages such as scikit-learn.
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Ever since the ground-breaking synthesis of

graphene by mechanical exfoliation from graphite

in 2004, scientists have been constantly

crisscrossing the periodic table in search of new

2D materials, an exemplar of which is MXenes

exfoliated from MAX phase bulk materials. In

this work, we proposed a simple and effective

strategy to exfoliate 2D transition metal

compounds from non-van der Waals XAM phase

(pronounced as “cross-am’) bulk materials, and

established a material library of 79 XMene

(pronounced as “cross-meen”) 2D materials,

where X represents nonmetals, M represents

transition metals, and A represents alkali, alkaline

earth, lanthanide, or actinide metals. These

materials are termed as XMenes, because their

stacking sequence, i.e., one M atomic layer is sandwiched by two X atomic layers, is directly
opposite to that of MXenes. By means of density functional theory (DFT) computations, 24
XMenes were confirmed to be thermodynamically, dynamically, mechanically, and thermally
stable. These XMenes were demonstrated to show great promise as electrocatalysts for hydrogen
evolution reaction and anode materials for lithium-ion battery, in addition to opportunities for
unconventional superconductor applications. Note that the locations of X/A/M elements of the
XAM phase are complementary to the M/A/X elements of the MAX phase on the periodic table,
which allows the controlled formation of XMenes or MXenes by selectively combining different
elements on the periodic table. These 2D transition metal compounds significantly broaden the
landscape of >15 MXenes exfoliated out of 60 MAX phase structures to 24 stable XMenes
exfoliated out of a total of 636 XAM phase structures.

Gu, J.; Zhao, Z.; Huang, J.; Sumpter, B. G.; Chen, Z. MX Anti-MXenes from Non-van der Waals
Bulks for Electrochemical Applications: The Merit of Metallicity and Active Basal Plane. ACS
Nano 15, 6233-6242 (2021). (https://dx.doi.org/10.1021/acsnano.0c08429; Editor’s Choice).
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Field-induced domain wall dynamics in ferroelectric materials underpins multiple applications
ranging from actuators to information technology devices and necessitates a quantitative
description of the associated mechanisms including giant electromechanical couplings, controlled
non-linearities, or low coercive voltages. While the advances in dynamic Piezoresponse Force
Microscopy (PFM) measurements over the last two decades have rendered visualization of
polarization dynamics relatively straightforward, the associated insights into the local mechanisms
have been elusive. Here we using a workflow combining deep learning-based segmentation of the
domain structures with non-linear dimensionality reduction using multilayer rotationally-invariant
autoencoders (rVAE). A Canny filter and ResHED network were utilized to detect domain walls
based on the PFM images. Then, sub-images centered at 180° domain walls were used for rVAE
analysis to encode information of domain switch and wall dynamics. Through analyzing the time
dynamics of domain switch and interactions between ferroelastic and ferroelectric domain walls
by rVAE, we discovered new factors affecting the ferroelectric wall dynamics and pinning
mechanism. We further developed a workflow based on the DKL for PFM that allows problem-
specific tuning of workflow and operation in real-time, allowing to learn the relationship between
polarization switching and domain structure in ferroelectric materials during the experiment. The
structure of the DKL kernel provides insight into the physics of the process. This workflow can
also be adapted to other microscopy systems, such as electron microscopy and optical microscopy.
We believe that the approaches developed in this work will be universally useful for time-
dependent dynamics of complex materials.
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HfO>-based materials have attracted a great deal of interest because they exhibit robust
ferroelectricity at extremely thin thickness and are thermodynamically compatible with
conventional semiconductors, leading to a wide range of applications in ferroelectric-based
devices, such as field-effect transistors, random-access memory, and tunnel junctions. However,
the local uniformity of HfO;-based materials is rarely investigated, which is important for their
application. In this work, we developed an automated experiment (AE) workflow in scanning
probe microscopy (SPM) to investigate the local conductivity of a Hfy 5Zro.s02 (HZO) thin film.
This AE workflow maps a large field of view of material first and automatically locates the regions
of interest (ROI); then, detailed zoom-in measurements are automatically performed in the ROIs
to systematically understand the material under study. Further, to solve a universal problem—
measurement drift—in microscopes, we embedded a drift correction algorithm to maintain the in-
situ measurement. This drift correction method is based on a recently developed shift-invariant
variational autoencoder (shift-VAE). Finally, we investigated the heterogeneous conductivity of
the HZO thin films by this AE workflow, revealing the evolution of conductive hotspots around
several tens of nanometers in HZO with bias voltage and time. The hotspots show complex
spatiotemporal dynamics as a function of time and bias during the scanning, suggesting the
presence of complex conduction mechanisms. These results underpin a wide range of HZO-based
applications. We believe that the AE approach developed in this work will be universally useful
for microscopy measurements.
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Cation ordering in double perovskite oxides with chemical formula A;BB'O¢ can promote interesting electronic and
magnetic properties into the system driven by structural modes [1]. The BOg octahedral distortions like in phase
rotation (Qg+, a0a0c+), out of phase rotation (Qg., a0a0c-), tilt (Qr, a-a-c0) or combination of both i.e., (a-a-ct) and
A-site antiferroelectric distortion (Qarg) are the most common distortions exhibited by this family of materials. In
AA'BB’Og, the (BB’) sublattices typically order in rock-salt while (AA') sublattice can order in layered [L], rock-salt
[R] or columnar [C] ordering. Within these three possible orderings, AA’ layered (A[L]B[R]) ordering and AA’
rock-salt ordering (A[R]B[R]) lead to non-centrosymmetric space group (P2, and Pc, respectively), if (a-a-c+)
distortion is imposed. Here, (A[L]B[R]) ordering is of particular interest, as the microscopic polarization arises due
to the non-cancelation of the layered polarization and the low symmetry phase is established by hybrid improper
ferroelectric (HIF) mechanism [2]. In this mechanism, the trilinear coupling between rotation Qg. , Qr, and Qarg
establishes the low symmetry P2, phase. Now, if we consider B-sites as 3d, 4d and 5d transition metals (TM), then
polar magnetic double perovskites can be designed within A[L]B[R] ordering. The challenge is now to establish a
clear A[L]B[R] ordering to facilitate ferroelectricity into the system. The B(3d)- B'(5d) systems are proposed to be
promising in particular [3]. However, the physical insights are yet to be elucidated in terms of governing structural
modes, oxidation states, coordination, tolerance factor, etc.

In this work, we have employed first-principles density functional (DFT) calculations and supervised traditional
machine learning (ML) techniques to explore such insights. We have studied various possible oxidation states of A,
A’, B and B’ maintaining the charge neutrality of the system and various B(3d)- B'(3d), B(3d)- B'(4d) and B(3d)-
B'(5d) systems to construct a dataset consisting of a wide compositional space. To design a robust set of descriptors,
both DFT-derived and non-DFT derived features are taken into consideration. While the first one contains
information retrieved directly from the first-principles computations, the latter one relies on independent (computed
using non-expensive physical models) representation of structures and order parameters. A non-exclusive list of
these features includes optimized structure parameters, bond length and angles, magnetic moments, orbital field-
matrix, structural modes such as rotation, tilt, and corresponding mode amplitudes. Our aim is to utilize various data
analysis techniques to first understand the existing correlative, causal relationships between these features and the
target class of cation orderings. Random Forest Classifier is then employed to build a decision-tree type ML model,
shortlist the most important descriptors based on feature-importance scores. Once a combination of such essential
descriptors is identified, SISSO (sure independence screening and sparsifying operator) method is utilized to explore
if functional forms of these primary descriptors can be formulated into linear equations to quantify the feature
dependencies. Overall, this DFT and ML-based framework is expected to provide a comprehensive understanding of
the determining factors behind cation order ordering found in double perovskites.
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Nanoparticles can exhibit exotic physics, display quantum phenomena, and offer opportunities in
multiple disciplines and applications. Plasmonics is one field in which nanoparticles has made a large
impact, for example in biosensing, the pharmaceutical industry, and quantum optics. Particles are typically
chemically synthesized and can be tailored to meet specific plasmon resonance requirements based on the
chemical recipe or by dopant incorporation, [1] and their resonances can extend from the near infrared
(NIR) to the ultraviolet (UV) spectral regions. Once synthesized, however, the nanoparticle plasmon
response cannot be dynamically modified. Aside from dielectric properties, the plasmonic behavior has a
large dependence on the morphology of individual particles as well as the geometric arrangement of several
nanoparticles, the latter of which can give rise to additional plasmonic activity due to inter-particle coupling.
Discovering the particle geometry that provides a desired response - as well as constructing it - is no simple
task. A strategy is discussed for overcoming the inverse design problem by using the electron beam in a
scanning transmission electron microscope (STEM) to modify plasmon resonances in-situ, and encoder-
decoder type neural networks to learn correlative structure-property relationships which guide the process.

Using the framework of a self-assembled system of
nanoparticles, we illustrate discovery of correlative
relationships between nanoparticle geometry and spectral
response. This is done via autoencoder neural networks
where subimage-spectrum pairs - originating from a parent
spectrum image and annular dark field (ADF) image - are
compressed into a low dimensional space. From this low
dimensional “latent space,” relationships are determined [2]
(Fig. 1 (a,b)); it therefore remains to fabricate the predicted
geometry to realize the desired spectral response.

We propose a fabrication pathway directly in the STEM:
directing the e-beam at higher-than-normal operating currents
allows to intentionally modify individual nanoparticles.
Previous work using an e-beam in the STEM for modification of structures largely focuses on manipulation
of 2D materials, [3] however, we focus on the application to nanoparticle plasmonics. We demonstrate that
near atomic-resolution sculpting of nanoparticles is possible by selectively removing atomic columns with
a converged electron beam in nanoparticles. Entire particles may also be removed from the array (Fig 1.
(c)), allowing for plasmonic hotspots to effectively be patterned by the electron beam. The modification to
the plasmonic response occurs in both space and energy domains and these modifications are explored on-
the-fly with EELS. The ability to dynamically adjust the particle response on-the-fly significantly increases
the design possibilities for nanostructure development and is key for nanophotonic design.

Figure 1. Spectral prediction (a) and
geometric prediction (b) using trained
autoencoder network. Sculpted
nanoparticles (c) with different spectral
features in space

[1] S. H. Cho et al., J., Chem. Mater. 2019 31, 2661.
[2] K. M. Roccapriore et. al. Small 2021 2100181.
[3] O. Dyck et al. Nat. Rev. Mat. 2019 4, 497.



Design and Analysis of Photonic Crystals with Split Ring Unit Cells
Kellen P. Arnold, Sami I. Halimi, Joshua A. Allen, Shuren Hu, and Sharon M. Weiss
Vanderbilt University, 2201 West End Ave, Nashville, TN 37235

Photonic crystals (PhCs) are among the nanophotonic structures with the most degrees of freedom in tuning
their dispersion and light-matter interaction. PhCs have been tailored for a variety of technologies including
optical sensing and trapping, on-chip communications, and quantum information processing. One of the keys
to controlling the optical properties of PhCs is the design of the unit cell, which plays a critical role in light
confinement and the modal profile. Over the past few years, we have shown that engineering the unit cell to
include subwavelength features unlocks further design freedoms to enable, for example, extreme energy density
at the “knot” of a bowtie shape incorporated into a circular PhC unit cell.! Here we demonstrate that another
shape that has synergy with the plasmonic metamaterial community — a split ring? — can be the basis for a PhC
unit cell that offers tunable peak field intensity in a spatially localized air region where single photon emitters
ot biological molecules are located.

Three-dimensional finite difference time domain (FDTD) simulations were carried out to investigate a
silicon split ring photonic crystal (SRPhC). A schematic of the SRPhC is shown in Fig. 1a with the unit cell
parameters that can be tuned, including various dimensions and the rotation angle, indicated in the inset. By
employing Bloch periodic boundary conditions and using dipole excitation with transverse electric polarization,
the mode profile (e.g., Fig. 1b) and band structure are calculated as a function of the rotation angle of the
SRPhC unit cell. Notably, the asymmetry of the SR enables the rotation angle of the unit cell to control the
peak field intensity inside the split as well as the air band edge frequency, as shown in Fig. 1c. This unique
rotational dependence of the optical properties is not present in traditional PhCs with circular-shaped unit cells.
As the rotation angle of the split ring is varied from 0 to 90°, the peak field intensity inside the split decreases
by nearly one order of magnitude and the air band edge frequency decreases by 0.75 THz. Fabrication of
SRPhCs at the Center for Nanophase Materials Sciences is in progress with transmission measurements to be
carried out at Vanderbilt University to verify the novel properties revealed by the FDTD simulations.

Figure 1. (a) Schematic of SRPhC with adjustable parameters indicated in the inset. (b) Field distribution in the
zero-degree rotation SRPhC unit cell at air band edge (split width = 10 nm). (c¢) Change in peak field intensity and
air band edge frequency as a function of rotation angle.

1. Hu, S., Khater, M., Salas-Montiel, R., Kratschmer, E., Engelmann, S., Green, W. M. J., & Weiss, S. M. (2018).
Experimental realization of deep-subwavelength confinement in dielectric optical resonators. Science Advances,
4(8), caat2355.

2. Smith, D.R,, Padilla, W.J., Vier, D. C., Nemat-Nasser, S. C., & Schultz, S. (2000). Composite medium with
simultaneously negative permeability and permittivity. Physical Review Letters, 84(18), 4184-4187.
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Topological Antiferromagnetic Interface Phase in Sputtered Topological Insulator/Ferromagnet
Interface

Nirjhar Bhattacharjee!, Valeria Lauter?, Adrian Fedorko', Donald Heiman', Nian Sun!

! Northeastern University, Boston MA 02115
2 Quantum Condensed Matter Division, Neutron Sciences Directorate, Oak Ridge National Laboratory,
Oak Ridge, TN 37831

Time Reversal Symmetry (TRS) braking by introducing magnetic order in Topological Insulators causes
gap opening in the Topological Surface State (TSS) bands. This gap opening is necessary for observation
of exotic quantum material phases such as chiral edge conducting states and realization of novel electronic
devices. Magnetic ordering in TIs have been achieved through proximity effect, magnetic specie doping
and growth of intrinsic magnetic TI (MTI) compounds'~. There have also been efforts to study the interface
phases formed when a ferromagnetic metal (FM) is grown on a TI® using Molecular Beam Epitaxy (MBE).
However, no topological or magnetic (@) =

B (b)
property was observed in the interfaces.

0.5
Here, we report the growth of highly
c-axis oriented crystalline ordered TI,
Bi,Te; using magnetron sputtering on
amorphous Si/SiO; substrate. As shown
in Fig 1. (a,b), the Scanning Tunneling
Microscopy-High ~ Angular  Annular
Diffraction (STEM-HAADF) image that (¢ 0"
shows highly ordered VdW layered
growth characteristic of Tls. The growth £
of the FM metal NigFes (Py) causes o
significant diffusion and intercalation of E
Ni in Bi;Tes. This leads to the formation
of an interface topological phase (zf e P P
NiBiyTe, catalyzed by TSS*. e
Measﬁrements of the Hysteresis loop @ (inv Angstrom) £

perforl'ned on the Sample at 6 K had a Figure 1. (a) STEM-HAADF of BizTe3/Py, (b) HystereSiS 100p
large coercive field, H. and a large showing EB at 6 K, (¢) PNR measurements and fit with model

spontaneous exchange bias (EB) of ~80 based on (a), (d) NSLD and MSLD profiles of the sample (a).

Oe (shift in H-axis) compared to measurements at 300 K. This resulted from the presence of an AFM phase
exchange coupled with a FM in the heterostructure. As shown in Fig. 1(c), polarized neutron reflectometry
(PNR) measurements are in excellent agreement with the theoretical model, which corresponds to the
nominal interface roughness. As shown in Fig 1(e), the depth profiles of the nuclear and magnetic scattering
length density (NSLD and MSLD, respectively) clearly show the presence of AFM ordering at the
topological NixBiyTe, interface layer. These experimental results are important and fascinating because they
demonstrate the possibility of growth of high quality crystalline ordered TIs using sputtering and opens the
way for further exploration of the phases of exotic quantum materials that arise at the interfaces of
commonly studied TI/FM heterostructures.

——NSLD

——Theory R+
——Theory R-

Bi2Te3

Y. Tokura et al., Nature Reviews Physics Vol 1, 126-143 (2019).
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Proton transport through large scale graphene membranes
Pavan Chaturvedi, Nicole Moehring, Piran R. Kidambi
Abstract

Proton selective membranes are essential for the energy devices. Current, state-of-the-art
membranes albeit having a significantly higher proton conductance, suffer from the crossover of
undesired species limiting the long-term/high current operation of the energy devices.
Atomically thin graphene can mitigate these issues by limiting the migration of undesired species
due to their impermeable nature at the micron scale (mono-crystalline domains) but has
significantly lower proton conductance. Here, we study the proton conductance of large-scale
graphene membranes in aqueous phase and discuss the possible implications of unavoidable
defects from domain boundaries, vacancies and possible cracks during large scale membrane
preparations.



Localized Joule Heating of 3D Printed Polymer Structures for Carbonization
Mohammad Aminul Haque', Nickolay V. Lavrik?, Dale Hensley?, Dayrl P. Briggs?, and Nicole McFarlane!
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Carbon-based materials are promising for biosensing electrode applications since they are chemically
inert, show high electrical conductivity, and are suitable for interfacing with biological systems in
electrochemical sensors. Our previous study demonstrated that a significant degree of carbonization of 3D
printed polymer precursor microstructures can be successfully achieved within a CMOS compatible
temperature window, although more complete carbonization requires temperatures significantly above
CMOS compatible threshold of 550 °C. To address this issue, we plan to exploit localized heating induced
by electric currents, commonly termed as Joule heating. As a preliminary step of implementing this novel
concept, we focus on establishing experimental conditions for producing mechanically and structurally
stable partially pyrolyzed bridge-on-pillar structures that would be suitable for additional localized Joule
heating anneal by applying external voltage.

We used 50 nm platinum-on-10
nm titanium metal stack to create
photolithographically patterned
electrodes. Titanium and platinum
in the stack provide excellent
adhesion and thermal stability,
respectively. The electrodes were
patterned on 100 mm silica wafer
using a sequence of contact
photolithography and metal lift off.
Polymer structures were 3D printed
from a vendor supplied
photopolymer (IP-S, Nanoscribe
Gmbh) on metallized silica
substrates using two-photon (2PP)

Fig. 1: (a) An array of as-printed bridge-on-pillar polymer
structures. (b) An individual as-printed bridge-on-pillar structure.
(c) a structure processed through an oxidative anneal followed by
an inert atmosphere anneal at 500 °C for §0 rr.nnutes in RTP. (d) I- polymerization (Fig. 1 (a)-(b)). It
V of a structure processed through an oxidative anneal at 340 °C | .. 4s to be noted that high laser
followed by successive inert atmosphere anneals at 500 °C, 600 °C, power can cause cavitation (bubble

and 950 °C in RTP. formation) on metallized silica
substrate. This can lead to defects on the printed structures even if the laser power is otherwise optimized
for the 2PP printing. We used a two-step annealing process for polymer carbonization. The first step
involved a stabilizing anneal at 340 °C on a heated stage in the ambient atmosphere. The next step involved
a carbonizing anneal in argon (Ar) at 500-950 °C in a rapid thermal processing (RTP) tool. Structures were
found to be physically stable and maintained a good connection with the metal electrodes after printing and
after oxidative and inert atmosphere anneals. Subsequent annealing steps confirmed that they can also
withstand repeated high temperature annealing (Fig. 1 (¢)). A significant amount of shrinkage was observed
in all cases which is consistent with our previous observations [1]. Although structures processed at 500-
600 °C exhibited no ohmic behavior, their additional processing at 950 °C resulted in electrical conductivity
and linear [-V characteristics (Fig. 1(d)). Our future work includes annealing 3D printed structures at 500-
600 °C for longer periods of time to achieve conductivity sufficient for subsequent additional anneal using
Joule heating.

References:

[1] M. A. Haque, et al., “Carbonization of 3D printed polymer structures for CMOS-compatible
electrochemical sensors,” Journal of Vacuum Science & Technology B, Nanotechnology and
Microelectronics: Materials, Processing, Measurement, and Phenomena, vol. 38, no. 5, p. 052203, 2020.



Thermal Circuit Analysis of Droplet Evaporation on Hot Microstructured Superhydrophobic

Surfaces

Wenge Huang, Xukun He and Jiangtao Cheng
Center for Soft Matter and Biological Physics

Department of Mechanical Engineering, Virginia Tech, Blacksburg, Virginia, 24061, United States

In this paper, we report a thermal circuit model developed by us to analyze the evaporation dynamics
of a water droplet dwelling on the hot micro-structured superhydrophobic surfaces. The thermal domain of
a droplet evaporating on a micro-structured substrate is divided into two main parts: evaporation at the
droplet spherical cap with the liquid-vapor interface and evaporation at the droplet base. Evaporation at the
droplet base in direct contact with the tips of micropillars leads to the decrease of the average temperature
at the droplet base, which accounts for the delayed onset of nucleate boiling of water droplet on the hot
microstructured substrate over 100°C. According to our observation, the evaporation process of the water
droplet can be described by the constant contact radius (CCR) mode, the constant contact angle (CCA)
mode and the hybrid mode of CCR and CCA, respectively. Thermal resistances from the substrate to the
droplet spherical cap are calculated by integrating the thermal resistances of the substrate, the micropillars,
and the water droplet itself. Conduction thermal resistance of the water droplet is calculated by dividing the
water droplet into infinite thin layers and then integrating all the thermal resistance of each layer from the
base to the cap. Temperature difference between the droplet cap and base causes the surface tension gradient
and density gradient of water, which lead to the internal convection inside the droplet. Convection thermal
resistance inside the water droplet is taken into account by employing the effective conductivity coefficient,
which relies on the droplet’s Peclet number. Temperature distribution from the substrate to the water droplet
cap is obtained and depicted in the form of contour plot based on the thermal circuit model. Substrates with
different pillar configurations are used for the parametric study of evaporation and the substrates are heated
for a large range of temperature (from 20 °C to the onset boiling temperature around 140 °C). The ratio of
evaporation flux at the droplet cap surface to that of the base surface on different microstructured substrates
and with different substrate temperatures are predicted by our model. In particular, the variations of the
spherical cap temperature of the droplet on different microstructured substrates and with different substrate
temperatures are evaluated by our analytical approach and match pretty well with the experimental results.
Our model indicates that water droplet temperature increases during the evaporation process on a certain
hot substrate and the large periodicity distance of the substrate micropillar arrays leads to a higher onset
boiling temperature of the water droplet. The evaporation flux ratio between the droplet top and bottom
surfaces decreases with the rise of the substrate temperature and increases during the evaporation process
on a constant substrate temperature. This work combines thermal circuit analysis, theoretical study and
experimental validation, providing a new perspective on sessile droplet evaporation on a microstructured

surface.



Probing the Local Atomic Structure of High-Entropy Oxides

Bo Jiang*!, Katharine Page'*
"Neutron Scattering Division, ORNL. “Materials Science and Engineering Department, University of
Tennessee Knoxville.

Abstract:

High entropy oxides (HEOs) have attracted great interest in diverse fields because of their inherent
opportunities to tailor and combine materials functionalities. The control of local order/disorder in
the class is by extension a grand challenge towards realizing their vast potential. Pair distribution
functions (PDF) obtained from total scattering (high energy synchrotron X-ray and Neutron
scattering) can reveal both the local and intermediate range structure of crystalline and disordered
materials. As we all know that conventional reciprocal space diffraction only probes the average
long-range structure of the Bragg planes, and information from EXAFS and XANES is limited to
no more than third coordination shell, PDF can reveal both local distortions and measure the
structural coherence up to several tens of Angstrom. With optimized sample environments PDFs
can also be collected under in situ mechanical and electrical fields. A combination of multiple
approaches using STEM-EDS, PDFgui (graphical interface built on the PDFfit2 engine), TOPAS
v6 (combined reciprocal and real space neutron PDF data) and RMCProfile (Reverse Monte Carlo
software) were performed throughout this work. The experimental total scattering PDF activity
will be closely supported by density functional theory (DFT) calculations and further Metropolis
Monte Carlo simulations (MCS) simulations. This work hints at the exquisite level of detail that
may be needed in computational and experimental data analysis to guide structure-property tuning
in the emerging HEO materials.

*jiangb@ornl.gov, https://scatteringpage.utk.edu/
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In situ chemical monitoring and visualization of Populus root
development and microbial interactions in engineered habitats
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Abstract:

Comprehensive spatial and temporal monitoring of the physical structure and local
chemical environment of biological systems results in deeper understanding of their
organization and fuction. Conventional chemical imaging can be destructive and
prevents any tracking of biological systems over the course of their development.
Here, we present a platform for nondestructive chemical imaging of developing plant
roots through space and time in environments that mimic the physical architecture
of natural soil. A microfluidic device featuring a microchannel design that integrates
physical barriers of deterministic shape and size distributions is sealed with a
microporous membrane to provide access for online chemical imaging of biological
systems. We believe that chemical interactions between Populus and the soil
microbiome play an essential role in shaping the rhizosphere microbial community
and ultimately influence plant colonizatiton. Therefore, we are currently mapping
the distribution and growth of Populus trichocarpa roots from cuttings grown in our
unique membrane-based engineered habitats. We are also observing the growth and
motility of select soil and rhizosphere microbial isolates in these systems. Future
work will trace microbial distributions along the root and correlate this with the
chemical environment in order to better understand the impact of the microbiome on

plant growth promotion, nutrient uptake and stress tolerance.



Local structural mechanism for phase transition and ferroelectric polarization in the mixed oxide
Ko5Nag sNbOs
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(K«Nai—x)NbOs3 (KNN) and its solid solutions are considered as potential alternatives to traditional Pb-
based piezoelectric materials. Recent investigations indicated that the local structure in KNN is much
more complex than its long-range average structure. Here, we have undertaken a systematic
investigation of the temperature-dependent evolution of local and average structures of KNN5
[(K«Na;x)NbO3, x = 0.5] using time of flight neutron scattering.

First, Rietveld analysis of neutron diffraction patterns indicated that the average structure of KNNS5
changes from monoclinic to tetragonal to cubic upon heating from 100 to 773 K. In contrast, analysis
of neutron pair distribution function (PDF) indicated that the local structure stays monoclinic within
the above temperature range. Based on comparative analysis of local and average structures, it is
proposed that the average structural phase transitions in KNNS are partly derived from a local
ordering of the polar units, which are correlated over a length of 10 ~ 15 A.

Second, a clear indication of order-disorder type transition at 473 K is evident from the temperature-
dependent PDF patterns (Fig.1), and a scheme of order-disorder transition in KNN3 is proposed.
Additionally, based on local structural analysis, it is shown that large electrical polarization in KNNS5
can be attributed to displacements of both A-site and B-site atoms. These structural insights may help
in further optimization of electrical properties of Pb-free KNN piezoceramics.

Fig.1 Temperature-dependent evolution of G(r), showing nearest-neighbor pairwise atomic

correlations




Deconstructing the parameter space for scalable synthesis of 2D polymers via interfacial reactions
N. Korda, P. Cheng, and P. R. Kidambi
Department of Chemical and Biomolecular Engineering, Vanderbilt University

Two dimensional (2D) polymers represent crystalline atomically thin films comprised of periodic
repeating units connected by covalent bonds. Exfoliation of 2D polymers from bulk materials is a
potential synthesis route but typically results in a collage of randomly stacked flakes a few microns in
size. Although, surface reactions on single crystalline catalytic substrate in ultra-high vacuum conditions
allow for continuous monolayer synthesis these techniques offer limited scalability'. Here, we leverage
interfacial reactions at an immiscible liquid-liquid interface for scalable 2D polymer synthesis®. We
systematically study and evaluate the effect of individual parameters in allowing scalable 2D polymer
synthesis. We report on the underlying mechanisms that control film morphology, thickness, and quality
via scanning electron microscopy, Raman spectroscopy, and atomic force microscopy (Figure 1).

Figure 1: a) representative SEM image of a continuous COF film. B and C) AFM image and step height
curve of monolayer COF film. D) Raman spectrum of COF film and highlighted peaks of COF (C=N in
blue) and monomers (NH2 in green and C=0 in pink). Scale bars: a) 400 pm. b) 5 um.

From figure 1, we form a continuous film that is ~0.9 nm thick. We confirm that it is COF by the
presence of the C=N peak that is unique to COFs.

References

1. Servalli, M. & Schliiter, A. D. Synthetic Two-Dimensional Polymers. Annu. Rev. Mater. Res. 47, 361—
389 (2017).

2. Zhong, Y. et al. Wafer-scale synthesis of monolayer two-dimensional porphyrin polymers for hybrid
superlattices. Science 366, 1379—1384 (2019).


https://sciwheel.com/work/citation?ids=11252822&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=11252822&pre=&suf=&sa=0

Title: Scalable Tuning of Single Layer Graphene for Size Selective lonic Transport
Authors: Nicole K. Moehring®?, Pavan Chaturvedi?, Piran R. Kidambi?

1. Interdisciplinary Graduate program in Materials Science, Vanderbilt University, Nashville, TN,
37235, United States

2. Chemical and Biomolecular Engineering Department, Vanderbilt University, Nashville TN, 37212,
United States

Abstract:

Atomically thin membranes present transformative opportunities for size selective ionic transport.
Although the reported orders of magnitude differences in proton permeation through graphene
highlights the role of imperfections and defects, a fundamental understanding of the defect size and its
influence on transport remains elusive. Here we systematically vary graphene synthesis parameters and
probe its influence on crystalline quality and ionic transport in liquid and gas phase. Our work presents
a practical and scalable route to enable atomically thin membranes for ionic separations of relevance to
fuel cells, redox flow batteries, hydrogen pumps and isotope separations.



Operando oxidation and reduction neutron scattering studies on pristine and Pt-coated ceria nanorods
Sreya Paladugu, Peter Metz, Jue Liu, Zili Wu and Katharine Page
Department of Materials Science and Engineering, University of Tennessee, Knoxville

Ceria is widely used as a three-way catalyst support (TWC) for the conversion of automotive emissions due to its
excellent redox properties and high oxygen storage capacity (OSC). It has been broadly reported that OSC can be
drastically improved by increasing the concentration of oxygen defects and that redox properties of ceria are
controlled by the type, size, distribution, and location (surface or bulk) of the oxygen vacancies. Previous research
demonstrated that while both pre-reduced ceria nanorods and nanocubes contain similar concentrations of bulk
Frenkel defects, the nanorods possess much higher concentration of a partially reduced Ces;Os+x surface defect
phase. The higher concentration of surface defects leads to improvements in the observed OSC performance of the
nanorods relative to nanocubes. !

Platinum group metals have been shown to strongly interact with ceria under redox conditions, further improving
its catalytic properties. Through a comparative in situ neutron scattering study of pristine vs 1% Pt coated ceria
nanorods, we elucidate how the surface and bulk defects in pristine and Pt-coated nanorods evolve under redox
conditions. Here, the pristine and Pt-coated nanorods more accurately reflect the conditions of real catalytic
converters, which are pre-conditioned at high temperatures in humid oxidizing conditions, unlike most studies
which are based on pre-reduced samples.

Ceria crystallizes in a cubic fluorite structure with a space group (S.G.) of

400C O, flow

Fm3m, where the Ce cations form a face-centered cubic lattice on Wyckoff 05
position 4a, with the oxygen anions occupying the tetrahedral interstitial sites
on position 8c. Additionally, a defect fluorite structure exists where some of
the oxygen anions relocate to the more spacious octahedral site, creating
vacancies on the original tetrahedral site. Fig. 1 shows a representative
Rietveld refinement, corresponding to 400C O2 flow, performed using the
cubic fluorite structure. The pattern is well fit by the cubic fluorite structure,
with no additional peaks detected. Interestingly, the Pt-coated rods exhibit

—— Pristine rods
—— Pt-coated rods

Intensity (a.u.)

narrower Bragg peaks compared to their pristine counterparts, suggesting a
higher degree of crystallinity (larger coherent scattering domain size).

d(A)

In addition, structure refinements were performed using the defect fluorite
structure model. In both pristine and Pt-coated cases, additional site occupancy
parameters did not, in general, improve the overall fit to the powder diffraction
data. The average structure was therefore determined to be a classic fluorite
structure model. PDF refinements of the long range (1.5-50 A) in accordance
with Bragg findings, indicated the bulk ceria nanorods crystallize in a cubic
fluorite structure. Furthermore, both local structure and Bragg diffraction

Fig 1. Rietveld refinement result for
pristine  (top) and Pt-coated
(bottom) rod data, collected at
400°C under O; flow, fit to a classic
fluorite structure model. Data are
shown as circles, fits as colored
lines through the data,

findings indicate that the Pt-coated nanorods have a larger lattice parameter, suggestive of a larger concentration of
Ce*", reflecting the more reduced state of the Pt-coated rods. Qualitative assessment of the PDFs shows larger
amplitude in the high-r region for the Pt-coated rods than the pristine rods, indicating a larger particle size.

While including a secondary surface defect phase in the PDF refinements of the Pt-coated rods improves the overall
fit of the data, there is no justification for the presence of a secondary defect phase in the pristine rods. The findings
shed light on the difference in bulk and surface defect of the pristine and Pt-coated nanorods.

1. Luo,S; Liu,J; Li,M; Page, K; Wu, Z. New insights on SO2 poisoning mechanism on Ce02:
a perspective from neutron PDF study on SO2 effects on ceria nanorod and nanocube.
2020. Unpublished manuscript



Probing the nanostructural mechanisms behind decay resistance of chemically
modified wood using small angle neutron scattering
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Abstract (200 words max)

While it is known that modifying the hydroxyls in wood can improve the decay resistance; what is often
missing in the literature is whether these modifications alter wood nanostructure, and how these changes
correlate to the improved decay resistance. Research at the nanoscopic length scales is often hindered by
the inherently poor contrast conditions inside the wood cell wall. However, small angle neutron scattering
(SANS) has proven successful in probing these length scales. Here, we used SANS to probe the effects of
alkylene oxide modification on wood nanostructure. Southern pine wood samples were chemically
modified to various weight percentage gains (WPG) using four different alkylene oxides: propylene oxide
(PO), butylene oxide (BO), epichlorohydrin (EPH) and epoxybutene (EpB). After modification, the
samples were water leached for two weeks to remove any residues. Then, we conducted laboratory soil
block decay evaluations against the brown rot fungus Gloeophyllum trabeum to determine weight loss
and biological efficacy of the modifications. To assist in understanding the mechanism of effectiveness,
we used SANS to study samples that were fully immersed in D,O. These measurements revealed that the
modifications altered the water distribution inside the cell wall, and the most effective modifications
reduced the microfibril swelling.
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Enhanced piezoelectricity and wireless sensory application

through flexible ZnSnO3z nanocubes

Sk Md Ali Zaker Shawona’b, Valeria Suarez Vegaa , Chen Lin® , Zaida D. Carballoc,

k
Muhammad Sufian Rafaqutd, Andrew Xu Suna, James Lie, M. Jasim Uddin 2

“ Department of Chemistry, Photonics and Energy Research Laboratory,
b Department of Chemical and Biomolecular Engineering, Vanderbilt University, 2201 West End Ave,
Nashville, TN 37235, USA, © Department of Biomedical Sciences, ¢ Department of Electrical Engineering,
¢ DoD Consortium for Innovation Driven Research/Education Ecosystem for Advanced Manufacturing,

University of Texas Rio Grande Valley, 1201 W. University Drive, Edinburg, TX-78539, USA,

Corresponding Author Email: mohammed.uddin@utrgv.edu

Piezoelectric sensors have widespread relevance in aerospace, industry, and medicine, so
advancements in their functionality are highly desirable. We propose an aluminum-doped zinc
stannate (ZnSnQO3) piezoelectric nanogenerator with exceptional output characteristics. The low-
temperature solution method was employed to ensure the synthesis of ZnSnO3 nanocubes (average
60 nm), which contribute to the device’s enhanced piezoelectricity. Additionally, ZnSnO3 was
doped with 1 wt% to 5 wt% of mesoporous aluminum (Al) nanoparticles. The piezoelectric film,
created by dispersing the Al-doped ZnSnO3 into PDMS, was encapsulated with pure PDMS and
bilaterally surrounded by two copper electrodes connected with copper wire. The nanogenerator
device achieved an average open-circuit voltage of 80 V to 175 V with a frequency range of 60
BPM to 240 BPM. Taken into consideration this high output-to-size ratio, the device was mounted
in a helmet and tested as an energy harvester and wireless human motion sensor which can harvest
energy as well as can detect and transmit signals wirelessly from mechanical human movements.
The as-fabricated device is presented to produce an unprecedented electrical output in comparison
to period ZnSnO3-based piezoelectric nanogenerators.

Keywords: Piezoelectric nanogenerator, Wireless, Nanocubes, Sensors,



Dynamics of Dielectric Properties of Water during Crystallization and
Tempering
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Strong cohesive forces define short- and long-range order in water as well its surface tension. Presence of
ionic species, from dissolved carbon dioxide and nanomolar concentration of salts disrupt this order
leading to the formation of hydrated ionic spheres and short-range ordered water. Such changes in the
structure of water can be captured in it its functional dielectric properties, and its temperature-dependent
behavior upon freezing. The dielectric properties of pure water show a strong absorption band around ~
10 GHz (due to O-H bond), which are very different from ice, showing a maximum absorption band below
10 kHz (due to the L-D defects inice). To understand the electric field effect on freezing and the underlying
mechanisms, we systematically studied the dielectric behavior of water with varying degrees of dissolved
ions over a wide temperature range. We found that solid samples had a higher energy absorption in the
1 to 4 kHz range than liquid samples. The frequency of this energy absorption decreases with lower
temperatures. Furthermore, dissolved ions have a significant effect on the maximum absorption
frequency and intensity. Understanding the complex dielectric response may lead to better understanding

and control of ice formation.
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Ratiometric Thermometry Using Thermochromic Th*:Mn*":Na,;Mg(WO4); Phosphors
Dinesh K. Amarasinghe and Federico A. Rabuffetti
Department of Chemistry, Wayne State University, Detroit, MI 48202, USA

The utility of Tb*":Mn*":NasMg(WO4); phosphors as ratiometric luminescent thermometers in the
200450 K temperature range is demonstrated.! Targeted substitution of Tb** for Na™ and Mn*" for Mg?*
yields phosphors of formula Nas-i2,TbsMgi2,Mn,(WO4)3. The average crystal structure of the phosphors
is probed using neutron diffraction and the site of substitution of Tb** activators is determined via X-ray
absorption spectroscopy. UV excitation of the NasMg(WO4); host results in green emission from terbium
(544 nm) and red emission from manganese (682 nm). Differential thermal quenching of these emissions
renders Nas 976 Tbo.00sMg0.990Mng.00s(WO4)3 thermochromic between 78 and 450 K, with an orange-to-green
color change that is particularly noticeable above 200 K (Figure 1). As a result, this phosphor serves as a
ratiometric and colorimetric thermometer between 200 and 450 K. Quantitative assessment of its
thermometric performance yields a maximum relative sensitivity of 2.5 x 1072 K™! at 375 K, along with a
resolution of 0.5 K and a repeatability of 98%. These findings highlight the versatility of NasMg(WO4); as

a platform to realize luminescent thermometers via targeted aliovalent substitutions.

Figure 1. (a) Emission spectra of Nasz 976 Tbo.00sMgo.990Mno.00s( WO4)3 in the 78—450 K temperature range.
Only spectra collected in 50 K intervals are shown for clarity. Inset: temperature-dependence of the
integrated emission intensities of green and red bands centered at 544 and 682 nm, respectively.
Thermochromism is illustrated by digital pictures of the phosphor under 258 nm illumination (b).

1. Amarasinghe, D.K.; and Rabuffetti, F.A. “Ratiometric Thermometry Using Thermochromic
Tb*:Mn*":NasMg(WO4); Phosphors. Inorg. Chem. 60,3165-3171 (2021).

Time-of-flight neutron powder diffraction data collected using POWGEN (ORNL) in combination with X-
ray absorption data collected at 20— BM—B (APS) were utilized for the structural analysis of our phosphors.



Does vibrational motion explain the latent heat of melting in materials?

C. M. Bernall, C. N. Saunders?, G. Granroth2, D. Abernathy2, and B. Fultz?

Department of Applied Physics and Materials Science, California Institute of Technology
Oak Ridge National Laboratory, Spallation Neutron Source

It is well established that atomic vibrations dominate the entropy of solids and liquids. The
challenge persists in determining if the difference in vibrational entropy upon melting is larger
than the change in entropy from other sources. Inelastic neutron scattering (INS)
measurements were performed on powder samples of Ge, Sn, Pb, and Bi from room
temperature to 200 K above the melting temperature of each material. Experimental vibrational
spectra were processed using customized multiphonon and multiple scattering corrections.
Subsequent analysis, informed by vibrational-transit theory, was used to calculate the
vibrational density of states (DOS) for each phase. Preliminary results for Ge showed that the
difference between the solid and liquid DOS accounts for over 50% of the latent heat. The
separation of diffusional versus collective motion through melting will also be discussed.
Similar methods and analysis will be presented for Sn, Pb, and Bi.



Davis Computational Spectroscopy workflow -
from structure to spectra

L. S. R. Cavalcante * Luke L. Daemen | Nir Goldman f Adam J. Moulé *
lsrcavalcante@ucdavis.edu

Organic electronic materials (OEMs) are great candidates for applications in technology because
they have a low cost and can be easily manipulated to include a variety of functionalities by
molecular design. However, OEMs properties are hard to predict due to their complex structures
and high structural and dynamic disorder. Inelastic Neutron Scattering (INS) has been proven
to be a good ally in the investigation of structural and dynamic disorder but it requires a detailed
modelling of the system in order to characterize peak positions and intensities, and subsequent
mechanism materials properties. The high computational cost of the electronic modeling has
limited investigations with INS to crystalline materials, excluding the study of most OEMs.

To address the trade-off between simulation cost and accuracy, we developed an automated
workflow that connects various tools of atomic simulations in order to investigate the relationship
between structural material properties, lattice dynamics, and INS spectra. We demonstrate
the use of a broad range of quantum mechanical approximations, including density functional
theory (DFT) and density functional tight binding (DFTB) that allows an accurate and efficient
method of calculating phonon modes and the INS spectrum. We have also implemented a
machine-learning force field based on Chebyshev polynomials (Chebyshev Interaction Model
for Efficient Simulation - ChIMES) to improve the accuracy of the DFTB simulations and
explore the transferability of our DFTB/ChIMES models by comparing simulations derived
from different training sets. We show that our DFTB/ChIMES demonstrates ~100x reduction
in computational expense while retaining most of the accuracy of DFT as well as yielding high
accuracy for different materials outside of our training sets. Our efforts expand the possibilities
of investigating more complex structures that would be unfeasible with ab initio methods.

*Department of Chemical Engineering, University of California, Davis, CA, USA
fNeutron Scattering Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States
tPhysical and Life Sciences Directorate, Lawrence Livermore National Laboratory, Livermore, CA, USA



Spin-Orbital Coupling and Slow Phonon Effects Enabled Persistent photoluminescence in
Organic Crystal under Isomer Doping
Yixuan Dou, Catherine Demangeat, Miaosheng Wang, Hengxing Xu, Bogdan Dryzhakov,
Eunkyoung Kim, Tangui Le Bahers, Kwang-Sup Lee, André-Jean Attias, Bin Hu

Department of Materials Science and Engineering, University of Tennessee, Knoxville

Recent experimental studies have shown that organic molecules can demonstrate long persistent
photoluminescence (PL) with lifetime up to minutes at room temperature. However, the spin
characteristics of ultralong-lived light-emitting states are still unclear. Here, it was observed when
periodically packing the intramolecular donor-acceptor structures to form ferroelectric-like lattice
identified, our CD49 molecular crystal shows long-wavelength persistent photoluminescence
peaked at 542 nm with the lifetime of 0.43 s, in addition to the short-wavelength prompt
photoluminescence peaked at 363 nm with the lifetime of 0.45 ns. Interestingly, the long-
wavelength persistent photoluminescence demonstrates magnetic field effects, showing as
crystalline intermolecular charge-transfer excitons with singlet spin characteristics formed within
ferroelectric-like lattice based on internal minority/majority carrier-balancing mechanism
activated by isomer

doping effects towards

increasing  electron-

hole pairing

probability. Our

Figure 1. a. Diagram of electron-hole pairing to form crystalline
intermolecular charge-transfer excitons. b. Magnetic field effects measured
spectroscopy  reveals for persistent PL and prompt PL; ¢. The diagram to show crystalline
intermolecular charge-transfer excitons.

photoinduced Raman

the unusual slow
relaxation of photoexcited lattice vibrations, indicating slow phonon effects occurring in
ferroelectric-like lattice. Here, we show that crystalline intermolecular charge-transfer excitons are
interacted with ferroelectric-like lattice, leading to exciton-lattice coupling within periodically
packed intramolecular donor-acceptor structures to evolve ultralong-lived crystalline light-

emitting states through slow phonon effects in ferroelectric light-emitting organic crystal.

Y. Dou, et al. Spin-orbital coupling and slow phonon effects enabled persistent photoluminescence

in organic crystal under isomer doping. Nature Communications 12.1 (2021): 1-10.



An engineered approach to fungal growth in soil

Yi-Syuan Guo'?, Julian A. Liber®, Gregory Bonito®, Jessy L. Labbé!, Scott T. Retterer'-
Biosciences Division, Oak Ridge National Laboratory, Oak Ridge, TN, United States
2Center for Nanophase Materials Sciences, Oak Ridge National Laboratory, Oak Ridge, TN, United
States
3Department of Plant Soil and Microbial Sciences, Michigan State University, East Lansing, MI, United
States

Fungi play a dominant role in the soil network. With the tip-growing mycelium network, fungi can
facilitate bacterial or nutrient transport and shape their local environment physically and chemically under
plant roots. However, it remains largely unidentified and challenging to study its behavior in natural habitats
due to its opacity and complex porosity. In this study, we propose the development and use of an engineered
microhabitat to visualize the fungal growth in response to spatial variances. Generally, the microfluidics
were fabricated using photolithography and conventional soft lithography and assembled onto glass slides
for fungal cultures. Selected fungal strains (Linnemannia elongate, Podila minutissima, Fusarium
falciforme and Laccaria bicolor) were applied to this system and demonstrated their various morphology
at the hyphal level. The single hypha of each strain was directed to grow through micro-channels with well-
defined pore dimensions. The response of individual hypha was monitored using time-lapse microscopy
and hyphal elongation rates were determined via image analysis. Our results provide a microfluidics
approach to visualize the hyphal growth and serve as a systematic platform to qualitatively investigate

fungal behaviors in well-defined geometry.

Figure 1 (left). Cartoon of fungal microfluidics.

Figure 2 (right). (a) Capillary region with hyphae (scale bar: 50-pum). (b)
Incubation region (scale bar: 200-um). (c) Open regime of hyphal
coverage (scale bar: 500-pum).




Determination of the crystal structure and OH of nanomineral moganite using X-ray/neutron
pair distribution function analysis

S. Lee'**, H.F. Xu', H.W. Xu*, and J. Neuefeind’

1Departrnent of Geoscience, University of Wisconsin—Madison, Madison, USA

>USRA Lunar and Planetary Institute, 3600 Bay Area Boulevard, Houston, USA

*ARES, NASA Johnson Space Center, 2101 NASA Parkway, Houston, USA

“Earth and Environmental Sciences Division, Los Alamos National Laboratory, Los Alamos, USA
*Neutron Scattering Division, Oak Ridge National Laboratory, Oak Ridge, USA

Moganite is an OH bearing silica commonly observed in silica sinters, volcanic rocks, carbonate
turbidites and deep-sea sediments around the world. Moganite is a metastable phase that eventually
transforms to quartz or dissolves preferentially during diagenesis and aging. This reaction can be used
as an important indicator for evaporitic paleoenvironments. Recently, moganite has been discovered
in a lunar meteorite, indicating the possibility of the presence of abundant water resources under the
Moon’s regolith. Since moganite nanocrystal are not large enough for single-crystal X-ray or neutron
diffraction measurements, its detailed structural determination is challenging. In this work, we studied
the crystal structure of moganite using synchrotron X-ray diffraction (XRD), transmission electron
microscopy (TEM) and X-ray/neutron pair distribution function (PDF) analyses.' Rietveld analysis
from high-resolution synchrotron XRD determined the unit cell parameters of a = 8.7363(8), b
=4.8688(5), ¢ = 10.7203(9) A, and B = 90.212(4)° with space group 12/a. The EPMA results reveal a
water content of 3.13 - 5.31 wt.% with Na, K, Mg, Ca, Al, and Fe impurities at trace levels. High-
angle annular dark-filed image and bright-field TEM image shows the aggregation of plate-like
nanosized moganite crystals with thicknesses of ~5 to 13 nm. The atomic anisotropic displacement
parameters (ADPs) of Si and O in moganite were obtained from X-ray and neutron PDF analyses (Fig.
1). The anisotropic ellipsoids for O extend along planes perpendicular to the Si-Si axis of corner-
sharing SiO, tetrahedra, suggesting precession-like movement. The shapes and orientations of
anisotropic ellipsoids of atoms are similar to those of the quartz structure determined by single-crystal
XRD. Neutron PDF confirms excessive oxygen
occupancy at theO sites, suggesting surface OH
and silanol (Si-OH) in moganite (SiO2 0.12H20
or, SiO1.880Ho0.24). In conclusion, the combined
methods can provide high-quality structural
parameters of moganite including its ADPs and
extra OH position at the surface. This approach
can be used as an alternative method for
studying crystals that are not large enough for
single-crystal XRD measurements and useful for Figure 1. Structural models of moganite derived
other submicron- and nano-minerals formed in £, X-ray and neutron PDF analyses.
geological environments.’

1. S. Lee, et al., Crystal structure of moganite and its anisotropic atomic displacement parameters
determined by synchrotron X-ray diffraction and X-ray/Neutron pair distribution function
analyses. Minerals, 11(3), 272 (2021).

2. S. Lee and H. Xu, Using complementary methods of synchrotron radiation powder diffraction
and pair distribution function to refine crystal structures with high quality parameters—a review.
Minerals, 10(2), 124 (2020).



Photocatalytic Upcycling of Polymers by 2D Materials
Xiaohan Ma'#, Xiang Wang?, Ilia Ivanov!, Yungiao Pu?, Jianhua Tong** and Zili Wu'*

1: Center for Nanophase Materials Sciences, Oak Ridge National Laboratory, Oak Ridge, TN
37830;

2: Chemical Science Division, Oak Ridge National Laboratory, Oak Ridge, TN 37830;

3: Biosciences Division, Oak Ridge National Laboratory, Oak Ridge, TN 37830;

4: Department of Materials Science and Engineering, Clemson University, Clemson, SC 29634
As industry boosts in the recent decades, plastic wastes like polyethylene terephthalate (PET),
polyethylene (PE), polyvinyl chloride (PVC), polystyrene (PS) and polypropylene (PP) are
gradually becoming a severe environment problem. The concept of “upcycling” has been recently
proposed as a promising solution to this daunting issue, which means turning plastic wastes into
high value-added chemicals. Current limited upcycling processes are dominated by thermal
catalytic pathways. However, they usually require high reaction temperatures (> 573 K) and lead
to wide range of products (from C; up to Cso). Photocatalysis, taking advantage of the abundant
solar energy, offers a great opportunity to address these challenges by not only lowering down the
reaction temperature (i.e., typically at room temperature) but also improving the product selectivity
through tuning the band gap and edge positions of the photocatalysts. Compared with bulk
photocatalysts, 2D photocatalysts eliminate the bulk recombination of electron-hole and provide
abundant surface active sites that can be further modified via structural and electronic doping,
which is beneficial for high production rate and potentially selective conversion. Herein, ethylene
glycol (EG), a model monomer of PET that is soluble in water was chosen as the starting substrate
to test how the product selectivity can be tuned by controlling the band edge positions of 2D
photocatalysts. By continuously tuning the valence band position of a typical 2D photocatalyst, g-
C3Ny, via Boron doping, our preliminary data showed that the chemical selectivity changes from
oxalic acid to acetic acid and then to formic acid in the reaction as the valence band shifts from
2.05 to 2.17 V (NHE, pH = 7). This suggests the promise of photocatalytic upcycling in resulting
narrow product distribution via proper catalyst design. Further work on more complex model
monomers and eventually polymers will be carried out to realize selective upcycling of plastics
into defined chemicals and fuels.

Acknowledgement: This work is supported by the Center for Nanophase Materials Sciences,
which is a DOE Office of Science User Facility.



Distortion Free Large Area Detector for Neutron Scattering

Vivek V Nagarkar, Matthew S. J. Marshall, Stuart Miller, Bipin Singh, Cynthia Weiler, Guillermo

Velasco,

Radiation Monitoring Devices, Inc., 44 Hunt Street, Watertown, MA 02472, USA

Richard A Riedel

Neutron Scattering Science Division, Oak Ridge National Laboratory,
Building 7962, Oak Ridge, TN 37831-6393, USA.

Single crystal diffractometers, such as the MANDI beam line of SNS, that require a large solid angle
coverage for optimum performance, typically have large gaps in detector coverage. This tiling effect is due

in large part to the nature of the flat sensor surface
that attempts to approximate a spherical surface to
reduce parallax errors and reduce changes in angular
resolution towards the edge of the detector. The edges
of current detectors have a degraded resolution,
distortion, and gamma rejection which are related to
the physics of the detector near these areas. RMD’s
curved sensor surface seamlessly tiled together
without boundary regions will effectively address
these issues.

At RMD we are addressing these problems
through the development of large area, spherically
shaped, detector (Figure 1). The key feature of our
design is a specially engineered fiberoptic taper with
a curved surface on its large end, which is coupled to
a bright, high-efficiency, thermal neutron scintillator.
The small end of the taper is optically bonded to an Anger camera featuring
a low noise SiPM readout. Multiple such modules are assembled to form a
semi-spherical detector.

To date we have fabricated all the key detector components including
the spherically shaped fiberoptic tapers, curved scintillators, and Anger
camera modules to assemble the detector with a 10 cm curvature radius.
High efficiency microcolumnar Lil:Eu scintillators that exhibit bright
emissions (8% to 10x brightness of GS20) has been vapor deposited on a
hemispherical surface that matches the curvature of the assembled fiberoptic
taper array. Although Lil:Eu is a well-known thermal neutron scintillator,
its fabrication in film form and deposition onto a curved surface has never
been reported before. This scintillator has demonstrated neutron-gamma
discrimination better than 10 and thermal neutron absorption efficiencies
in the range of 60 to 80% for 2A neutrons. The completed detector is
expected to provide a ~630 cm? active area, spatial resolution of ~300 pm,
and an angular resolution of ~50 m°. Our preliminary data acquired at

Figure 1: 3D model of the spherical shaped detector
assembled using modular fiberoptic tapers.

Figure 2: A cross section of the
detector  being  developed
showing 3 of the 6 anger camera
modules and the FOs array.
Each taper is coupled to the
Anger camera developed at
ORNL and tested at HFIR.

HFIR, ORNL using a single

fiberoptic module has demonstrated that the curved detector eliminates parallax effects due to interaction
depth variations in the scintillator. Also, the experiments have confirmed that in the curved configuration
there is no loss of resolution or additional distortion at the edge of the detector. This presentation will outline

the detector design and performance measurements made to date.






DISCOVER: A Total Scattering Diffractometer for Materials Discovery at the SNS

Katharine Page, Peter Metz, Thomas Huegle, George Rennich, Van Graves, Amy Jones, Thomas Proffen,
Richard Ibberson, and Matthew Tucker

The materials, physics, and chemistry research communities have long championed the total scattering
diffractometer DISCOVER as an ideal instrument for Beamline 8b at the First Target Station of the
Spallation Neutron Source (SNS) at Oak Ridge National Laboratory. As a total scattering neutron powder
diffractometer, DISCOVER will be optimized for studying real materials in their operating environments,
supplying the scientific community with a platform for front-line investigations of the delicate interplay
of global and local symmetries, for examining how order evolves from the atomic to macroscale, and for
discovering how these features respond to external perturbation to deliver new functionality. As such,
DISCOVER will fill critical capability gaps for the advancement of next generation materials of all kinds,
including quantum materials, catalysts and sorbents, energy storage materials, advanced alloys, and more.
In this contribution we will present the design criteria, engineering concept, and neutronics performance
simulations of the DISCOVER concept, inviting feedback from the scientific user community.

Figure Caption: Design layout for DISCOVER at Beamline (BL) 8b at the First Target Station of the
Spallation Neutron Source, Oak Ridge National Laboratory.



Towards Continuous Characterization of Complex Liquids — from Bulk to Interface
G. Papoutsidakis', E. Muckley?*?®, V. Buckin!, 1. Ivanov?

"University College Dublin, School of Chemistry, South Science Centre, Belfield, Dublin 4, Ireland
Center for Nanophase Materials Sciences, Oak Ridge National Laboratory, Oak Ridge, USA
3Citrine Informatics, San Francisco, USA

The interest of the scientific community for a better understanding of the static and dynamical properties
of complex liquids in bulk and at the interface is driven by the need to control and design the structure and
functionality of various biomolecules including diagnostic protocols. Glycerol, a viscous cosolvent,
commonly used in biopharmaceutical industry, forms three hydrogen bonds with water molecules or with
other glycerol molecules. These populations of water-water, glycerol-glycerol and glycerol-water
associates can form dynamic functional networks as a simplified model of H-bonding in biological systems.
Glycerol-water mixture is widely used as a medium with broad range of viscosity values for stabilizing
enzyme activity and protein structures. Protein flexibility and structure preorganization define the hydration
of various protein sizes (20-100 A) occurring at various length scales (0.3-10 A), and water-glycerol
mixtures’ behavior at such length scales is critical. Thus, it is necessary to perceive the rheological and
structural properties of both these mixtures alone and in the presence of protein molecules. The structural
changes are accompanied by functional changes in electron and ion-transport, which have been studied by
molecular dynamic simulations, broadband dielectric spectroscopy and, neutron scattering techniques.

Our work aims to differentiate between these structures in water-glycerol mixtures and reveal differences
in bulk (protein folding) and viscous interactions (hydration and protein local rotation-stretching). We
demonstrate continuous probing of length scales from bulk liquid to nanometer by using three
complimentary acoustic techniques. This multimodal approach, including the shear-mode quartz crystal
microbalance in dissipation mode (QCM-D), accessing nine odd-harmonics along with the fundamental (in
the frequency range 5-85 MHz). We also incorporate high-resolution ultrasonic spectroscopy (HR-US)
utilizing high-frequency (1-20 MHz) longitudinal deformations and low-frequency, small-amplitude
oscillatory shear rheometry (SAOS). HR-US and SAOS probe the liquid’s bulk properties and the shear
waves of QCM-D probe both bulk and interfacial properties. The acoustic measurements will be correlated
with the impedance spectroscopy and neutron scattering to enable the coupling of acoustic and electrical
spectroscopy for the multifunctional, viscoelastic characterization of complex liquid mixtures.

Acknowledgment

A portion of this research was conducted at the Center for Nanophase Materials Sciences, which is a DOE
Office of Science User Facility, project No. CNMS2018-293. GP and VB efforts were funded under the
European's Union Horizon 2020 research and innovation program through the Marie Sklodowska-Curie
grant agreement No 690898.



Conceptual Design of a Small- and Wide-angle Neutron Scattering Diffractometer/Spectrometer for the
Second Target Station of the SNS: Centaur

Shuo Qian, William T. Heller, Wei-Ren Chen, Changwoo Do, Andrew Christianson, Yangyang Wang, Jiao
Lin, Thomas Huegle, Chenyang Jiang

Oak Ridge National Laboratory, Oak Ridge, TN 37831

Centaur is an instrument specifically designed and optimized for construction at the Second Target
Station (STS) of the SNS at Oak Ridge National Laboratory. As a simultaneous small- and wide-angle
neutron scattering (SANS and WANS) instrument with a large dynamic range in reciprocal space, it is
optimized to cover length scales from interatomic distances (diffraction) to hundreds of nanometers (small-
angle scattering). The design simultaneously provides a high flux and a broad wavelength band as a result
of the time-of-flight neutron source at the STS. Further, it can be used as a direct geometry spectrometer
for probing the dynamics of relatively large length-scale structures. Centaur will fill a capability gap among
the current instruments at ORNL by enabling in situ and operando experiments for kinetic and/or out-of-
equilibrium studies of phenomena with time-resolution in seconds in soft matter, polymer science, geology,
biology, quantum condensed matter, and other materials sciences. Notably, the WANS and diffraction
capability will be unique among SANS instruments in the United States. The spectrometer mode extends
the momentum transfer and energy transfer to a lower Q than typically covered by other spectrometers and
provides a unique capability for inelastic SANS studies. Additionally, beam polarization will enable
detailed structural and dynamical investigations of magnetic materials and quantum materials. The
instrument will play a key role in mastering hierarchical architectures and beyond-equilibrium matter;
understanding heterogeneity, interfaces and disorder beyond ideal materials and systems; and advancing
imaging capabilities across multiple scales.



Closed Cycle Refrigerator and Automated Changer Systems at Spallation
Neutron Source and High Flux Isotope Reactor: an evaluation and
comparison

Stevens, Elijah
Mills, Bekki

Oak Ridge National Lab
P.O. Box 2008
Oak Ridge, TN 37831
stevensel@ornl.gov

Oak Ridge National Laboratory houses two world-leading neutron scattering facilities which
boast many different instrument suites. Sample environment provides scientific users with a
variety of scientific equipment; one such type is closed cycle refrigerators and automated
sample changers. Sample environment must continually strive for excellence to lead in
innovation to meet the scientific communities continually evolving needs, thus we present a
review of the current closed cycle refrigerator systems and low temperature sample changers
offered to both the Spallation Neutron Source and the High Flux Isotope Reactor in addition
to an overview and comparison of capabilities to the new Nomad Auto-changer system which
will be delivered to ORNL in calendar year 2021.
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Accurate Charge Mobility Simulation and Validation in Organic
Semiconductors

Daniel Vong, Makena Dettmann, Tuckey L. Murrey, Adam J. Moulé
Department of Materials Science and Chemical Engineering, University of California, Davis

The charge mobility, which is the figure of merit in organic molecular semiconductors, is
modulated by the intermolecular dynamic disorder. Knowledge of the full phonon spectrum is
essential for accurate calculations of mobility and high mobility molecular design rules.
Although phonons can be computed accurately, it is not known which phonons specifically
contribute to dynamic disorder. Recently, it was proposed that a single long-axis mode
dominates mobility reducing dynamic disorder and that the displacement along the long-axis of
the molecule is the only relevant design rule.! However, most vibrational spectroscopy
techniques under-measure the phonons, and thereby limit the accuracy of calculated phonons.

Here, we show that optical based techniques are inadequate and that inelastic neutron
scattering, which measures the full phonon spectrum beyond the gamma point with energies
down to the elastic limit, is required. Experimental validation of computed inelastic neutron
scattering spectra enables accurate predictions to dynamic disorder. We found that the dynamic
disorder in a set of substituted acenes can be miscalculated by up to 24% when comparing the
gamma point phonons and the full phonon band spectrum. Even including the dynamic disorder
at the gamma point we find that no single phonon mode is responsible for more than 10% of the
dynamic disorder. Our results demonstrate the importance of both a thorough phonon calculation
with experimental validation and a need to develop appropriate phonon-based design rules that
consider the full spectrum of phonon modes.

1. Schweicher, G., D’Avino, G., Ruggiero, M. T., Harkin, D. J., Broch, K., Venkateshvaran, D.,
... Sirringhaus, H. (2019). Chasing the “Killer” Phonon Mode for the Rational Design of
Low-Disorder, High-Mobility Molecular Semiconductors. Advanced Materials, 31(43),
1902407. https://doi.org/10.1002/adma.201902407



Combining Neutron/X-ray scattering with Electron Microscopy to Unravel the Effect of
Microstructure on CaCO3 Replacement Reactions

J. Weber!, M. Cheshire!, V. Starchenko!, K. C. Littrell!, M. Bleuel?, I. Ilavsky®, Chang, Y.-J.%, A. Ievlev!, L.,
Allard', A. G. Stack', L. M. Anovitz'

'0ak Ridge National Laboratory, Oak Ridge 2University of Maryland 3Argonne National Laboratory “University of Arizona

Fluid flow in the subsurface is controlled by rock microstructure and pore space evolution. To reliably predict fluid
flow and contamination transport in the subsurface, a quantitative understanding of the system kinetics and
mechanistic controls in fluid-mineral interactions is needed. This predictive understanding is crucial to a variety of
energy-related application, e.g. geothermal energy production, nuclear waste management, carbon sequestration,
conventional and unconventional oil and gas production and contamination control at DOE legacy waste sites.

By gaining a mechanistic understanding of processes that change a rock’s microstructure and pore space evolution,
the so called “rate problem”, referring to a 1-4 order of magnitude difference in reaction rates observed in the field
and experimentally’, could be potentially solved. Replacement reactions are the exchange of one mineral phase by
another. At higher temperatures and pressures, they take place via diffusion, whereas at lower temperatures (>300 °C)
a coupled dissolution and (re)precipitation process has often been observed. The accelerating effect of microstructure,
in particular porosity and grain boundaries, on replacement reactions has been recognized in previous studies.*?

To test the influence that microstructure has on replacement reactions, we reacted limestones (CaCQOs) of different
starting porosities with MgCl> or FeCl: solutions in time series. Solids were analyzed by (ultra) small angle
neutron/Xray scattering ((U)SANS/(U)SAXS) for porosity characterization and by electron microprobe and
transmission electron microscopy for chemical composition and grain boundary transport.

In the case of limestone reaction with

MgCly, bulk replacement rate of the

high porosity limestone was four times

faster compared to the low porosity

material.* For the low porosity

limestone, a two-stage replacement

occurred, in  which  dolomite

replacement was followed by
magnesite formation (Flg la). Grain .Fig.urc .1 Rc‘flction via grain boundaries. (a) 'l‘o?’;SlD]S m:«xpf)ing of Ca (red) and Mg (grcc:n)

. . X K indicating grain boundary transport. (b)) HAADF image of TEM lamella extracted perpendicular
boundaries were identified as main ¢ grain boundary. (¢) Mg enrichment along grain boundary. Figure (a) reprinted from [4] with
pathway for magnesium transport into ~Permission from Elsevier.
the material via electron microscopical analyses (Fig. 1b+c). The porosity of formed solids is higher due to lower
molar volume new material in respect to the pristine one. Porosity analyses were fitted by diffusion equation, yielding
an average grain boundary diffusion rate of ~2 x 10"'* m?/s, which significantly faster than bulk diffusion in solids.
In the case of limestone reaction with FeCla, siderite (FeCOs3) formation was observed, with a secondary replacement
rim by ferrihydrite. Similar to the MgClz case, transport occurred along grain boundaries. Identically, newly formed
phases showed higher porosity due to lower molar volume. A gap (a large pore) between the replaced and pristine
material interfaces was evident. We will discuss changes in porosity and influence of grain boundary diffusion on
overall replacement reaction.

References:
(1) White, A. F.; Brantley, S. L. The Effect of Time on the Weathering of Silicate Minerals: Why Do Weathering Rates
Differ in the Laboratory and Field? Chem. Geol. 2003, 202 (3—4), 479-506.

2) Jonas, L.; et al. Hydrothermal Replacement of Biogenic and Abiogenic Aragonite by Mg-Carbonates — Relation between
Textural Control on Effective Element Fluxes and Resulting Carbonate Phase. Geochim. Cosmochim. Acta 2017, 196,
289-306.

3) Weber, J.; et al., Controls of Microstructure and Chemical Reactivity on the Replacement of Limestone by Fluorite
Studied Using Spatially Resolved Small Angle X-Ray and Neutron Scattering. ACS Earth Sp. Chem. 2019, 3 (9).

@) Weber, J. et al. Influence of Microstructure on Replacement and Porosity Generation during Experimental

Dolomitization of Limestones. Geochim. Cosmochim. Acta 2021, 303, 137-158.
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