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Use of the Advanced Photon Source, an Office of Science User Facility operated for the U.S. Department of Energy
(DOE) Office of Science by Argonne National Laboratory, was supported by the U.S. DOE under
Contract No. DE-AC02-06CH11357.

Biology

A-1 George Kalapurakal Development and Use of an in vitro Model for Study of Platinum
Induced Neural Damage

A-2 Brendan Sullivan X-ray Microscopy Analysis of the Cuprizone Model for Multiple Sclerosis
Suggests Copper Deficiency Does Not Cause Demyelination

Chemistry

A-3 Soojeong Kim Solvation Structure of Zinc-based Electrolytes from X-ray Absorption
Spectroscopy

A-4 Renaud Miclette Lamarche Controlling Lateral Spacing in Phenolic Surfactant Monolayers
at the Air Water Interface

A-5 Lu Ma Insight into the Catalytic Mechanism of Bimetallic Platinum—Copper
Core—Shell Nanostructures for Nonaqueous Oxygen Evolution
Reactions

A-6 Delina Damatov Understanding Proton-coupled Electron Transfer Reactivity of Cerium
Oxide Using XAS

A-7 Jonnathan Medina-Ramos Investigating the Electrocatalytic Reduction of CO, at the Bismuth-ionic
Liquid Interface (Bi/IL) Using in situ High Resolution X-ray Reflectivity

A-8 Dooshaye Moonshiramn Photoinduced Time-Resolved X-ray Absorption Spectroscopy of a
Versatile Nickel Proton Reduction Catalyst

A-9 William Rock lonic Adsorption Competition at a Charged Interface: Charge

Condensed Matter Physics

Density vs. Total Charge

A-10

Eran Greenberg

Ty Newhouse-lllige

Ryan A. Valenza

Combined Synchrotron X-ray Diffraction and 5’Fe M&ssbauer
Spectroscopy for High-pressure Studies of Iron Oxides

Voltage-controlled Magnetic Tunnel Junctions with Gd,O; Barriers

X-ray Etching, Ablation, and Melting at the APS
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A-13

Environmental Science and Geology

YiZhu

Ultrafast THz-field-driven Dynamics in Ferroelectrics Revealed by
Time-resolved Hard X-ray Microdiffraction

A-14
A-15

A-16

High Pressure

Maxim Boyanov

Jacquelyn N. Bracco

Sang Soo Lee

Bhoopesh Mishra

Ke Yuan

Surface and Ligand Effects on Redox Reactions of U

The Three-dimensional Structure of the Barite (001)-Water Interface

Understanding lon Adsorption Processes at a Charged Mineral—
Water Interface

Abiotic Redox Dynamics between Hg and Mn

The Mineral Replacement of Calcite (CaCO;) by Cerussite (PbCO3)

A-19 Vitali B. Prakapenka Advanced High-resolution Integrated Optical System

A-20 Dmitrii Yu. Velikovskii Laser Ultrasonic Spectroscopy at Extreme Conditions

A-21 Tony Yu Updates on Large-volume, High-pressure Research at GSECARS
Beamlines, Advanced Photon Source

A-22 Dongzhou Zhang High Pressure Crystallography at the Partnership for eXtreme
Xtallography Program

Instrumentation

A-23 Andrew J. Allen In operando Applications of Combined USAXS/SAXS/WAXS
Measurements at Pressure or Temperature

A-24 O. Antipova Single Crystal Diamond X-ray Lens Development

A-25 Eric Van Every New Focusing Mirror System for 12-BM Beamline at Sector 12
Advanced Photon Source (APS)

A26 Andrei Fluerasu X-ray Beam Stabilization System Utilizing Diamond Beam
Position Monitors

A-27 Yuan Gao Bragg Diffraction from Sub-micron Particles Isolated
by Optical Tweezers

A-28 Shannon M. Ghorbani Benefits of PicoQ® Sensors in Nanopositioning Applications
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A-29 Steve Heald New Microfocusing Experimental Station in 20-I1D-C

A-30 Scott Jensen A Diced von Hamos Spectrometer for Time-resolved X-ray Emission
Spectroscopy

A-31 Ibrahim Kesgin A Prototype Undulator Made by Second Generation High Temperature

Superconductor Tapes

A-32 Tomasz Kolodziej Diamond Drumhead Crystals

A-33 Wenijun Liu Preliminary Evaluation of JTEC Ultra-precise K-B Nano-focusing
Mirrors at 34-1D-E

A-34 Timothy Madden Development of Back-end Electronics for Next-generation
X-ray Detectors

A-35 Chris Piatak The APS Detector Pool

A-36 V.D. Saveliev Vortex® Multi-element SDD XRF Spectrometers for High Count
Rate Applications

A-37 Gerald T. Seidler How Can Laboratory-based XAFS and XES Complement Synchrotron
X-ray Science?

A-38 Xianbo Shi How to Specify Super-smooth Mirrors for Next-generation
Light Sources

A-39 Kyung-Wook (Taylor) Shin High Speed X-ray Detector Optimization for FASPAX

A-40 Deming Shu Mechanical Design of Nanopositioning Flexure Stages for Four Crystal
Hard X-ray Beam Split-and-delay Line with Coherence Preservation

A-41 George E. Sterbinsky Quick Scanning Monochromator Upgrade at XAFS Beamline 9-BM

A-42 Cheng-Jun Sun Application of a Pixel-array Area Detector for Simultaneous
Non-resonant and Sequential Resonant Fe KB and Cu K@ X-ray
Emission Spectroscopies

A-43 John Weizeorick VIPIC: A Novel Detector for X-ray Photo-correlation
Spectroscopy (XPCS)

A-44 Shenglan Xu Dual Pinhole Mini-beam Collimator Provides Lower Background

A-45 Daikang Yan Development of Transition Edge Sensor Micro-calorimeters

for X-ray Science
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Materials Science
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A-46

A-47

A-48

A-49

A-50

A-51

A-52

A-53

A-54

A-55

A-56

A-57

A-58

A-59

A-60

Chihpin Chuang

Jordan M. Cox

Ross Cunningham

Robert Free

Mary Hawgood

Peter C. Metz

Stephanie L. Moffitt

J.-S. Park

A. Pateras

Jin-liang Song

Eric D. Sylvester

S.J. Tracy

I-Cheng Tung

Andrew Ulvestad

Xiao Wang

Application of X-ray Computed Tomography to the Characterization
of Graphite Morphology in Cast Iron

Ligand Substitution and Guest Exchange in a Metal-Organic Framework

Monitored by in situ Dynamic X-ray Diffraction Techniques

Investigating Porosity in Additively Manufacturing Metal Components
Using Synchrotron X-ray Microtomography

Structure of the Surface Zone in Rat Enamel Caries Lesions

Heusler Phase Identification in the Co-Fe-Si Ternary System
Using Synchrotron Powder Diffraction

Combined X-ray Line Profile and Pair Distribution Function Analysis
of Pseudocapacitive 8-MnO, Nanosheet Assemblies

Combining EXAFS and Anomalous X-ray Scattering to Develop
Structure-property Relationships in Amorphous Transparent
Conducting Oxides

Non-destructive Internal Lattice Strain Measurement Using
High Energy Synchrotron Radiation

Combining Experiment and Simulation to Interpret Coherent
X-ray Diffraction Data from Tightly Focused Nanobeams

The Mechanical Behavior of Individual Thin-walled Porous Metallic
Hollow Sphere

In situ Visible Light Induced Isomerization Single-crystal Diffraction
of Ortho-fluoroazobenzene Containing Metal Organic Frameworks

Polaron Mobility and Disordering of the Sodium Sublattice
in Triphylite-Na,FePO,

Correlating Structural and Electronic Degrees of Freedom
in 2D Transition Metal Dichalcogenides

Bragg Coherent Diffractive Imaging of Defect Dynamics
in Battery and Palladium Nanoparticles

Study of Gold Nanoparticle Synthesis by Synchrotron X-ray Diffraction

and Fluorescence
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A-61 Jin-liang Song The Mechanical Behavior of Individual Thin-walled Porous Metallic
Hollow Sphere

A-62 Michael Whittaker Short-range lonic Order in Amorphous Calcium Carbonate(s)

Nanoscience and Nanotechnology

A-63 Sean Griesemer The Role of Ligand in the Mechanical Properties of Self-assembled
Nanoparticle Films

A-64 Jae Jin Kim Li lon Battery Conversion Reaction Kinetics in Oxide Nanostructures

A-65 Liane Moreau Investigating the Mechanism behind Galvanic Replacement
in Nanoparticles

A-66 Qingteng Zhang Gelation of Polymer-grafted SiO, Nanoparticle Colloid Studied
with Sub-100 ps X-ray Photon Correlation Spectroscopy

A-73 Le Yu In situ Transmission X-ray Microscopy Study of Photon-induced
Oxidation of Silver Nanowires

Other
A-67 Daniel Duke X-ray Fluorescence Measurements of Pharmaceutical Sprays
A-68 Michael Kriese Optic Recovery and Refurbishment at Rigaku Innovative Technologies
Polymers
A-69 Mutairu Bolaji Olatinwo Single-shot Grating Interferometry and X-ray K-edge Absorption
Tomography Experiments for Analysis of Flame Retardants
Technique
A-70 Jan llavsky Extended Range Ultra Small-angle X-ray, Small-angle, and Wide-angle
Scattering for Materials Characterization at 9-ID Beamline
A-71 Jong Woo Kim Ptychographic Coherent X-ray Surface Scattering Imaging
A-72 Preeti Vodnala Characterization of Thin Diamond Crystals for X-ray Split and Delay Line
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Center for Nanoscale Materials

Use of the Center for Nanoscale Materials was supported by the U.S. Department of Energy, Office of Science, Office of
Basic Energy Sciences, under Contract No. DE-AC02-06CH11357.

Chemistry

C1 Wen-Yang Gao Carbon Dioxide Chemical Fixation on Metal-organic
Framework Platforms

Condensed Matter Physics

C-2 Kendra Letchworth-Weaver Theoretical Investigations of Atomic-scale Structure and Energetics
at the Solid-liquid Interface

C-3 David Lioi Ultrafast Dynamics of Correlated Electron States in Layered Cu,TiSe,

C-4 Alejandro Lopez-Bezanilla New 2D Materials Exhibiting Unusual Properties
Instrumentation

C-5 Tim Batten Raman Imaging of Samples with Complex Surface Topographies

C-6 Olga V. Makarova Solid Copper Two-level Waveguide Circuits for a THz Radar System

by UV Lithography

Materials Science

Cc-7 Emily E. Hoffman Observation of Molybdenum Disulfide Nanoflake Friction

C-8 Alper Kinaci Electronic Transport in VO,: A DFT—-Boltzmann Transport Approach

C-9 Eric Schwenker Towards Robust Prediction of Atomic Arrangements from Materials
Imaging

C-10 Fatih G. Sen Atomistic Level Characterization of Grain Boundaries in CdTe Using

STEM and DFT

C-39 Liang Li Role of Surface Defects in Catalytic Activity of Cu,O: First-principles
Simulations of STM Images and XAS Spectra
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Cc-1

C-12

C-13

C-14

C-15

C-17

Cc-18

C-20

C-21

C-22

C-23

C-24

Andrew Arnold

Soner Balci

David J. Banner

Sanjay Behura

Kai-Chih Chang

Albert Colén

Rui Dong

Melanie Dooley

Peijun Guo

Md Humayun

Bijentimala Keisham

Dien Li

Yuzi Liu

Dylan Lynch

Evaluation of Two Dimensional Metallic Transition Metal
Dichalcogenides as Next Generation Interconnects

THz Emission from InP and InGaAs Nanowires Fabricated Using
Electron Beam Lithography

Paramagnetic Gold-coated Iron Nanoparticle Synthesis with Minimal
Gold Thickness for Enhanced Drug Delivery

Graphene and Hexagonal Boron Nitride Mixed-platelet Structures:
Electrical Transport and Network Percolation

Photovoltaic Characteristics of Large-area MoS,/p-Si Heterostructure
Developed by Chemical Vapor Deposition

Atomic Layer Deposition of Ti-Al-O and Ti-Hf-O Ternary Dielectrics as
Gate Insulator in INAIN/GaN and AlGaN/GaN Semiconductor Devices

Mask Free Scanning Probe Nanolithography Approach for Fabrication
and Study of Transition Metal Dichalcogenides Heterostructures

Fabrication of Diffraction Gratings with 100 Nanometer Pitch for Use in
an Antimatter Interferometer

Infrared Plasmon Dynamics and Coherent Acoustic Phonons of
Indium-Tin-Oxide Nanorod Arrays

A Comparative Study on Various UV Wavelengths Induced Recovery of
ZnO Functionalized Multi-walled Carbon Nanotubes Methane Sensor

2D Micro-Raman Mapping of Cell Interfaced with Graphene to
Determine Surface Potential and Cellular Activity: An Ultrasensitive
Biosensor for Non-invasive Cancer Diagnosis

Removal of Uranium from Artificial Groundwater and Seawater by
Functionalized Magnetic Mesoporous Silica Nanoparticles: Capacity
and XAFS Study

Attempt to Master the Governing Force of Self-assembly by in situ
Transmission Electron Microscopy

3D Printing of Graphene-on-silicon Heterostructure
for Energy Harvesting
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C-25 N. Moldovan Fresnel Zone Plates on Diamond Membranes for Hard X-ray Focusing

C-26 Souvik Mukherjee Synthesis, Characterization and Applications of As-grown and Surface
Passivated In,O; and Zn Incorporated In,O; Nanostructures

c-27 Ali Razavieh Effect of Photo-generated Carries on Electronic Transport Properties
of Muti-layer Molybdenum Disulphide Nano-sheet MOSFETs

C-28 Anupam Roy MBE Growth and Characterization of 2D TMDs and Room-temperature
NDR in 2D Heterostructures

C-29 K. Sarkar Plasmonic Enhancement of ZnO and In,O; Nanowires Using Surface
Sputtered Metallic Nanoparticles

C-30 K. Sasikumar Investigation of Lattice Displacement Dynamics and Nanocatalytic
Activity of Gold

C-31 Daniel Schulman Understanding the Formation of Monolayer Transition Metal
Dichalcogenide Films via a Substrate-assisted Electrochemical Process

C-32 Elijah Thimsen Electron Transport in Films Comprised of Touching Heavily Doped
Semiconductor Nanocrystals

C-33 Guohua Wei Lateral Quantum Confinement in 2D Semiconductors

C-34 Yimin A. Wu Visualizing Redox Dynamics of a Single
Ag/AgCl Heterogeneous Nanocatalyst at Atomic Resolution

C-35 Maruthi N. Yogeesh 2D Nanomaterials for Flexible Electronics from Baseband
to Sub-THz Devices

C-36 Yifei Yuan Atomistic Exploration of the Surface-sensitive Self-assembly of a-MnO,
Nanowires and the Formation of Defective Interface with 2x3 and 2x4
Tunnel Intergrowth

Technique
C-37 Emre Firlar In situ Imaging of Soft Materials Using Graphene Liquid Cell
C-38 Lisa Gades From MKIDs to TESs for X-rays: New Fabrication Techniques
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Exemplary Student Research Program

Using the world-class facilities at Argonne’s Advanced Photon Source, area high school students and their teachers
explore the principles and operation of these tools and conduct research during the school year. Under the guidance
of staff scientists, each team develops an achievable project based on the techniques and limitations within a specific
research group, prepares and submits a research proposal, sets up the experiment, gathers and analyzes their results,
draws conclusions, and prepares a final poster for the Users Meeting.

ESRP-1

ESRP-2

ESRP-3

ESRP-4

ESRP-5

ESRP-6

ESRP-7

ESRP-8

ESRP-9

ESRP-10

Downers Grove South High School

Glenbard East High School

Hinsdale South High School

Hoffman Estates High School

Lemont High School

Lockport Township High School

Naperville Central High School

Neuqua Valley High School

Oak Lawn Community High School

Oak Forest High School
and Tinley Park High School

Interactions between Metal Fasteners and Wood Treated
with Micronized Copper under Weathering Conditions

Soybean Cellular Micronutrient Homeostatic Response
to Soil pH

The Effect of Glyphosate Concentration on GR Soybean
Cotyledon Nutrient Levels

Homogeneous Mixing and Phase Separation during
Self-assembly of Bi-dispersed Iron Oxide Nanoparticle Films

Emerald Ash Borer

X-ray Crystallography of Chicken Egg White Lysozyme

An “Inkling” about Historic Documents

XRD Studies of Mississippian-aged Paint Samples

Comparing and Contrasting Healthy and Unhealthy Rodent
Renal Tissues Using Synchrotron X-ray Tomography

Determining the Effect of Saliva
on Silver Nanoparticle Concentration
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A-# = Advanced Photon Source abstracts
C-# = Center for Nanoscale Materials abstracts

ESRP-# = Exemplary Student Research Program abstracts
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Biology

A-1

Development and Use of an in vitro

Model for Study of Platinum Induced

Neural Damage

George Kalapurakal', Jelena Popovic'?, Tatjana Paunesku’,

Qiaoling Jin?, Si Chen?3, Andrijana Klajn?2, Marija Gredic?,

Natasa Kovacevic Grujicic?, Stefan Vogt®, Milena Stevanovic?,

and Gayle Woloschak'

! Department of Radiation Oncology, Northwestern University,
Chicago, IL 60611

?Institute of Molecular Genetics and Genetic Engineering, University of
Belgrade, 11 000 Belgrade, Serbia

3X-ray Science Division, Advanced Photon Source, Argonne National
Laboratory, Argonne, IL 60439

“Department of Physics and Astronomy, Northwestern University,
Evanston, IL 60208

Platinum (Pt) based chemotherapeutic treatment for
various types of cancers has been shown to greatly affect
the quality of life of patients. The reduction of the Pt in
the cells from Pt (IV) to Pt(ll) has been shown to cause
neuropathy and as a result force patients to discontinue
their treatment due to neuropathic pain. It is therefore
urgent to develop a human in vitro model of neuronal
cells for study of Pt induced neuronal damage. NT2/D1,
pluripotent (stem cells like) embryonal carcinoma and
SK-N-SH neuroblastoma cells differentiate upon treatment
with retinoic acid into mature neuron type cells which can
provide a model to elucidate Pt-induced neurotoxicity.

The aim of this study was to treat neurons in cell culture
with cisplatin and to analyze Pt distribution and subcellular
localization using x-ray fluorescence spectroscopy and
microscopy (XFM) with the Bionanoprobe. Also, our aim
was to test WR1065 (active compound of Amifostine) as

a neuroprotector in vitro. In order to prepare the samples
for XFM we have used Si,N, windows and Ultralene
membrane. These substrates were treated with different
coating agents, such as Poly D lysine/Laminin, L-Lysine,
Geltrex®, Poly L Ornithine or Fibronactin in order to provide
the anchoring for adhesion of the cells. Upon successful
cell attachment Si;N, windows were treated with cisplatin
(with or without WR1065) for 1h, washed, vitrified in liquid
ethane and preserved in liquid nitrogen until the scan. The
Ultralene membrane was joined to the 3D printed molds
using epoxy glue; upon cell attachment and treatment
these cells were fixed with paraformaldehyde, washed
and air dried. These samples were used for XFM at the
Bionanoprobe.

We also tested neuronal cell viability 48h after treatments
matching those used for preparation of XFM samples. The
results showed that WR1065 can completely preserve and/
or restore cell viability countering the action of cisplatin up
to 60 uM concentration.

2016 APS/CNM USERS MEETING — USER SCIENCE HORIZONS

Further investigation of this model system will allow us to
develop mechanistic understanding of WR1065 mediated
protection of neurons exposed to Pt compounds.

A-2

X-ray Microscopy Analysis of the Cuprizone
Model for Multiple Sclerosis Suggests
Copper Deficiency Does Not Cause
Demyelination

Brendan Sullivan', Olga Antipova??, and Yulia Pushkar’

! Department of Physics and Astronomy, Purdue University,
West Lafayette, IN 47907

2BioCAT, BCS, lllinois Institute of Technology, Chicago, IL 60616

3XSD, Argonne National Laboratory, Argonne IL 60439

Multiple sclerosis (MS) is a disease affecting over
200,000 people with symptoms ranging from chronic
pain to diminished motor function. One common rodent
model for studying demyelination in multiple sclerosis

is the cuprizone model in which dietary cuprizone—a

Cu chelator—is known to induce demyelination. Making
the model especially important in studying MS, removal
of cuprizone from the diet causes remyelination [1].

The cause of demyelination has long been suspected

to be Cu deficiency in the brain leading to diminished
cytochrome c oxidase in oligodendrocytes—the primary
producers of myelin which are known to be preferentially
affected by cuprizone [2]. Metal concentrations in myelin
rich regions, however, have not been reported following
cuprizone administration. Metal concentrations are
readily achievable by x-ray fluorescence microscopy

and the pseudoperiodic structure of myelin causes
powder-like diffraction rings, rendering synchrotron
mapping ideal to elucidate the of role that Cu deficiency
plays in demyelination. First, x-ray diffraction mapping of
both myelin and neurofilaments in thin brain sections is
validated. Structures exhibit high myelin concentrations
in myelin-rich regions such as the corpus callossum,
striatal tracts, and the fimbria. In addition, it is shown that
azimuthal profiles are well described by a geometric
description of fiber orientation [3], allowing the generation
of automated orientation maps. Combined diffraction and
fluorescence maps were recorded from 30 micron thick
sections from mice on the cuprizone diet at the BioCAT
(18-ID) beamline. Consistent with previous reports, myelin
mapping reveals a nearly thirty percent decrease in myelin
intensity in the corpus callossum (p < 0.05) and cortex

(p < 0.01) while metals concentrations show no significant
changes. These results demonstrate that the mechanism
behind demyelination in the cuprizone model of multiple
sclerosis may need to be reconsidered.

[11 Matsushima, G.K., and P. Morell, “The neurotoxicant, cuprizone, as
a model to study demyelination and remyelination in the central
nervous system.” Brain Pathology 11(1): 107-116 (2001).
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[2] Bénardais, K., et al., “Cuprizone [bis (cyclohexylidenehydrazide)]
is selectively toxic for mature oligodendrocytes.” Neurotoxicity
research, 24(2). 244-250 (2013).

[3] Paris, O., and M. Mller, “Scanning X-ray microdiffraction of complex
materials: diffraction geometry considerations.” Nuclear Instruments
and Methods in Physics Research Section B: Beam Interactions with
Materials and Atoms 200: 390-396 (2003).

Chemistry

A-3

Solvation Structure of Zinc-based

Electrolytes from X-ray Absorption

Spectroscopy

Soojeong Kim"2, Sang-Don Han"2, Nav Nidhi Rajput'?,

Kristin A. Persson'3, Anthony K. Burrell'?,

Mahalingam Balasubramanian’, and Tim T. Fister"?

' Joint Center for Energy Storage Research, Argonne National
Laboratory, Argonne, IL 60439

2Chemical Sciences and Engineering Division, Argonne National
Laboratory, Argonne, IL 60439

3Environmental Energy Technologies Division, Lawrence Berkeley
National Laboratory, Berkeley, CA 94720

Multivalent (e.g., Mg2+, Ca2+, and Zn2+) metal cells

using a nonageous electrolyte are potential candidates

for post-lithium-ion batteries. However, the development

of multivalent electrolytes is challenging due to its poor

compatibility with both the metal anode and higher voltage

cathode chemistries, leading to poor coulombic efficiency,

formation of passivation layer on the metal anode, etc.
Defining the connection between the electrochemical
properties of a multivalent electrolyte system with its
molecular scale structure is a crucial step for developing

these new chemistries. Here we use x-ray absorption

fine structure (XAFS) spectroscopy to determine the

solvation structure of zinc-based electrolytes with varying

solvent species and concentrations. To explore the role

of ion-pairing, the results are compared to first principle

simulations of the electrolyte and electrochemical data.

This work was supported as part of the Joint Center for Energy Storage
Research, an Energy Innovation Hub funded by the U.S. Department of
Energy, Office of Science, Basic Energy Sciences.

A-4
Controlling Lateral Spacing in Phenolic
Surfactant Monolayers at the Air
Water Interface

Renaud Miclette Lamarche and Christine E. DeWolf
Department of Chemistry and Biochemistry, Concordia University,
Montreal, Quebec, Canada, H4B 1R6

Phenolic compounds such as tannins exhibit antioxidant,
metal chelating and protein-binding abilities; surfactants
with this functionality may confer these properties

to self-assembled structures and surfaces. We have

84

previously shown the phenolic headgroup to be extremely
self-adhesive give strong lateral rigidity to monolayers at
liquid surfaces. The extent to which the phase behaviour
can be tuned by modifying the intermolecular interactions
via changes in subphase composition (such as pH,

salt concentration and temperature) will be presented

for lauryl gallate (C12) and octadecylgallate (C18)
surfactants which exhibit liquid expanded and condensed
phases, respectively, at the air water interface. The

film organizational changes are determined by grazing
incidence x-ray diffraction (GIXD) while morphology

is assessed using Brewster angle microscopy at the
air-water interface and atomic force microscopy for films
deposited on mica. The competition of hydrogen-bonding
and m-stacking interactions between headgroups can be
manipulated to yield highly directional domain growth
and control over the inter-surfactant distance. Contrary

to what is observed for most surfactant monolayers,

GIXD measurements show that the gallate headgroups
are arranged in a crystalline packing state with limited
free rotation, attributed to strong hydrogen bonding

and mt-stacking interactions of the gallate headgroup.

The combination of parameters required to modify this
preferred headgroup arrangement will be discussed.

An understanding of the impact of these parameters on
film organization is essential for the design of functional
surface coatings.

A-5

Insight into the Catalytic Mechanism of
Bimetallic Platinum—Copper Core-Shell
Nanostructures for Nonaqueous Oxygen
Evolution Reactions

Lu Ma', Xiangyi Luo?, Tianpin Wu', Jun Lu?, and Khalil Amine?
' X-ray Science Division, Argonne National Laboratory,
Argonne, IL 60439
2Chemical Sciences and Engineering Division, Argonne National
Laboratory, Argonne, IL 60439
Rechargeable nonaqueous Li-O, battery has attracted
considerable attention as a promising technique for
next-generation energy storage due to its high theoretic
specific energy density. However, several challenges have
to be addressed before its practical application. One of
the most challenging issues is the large overpotentials,
especially during charge, which leads to the low
round-trip efficiency, low power capability and poor
cycle life of Li-O, battery. During charge, the discharge
product Li,O, decomposes and releases oxygen (i.e., an
oxygen evolution reaction [OER]). Due to the intrinsic low
conductivity of Li,O, and the multiple electron transfer
nature of OER, the sluggish kinetics results in large voltage
polarization. Therefore, designing efficient catalysts that
could facilitate this process has become an emerging topic.

Owing to the electronic and geometric structures,



bimetallic nanostructured catalysts typically exhibit
unusual catalyzing properties. Through the rational
compositional and structural design, the catalytic activity
can be significantly tuned and improved towards specific
reactions. Here, we present a unique Pt—Cu core—shell
nanostructure for catalyzing the nonaqueous OER, which
exhibited dramatically reduced charging overpotential
(<0.2 V) in nonaqueous Li-O, cells, compared to a typical
1V overpotential. The structure and the properties of the
Pt-Cu catalyst was systematically studied first. The Pt-Cu
catalyst was made by a facile wet-impregnation method.
The High-Energy X-ray Diffraction (HEXRD) and X-ray
absorption near edge structure (XANES) spectra, showed
that the catalyst was composed by oxidized Cu, that is
Cu(ll), and partially oxidized Pt in the whole particle level.
The particle sizes of the Pt-Cu catalyst was analyzed

by small angle x-ray scattering (SAXS), which showed
narrow size distributions in the diameter range of 2—4 nm,
in agreement with the size distribution histogram from
TEM analysis. To determine the structure in bulk scale, the
nearest-neighbor coordination numbers around Cu and

Pt atoms were extracted from fitting the extended x-ray
absorption fine structure (EXAFS) spectra. The conclusive
evidence of the core-shell structure was the distinct
inequality of the nearest coordination number Np.5 and
Ncopi, @s well as confirmed then by scanning transmission
electron microscopy (STEM). The extents of the alloying of
Pt and Cu were also calculated from the EXAFS-derived
coordination numbers and from the coordination numbers
expected for the complete and random alloying. The result
indicated that Pt-Cu alloy formed at the interface. Because
these as-prepared Pt-Cu bimetallic nanoparticles possess
unique features on porous carbon matrix with high specific
surface area, they can provide more active sites for the
electrochemical reactions. Consequently, catalytic activity
for OER is expected to be increased, as demonstrated in
the tests with Li-O, cells. To reveal the catalytic mechanism,
the x-ray photoelectron spectroscopy (XPS), which is a
surface sensitive technique, was employed. The result
indicated that the robust catalytic activity can be attributed
to the active surface Cu(l) sites which were stabilized by
the Pt-Cu alloyed interface. The results of this study have
proved that such Pt-Cu core-shell nanostructures are
efficient catalysts for non-aqueous OER and our protocol
can be generalized to guide the design of other bimetallic
catalysts.

This work was supported by the U.S. Department of Energy under
Contract DE-AC0O2-06CH11357 from the Vehicle Technologies

Office, Department of Energy, Office of Energy Efficiency and
Renewable Energy (EERE). MRCAT operations are supported by the
U.S. Department of Energy and the MRCAT member institutions. Use

of the Advanced Photon Source and the Electron Microscopy Center,
Center for Nanoscale Materials was supported by the U.S. Department
of Energy, Office of Basic Energy Sciences, under contract No.
DE-AC02-06CHT11357.
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[11 L. Ma; XY. Luo; AJ. Kropf; J.G. Wen; X.P. Wang; S. Lee; D.J. Myers;
D. Miller; T.P. Wu; J. Lu; and K. Amine. Nano Letters 16(1), 781-785
(2016).

A-6

Understanding Proton-coupled Electron
Transfer Reactivity of Cerium Oxide
Using XAS

Delina Damatov, Jing Peng, Elizabeth A. Mader,

and James M. Mayer

Department of Chemistry, Yale University, New Haven, CT 06520

Cerium(lV) is traditionally considered to be a very strong
outer-sphere oxidant. To complement this well-known
reactivity, we have been developing their inner-sphere
reactivity, in which oxidation or reduction is coupled with
proton transfer or oxygen loss. Small ceria nanocrystals,
CeO.,,, suspended in hydrocarbon or aqueous solvents
are reacted with both hydrogen atom (proton-electron)
acceptors, such as benzoquinone and hydrogen atom
donors such as hydroquinone. XAS was used to quantitate
the amount of Ce(lll) present under different conditions,
and then quantitatively correlated to other spectroscopic
methods to bring a new level of understanding to this
dynamic area of chemistry.

A-7

Investigating the Electrocatalytic Reduction
of CO, at the Bismuth-ionic Liquid Interface
(Bi/IL) Using in situ High Resolution X-ray
Reflectivity

Jonnathan Medina-Ramos, Sang Soo Lee, Aude Hubaud,

and Paul A. Fenter

Chemical Sciences and Engineering Division, Argonne National
Laboratory, Argonne, IL 60439

Bismuth film electrodes exhibit electrocatalytic activity
toward reduction of CO, into CO, a valuable commodity
chemical and liquid fuel precursor. The reduction of CO,
at the bismuth electrode surface is optimal in organic
solutions containing imidazolium-based ionic liquids,

and high selectivity, faradaic efficiencies and competing
kinetics have been reported for this electrochemical
system. Although the pairing of Bi with an ionic liquid

(IL) is deemed critical to this catalytic conversion, the
fundamental processes responsible for the activation of
CO, at this electrode-solution interface remain poorly
understood. In this study, we apply in situ x-ray reflectivity
(XR) to investigate the Bi/IL interface structure as a function
of potential applied, in acetonitrile solutions containing
milimolar concentrations of 1-butyl-3-methylimidazolium
triflate ((BMIM]OTf). The Bi cathodes used consist of

thin Bi(111) oriented films (~6 nm thick) sputtered onto
graphene-coated SiC(001) substrates. Preliminary in situ
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XR and crystal truncation rod (CTR) measurements
performed at Argonne’s APS show that the Bi films
undergo re-structuring as the applied potential is cycled
between the open circuit potential and -1.9 V vs. Ag/AgCl,
and that such structural changes are observed with or
without CO, present in solution. Precisely, the variation in
intensity of the Bi film Bragg peak (at Q = 1.56 A~ implies
that significant structural or conformational changes to
the Bi films occur just below the onset potential of CO,
activation (~-1.9 V vs. Ag/AgCl). Modeling and fitting of
x-ray reflectivity and CTR data is underway to understand
the potential dependent re-structuring of the Bi interface
and its role on the catalytic reduction of CO, into CO.

A-8

Photoinduced Time-Resolved X-ray
Absorption Spectroscopy of a Versatile
Nickel Proton Reduction Catalyst
Dooshaye Moonshiram', Alexander Guda?, Lars Kohler',
Antonio Picon', C. Stefan Lehmann', Xiaoyi Zhang?,
Stephen Southworth’, and Karen Mulfort'

' Chemical Science and Engineering Division, Argonne National
Laboratory, Argonne, IL 60439

?International Research Center “Smart Materials”, Southern Federal
University, Rostov-on-Don 344090, Russia

3 X-ray Science Division, Argonne National Laboratory,
Argonne, IL 60439

Replacing fossil fuel with clean and renewable energy
sources is one of the most attractive and promising
research fields that can provide a solution towards solving
the global energy issue of the current century. The
prospect of using molecular hydrogen as a renewable fuel
has motivated our discovery and development of molecular
catalysts for photo-induced water oxidation, proton
reduction and their integration in catalyst-photosensitizer
systems [1]. Relevant to this goal, catalytic hydrogen
evolution with a highly active nickel proton reduction
catalyst in a multicomponent assembly consisting of the
catalyst, the [Ru(bpy)s]** photosensitizer and ascorbic

acid electron donor is monitored via transient optical and
time-resolved absorption spectroscopy. Formation of a
short-lived Ni(l) intermediate with considerably modified
structure as revealed from experimental and theoretical
XANES simulations from Amsterdam Density Functional
theory simulations is shown. By combining in situ optical
and x-ray absorption spectroscopy in the ns-ps time
resolution together with theoretical calculations, we are
able to build a complete photoenergetics-kinetics scheme
of the catalytic evolution.

[11 Thapper, A; Styring, S.; Saracco, G.; Rutherford, W.; Robert,
B.; Magnuson, A.; Lubitz, W.; LIobet, A.; Kurz, P.; Holzwarth, A,;
Fiechter, S.; Grott, H. d.; Campagna, S.; Braun, A.; Bercegol, H,;
and Artero, V., Green 3, 43 (2010).
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A-9

lonic Adsorption Competition at a Charged
Interface: Charge Density vs. Total Charge
William Rock', Muhammed E. Oruc?, Ross J. Ellis’,

and Ahmet Uysal'

'Chemical Sciences and Engineering Division, Argonne National
Laboratory, Argonne, IL 60439

“Department of Chemical Engineering, Yildiz Technical University,
Istanbul Turkey

The behavior of ions at a charged surface is important

to the understanding of many phenomena including
protein solvation, mineral surface chemistry, interfacial
interactions at battery electrodes or fuel cell membranes,
and solvent extraction (among many others). Well
established classical theories, such as the Guoy-Chapman
theory, aptly describe the distribution of small monovalent
ions at low concentrations. However, real systems often
contain a mixture of ions with different valences, causing
classical descriptions to break down. Therefore, systematic
experimental studies are required to understand more
complex, real systems.

Here, we study the competition between electrostatics
and excluded volume effects; very little is known, both
theoretically and experimentally, about their competition.
Mixtures of divalent chlorometallate anions (PtClg?~ and
PdCl,>) and CI- at positively charged amine functionalized
surfaces are probed using in situ specular x-ray reflectivity.
Based on electrostatics, the divalent ions should adsorb
more strongly; however, excluded volume effects should
favor Cl—because of its smaller charge density (charge/
molecular volume). The amine surface is mostly a flat
bilayer structure, but around 20% is a monolayer, which
manifests as pores in the bilayer. Adsorption of the divalent
anions is strongly favored on the bilayer surface, while CI~
adsorption is favored in the pores.

This work and the use of the Advanced Photon Source are supported
by the U.S. Department of Energy, Office of Science, Office of Basic
Energy Sciences, Division of Chemical Sciences, Biosciences and
Geosciences, under Contract DE-ACO2-06CH11357.
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A-10
Combined Synchrotron X-ray Diffraction
and *’Fe Mo6ssbauer Spectroscopy for
High-pressure Studies of Iron Oxides
Eran Greenberg', Gregory Rozenberg?, Weiming Xu?,
Moshe Paz Pasternak?, Leonid Dubrovinsky?,
Catherine McCammon?, Elene Bykova®, and V. Prakapenka'
' GSECARS, University of Chicago, Argonne National Laboratory,
Argonne, IL 60439
?Department of Condensed Matter Physics, Tel-Aviv University,
Tel-Aviv 69978, Israel
3Universitat Bayreuth, Bayerisches Geoinstitut,
Bayreuth 95440, Germany

Iron oxides have been in the focus of research not only due
to their applications as semiconductors, and features such
as multiferroicity, and more recently superconductivity, but
also due to their abundance in various layers of Earth’s
interiors. High-pressure has been known to change
electronic/magnetic and structural properties of such
compounds. The evolution of the crystal structure and
electronic properties of minerals and their analogues is
important for modeling the properties of Earth’s interiors.
However, typically determining the structure from powder
diffraction data is difficult, due to the limited information
from the diffraction ring intensities, and due to the
broadness of the peaks under pressure. Mossbauer
spectroscopy, as a local probe of Fe cations, provides
useful information regarding the number of different

Fe sites, their relative abundance, and the difference
between the sites in terms of s-electrons density, and
nearest neighbor oxygen anions. This combination of
methods is important even in cases where no structural
transition is observed, and only a sudden change in
unit-cell volume or compressibility occurs.

Results will be shown for a number of iron oxides, including
Fe,SiO, ringwoodite spinel [1] and Fe,0; hematite [2],
where the combination of x-ray diffraction and M&ssbauer
spectroscopy allowed us to obtain a more complete
understanding of the pressure-induced transitions,
compared to what could be determined from the use of
each method separately.

[1] E. Greenberg, L.S. Dubrovinsky, C. McCammon, J. Roquette,
I. Kantor, V. Prakapenka, G. Kh. Rozenberg, and M.P. Pasternak,
“Pressure-induced structural phase transition of the iron
end-member of ringwoodite (g-Fe,SiO,) investigated by x-ray
diffraction and Mossbauer spectroscopy.” American Mineralogist
96, 833-840 (20M).

[2] E. Greenberg, G. Kh. Rozenberg, E. Bykova, L. Dubrovinsky,
W.M. Xu, M.P. Pasternak, Z. Konopkova, H.-P. Liermann, and
M. Hanfland, “Multi-stage correlation breakdown—a new scenario
of the Mott transition,” submitted.
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A-11

Voltage-controlled Magnetic Tunnel
Junctions with Gd,O; Barriers

Ty Newhouse-lllige', Chong Bi', Meng Xu', Yiheng Xu',
Marcus Rosales’, Hamid Almasi', Yaohua Liu?,

and Weigang Wang'

' Department of Physics, University of Arizona, Tucson, AZ 85721

2Quantum Condensed Matter Division, Oak Ridge National Laboratory,
Oak Ridge, TN 37831

It is of great importance to investigate magnetic tunnel
junction (MTJ) with high-k barriers, with the premise that a
large voltage-controlled magnetic anisotropy (VCMA) can
be achieved due to the increased charge transfer effect.
Gd,0O; has a dielectric constant of 22, which is substantially
larger than that of MgO (~9). It is critical to achieve
crystalline barrier with cubic phase in order to obtain
symmetry-conserved tunneling as in MgO-based MTJs.
We have demonstrated that Cubic Gd203 can be grown
on amorphous CoFeB by reactive sputtering under proper
conditions. MTJs with interfacial perpendicular magnetic
anisotropy (PMA) has been created with TMR ~14%. A very
interesting Voltage-controlled magnetism (VCM) effect

in these Gd,0;-based MTJs has been observed and will
be discussed. This VCM effect is non-volatile in contrast
to the previously seen VCMA effect exhibited by MgO
based MTJs.

This work was supported in part by NSF (ECCS-1310338) and by
C-SPIN, one of six centers of STARnet, a Semiconductor Research
Corporation program, sponsored by MARCO and DARPA.

A-12

X-ray Etching, Ablation, and Melting

at the APS

Ryan A. Valenza', Oliver R. Hoidn', Stephen M. Durbin?,
Anthony D. DiChiara®, and Gerald T. Seidler’

' Physics Department, University of Washington, Seattle, WA 98195

?Physics Department, Purdue University, West Lafayette, IN 47907
3 Argonne National Laboratory, Argonne, IL 60439

X-ray heating of the electronic degrees of freedom forms a
central piece of XFEL research, with applications spanning
nonlinear x-ray response in atomic and molecular systems
to the creation of crystalline, partially-ionized plasmas as a
new state of matter under extreme conditions. While only
XFELs have sufficiently short x-ray pulses for many of these
phenomenon, it is important to note that 3rd generation
synchrotrons are fully capable of single-pulse heating
studies able to achieve ~eV-scale temperatures. Here we
present results from a recent experiment at the Advanced
Photon Source for x-ray heated Au and Ge. We report very
high energy deposition per shot (~20 J/cm”2), leading to
single-shot etching, ablation, and melting, depending on
material and illumination conditions. The crater morphology
is studied via Scanning Electron Microscopy (SEM),
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allowing us to compare and contrast the x-ray damage of
Au, which resembles a rapidly quenched liquid phase, and
Ge, which is much smoother, instead resembling what is
often observed in laser ablation. We compare the observed
ablation rates with theory and ask whether x-ray heating,
suitable confined, could give a new path forward for the
creation of novel materials under extreme conditions.

This work was supported by the U.S. Department of Energy, Office of
Science, Fusion Energy Sciences and the National Nuclear Security
Administration under Grant No. DE-SCO008580. This research used
resources of the Advanced Photon Source, a U.S. Department of
Energy (DOE) Office of Science User Facility operated for the DOE
Office of Science by Argonne National Laboratory under Contract
No. DE-AC02-06CHT11357. Use of BioCARS was also supported by the
National Institute of General Medical Sciences of the National Institutes
of Health under grant number R24GM111072. The content is solely the
responsibility of the authors and does not necessarily represent the
official views of the National Institutes of Health.

A-13

Ultrafast THz-field-driven Dynamics in
Ferroelectrics Revealed by Time-resolved
Hard X-ray Microdiffraction

Yi Zhu', Vladimir Stoica'?, I-Cheng Tung’,

Ajay K. Yadav?, II-lWoong Jung', Matthew J. Highland',
Donald A. Walko', Lane Martin®, Ramamoorthy Ramesh3,
Venkatraman Gopalan?, and Haidan Wen'

" Argonne National Laboratory, Argonne, IL 60439
2Pennsylvania State University, University Park, PA 16802
3University of California, Berkeley, CA 94720

By using the newly commissioned THz pump/time
resolved x-ray microdiffraction probe end station,
ultrafast THz induced dynamics in ferroelectric thin films
are investigated at beamline 7-ID-C of the Advanced
Photon Source. The THz peak field is locally enhanced by
metamaterials to exceed 1 MV/cm with a pulse duration
of 1 ps. We first studied the THz-field-induced lattice
structure change in thin film BaTiOs;. A lattice expansion

is found to be the result of the strong THz field induced
vibrational heating effect and the ~10 ns recovery time
matches the thermal exchange time scale between the
thin film and the substrate. The time-dependent lattice
strain around the split-ring resonator is imaged by
scanning probe method, visualizing the THz-field control
on submicron length scales, several orders smaller than
the wavelength of the THz wave. We also investigated
the THz-induced ferroelectric vortex dynamics in thin film
PbTiO4/SrTiO; heterostructure. The anisotropic responses
of vortex domain upon THz-field excitation along two
orthogonal direction clearly show the THz-field-driven
domain dynamics rather than heating that occurs on
longer time scales as observed in the al/a2 domains in the
same sample.
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A-14
Surface and Ligand Effects on Redox
Reactions of U
Maxim Boyanov'?, Dre w Latta"3, Michelle Scherer?, Y- Liu?,
Chongxuan Liu?®, Bhoopesh Mishra"s, Edward O’Loughlin’,
and Kenneth Kemner'
! Biosciences Division, Argonne National Laboratory, Argonne, IL 60439
?Institute of Chemical Engineering, Bulgarian Academy of Sciences,
Sofia 1040, Bulgaria
3Department of Civil and Environmental Engineering, University
of lowa, lowa City, IA 52242
“Pacific Northwest National Laboratory, Richland, WA 99354

SDepartment of Physics, lllinois Institute of Technology,
Chicago, IL 60616

The speciation of uranium (U) is an important control

on its mobility in natural systems. Factors such as the
valence state and the molecular-scale environment of

U influence its solubility and its susceptibility to leaching
by groundwater. Subsurface systems contain a host of
minerals, bacteria, and dissolved ligands; the interaction
between them and U needs to be understood so
appropriate reactions can be included in the Reactive
Transport Models (RTMs) used to predict contaminant
migration and to inform policy decisions.

Here, we study the transformations of U caused by
changes in redox conditions that may result from a
seasonal influx of organic matter or oxidized groundwater.
We have shown previously that the precipitation of
mononuclear UV in biostimulated systems is caused

by the presence of phosphate in the medium. The
reoxidation behavior of such UV-phosphate species is
relatively unknown compared to uraninite. Using x-ray
absorption spectroscopy at the MRCAT/EnviroCAT we

find that UV-phosphate oxidizes to UY' at similar rates as
uraninite. However, when ubiquitous ions such as calcium
and phosphate are present in the groundwater the
transformation pathways and rates change. In particular,
uraninite and UV-phosphate oxidize slower because of the
formation of a surface layer which inhibits further oxidation.
Phosphate also changes the product of uraninite oxidation,
which affects the subsequent stability of UV. Our recent
work also established that UV is stabilized as mononuclear
species by the surfaces of metal oxides. While this finding
may explain the observed predominance of mononuclear
UV in field sediments, the contribution of the clay mineral
fraction to this effect is unknown. Here, we investigate
whether montmorillonite surfaces have a role in the
stabilization of mononuclear UV. An Fe-free clay (SYn-1,
2-100 g/L loading) was reacted with UV and reducing
conditions were established by addition of AH,DS. Using
x-ray absorption spectroscopy we find that UV is reduced



to nano-particulate uraninite. The predominance of
nano-uraninite even at high solids loading suggests that
clays do not have as large a role as metal oxides in the
stabilization of mononuclear U".

This research is part of the Subsurface Science Scientific Focus
Area at Argonne National Laboratory, which is supported by the
DOE Subsurface Biogeochemical Research Program, Office of
Biological and Environmental Research, Office of Science. MRCAT/
EnviroCAT operations are supported by DOE and the MRCAT/
EnviroCAT member institutions. All work at Argonne was under
Contract DE-AC0O2-06CH11357.

A-15

The Three-dimensional Structure of the
Barite (001)-Water Interface

Jacquelyn N. Bracco', Sang Soo Lee', Frank Heberling?,
Paul Fenter!, Andrew G. Stack?, Joanne E. Stubbs?,

and Peter J. Eng*

' Chemical Sciences and Engineering Division, Argonne National
Laboratory, Argonne, IL 60439

2Geochemistry Department, Karlsruhe Institute of Technology,
Karlsruhe, Germany

3 Chemical Sciences Division, Oak Ridge National Laboratory,
Oak Ridge, TN 37830

*GSECARS, University of Chicago, Argonne, IL 60439

The three-dimensional structure of the barite (001)-water
interface has been determined using high-resolution x-ray
reflectivity measurements. Ten crystal truncation rods
were measured, which provide both lateral and vertical
sensitivity to the structure of the barite-water interface.
The results demonstrate that there are two interfacial
water layers with heights of 2.2 = 0.2 and 3.3 = 0.2 A
from the Ba ions at the top surface. The water molecules
in these two layers are coordinated with both the barium
and sulfates at the surface. We also find that the barium
and sulfate atoms at the surface shift laterally (by <015 A)
and vertically (by <012 A), with relaxations occurring up
to three unit cells deep into the sub-surface. The largest
displacements are observed in the top unit-cell layer, with
an increasingly uniform coordination geometry occurring
further into the crystal. Small rotations (<3°) of the surface
sulfate molecules are also needed to explain the XR data.
Overall, our results show a good agreement with those
from a previous specular XR study [1] in terms of the trend
observed in the vertical structural changes, and also
provide new insights into the lateral structural changes.
These results are also consistent with those from previous
molecular dynamics (MD) simulations [2] although the
vertical distributions of adsorbed water molecules in the
MD simulations were more diffuse than those determined
by the present XR data.

[11 Fenter, P; McBride, M.T; Srajer, G.; Sturchio, N.C.; and Bosbach, D.
J. Phys. Chem. B 105, 8112-8119 (2001).

[2] Stack, A.G.; and Rustad, J.R. J. Phys. Chem. C 111, 16387-16391
(2007).
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A-16

Understanding lon Adsorption Processes

at a Charged Mineral-Water Interface

Sang Soo Lee', Changyong Park'3, Kathryn L. Nagy?,

Neil C. Sturchio?*, and Paul Fenter'

' Chemical Sciences and Engineering Division, Argonne National
Laboratory, Argonne, IL 60439

2Department of Earth and Environmental Sciences, University of lllinois
at Chicago, Chicago, IL 60607

3 Current address: HPCAT, Geophysical Laboratory, Carnegie Institution
of Washington, Argonne, IL 60439

4Current address: Department of Geological Sciences, University
of Delaware, Newark, DE 19716

lon adsorption to charged mineral surfaces affects the
transport of elements in aquifers and surface waters. We
investigated the atomic-scale characters of the process
by observing the speciation and dynamics of cations
adsorbed at the negatively charged muscovite (001)—water
interface using in situ high-resolution x-ray reflectivity.
The results show that adsorbed cations can coexist

as three distinct species; inner-sphere (IS), adsorbed
outer-sphere (0S,4), and extended outer-sphere (OS.,,)
complexes [1], whose relative proportions are controlled
by the energy balance among cation hydration, interface
hydration, and electrostatic attraction. This difference in
adsorbed cation speciation can influence the adsorption
and desorption kinetics. As an example, we observed that
IS Rb* transformed slowly to OS Rb* before it was removed
to the bulk solution during desorption (with replacement
by Na®). In contrast, Rb* almost immediately formed an

IS complex from the bulk solution during adsorption

(with desorption of Na*). These results demonstrate

the capability that synchrotron XR has to probe the
atomic-scale structure of the mineral—water interface,

in situ and in real-time.

This material is based upon work supported by the U.S. Department of

Energy, Office of Science, Office of Basic Energy Sciences, Chemical

Sciences, Geosciences, and Biosciences Division under Contracts

DE-AC02-06CHT11357 to UChicago Argonne, LLC as operator of

Argonne National Laboratory.

[1] Lee etal. “Hydrated cation speciation at the muscovite (001)—water
interface.” Langmuir 26, 16647-16651(2010).

A-17

Abiotic Redox Dynamics between Hg and Mn
Bhoopesh Mishra'?, Edward J. O’Loughin?,

Maxim I. Boyanov?3, and Kenneth M. Kemner?

" Physics, Department, lllinois Institute of Technology, Chicago, IL 60616

2Biosciences Division, Argonne National Laboratory, Argonne, IL 60439

3Institute of Chemical Engineering, Bulgarian Academy of Sciences,
Sofia 1040, Bulgaria

Our studies over the past few years demonstrated that

Hg" can be reduced to Hg® by various forms of Fe'" due

to the comparatively higher redox potential of many Hg'"/
HgP couples. Hence we expanded our research and tested
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the potential for reduction of Hg" by Mn", as Mn is Earth’s
second most abundant transition metal next to Fe and is
similar to Fe in several aspects of its geochemistry.

Reduction of Hg" by Mn'" was tested in batch experiments
and solids were characterized by XAFS. Our results show
that at pH 7.5, the majority of Hg" is reduced to Hg® within
three hours. Hg" reduction is coupled with oxidation of
soluble Mn'" to highly insoluble Mn" oxide. Formation

of a Mn" oxide mineral auto-catalyzes the reaction for
the first few hours, followed by significantly slower rates
of Hg" reduction concomitant with changes in the Mn"
mineral phase. The presence of redox inactive mineral
surfaces (e.g., AlLO; and TiO,) inhibits the rate of Hg"
reduction. Hg" reduction by Mn'" results in the formation
of meta-stable Hg' species when complexing ions such as
sulphate are present, followed by slow transformation to
HgP® over an extended period of time.

Under an appropriate change in condition (e.g., pH
fluctuation) due to rainfall or storm events, Mn'V-oxides
formed as a result of Hg" reduction may become oxidants
and re-oxidize Hg° enabling Mn to play a dual role of
reductant as well as oxidant of Hg in natural systems.
Hence, we also tested the ability of Mn'V-oxides to
oxidize Hg® in batch experiments characterizing solids
using XAFS. Our results suggest that under acidic pH
conditions Mn'V-oxides (e.g., p-MnO,) can oxidize Hg°.
Even though oxidation of Hg® by Mn" is not an unexpected
result because Mn" has been shown to oxidize other
contaminants (e.g., Cr'" and UV), the oxidative pathway
of Hg® by Mn" has immense implications on subsurface
Hg biogeochemistry in light of recent findings showing
biogenic Mn oxide mineral coatings on subsurface
geomedia. Clearly, Hg-Mn interactions could have
important implications in redox cycling environments
due to coupled reduction and subsequent oxidation of
Hg by Mn under circumneutral and acidic pH conditions,
respectively. Incorporating these newly found Hg redox
pathways in global Hg cycle models may improve the
prediction of Hg transport, as well as the estimation of
the size of the pool of bioavailable Hg for biochemical
processes like methylation.
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A-18
The Mineral Replacement of Calcite (CaCO;)
by Cerussite (PbCO;)

Ke Yuan', Sang Soo Lee', Vincent De Andrade?,

Neil C. Sturchio®, and Paul Fenter!

' Chemical Sciences and Engineering Division, Argonne National
Laboratory, Argonne, IL 60439

2Advanced Photon Source, Argonne National Laboratory,
Argonne, IL 60439

3Department of Geological Sciences, University of Delaware,
Newark, DE 19716

“Mineral replacement” is a common geochemical
phenomenon which occurs by a coupled dissolution-
recrystallization reaction, transforming a mineral to a
product phase of a different composition while preserving
its original dimensions [1]. Carbonate minerals such as
calcite (CaCOs;) are ubiquitous in Earth’s crust. Insights
into the mechanism of the mineral replacement reactions
of CaCOs, especially the propagation of reaction front

and the evolution of the transient porosity, will benefit

the development of new techniques for ground-water
remediation. One example is the sequestration of lead (Pb)
whose contamination in ground water and soil poses a
significant threat to the safety of drinking water. Previous
studies focused on Pb?" adsorption and incorporation at
calcite surfaces [2,3]. But relatively little is known about
the bulk incorporation of Pb by replacement reactions. We
have studied the replacement of a single crystal calcite

by PbCO; (cerussite) using multiple approaches (Optical
microscopy, Scanning Electron Microscopy (SEM), and
Transmission X-ray Microscopy (TXM). The preliminary TXM
results resolve the spatial distribution of calcite, cerussite,
and pores within a partially replaced calcite crystal. The
lath-shaped cerussite crystallized preferentially parallel to
the original calcite surfaces and disk-shaped pores were
developed parallel to the (1-20) plane of calcite with an
approximately uniform thickness of ~100 nm. The results
suggest the critical role of nano-scale porosity on the
progression of the mineral replacement reaction of calcite.

This work is supported by the Geosciences Research Program, Office
of Basic Energy Sciences, U.S. Department of Energy (DOE) under
Contract No. DE-AC0O2-06CHT11357. The use of the Advanced Photon
Source at Argonne National Laboratory, an Office of Science User
Facility operated by the U.S. DOE Office of Science was supported by
the U.S. DOE under Contract No. DE-AC02-06CHT11357.

[11 Putnis, A. Mineralogical Magazine 66, 689-708 (2002).

[2] Reeder, R.J.; Nugent, M.; Lamble, G.M.; Tait, C.D.; and Morris, D.E.
Environmental Science & Technology 34, 638—-644 (2000).

[3] Callagon, E.; Fenter, P; Nagy, K.L.; and Sturchio, N.C. Environmental
Science & Technology 48, 9263-9269 (2014).
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A-19
Advanced High-resolution Integrated
Optical System

Vitali B. Prakapenka' and Alexander F. Goncharov?
! Center for Advanced Radiation Sources, University of Chicago,
Chicago, IL 60637
2Geophysical Laboratory, Carnegie Institution of Washington,
Washington, DC 20015
Raman and optical spectroscopy in situ at extreme
high pressure and temperature conditions relevant
to the planets’ deep interior is as a versatile tool for
characterization of wide range of properties of minerals
essential for understanding the structure, composition,
and evolution of terrestrial and giant planets. Optical
methods, greatly complementing x-ray diffraction and
spectroscopy techniques, become crucial when dealing
with light elements. Study of vibrational and optical
properties of minerals and volatiles, which are relevant
for the Earth’s and planetary interiors, was a topic of
many research efforts in past decades. A great deal of
information on the materials properties under extreme
pressure and temperature has been acquired including
that related to structural phase changes, electronic
transitions, and chemical transformations. These provide
an important insight into physical and chemical states of
planetary interiors (e.g., nature of deep reservoirs) and their
dynamics including heat and mass transport (e.g., deep
carbon cycle). Optical and vibrational spectroscopy can
be also very instrumental for elucidating the nature of the
materials molten states such as those related to the Earth’s
volatiles (CO,, CH,4, H,0), aqueous fluids and silicate melts,
planetary ices (H,O, CH,4, NHs), noble gases, and H2. The
optical spectroscopy study performed concomitantly with
x-ray diffraction and spectroscopy measurements at the
GSECARS beamlines (sector 13, APS) on the same sample
and at the same P-T conditions would greatly enhance the
quality of this research and, moreover, will provide unique
new information on chemical state of matter.

The advanced high-resolution user-friendly integrated
optical system is currently under construction and
expected to be completed by 2016. In our conceptual
design we have implemented Raman spectroscopy with
five excitation wavelengths (266, 473, 532, 660, 946 nm),
confocal imaging, double sided IR laser heating combined
with high temperature Raman (including coherent
anti-Stokes Raman scattering) and transient (based on a
bright supercontinuum light source) spectroscopies in a
wide spectral range (200-1600 nm).

Details and future combination of this innovative system
with high-resolution synchrotron micro-diffraction at
GSECARS for full characterization of materials in situ at
extreme conditions will be discussed.
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A-20
Laser Ultrasonic Spectroscopy at
Extreme Conditions
Dmitrii Yu. Velikovskii'?, Vitali B. Prakapenka?,
Pavel V. Zinin'2, and Shiv K. Sharma’
" University of Hawaii, HIGP/SOEST, Honolulu, HI 96822
2Scientific and Technological Center of Unique Instrumentation,
RAS, 117342 Moscow, Russia
3 Center for Advanced Radiation Sources, University of Chicago,
Chicago, IL 60637
Understanding of the elastic behavior of minerals under
high pressure is a crucial factor for developing a model
of the Earth structure as the information about Earth
interior comes mainly from seismological data. Laboratory
measurements of velocities and other elastic properties of
minerals are the key for understanding observed seismic
information, allowing us to translate it into quantities such
as chemical composition, mineralogy, temperature, and
preferred orientation of minerals. Laser ultrasonics (LU)
combined with diamond anvil cell (DAC) demonstrated to
be an appropriate technique for direct determination of
the acoustical properties of solids under high pressure.
The use of lasers generating subnanosecond acoustical
pulses in solids allows measurements of the velocities
of shear and longitudinal waves propagated in opaque
materials in situ at high pressure and temperature [1-5].
Absorption of the incident laser pulse energy and the
associated temperature gradients induces a rapidly
changing strain field. This strain field, in turn, radiates
energy as elastic (ultrasonic) waves. At low pulse power,
this is an entirely thermoelastic process resulting in no
damage to the sample. The acoustic echo arriving at
the probed surface causes both the displacement of the
surface (a few nanometers) and the strain in the subsurface
material, which might be detected through its influence
on the optical reflectivity of the material (i.e., through the
acousto-optic effect).

The details of the advanced system including laser
ultrasonics in a point-source-point-receiver configuration
coupled with Raman spectroscopy and laser heating
techniques in the DAC for studying elastic properties of
materials in situ at high pressure and temperature will

be demonstrated. Future combination of this innovative
system with high-resolution synchrotron micro-diffraction at
GSECARS (sector 13, APS) for full structural characterization
of materials at extreme conditions will be discussed.

[17 N. Chigarey, P. Zinin, L.C. Ming, G Amulele, A. Bulou, and V. Gusev.
Appl. Phys. Lett. 93, 181905 (2008).

[2] N. Chigarev, P. Zinin, D. Mounier, A. Bulou, L.C. Ming, T. Acosta,
and V. Gusev. High Pres. Res. 30, 78 (2010).

[3] PV. Zinin, V. Prakapenka, K. Burgess, D.Y. Velikovsky. Scientific
Notes of the Physics Department of Moscow State University 6,
146314 (2014).
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[4] K. Burgess, V. Prakapenka, E. Hellebrand, and PV. Zinin. Ultrasonics
54,963 (2014).

[5] PV. Zinin, K. Burgess, V. Prakapenka, S.K. Sharma, I.B. Kutuza,
N. Chigarev, and V. Gusev. J. of Phys.: Conf. Series, accepted
to publication.

A-21

Updates on Large-volume, High-pressure
Research at GSECARS Beamlines,
Advanced Photon Source

Tony Yu, Yanbin Wang, Feng Shi, Vitali Prakapenka,

Peter Eng, Joanne Stubbs, and Mark Rivers
GeoSoilEnviroCARS, Center for Advanced Radiation Sources,
University of Chicago, Chicago, IL 60637

The development of synchrotron-based large-volume
high pressure (LVP) techniques for studying earth-related
materials under extreme pressure and temperature

(PT) conditions has been an ongoing effort at the
GeoSoilEnviroCARS (GSECARS) of the Advanced Photon
Source (APS). Over the years, these developmental efforts
have enabled us to conduct coordinated studies on earth
materials in both the solid and liquid states under high
PT conditions. In this presentation we will show, with

the following examples, how state-of-the-art techniques
were applied in our recent scientific studies: (1) High

PT ultrasonic velocity measurements, (2) Rheological
properties of earth materials at high pressure and

high temperature, using the deformation DIA (D-DIA),

(3) Acoustic emission recording coupled with the D-DIA
for monitoring ductile vs. brittle behavior and reaction
progress in rock deformation studies, (4) High pressure
three-dimensional imaging of composite materials using
the high-pressure x-ray tomographic microscope (HPXTM),
and (5) Structure studies of non-crystalline materials
using a Paris-Edinburgh Press (PEP) combined with a
multi-channel collimator (MCC). These techniques have
the potential to provide the community with a complete
suite of tools for structure, density, elasticity and viscosity
measurements of earth materials.

A-22

High Pressure Crystallography

at the Partnership for eXtreme
Xtallography Program

Dongzhou Zhang', Przemyslaw Dera', Peter Eng?,
Joanne Stubbs?, Vitali Prakapenka?, Mark Rivers?,

and Jin Zhang'

! University of Hawaii at Manoa, Honolulu, HI 96822

2GSECARS, University of Chicago, Chicago, IL 60637

The Partnership for eXtreme Xtallography (PX"2)
program is a research initiative focusing on high
pressure diamond anvil cell research, supported by the
Consortium for Materials Properties Research in Earth
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Sciences (COMPRES). PX"2 is a collaboration between the
University of Hawaii at Manoa and GeoSoilEnviroCARS
(GSECARS), located at the Advanced Photon Source (APS)
experimental station 13-BM-C. This beamline provides
focused x-rays at two fixed energies: 15 and 29 keV, and

a unique 6-circle heavy duty diffractometer, optimized

for a variety of advanced crystallography experiments
including interface studies, powder and single crystal
structure determination, equation of state studies and
thermal diffuse scattering. Multiple auxiliary experimental
capabilities, including online ruby fluorescence

pressure determination, Raman spectroscopy, and
remotely-controlled resistive heating for diamond anvil
cell, are available for high pressure research. Diffraction
studies at P-T conditions of more than 100 GPa and 1000 K
have been carried out at PX"2, and several materials of
interest to Earth’s deep interior have been studied. These
new capabilities are available to all researchers interested
in studying deep earth materials through the APS General
User Proposal system.

Instrumentation

A-23

In Operando Applications of Combined
USAXS/SAXS/WAXS Measurements at
Pressure or Temperature

Andrew J. Allen', Meagan Papac', Fan Zhangd',
Winnie Wong-Ng', Lyle E. Levine', Jan llavsky?,

and Ross Andrews?

" National Institute of Standards and Technology,
Gaithersburg, MD 20899
2 Argonne National Laboratory, Argonne, IL 60439

Simultaneous in situ small-angle and wide-angle
(diffraction) scattering measurements (USAXS/SAXS/
WAXS) [1], combined with realistic sample environments
(pressure, temperature, processing conditions), provide

a powerful means to follow in real time the correlated
phase composition and microstructure evolutions that
occur in response to changes in environmental conditions.
Examples of major applications in materials science are

as diverse as measuring, in operando, the effects of
precipitation heat treatments in metals and alloys [2],

or determining the response of flexible metal organic
frameworks during adsorption and desorption of H,, CO,
or other gases [3]. We explore these issues in connection
with in operando studies of alloy heat treatments at
elevated temperatures, and CO, sorption studies of novel
solid sorbents under pressure. In operando USAXS/SAXS/
WAXS capabilities show potential for providing important
insights regarding post-build heat treatments for additive
manufacturing or for operation of solid oxide fuel cells
and batteries.



This research used resources of the Advanced Photon Source, a
U.S. Department of Energy (DOE) Office of Science User Facility
operated for the DOE Office of Science by Argonne National
Laboratory under Contract No. DE-AC02-06CH11357.

[11 J.llavsky, F. Zhang, AJ. Allen, L.E. Levine, P.R. Jemian, and
G.G. Long; Metall. Mater. Trans. A 44, 638—76 (2013).

[2] Y. Idell, L.E. Levine, A.J. Allen, F. Zhang, C.E. Campbell, G.B. Olson,
J. Gong, D.R. Snyder, and H.Z. Deutchman; JOM 68, 950-959
(2016).

[3] A.J. Allen, L. Espinal, W. Wong-Ng, W.L. Queen, C.M. Brown,
S.R. Kline, K.L. Kauffman, J.T. Culp, and C. Matranga; J. Alloys &
Compounds 647, 24-34 (2015).

A-24
Single Crystal Diamond X-ray Lens
Development

O. Antipova', S.\V. Baryshev?, S. Baturin?, R. Kostin?,
S. Stoupin', and S. Antipov?
" Euclid Techlabs LLC, Bolingbrook, IL 60440
2X-ray Science Division, Argonne National Laboratory,

Argonne, IL 60439
The next generation light sources such as
diffraction-limited storage rings and high repetition rate
free electron lasers (FELs) will generate x-ray beams with
significantly increased peak and average brilliance. These
future facilities will require x-ray optical components
capable of handling large instantaneous and average
power densities while tailoring the properties of the x-ray
beams for a variety of scientific experiments. In this paper
we report on research and development of a single crystal
diamond compound refractive lens. Diamond is the best
material for high heat load applications. Moreover single
crystal lens preserves coherence of the x-ray beam
because scattering from grain boundaries, voids and
impurities, typical for current beryllium lenses is minimized.
A set of two-dimensional single crystal diamond lenses had
been fabricated by fs-laser cutting and tested at Advanced
Photon Source (Argonne).

A-25

New Focusing Mirror System for

12-BM Beamline at Sector 12 Advanced
Photon Source (APS)

Eric Van Every', Joe Kulesza', Alex Deyhim', Sungsik Lee?,
and Benjamin Reinhart?

"ADC USA Inc., Lansing, NY 14882
2 Argonne National Laboratory, Argonne, IL 60439

The design of a new reflecting upward toroidal focusing
mirror system for use in Advanced Photon Source (APS)
synchrotron radiation 12BM at sector 12 beamline is
described. This mirror system, contains Monolithic, Optical
Grade, Single Crystal Silicon with overall dimensions of
1100 length x 80 width x 50 thick. The operating energy
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range is 5—28 KeV with 2 RMS tangential slope error.

The bender provides a reproducible change in the

radius between 8 and 30 km. It is constructed using UHV
machining and cleaning practices, and bakeable to 120°C.

12-BM is a multi-purpose beamline for spectroscopy (XAS),
small angle scattering (SAXS) and surface scattering.

The beamline is designed to provide a versatile platform
to cover a wide range of experimental needs; XAS,
SAXS/WAXS and Surface Scattering or combination of
techniques on the samples under different experimental
conditions (heating, cooling, in situ catalytic reaction
conditions). In order to achieve an easily adjustable
wavelength between 4.5 and 23 keV, the beamline uses
a water-cooled, double-crystal, fixed-exit monochromator
with Si(111) crystals.

TABLE 1. Bending Magnet Source Characteristics (nominal)

Source APS Bending Magnet
Critical energy 19.51 keV

on-axis peak brilliance 2.9 x 10" ph/sec/mrad?/
at 16.3 keV mm?/0.1%bw

on-axis peak angular flux 9.6 x 10" ph/sec/

at 16.3 keV mrad?/0.1%bw

on-axis peak horizontal angular 1.6 x 10" ph/sec/

flux at 5.6 keV mradh/0.1%bw

Monochromator type Si (1)

4.5 keV-23 keV
1x10

2 x10" @ 12 keV

500 pm x 1200 pm

Energy Range
Resolution (AE/E)
Flux (photos/sec)

Beam Size (focused HxV)

A-26

X-ray Beam Stabilization System Utilizing
Diamond Beam Position Monitors

Andrei Fluerasu', Lutz Wiegart', and Jaime Farrington?

' Brookhaven National Laboratory, Upton, NY 11973
2Sydor Instruments LLC, Rochester, NY 14624

The mechanical, optical, electronic and thermal properties
of diamond make it an ideal material to address the x-ray
beam monitoring needs of modern synchrotrons. Diamond
Beam Position Monitors (DBPMs) have demonstrated to
yield position resolutions of 25 nm for stable beams and

a have shown linear flux responses of at least 11 orders

of magnitude [1]. Readout electronics tailored to suit the
performance and integration needs of DBPMs are needed
to fully harness the potential of the technology. Sydor
Instruments LLC in collaboration with Brookhaven National
Laboratory (BNL) has advanced novel readout electronics
package based on BPM readout systems developed for
the National Synchrotron Light Source Il (NSLSII).
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The SIEPA3P advanced electrometer is a fully integrated
DBPM x-ray beam readout and stabilization system. The
system features digital controls for DBPM operation,
configurable internal feedback routines, digital to analog
outputs for device control and a fast 10 kHz readout for
x-ray beam diagnostics. The system controls are Ethernet
based and compatible with the Experimental Physics and
Industrial Control System (EPICS), utilizing a custom built
Control System Studio (CSS) user interface. The system
has been deployed at the NSLSII CHX beamline for x-ray
beam diagnostics and stabilization. The SIEPA3P utilizes
a Sydor Instruments’ DBPM for beam characterization

in conjunction with a horizontal mirror and a Double
Crystal Monochromator for x-ray beam stabilization. A
general overview of the system and its beam stabilization
performance will be presented.

This material is based upon work supported by the U.S. Department
of Energy Office of Science, Office of Basic Energy Sciences, Small
Business Innovation Research (SBIR), and Small Business Technology
Transfer (STTR) award Number DE-SC0007482. Use of the National
Synchrotron Light Source Il, Brookhaven National Laboratory, was
supported by the U.S. Department of Energy, Office of Science, Office
of Basic Energy Sciences, under Contract No. DE-SC0012704.
[11 J. Bohon, E. Muller, and J. Smedley, “Development of
diamond-based X-ray detection for high-flux beamline diagnostics.”
Journal of Synchrotron Radiation 17, 711-718 (2010).

A-27
Bragg Diffraction from Sub-micron Particles
Isolated by Optical Tweezers
Yuan Gao', Ross Harder', Stephen Southworth’,
Norbert Scherer?, Zijie Yan?, Jeffrey Guest', Leonidas Ocola’,
Matthew Pelton?, and Linda Young'
' Argonne National Laboratory, Argonne, IL 60439
?Department of Chemistry, University of Chicago, Chicago, IL 60637
3Department of Physics, University of Maryland,

Baltimore County, MD 21250
Coherent X-ray diffraction imaging (CXDI) is a sensitive
microscopic method for imaging crystalline and
noncrystalline objects at high spatial resolution. CXDl is
highly developed for mapping the 3D structure of samples
with micrometer and sub-micrometer sizes. In order to
acquire a clear coherent diffraction pattern, the sample
must be held and aligned at sub-micron and milli-degree
accuracy. A major barrier to applying CXDI to freestanding
mesoscopic objects is their tendency to freely move within
the intense beam of the APS. Typically such objects must
be securely bonded to a substrate, which can alter their
internal structures. While the forces moving such particles
is not completely understood, optical tweezers may be
a solution.

Optical tweezers provide a unique method to control
mesoscopic particles, ranging from several microns to tens
of nanometers. The highly focused laser beam generates
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a strong electric field gradient, which can interact with the
dipole moment of the particle and attract it to the center
of the focus. Typically, optical tweezers can apply femto-
to nano- Newton force on mesoscopic particles, which is
enough to suppress the Brownian motion. Combined with
phase modulation techniques, optical traps with different
geometries and polarization can be generated, resulting in
an accurate orientation of anisotropic particles [1,2].

| will present our recent work at Advanced Photon Source,
which combines the dynamic holographic optical tweezers
technology with the coherent x-ray scattering microscopy
of 34-ID-C at APS. We managed to observe coherent Bragg
diffraction from micron scale anisotropic ZnO particles held
and aligned by optical tweezers.

[1] Zijie Yan, Julian Sweet, Justin E. Jureller, Mason J. Guffey,

Matthew Pelton, and Norbert F. Scherer. “Controlling the Position
and Orientation of Single Silver Nanowires on a Surface Using
Structured Optical Fields,” ACS Nano 6(9), 8144—8155 (2012).

[2] Zijie Yan, Justin Jureller, Julian Sweet, Mason Guffey, Matthew
Pelton, and Norbert F. Scherer. “Three-Dimensional Optical Trapping
and Manipulation of Single Silver Nanowires,” Nano Letters 12(10),
5155-5161(2012).

A-28

Benefits of PicoQ® Sensors in
Nanopositioning Applications
Shannon M. Ghorbani

Mad City Labs Inc., Madison, WI 53713

Advances in metrology applications in varied environments
require demanding precision motion systems, resulting

in the need for higher performance position sensors to
ensure position stability, accuracy, and motion resolution.
PicoQ® sensors, exclusive to Mad City Labs piezo
nanopositioners, outperform capacitive sensor systems

in several critical areas such as extended cable length,
inherent position noise, long-term position stability, and
achievable motion resolution. Metrology instrumentation
including interferometers, scanning probe microscopes,
and noise analysis equipment demonstrate several

key measurements which validates the superiority of
nanopositioners using PicoQ® sensors. Motion capabilities
up to 0.5 mm travel with <1 nm step-resolution and
multi-axis configurations allow the finest position control
possible over a wide range of applications. Suitable for
UHV environments, PicoQ® sensors are the clear choice
for precision motion systems.



A-29

New Microfocusing Experimental Station
in 20-ID-C

Steve Heald, Chengjun Sun, and Dale Brewe

X-ray Science Division, Argonne National Laboratory,
Argonne, IL 60439

We have set up a new experimental station in 20-ID-C that
is now available for experiments that need small beams

or require a non-standard setup. It has a set of K-B mirrors
capable of focusing to 5 microns. These K-B mirrors can
be combined with our toroidal focusing mirror to provide

a 15 micron spot with essentially the entire undulator flux.
This is accomplished by having the toroidal mirror focusing
directly onto the K-B mirrors for maximum throughput.
Somewhat surprisingly this can still provide a small focus
with a large working distance. Since it is in the C hutch,
experiment setup can be done while experiments are
ongoing in the B hutch. This makes it convenient for
non-standard experiments that require significant setup
time. The station works well with our miniXS spectrometers
for high-resolution emission spectroscopy. The hutch is
also equipped with laser interlocks and timing electronics
for pump-probe experiments using lasers supplied by

the users.

Sector 20 facilities are supported by the U.S. Department of Energy -
Basic Energy Sciences, the Canadian Light Source and its funding
partners, and the Advanced Photon Source. Use of the Advanced
Photon Source, an Office of Science User Facility operated for the
U.S. Department of Energy (DOE) Office of Science by Argonne
National Laboratory, was supported by the U.S. DOE under Contract
No. DE-AC02-06CH11357.

A-30

A Diced von Hamos Spectrometer for
Time-Resolved X-ray Emission Spectroscopy
Scott Jensen', Gerry Seidler?, and Yulia Pushkar’

' Department of Physics, Purdue University, West Lafayette, IN 47907
?Department of Physics, University of Washington, Seattle, WA 98105

A spectrometer design is presented for time resolved
studies of photosystem Il while similar designs can be
envisioned for elements/energy ranges other than Mn K.
The dispersive geometry (von Hamos) allows detection
of both Mn Kf1,3 and K@’ peaks on a shot by shot basis,
thus minimizing spectral changes from variations in
incident beam intensity and sample concentration. The
experimental setup has a theoretical energy resolution of
<0.2 eV while maintaining an average solid angle ~0.4 msr
per eV over the 6465-6510 eV energy range. This cost
efficient design allows for the easy setup at a beamline
(only requires a 2-D translation stage) by maintaining a
fixed spectrometer/detector geometry and easy sample
alignment. This spectrometer will allow us to probe into
the S3-S0 transition that occurs during water splitting
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in the oxygen evolving complex (Mn4Ca cluster) of
photosystem Il. Analysis of the Mn K3 peaks reflecting the
exchange interaction of valence electrons will give insights
on oxidation state of Mn centers, associated electron
dynamics and it’s timescales as well as on possible
changes in the ligand environment. Spectroscopic results
will help to understand the mechanism of water oxidation
by oxygen evolving complex.

A-31

A Prototype Undulator Made by

Second Generation High Temperature

Superconductor Tapes

Ibrahim Kesgin'?, Charles L Doose?, Matt Kasa?,

Yury Ivanyushenkov?, and Ulrich Welp'

! Material Science Division, Argonne National Laboratory,
Argonne, IL 60439

2 Accelerator Systems Division, Argonne National Laboratory,
Argonne, IL 60439

Undulators are the heart of the storage rings and
free-electron laser based light sources that actually
produce high-brilliance hard x-ray radiations. NbTi based
superconductive undulators (SCUs) have been recently
developed and demonstrated to reach higher on-axis
peak fields; therefore higher brilliance, compared to the
field values achieved with conventional hybrid undulators.
However, NbTi has nearly reached the limits of its
performance. In addition, cooling NbTi coils is an extremely
challenging task. Because of these problems, REBCO

(RE = rare earth, barium copper oxide) second generation
(2G) high temperature superconducting (HTS) tapes have
been considered to be an alternative due to their high
engineering current densities and larger temperature
stability margin, thereby they can be operated at higher
temperatures which can greatly simplify the cryogenics.
Here, a design for building a prototype undulator was
discussed and some of the problems related to fabricating
an undulator magnetic structure using REBCO thin film
superconductors were addressed.

A-32

Diamond Drumhead Crystals

Tomasz Kolodziej', Preeti Vodnala?, Sergey Terentev3,
Vladimir Blank3, and Yuri Shvyd’ko’

' Advanced Photon Source, Argonne National Laboratory,
Argonne, IL 60439
?Northern lllinois University, Department of Physics, DeKalb, IL 60115
3 Technological Institute for Superhard and Novel Carbon Materials,
142190 Troitsk, Russian Federation

Ultra-thin (< 100 um) diamond single crystals are essential
for the realization of numerous next generation x-ray
optical devices. Fabrication and handling of such ultra-thin
crystal components without introducing damage and
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strain is a challenge. Drumhead crystals, monolithic crystal
structures comprised of a thin membrane furnished

with a surrounding solid collar would be a solution for

the proper handling ensuring mechanically stable and
strain-free mount of the membranes with efficient thermal
transport. However, diamond being one of the hardest and
chemically inert materials poses insurmountable difficulties
in the fabrication. Here we report on a successful
manufacturing of the diamond drumhead crystals using
picosecond laser milling. Subsequent temperature
treatment appears to be crucial for the membranes to
become defect-free and unstrained, as revealed by x-ray
double-crystal topography on an example of drumhead
crystals with 1-mm in diameter and 28 pum to 47 pum-thick
membranes in the (100) orientation.

A-33

Preliminary Evaluation of JTEC Ultra-precise
K-B Nano-focusing Mirrors at 34-ID-E

Wenjun Liu, Ruging Xu, Jonathan Tischler, Deming Shu,
and Xianghui Xiao

Advanced Photon Source, Argonne National Laboratory,
Argonne, IL 60439

We report the results of preliminary evaluation of JTEC
ultra-precise K-B nano-focusing mirrors at 34-ID-E
beamline. This is the first set of JTEC mirrors (or Osaka
mirrors) to be used at APS beamline. Mirrors were
fabricated by using elastic emission machining (EEM)
method to achieve atomic-precision polishing for an
elliptical shape. Mirror performance, design of mirror
controls, beamline optics, and radiation damage concerns
are discussed. This mirror pair will be used for routine
operation of the 3D Laue diffraction microscope and full
field imaging at the 34-ID microdiffraction beamline.

This research used resources of the Advanced Photon Source, a
U.S. Department of Energy (DOE) Office of Science User Facility
operated for the DOE Office of Science by Argonne National
Laboratory under Contract No. DE-AC02-06CH11357.

A-34

Development of Back-end Electronics
for Next-generation X-ray Detectors
Timothy Madden, Jonathon Baldwin, Robert Bradford,
Tom Cecil, Lisa Gades, Antonino Miceli, Chris Piatak,
John Weizeorick, Taylor Shin', Russell Woods,

and Daikang Yan

X-ray Science Division, Argonne National Laboratory,

Argonne, IL 60439

The APS Detector Group is currently developing back-end
electronics for three next-generation detectors: FASPAX,
TES, and VIPIC. The electronics for FASPAX, a pixellated
integrating detector for high-speed image acquisition,
features Xilinx Zyng-based hardware that includes Field
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Programmable Gate Array (FPGA) logic and on-board ARM
processor, and A/D conversion The ARM processor will run
an EPICS 10C for control of the detector. The FPGA fabric
features firmware for controlling a new Fermilab-designed
ASIC, and high speed data transfer over 10GB Ethernet.
The 10GB Ethernet firmware was designed at APS. The
TES detector electronics is based on a commercial

FPGA platform called ROACH. ROACH is an open-source
hardware and software platform featuring a large Xilinx
FPGA, Power PC processor, several 10GB Ethernet SFP+
interfaces, and a collection of daughter boards for analog
signal generation and acquisition. The combination of a
ROACH board, ADC/DAC conversion daughter boards,
and hardware for RF mixing allows for the generation

and capture of multiple RF tones sourced through
microwave multiplexed x-ray TES microcalorimeters. The
VIPIC detector electronics, like FASPAX, are based on the
Xilinx Zyng FPGA/ARM processor hardware, and will run
an I0C on the ARM processor, and use the FPGA fabric for
high speed readout of the VIPIC detector.

Argonne National Laboratory’s work was supported by the
U.S. Department of Energy, Office of Science, Office of Basic Energy
Sciences, under contract DE-AC02-06CH11357.

A-35
The APS Detector Pool

Chris Piatak, Nino Miceli, Lisa Gades, and Russ Woods

X-ray Science Division, Argonne National Laboratory,
Argonne, IL 60439

The APS Detector Pool provides Users with access

to many different types of x-ray detectors and related
equipment. The most popular devices include: Area
Detectors (Pilatus 100K, PixiRad, Mar 165 CCD), Microscopy
Cameras (Andor Neo, Prosilica), Spectroscopic Detectors
(Vortex ME4, Oxford Ge, Amptek CZT), Point Detectors
(Oxford Cyberstar, Mythen silicon strip, PIN Diodes), and
Temperature Control Stages (Linkam, CryoStream). It

also coordinates equipment loans between beamlines,
provides hardware and EPICS troubleshooting, and works
with vendors to circulate demo units of next generation
detectors.

A-36

Vortex® Multi-element SDD XRF
Spectrometers for High Count
Rate Applications

V.D. Saveliev, L. Feng, S. Barkan, J. Wang, and EV. Damron
Hitachi High-Technologies Science America. Inc., Northridge, CA 91324

High resolution x-ray spectrometers based on the
Silicon Drift Detector (SDD) are established tools for
X-ray Microanalysis, X-ray Fluorescence and other
energy dispersive applications. Besides excellent



energy resolution the SDD spectrometers demonstrate
very high count rate capability. For that reason the

SDD spectrometers are ideal for the synchrotron beam
applications, such as EXAFS (Extended X-ray Absorption
Fine Structure) and XANES (X-ray Absorption Near-Edge
Structure), especially because of the increasing flux
provided by current synchrotron sources and synchrotron
sources of next generation.

Despite high count rate capability of the SDD further
improving of the count rate performance is very important
development aspect of the SDD spectrometers and a
general way to achieve that is an implementation of
multi-element SDD arrays. We will present the results

of our design efforts toward the development of 3- and
4-element SDD XRF spectrometers with extremely high
counting rate performance.

The multi-element SDD XRF spectrometers utilize our

0.5 mm or 1 mm thick Vortex® SDD with the sensitive

area of 50 mm? which is integrated with new advanced
front-end ASIC preamplifier. We have evaluated
performance of the SDD spectrometers by collecting

Mn XRF spectra over a range of count rates using a
conventional pulse processing electronics (DPP) and novel
adaptive pulse processing electronics. With conventional
DPP we have achieved the output count rate up to

850 Kcps per channel at about 50% dead time (DT) and

at the energy resolution (FWHM at 5.9 keV) better than
220 eV. The adaptive pulse processing electronics allow
achieving even higher than 2—-3 Mcps per channel output
count rate at relatively low DT and at the energy resolution
better than 200 eV.

We have developed various multi-element SDD XRF
spectrometers which are offering large solid angle,
excellent energy resolution and high count rate
performance and could be used for different synchrotron
applications. The detailed data demonstrating the

total solid angle of different multi-element SDD XRF
spectrometers, their energy resolution and output count
rate performance will be presented.

A-37

How Can Laboratory-based XAFS and XES
Complement Synchrotron X-ray Science?
Gerald T. Seidler, Alexander Ditter, Devon Mortensen,
Evan Jahrman, William Holden, and Oliver Hoidn

Physics Department, University of Washington, Seattle, WA 98195

Recent developments in XAFS and XES using only
conventional x-ray tube sources suggest a wide range

of applications for both research and ‘routine’ analytical
applications. Here we survey both technical and scientific
progress to date in this ongoing research effort. Results
include direct comparison of XANES and XES between
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lab-based and synchrotron studies; measurement of a
comprehensive set of valence-to-core XES in numerous
reference transition metal compounds; XANES studies

of all-vanadium flow battery electrode solutions; direct
studies of pouch cell batteries; identification of several
independent families of multielectron effects in Ni XES; and
demonstration of a new Rowland circle implementation
that allows pre-alignment of spherical optics to accelerate
instrument reconfiguration when changing energy ranges.
This body of work will be discussed especially in the
context of the UW’s new CEI-XANES user facility, which
now supports quick-turnaround mail-in service for many
XANES measurements of transition metal and lanthanide
compounds. The benefits and limitations of benchtop XES
as an on-site complement to synchrotron XAFS beamline
capability will also be addressed.

This work was supported by the University of Washington Clean
Energy Institute and the U.S. Department of Energy, Basic Energy
Science and Fusion Energy Sciences.

[1] GT. Seidler and D.R. Mortensen, et al., Rev. Sci. Instrum. 85, 113906
(2014); http://dx.doi.org/10.1063/1.4901599.

[2] D.R. Mortensen, G.T. Seidler, A.S. Ditter, and P. Glatzel, “Benchtop
Nonresonent X-ray Emission Spectroscopy,” accepted XAFS16
Proceedings, arXiv:1509.05711.

[3] G.T. Seidler and D.R. Mortensen, et al., “A Modern Laboratory XAFS
Cookbook,” accepted XAFS16 Proceedings, arXiv:1509.05708.

A-38
How to Specify Super-smooth Mirrors for
Next-generation Light Sources

Xianbo Shi, Lahsen Assoufid, and Ruben Reininger

Advanced Photon Source, Argonne National Laboratory,
Argonne, IL 60439

The advent of high-brilliance synchrotron radiation sources
with low emittance and high degree of coherence has
urged the development of super-smooth x-ray mirrors,
which have sub-nanometer height errors and sub-50-nrad
slope errors. To ensure the optical performance and

avoid procuring significantly more expensive mirrors than
required, the power spectral density (PSD) function in a
large spatial frequency range has to be known. In addition,
a better understanding of the diffraction effects of different
spatial frequencies is required to guide the specification

of the mirror in the beamline design phase. In this work,
two typical focusing conditions for the APS upgrade

are studied, the diffraction limited focusing and the
demagnification dominated focusing. The surface error
effects are studied by the Church and Takacs method [1] as
well as the numerical simulation using HYBRID [2], a newly
developed method combining ray-tracing and wavefront
propagation. From this information the mirror specification
based on the PSD are suggested.
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The Advanced Photon Source, an Office of Science User Facility
operated for the U.S. Department of Energy (DOE) Office of Science by
Argonne National Laboratory, was supported by the U.S. DOE under
Contract No. DE-AC02-06CH11357.

[1] E.L. Church, Opt Eng. 34, 353 (1995).

[2] X. Shi, R. Reininger, M. Sanchez Del Rio, and L. Assoufid,
J. Synchrotron Radiat. 21, 669 (2014).

A-39

High Speed X-ray Detector Optimization
for FASPAX

Kyung-Wook (Taylor) Shin', John Baldwin', Davide Braga?,
Robert Bradford', Gregory Deptuch?, Farah Fahim?,

Timothy Madden', and Tom Zimmerman?
! X-ray Science Division, Argonne National Laboratory,
Argonne, IL 60439
2 Particle Physics Division, Fermi National Accelerator Laboratory,
Batavia, IL 60510
Due to the APS (Advanced Photon Source) upgrade, a high
dynamic range (readout rate of at least 10° photons per
bunch per pixel) detector implementation is a mandatory
to maximize benefit of the brighter beamlines. Since
conventional photon-counting detectors are limited in
terms of linearity up to 1 Mcps/mm?, we have chosen a
photon integration scheme rather than counting photons
one by one to achieve the extreme dynamic range (at least
10%) and readout speed simultaneously. However, such
enormous amount of impinging photons per bunch causes
a plasma delay effect which slows the detector readout
speed down to microsecond range per readout. This effect
can be avoided by applying an extremely large bias field
(> 2 MV/um) onto photo-converters in the detector. In this
work, we will introduce the photo-converter guard ring
optimization results from Silvaco™ TCAD simulations.

Work at Argonne National Laboratory was supported by the
U.S. Department of Energy, Office of Science, Office of Basic Energy
Sciences, under Contract No. DE-AC02-06CH11357.

A-40

Mechanical Design of Nanopositioning
Flexure Stages for Four Crystal Hard
X-ray Beam Split-and-delay Line with
Coherence Preservation

Deming Shu', Yuri Shvyd’ko', Stanislav Stoupin’,
Jayson Anton'?, Steven Kearney', and Kurt Goetze'

! X-ray Science Division, Argonne National Laboratory,
Argonne, IL 60439
2University of lllinois at Chicago, Chicago, IL 60607

The split-and-delay line is one of the promising technical
approaches to study complex nanoscale dynamics

in condensed matter in a broad dynamic range from
femtosecond to nanosecond regimes by x-ray photon
correlation spectroscopy (XPCS) using coherent

x-rays from x-ray free-electron lasers (XFELSs) [1] and
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diffraction-limited synchrotron radiation sources, such

as the proposed APS upgrade project [2]. A prototype of
nanopositioning stage group for the four-crystal hard x-ray
split-and-delay line instrument [3—7] has been designed,
manufactured and assembled at the APS. Mechanical
design of nanopositioning flexure stages for four crystal
hard x-ray beam split-and-delay line with coherence
preservation is presented in this poster.

Work at Argonne is supported by the U.S. Department of Energy, Office
of Science, under Contract No. DE-AC0O2-06CHT11357.

[1] G. Grubel et al., Nucl. Instrum. Methods Phys. Res. B 262,
357-367 (2007).

2] http://www.aps.anl.gov/Upgrade/APS Upgrade project.
3] Y.P. Stetsko et al.,, Appl. Phys. Lett. 103, 173508 (2013).
4] Technical Report No. SLAC-R-593, SLAC, 2002.

5] W. Roseker et al.,, Opt. Lett. 34,1768 (2009).

6] W. Roseker et al., J. Synchrotron Radiat. 18, 481 (2011).

7] D. Shu, Y. Shvyd’ko, S. Stoupin, J. Anton, S. Kearney, and K. Goetze,
Proceedings of ASPE 2015 Annual Meeting, Nov. 2015, Austin, TX.
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A-41
Quick Scanning Monochromator Upgrade
at XAFS Beamline 9-BM

George E. Sterbinsky, Tianpin Wu, and Steve M. Heald

Advanced Photon Source, Argonne National Laboratory,
Argonne, IL 60439

APS beamline 9-BM has recently been upgraded to include
a new quick-scanning monochromator, which provides
improved beam stability and will allow for quick-XAFS data
collection. In combination with the existing gas handling
system and low energy capability (down to 2.1 keV) 9-BM is
now an ideal location for in situ catalysis experiments. Here
we review the details of these capabilities and the scientific
research that they enable.

Use of the Advanced Photon Source, an Office of Science User Facility
operated for the U.S. Department of Energy (DOE) Office of Science by
Argonne National Laboratory, was supported by the U.S. DOE under
Contract No. DE-AC0O2-06CH11357.

A-42

Application of a Pixel-array Area Detector for
Simultaneous Non-resonant and Sequential
Resonant Fe K3 and Cu K X-ray Emission
Spectroscopies

Cheng-Jun Sun’, Robert A. Gordon?, and Steve M. Heald'

' X-ray Science Division, Argonne National Laboratory,
Argonne, IL 60439

2Department of Physics, Simon Fraser University, Burnaby, BC,
Canada V5A 1S6

By using a pixel-array area detector, an experiment
technique for simultaneous non-resonant and sequential
resonant Fe K3 and Cu K@ x-ray emission spectroscopic



measurements is developed at the miniature x-ray
spectrometers (miniXS) experimental station at Sector
20-ID beamline. This methodology enables the flexibility
of simultaneous non-resonant emission and sequential
resonant x-ray emission measurements at multiple
absorption edges at a given sample, which could take full
advantage of the high flux by the APS_U.

Sector 20 facilities at the Advanced Photon Source, and research
at these facilities, are supported by the U.S. Department of Energy

- Basic Energy Sciences, the Canadian Light Source and its funding
partners, and the Advanced Photon Source. Use of the Advanced
Photon Source, an Office of Science User Facility operated for the
U.S. Department of Energy (DOE) Office of Science by Argonne
National Laboratory, was supported by the U.S. DOE under Contract
No. DE-AC02-06CH11357.

A-43
VIPIC: A Novel Detector for X-ray
Photo-correlation Spectroscopy (XPCS)
John Weizeorick', Robert Bradford', Gabriella Carini?,
Gregory Deptuch?, Eric Dufresne’, Piotr Grybos*, Scott Holm?3,
Anthony Kuczewski®, Timothy Madden', Piotr Maj?,
Joseph Mead®, Suresh Narayanan', Abdul Rumaiz®,
and Peter Siddons®
! X-ray Science Division, Argonne National Laboratory,
Argonne, IL 60439
2Stanford Linear Accelerator Center, Menlo Park, CA 94025
3Particle Physics Division, Fermi National Accelerator Laboratory,
Batavia, IL 60510
4 AGH University of Science and Technology, Krakow, Poland
SPhoton Sciences Directorate, Brookhaven National Laboratory,
Upton, NY 11973

VIPIC (Vertically Integrated Photon Imaging Chip) is

a hybrid pixel detector currently being developed for
coherent speckle experiments. VIPIC will use a unique
multi-layer readout chip allowing more logic to be
embedded in the ASIC. Most importantly, only those pixels
hit by an x-ray during the exposure window will be read
out. The reduced readout for sparse images increases

the frame rate and makes this detector ideal for x-ray
photon-correlation spectroscopy (XPCS) or other time
resolved-techniques with low signal levels. Currently under
development, the collaboration is working to produce a

1 Mega-pixel detector within the next few years.

This poster will give an overview of the detector and
present recent highlights from the development effort,
including beam testing of detector prototypes.

Argonne National Laboratory’s work was supported by the
U.S. Department of Energy, Office of Science, Office of Basic Energy
Sciences, under contract DE-AC0O2-06CH11357.
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A-44

Dual Pinhole Mini-beam Collimator Provides
Lower Background

Shenglan Xu, Nagarajan Venugopalan, Oleg Makarov,
David Kissick, and Robert F. Fischetti

GM/CA and XSD, Advanced Photon Source, Argonne National
Laboratory, Argonne, IL 60439

The GM/CA-developed, quad-mini-beam collimator,
advanced rastering and vector data-collection software
tools, have enabled successful data collection on some of
the most challenging problems in structural biology. This
is especially true for membrane-protein crystals grown

in lipidic cubic phase, where crystals are typically small,
fragile, and “invisible” when cryo-cooled.

There are two main sources of x-ray scattering (besides
the sample) that reach the detector, contribute to
background and limit data resolution. These are scattering
within the collimator that escapes the exit aperture and
air-scattering of the direct beam before it terminates in the
beamstop. Scattering from the collimator can be reduced
by decreasing the exit aperture size. A quad mini-beam
collimator was built consisting of 5-, 10-, 20- and 150 pm
beam defining apertures with 50-, 70-, 100- and 300 um
exit apertures, respectively.

Previous collimators were positioned in the x-ray beam
by two motorized translational motions and two manual
angular adjustments via a kinematic mount. The individual
beams were selected by recalling stored translational
positions. The pitch and yaw angular adjustments are
manually pre-adjusted to one optimal position for all

four apertures. Due to reduced tolerance in this new
design, aligning each of the pin-hole combinations to
high-precision required motorizing both translational and
angular motions.

Design and construction of the improved mini-beam
collimator and the extent of background reduction will
be discussed.

A-45

Development of Transition Edge Sensor
Micro-calorimeters for X-ray Science
Daikang Yan'?, Thomas Cecil?, Ralu Divan®, Lisa Gades?,

Timothy Madden?, and Antonino Miceli?

" Northwestern University, Evanston, IL 60208

2 Advanced Photon Source, Argonne National Laboratory,
Argonne, IL 60439

3 Center for Nanoscale Materials, Argonne National Laboratory,
Argonne, IL 60439

The Detectors group at APS has an active research
program in the development of superconducting detectors
for x-ray science. We have recently started developing
transition edge sensors (TES) for use at synchrotron light
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sources. A TES is a highly sensitive mirco-calorimeter and
they have been used for a wide range of applications from
studying the cosmic microwave background to improved
identification of radioactive materials. Additionally, TES
offer among the highest energy resolution of solid state
x-ray detectors. TES offer many new opportunities at x-ray
synchrotrons including improved XAFS of dilute samples,
fluorescence microscopy, and Compton scattering. To
fully realize these opportunities several improvements are
required in areas of array size, multiplexing, single pixel
speed, and absorber efficiency. We present an update on
the work done in our group on several of the necessary
technologies including cold multiplexing electronics, room
temperature electronics, and absorber fabrication.

Use of the Center for Nanoscale Materials was supported by the

U.S. Department of Energy, Office of Science, Office of Basic Energy
Sciences, under Contract No. DE-AC02-06CH11357 Work at Argonne
National Laboratory was supported by the U.S. Department of Energy,
Office of Science, Office of Basic Energy Sciences, under Contract
No. DE-AC02-06CH11357. We gratefully acknowledge assistance from
Leo Ocola, Dave Czaplewski, and Suzanne Miller at CNM.

Materials Science

A-46

Application of X-ray Computed Tomography
to the Characterization of Graphite
Morphology in Cast Iron

Chihpin Chuang

Argonne National Laboratory, Argonne, IL 60439

Since the morphology of graphite plays a critical role

in determining the physical properties of cast irons, the
classification of graphite in terms of size, distribution

and type in cast irons is usually used to as a reference

to concisely define the material being made. Current
industrial standard to evaluate the morphology of graphite
in cast iron relies mainly on the subjective comparison

of 2D metallography images of the specimen and ASTM/
ISO Standard images. However, what really matters

is the 3D morphology of the graphite and its spatial
arrangement within the alloy, which cannot be judged
reliably from 2D slices. The development of high energy
x-ray tomography in recent decades makes it a promising
technique to characterize graphite morphology in 3D. In
this study, we used x-ray tomography technique to perform
3D-characterization of graphite morphologies in cast irons
with different inoculation processes. The size, shape,
spatial connectivity and structure of different graphite
morphologies were examined in detail. In addition, the
result of 3D analysis is compared with the traditional

2D technique, and advantages and/or shortcomings of the
technique are discussed.
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A-47

Ligand Substitution and Guest Exchange in
a Metal-Organic Framework Monitored by
in situ Dynamic X-ray Diffraction Techniques

Jordan M. Cox, lan M. Walton, and Jason B. Benedict
Department of Chemistry, SUNY Buffalo, Buffalo, NY 14260

Metal-organic frameworks (MOFs) are a class of materials
which have attracted much attention in recent years for
their potential applications in separations, gas storage,
and drug delivery. While single-crystal x-ray diffraction
remains the premier method to obtain Angstrom
resolution structural information for crystalline solids,

the length of a typical data collection generally limits a
routine experiment to probing thermodynamically stable
structures. However, in situ x-ray diffraction techniques can
be employed to allow scientists the opportunity to explore
metastable and transient crystalline species, as well as
the real time responses of crystalline materials to stimuli
such as temperature, light, pressure, and local chemical
environment.

We report the development of an improved environmental
control cell for in situ x-ray diffraction applications, as

well as the development of novel techniques for use

with such a device. We have also employed this device

to study a cobalt-based MOF, [Co(aip)(bpy)es(H,0)]«2H,0
(aip = 5-aminoisophthalate, bpy = 4,4’-bipyridine), and

the ethanol solvation/desolvation processes within the
crystalline lattice. During the course of this study, a novel
congener of this framework was determined which was
effectively dehydrated by the application of ethanol, a
process which was not observed in studies of crystals in
bulk. An explanation for this process as well as the kinetic
studies of the solvation/desolvation processes will be
presented as well.

A-48

Investigating Porosity in Additively

Manufacturing Metal Components Using

Synchrotron X-ray Microtomography

Ross Cunningham', Sneha P. Narra?, Tugce Ozturk’,

Jack Beuth?, and Anthony Rollett

' Department of Materials Science and Engineering, Carnegie Mellon
University, Pittsburgh, PA 15213

?Department of Mechanical Engineering, Carnegie Mellon University,
Pittsburgh, PA 15213

Direct Metal Additive Manufacturing is an emerging
manufacturing technique that has been gaining significant
exposure due to its potential ability to manufacture
complex parts with shorter lead times, minimal post
processing, and reduced material waste. Of this family

of technologies, the powder-bed systems are some

of the more developed. One major obstacle for the



widespread commercialization of these processes is the
porosity present in the final parts. Currently a hot isostatic
press treatment is performed to reduce porosity, but it
subsequently reduces strength and adds an additional
processing step that reduced the cost and time benefits
that underline this technology.

Previous work by the authors utilized synchrotron x-ray
tomography to investigate the effect of processing
parameters on porosity in additively manufactured
Ti-6Al-4V [1]. This work continues that investigation with

a focus on determining the source of porosity, with an
emphasis on statistical comparison to porosity found in the
starting powder. Results suggest that porosity transferred
from the starting powder is the dominant contributing
factor for the normal range of processing conditions, below
and above which other formation mechanisms take over.

[11 Cunningham, Ross, et al. “Evaluating the Effect of Processing
Parameters on Porosity in Electron Beam Melted Ti-6Al-4V via
Synchrotron X-ray Microtomography.” JOM: 1-7.

A-49

Structure of the Surface Zone in Rat Enamel
Caries Lesions

Robert Free, Stuart Stock, and Derk Joester

Department of Materials Science and Engineering, Northwestern
University, Evanston, IL 60208

Dental caries, or tooth decay, is one of the world’s most
ubiquitous forms of infectious disease, with a nearly

100% prevalence over the life of any individual [1].

Caries progression involves acidic dissolution of tooth
enamel induced by bacterial biofilms in the oral cavity. In
humans, a largely intact surface zone (SZ) comprises the
outermost 30-50 um of early stage lesions and remains
highly mineralized until cavitation of the underlying lesion
body. It is clear that a large amount of material transport
occurs across the SZ during caries progression, but the
connection between the multi-scale architecture of the

SZ and its transport properties remains poorly understood.
At the nanoscale, our group recently demonstrated that
thin amorphous intergranular phases (AIGPs) between
hydroxylapatite crystallites strongly influence the acid
susceptibility of the overall enamel system [2,3], and we
are currently working to elucidate how these interphases
participate during in vivo caries by analyzing their structure
and composition via a rat caries model.

In vivo caries models in rats have long been the gold
standard for investigating the disease, and they have
been crucial in establishing much of our understanding,
including revealing the joint role of diet and bacterial
infection, the potential inhibitory role of fluoride on

the disease’s advance, and the remineralizing role of
saliva [4]. However, the existence of SZs in rats has not
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been previously reported. Because the SZ is implicated
as a key feature of caries in humans, and their presence
is important to the applicability of our AIGP studies, it is
valuable to confirm their existence in rat caries models. |
will present high-resolution synchrotron x-ray computed
microtomographic evidence that SZs do indeed form
during induced caries in rats.

[1] “Oral health” Fact sheet (World Health Organization
Media Centre; 2012).

[2] L.M. Gordon, Michael J. Cohen, Keith W. MacRenaris, Jill D. Pasteris,
Takele Seda, and Derk Joester. “Amorphous intergranular phases
control the properties of tooth enamel.” Science 347,

746-750 (2015).

[3] L.M. Gordon and Derk Joester. “Mapping residual organics and
carbonate at grain boundaries and in the amorphous interphase in
mouse incisor enamel.” Frontiers in Physiology 6(57), 1-10 (2015).

[4] W.H. Bowen. “Rodent models in caries research.” Odontology 101(1),
9-14 (2013).

A-50

Heusler Phase Identification in the Co-Fe-Si
Ternary System Using Synchrotron

Powder Diffraction

Mary Hawgood, John Hasier, and Philip Nash

Thermal Processing Technology Center, lllinois Institute of Technology,
Chicago, IL 60616

Published phase diagrams for the Co-Fe-Si system [1-4] do
not contain the well-established half-metallic ferromagnetic
Co,FeSi L2, structured Heusler type intermetallic phase [5].
An investigation of phase stability of compounds along

the Co50FexSi,s. composition line was performed via
isothermal heat treatment at 1160°C and 800°C. Traditional
Cu K, radiation produces a high fluorescence background
that made phase determination inconclusive. The Co-Fe-Si
system was investigated using synchrotron x-ray diffraction
data obtained from the Advanced Photon Source at the
Argonne National Laboratory. High brilliance, high-energy
diffraction enabled observation of low-angle superlattice
peaks to confirm the degree of ordering. Powder diffraction
data, analysed with the GSAS-II refinement software,
reaffirms the presence of Co,FeSiin an L2, structure and
indicates a broader range of compositional stability than
initially hypothesized.

[1] Pierre Villars, Material Phases Data System (MPDS), CH-6354
Vitznau, Switzerland (ed.) SpringerMaterials, “Co-Fe-Si Isothermal
Section of Ternary Phase Diagram.” http://materials.springer.com.
ezproxy.gliit.edu/isp/phase-diagram/docs/c_0925094. c_0925094
(Springer-Verlag GmbH, Heidelberg, © 2014). Accessed:
26-03-2016.

Pierre Villars, Material Phases Data System (MPDS), CH-6354
Vitznau, Switzerland (ed.). SpringerMaterials, “Co-Fe-Si Isothermal
Section of Ternary Phase Diagram.” http://materials.springer.
com.ezproxy.gl.iit.edu/isp/phase-diagram/docs/c_0925091.
c_0925091 (Springer-Verlag GmbH, Heidelberg, © 2014). Accessed:
26-03-2016.
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[3] Raynor GV, and Rivlin V.G., “Co-Fe-Si. Phase Equilibria in Iron
Ternary Alloys.”

[4] Vogel R, and Rosenthal K., “Das System
Eisen-Kobalt-Kobaltsilizid-Eisensilizid.” Archiv Fir Das
Eisenhdittenwesen 9 (1935/36) 293-299 (in German).

[5] Wurmehl S., Fecher G.H., and Kandpal H.C,, et al. “Geometric,
electronic, and magnetic structure of Co2FeSi: Curie temperature
and magnetic moment measurements and calculations.” Phys Rev B
72:184434-9, doi:10.1103/PhysRevB.72.184434 (2005).

A-51

Combined X-ray Line Profile and
Pair Distribution Function Analysis
of Pseudocapacitive 3-MnO,
Nanosheet Assemblies

Peter C. Metz, Trevyn Hey, Peng Gao, and Scott T. Misture
Inamori School of Engineering, Alfred University, Alfred, NY 14802

While pair distribution function (PDF) analysis has proven
extremely successful in determining the structure of
complex and poorly crystalline nanomaterials, non-trivial
interparticle correlations can obfuscate details of the
crystal or molecule of interest. Especially in the case of
self-assembled 2D nanosheet devices, robust methods

to disentangle inter- and intraparticle contributions to the
scattered signal are becoming increasingly necessary.
Following the precepts of the “complex modeling” strategy
[1], we are developing a method to simultaneously fit both
the scattered intensity distribution and the PDF, which have
complementary sensitivity to the intersheet correlations
and intrasheet atomic coordination environment. We

have developed a Python-based refinement engine

to drive DIFFaX [2] in a Reitveld-like method to refine
stacking models from the scattered intensity distribution.
Consequently, features in the PDF arising from sheet-sheet
correlations are correctly accounted for and the PDF can
be fit over large radius.

We have studied electrostatically self-assembled 8-MnO,
nanosheets in dry and aqueous conditions, and in a
carbon composite typical of capacitor electrodes using
APS 11-ID-B. Our results corroborate the pH-dependent
defect model of Maneau et al. [3]. Heat treatment of these
assemblies above 200°C leads to an apparent phase
transformation to the cryptomelane structure. Analysis

of electrochemically cycled carbon-6-MnO, composites

is underway.

This material is based upon work supported by the National Science
Foundation under Grant No. DMR-1409102. PM was partially funded
by the U.S. Department of Energy Office of Science Graduate Student
Research Program, administered by the Oak Ridge Institute for
Science and Education under contract number DE-AC05-060R23100.
This research used resources of the Advanced Photon Source, a
facility operated for the DOE Office of Science by Argonne National
Laboratory under Contract No. DE-AC02-06CH11357.
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[11 P.Juhas, C.L. Farrow, X. Yang, K.R. Knox, and S.J.L. Billinge,
“Complex modeling: A strategy and software program for
combining multiple information sources to solve ill posed structure
and nanostructure inverse problems,” Acta Crystallogr. Sect. A
Found. Adv., vol. 71, no. 6, pp. 562-568 (2015).

M.M.J. Treacy, J.M. Newsam, and MW. Deem, “A General Recursion
Method for Calculating Diffracted Intensities from Crystals
Containing Planar Faults,” Proceedings of the Royal Society A:
Mathematical, Physical and Engineering Sciences, vol. 433,

no. 1889. pp. 499-520 (1991).

A. Manceau, M.A. Marcus, S. Grangeon, M. Lanson, B. Lanson,
A.C. Gaillot, S. Skanthakumar, and L. Soderholm, “Short-range and
long-range order of phyllomanganate nanoparticles determined
using high-energy X-ray scattering,” J. Appl. Crystallogr., vol. 46,
no. 1, pp. 193-209 (2013).
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A-52

Combining EXAFS and Anomalous X-ray
Scattering to Develop Structure-property
Relationships in Amorphous Transparent
Conducting Oxides

Stephanie L. Moffitt, Qimin Zhu, Qing Ma,

Donald B. Buchholz, Robert P.H. Chang, Thomas O. Mason,
Tobin J. Marks, and Michael J. Bedzyk

Northwestern University, Evanston, IL 60208

Large-area flexible displays are the current driver of

the field of transparent conducting oxides (TCOs).

Distinct property changes evolve in TCOs when they are
deposited under conditions compatible with flexible plastic
substrates. Of significant importance is the disappearance
of long-range order. Much of what is understood about
TCOs to date comes from structure-property relationships
developed with the aid of x-ray diffraction and density
functional theory, techniques that rely on the presence

of long-range order. To gain an understanding of how
structure-property relationships differ in amorphous (a-)
TCOs, we employ element-specific local structure x-ray
measurements.

In the TCO system gallium substituted amorphous indium
oxide (IGO), we see changes in the electrical conductivity
and crystallization temperature as a function of gallium
content. To understand this effect, extended x-ray
absorption fine structure (EXAFS) and anomalous x-ray
scattering measurements were employed to probe the
local structure. Through analysis of the differences in
oxygen bonding and coordination between indium and
gallium we see that gallium affects the conductivity of
amorphous indium oxide because it is unable to support
the defects that lead to carrier production. In addition the
differences in local structure between amorphous IGO
and crystalline IGO films reveal the mechanism behind
gallium’s ability to stabilize the amorphous phase and resist
crystallization.

This work is supported by the NSF MRSEC Program No. DMR1121262.



A-53

Non-destructive Internal Lattice Strain
Measurement Using High Energy
Synchrotron Radiation

J.-S. Park
Argonne National Laboratory, Argonne, IL 60439

Various diffraction-based techniques using high energy
x-ray have been used to measure the residual strains in
engineering components. In this work, two setups—one
using a monochromatic x-ray beam and the other using
white beam-energy dispersive diffraction—are described.
The monochromatic x-ray beam setup, located at the
APS 1-ID-E, utilizes high energy x-rays from a super
conducting undulator and focusing optics. Various types
of slit systems are placed downstream of the sample to
measure the lattice strains inside polycrystalline samples
that are several millimeters thick. The white beam-energy
dispersive diffraction setup, located at the APS 6-BM-A,
utilizes polychromatic x-rays from a bending magnet.
This setup is capable of measuring the lattice strains in
polycrystalline samples that are several centimeters thick.

A-54

Combining Experiment and Simulation to
Interpret Coherent X-ray Diffraction Data
from Tightly Focused Nanobeams

A. Pateras', J.A. Tilka', J. Park’, Y. Ahn', K.C. Sampson’,
M.V. Holt?, and P.G. Evans'

' Department of Materials Science and Engineering, University
of Wisconsin-Madison, Madison, WI 53706

2 Center for Nanoscale Materials, Argonne National Laboratory,
Argonne, IL 60439

The development of highly coherent and tightly focused
x-ray beams from hard x-ray light sources has created
opportunities to better characterize the nanoscale
structure of materials, but have simultaneously posed
significant challenges in the quantitative interpretation of
the complicated diffraction intensity distributions [1]. X-ray
beams with focal spot sizes of a few tens of nanometers in
size permit the characterization of the composition, strain
distribution, and lattice orientation at the nanoscale, but at
present involve the use of high-numerical aperture optics
such as Fresnel Zone Plates (FZPs), which produce highly
convergent nanobeams. The coherent scattering of such
nanobeams with complex materials systems leads to the
formation of complicated Bragg intensity patterns, making
the study of their structural properties complicated.

In this work, we apply a modeling approach based

on previous work by Ying et al. [2] for the quantitative
simulation and analysis of coherent x-ray diffraction
patterns acquired from a Si/SiGe heterostructure, using
a highly coherent and convergent x-ray nanobeam
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produced by FZP optics at the Hard X-ray Nanoprobe

at APS Sector 26. We assume (i) that the kinematical
approximation is valid (no multiple scattering), (ii) that the
incident beam is monochromatic and fully coherent, and
(iii) that the crystal lattice is invariant along the footprint
plane since there are no lateral features (1D model). Using
this approach, the far-field intensity pattern is produced
by calculating the product of the two dimensional Fourier
transform of the illumination profile with the lattice sum

of a 91 nm thick SiGe layer and a 10 nm thick strained Si
quantum well. We show that the simulation is in excellent
agreement with the experimentally measured diffraction
patterns, and extend the technique for the calculation of
intensity distributions in arbitrary angles in the vicinity of
the Bragg peak [3]. The approach is also demonstrated in
a PbTiO4/SrTiO; ferroelectric superlattice, demonstrating
its versatility and potential use for studying more complex
material systems, as SrTiO; sheets which can be used as
substrates for the growth of many different oxide thin films.

[1] P.G. Evans, D.E. Savage, J.R. Prance, C.B. Simmons, M.G. Lagally,
S.N. Coppersmith, M.A. Eriksson, and T.U. Schlli, Adv. Mater. 24,
5217-5221(2012).

[2] A.Ying, B. Osting, I.C. Noyan, C.E. Murray, M. Holt, and J. Maser,
J. Appl. Cryst. 43, 587-595 (2010), in preparation.
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The Mechanical Behavior of Individual

Thin-walled Porous Metallic Hollow Sphere

Jin-liang Song', Guo-ping Zhang', and Xiang-hui Xiao?

' Department of Civil and Environmental Engineering, University of
Massachusetts Amherst, Amherst, MA 01003

2 Advanced Photon Source, Argonne National Laboratory,
Argonne, IL 60439

Ultralight cellular metallic foams are a new type of porous
structural material. It consists of numerous thin-walled
metallic hollow spheres that are sintered together. The
knowledge of the mechanical properties of individual
metallic hollow spheres is of the key importance for
understanding the mechanical performance of the ultralight
bulk composite-like material. The metallic hollow spheres
are commonly alloy with high porosity on the thin-walled
(about 50 pum thickness), and Nanoindentation testing

is preformed to obtain the mechanical behavior such as
elastic modulus and hardness of the dense and porous
sections on the wall. Now the APS microCT imaging is
also conducted to probe the microstructure of these
spheres and developed methods to model the mechanical
properties using the real image-based microstructure,
also compare the real model with the ideal model to get
the difference of mechanical properties. Eventually, a
relationship will be established between the results by
Nanoindentation and microCT imaging method.
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In situ Visible Light Induced

Isomerization Single-crystal Diffraction of
Ortho-fluoroazobenzene Containing Metal
Organic Frameworks

Eric D. Sylvester, lan M. Walton, and Jason B. Benedict
Department of Chemistry, University at Buffalo, Buffalo, NY 14260

Photo-responsive metal organic frameworks (MOFs) are
appealing materials for a wide variety of applications
including separations, advanced sensors, data storage and
molecular switches. Ortho-fluoro azobenzene derivatives
are an appealing photochemical system due to their
ability to undergo cis/trans isomerization with visible

light, high photo conversion, and greater thermally stable
cis isomers. These optimized photo properties are due to
a lower energy of the n-orbital of the cis isomer causing

a large separation of the n to n* absorption bands [1].

The ortho-fluoro anzobenzene molecules synthesized
were designed for integration into single crystal MOFs.
An asymmetric backbone with pendant azobenenes was
chosen as the organic linker to reduce symmetry allowing
for better resolution of the photo switchable azobenzenes
inside the void. The photochemical isomerization in these
MOFs will be monitored through in situ single crystal

x-ray diffraction allowing for useful insight into the photo
chemical properties of advanced photo-responsive
nanoporous materials.

[1] D.Bleger, J. Schwarz, A. Brouwer, and S. Hecht. J. Am. Chem. Soc.
134, 20597 (2012).
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Polaron Mobility and Disordering of the
Sodium Sublattice in Triphylite-Na,FePO,
S.J. Tracy', L. Mauger', H.L. Smith’, H.J. Tan', J.E. Herriman/,

Yuming Xiao?, and B. Fultz'

' Department of Applied Physics and Materials Science, California
Institute of Technology, Pasadena, CA 91125

2HPCAT, Geophysical Laboratory, Carnegie Institution of Washington,
Argonne, IL 60439

The interplay between sodium ordering and electron
mobility in Na,FePO, was investigated using a combination

of synchrotron x-ray diffraction and Mdssbauer

spectrometry. Synchrotron x-ray diffraction measurements

were carried out for a range of temperatures between

298 K and 553 K. Rietveld analysis of the diffraction

patterns was used to determine the temperature of sodium

redistribution on the lattice. This diffraction analysis

also gives new information about the phase stability of

the system. MGssbauer spectra were collected in the

same temperature range. An analysis of the temperature

evolution of the spectral shapes was used to identify

the onset of fast electron hopping and determine the
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polaron hopping rate. The temperature evolution of the
iron site occupancies from the Mdssbauer measurements,
combined with the synchrotron diffraction results shows a
relationship between the onset of fast electron dynamics
and the loss of local order on the sodium sublattice.

A-58
Correlating Structural and Electronic
Degrees of Freedom in 2D Transition
Metal Dichalcogenides
I-Cheng Tung', Kyle L. Seyler?, Zhan Zhang', Aaron M. Jones?,
Genevieve Clark?, Di Xiao*, Nouamane Laanait®,
Xiaodong Xu??3, and Haidan Wen'
' Advanced Photon Source, Argonne National Laboratory,
Argonne, IL 60439
2Department of Physics, University of Washington, Seattle, WA 98195
3Department of Materials Science and Engineering, University of
Washington, Seattle, WA 98195
“Department of Physics, Carnegie Mellon University,
Pittsburgh, PA 15213
5Center for Nanophase Materials Sciences, Oak Ridge National
Laboratory, Oak Ridge, TN 37931

We have conducted a microscopic study of the interplay
between structural and electronic degrees of freedom

in two-dimensional (2D) transition metal dichalcogenide
(TMD) monolayers and heterostructures. Using the recently
developed full-field x-ray reflection interface microscopy
with the photoluminescence microscopic probe capability
at the Advanced Photon Source, we demonstrated the
x-ray reflection imaging of a monolayer 2D material for
the first time. The structural variation across an exfoliated
WSe, monolayer is quantified by interlayer spacing
relative to the crystal substrate and the smoothness of
the layer. This structural information is correlated with the
electronic properties of TMDs characterized by the in situ
photoluminescence measurements.

This work is supported by the U.S. Department of Energy, Office

of Science, Office of Basic Energy Sciences, under Contract No.
DE-SC0012509. The use of Advanced Photon Source is supported by
U.S. Department of Energy, Office of Science, Office of Basic Energy
Sciences under Contract No. DE-ACO2-06CH11357.
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Bragg Coherent Diffractive Imaging of
Defect Dynamics in Battery and Palladium
Nanoparticles

Andrew Ulvestad, Yihua Liu, Wonsuk Cha,
Stephan Hruszkewycz, Hoydoo You, and Brian Stephenson

Materials Science Division, Argonne National Laboratory,
Argonne, IL 60439

Nanostructured materials are essential to solving grand
challenges in energy storage, environmental sustainability,
and global climate stability given their novel properties
relative to their bulk counterparts, including size-tunable



thermodynamics [1-3]. “Defect engineering”, or the
rational design and optimization of desired functionalities
through deliberate defect manipulation, can be used

to further optimize nanomaterial properties [4-7], but is
limited in scope due to an inability of current probes to
characterize defect dynamics under operando conditions
in three-dimensional (3D) detail. Here | will discuss how
Bragg coherent diffractive imaging (BCDI) can reveal the
3D dislocation distribution in single operating battery
cathode nanoparticles [8], in palladium nanoparticles
during the hydriding phase transformation, and in silver
nanoparticles during dissolution. Our results point to
interesting physics in single nanoparticles.

This research used resources of the Advanced Photon Source, a
U.S. Department of Energy (DOE) Office of Science User Facility
operated for the DOE Office of Science by Argonne National
Laboratory under Contract No. DE-ACO2-06 CH11357 W.C., Y.L.,
MJH., HY, PZ, S.H., and G.B.S. were supported by the DOE Office
of Science, Office of Basic Energy Sciences, Division of Materials
Sciences and Engineering. We thank the staff at Argonne National
Laboratory and the Advanced Photon Source for their support.

[11 Armand, M., and Tarascon, J.-M., “2008 Building better batteries.”
Nature 451, 652—7.

[2] Xu, G., Wang, Q, Fang, J., Xu, Y., Li, J., Huang, L., and Sun, S., “2014
Tuning the structure and property of nanostructured cathode
materials of lithium ion and lithium sulfur batteries.” J. Mater.
Chem. A 2,19941-62.

[3] Baldi, A., Narayan, T.C., Koh, A.L., and Dionne, J., “A 2014 In situ
detection of hydrogen-induced phase transitions in individual
palladium nanocrystals.” Nat. Mater. 1143—8.

[4] Graetzel, M., Janssen, R.A.J., Mitzi, D.B., and Sargent, E.H.,

“2012 Materials interface engineering for solution-processed
photovoltaics.” Nature 488, 304-12.

[5] Banhart, F., Kotakoski, J., and Krasheninnikov, AV., “2011 Structural
defects in graphene.” ACS Nano 5, 26—41.

[6] Abbey, B., “2013 From Grain Boundaries to Single Defects:

A Review of Coherent Methods for Materials Imaging in the X-ray
Sciences.” JOM 65, 1183-201.

[7] Hull, D., and Bacon, D.J., “2011 Introduction to Dislocations”
(Butterworth-Heinemann).

[8] Ulvestad, A, Singer, A, Clark, J.N., Cho, HM., Kim, JW., Harder, R,,
Maser, J., Meng, Y.S., and Shpyrko, O.G., “2015 Topological defect
dynamics in operando battery nanoparticles.” Science 348, 1344—7.
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Study of Gold Nanoparticle Synthesis

by Synchrotron X-ray Diffraction and
Fluorescence

Xiao Wang', Zhongying Yan', Le Yu', Sina Moeendarbari?,
Yaowu Hao?, Zhonghou Cai?, and X.M. Cheng'

' Department of Physics, Bryn Mawr College, Bryn Mawr, PA 19010
?Departments of Materials Science and Engineering, University

of Texas at Arlington, Arlington, TX 76019

3 Advanced Photon Source, Argonne National Laboratory,

Argonne, IL 60439

Gold nanoparticles have a wide range of potential
applications, including therapeutic agent delivery, catalysis,
and electronics. Recently a new process of hollow
nanoparticle synthesis was reported, the mechanism

of which was hypothesized to involve electroless
deposition around electrochemically evolved hydrogen
bubbles [1]. However, the growth mechanism still needs
experimental evidence. We report investigation of this
synthesis process using synchrotron x-ray diffraction and
fluorescence measurements performed at beamline 2-ID-D
of the Advanced Photon Source (APS). A series of gold
nanoparticle samples with different synthesis time
(50-1200 seconds) were deposited using a mixture
electrolyte solution of Na;Au(SOs;), and H4N,NiOgS,

on anodic aluminum oxide (AAO) membranes. The

2D mapping of fluorescence intensity and comparison
of x-ray diffraction peaks of the samples have provided
valuable information on the growth mechanism.

Work at Bryn Mawr College and University of Texas at Arlington is

supported by NSF grants (1207085 and 1207377) and use of the APS at

Argonne National Laboratory is supported by the U.S. Department of

Energy under Contract No. DE-ACO2-06CH11357.

[1] Huang, C., Y.-J. Li, C. Muangphat, and Y. Hao, Electrochimica Acta.
56(24) (201).
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The Mechanical Behavior of Individual
Thin-walled Porous Metallic Hollow Sphere
Jin-liang Song', Guo-ping Zhang', Dongfang Wangd',
and Xiang-hui Xiao?
! Department of Civil and Environmental Engineering, University

of Massachusetts Amherst, Amherst, MA 01003

2 Advanced Photon Source, Argonne National Laboratory,
Argonne, IL 60439

Ultralight cellular metallic foams are a new type of porous
structural material. It consists of numerous thin-walled
metallic hollow spheres that are sintered together. The
knowledge of the mechanical properties of individual
metallic hollow spheres is of the key importance for
understanding the mechanical performance of the ultralight
bulk composite-like material. The metallic hollow spheres
are commonly alloy with high porosity on the thin-walled
(about 50 um thickness), and Nanoindentation testing
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is preformed to obtain the mechanical behavior such as
elastic modulus and hardness of the dense and porous
sections on the wall. Now the APS microCT imaging is
also conducted to probe the microstructure of these
spheres and developed methods to model the mechanical
properties using the real image-based microstructure,
also compare the real model with the ideal model to get
the difference of mechanical properties. Eventually, a
relationship will be established between the results by
Nanoindentation and microCT imaging method.

A-62
Short-range lonic Order in Amorphous
Calcium Carbonate(s)

Michael Whittaker
Northwestern University, Evanston, IL 60208

Short-range ionic order in amorphous calcium carbonate(s)
(ACC) has been suggested to resemble that found in

the ordered mineral phase into which they transform.
Ordering phenomena in these metastable intermediates
may be a key step in producing nonequilibrium minerals
often observed in nature. However, the structure of

ACC is incompletely understood, and the mechanisms

of its crystallization are under debate. We show that

the structural basis of ACC stability can be probed by
controlled destabilization using barium ions as a large,
high-z impurity in ACC. The gradual reorganization of
carbonate anions in the amorphous calcium barium
carbonate structure (ACBC) leads to changing cation
coordination environments that increasingly resemble
crystalline carbonates. Similar structural motifs are
preserved after crystallization to barium substituted calcite
(Ba,Ca,CaCOs), containing up to 50 times the equilibrium
concentration barium, suggesting a mechanism for ACBC
crystallization. A novel barium carbonate phase was also
identified during the course of this investigation, and its
unique crystal structure and (quasi)-2D morphology will be
discussed. The insights gained from this investigation will
help bridge the gap between the structure of amorphous
solids and the pathways by which they crystallize into
functional materials with non-equilibrium properties.
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The Role of Ligand in the Mechanical
Properties of Self-assembled

Nanoparticle Films

Sean Griesemer', Siheng You?, Pongsakorn Kanjanaboos?,
Wei Bu?, Stuart Rice'®, and Binhua Lin™*

! James Franck Institute, University of Chicago, Chicago, IL 60637

?Department of Chemistry and Chemical Biology, Harvard University,
Cambridge, MA 02138

3Materials Science and Engineering, Mahidol University,
Bangkok 10400, Thailand

4 Center for Advanced Radiation Sources, University of Chicago,
Chicago, IL 60637

°Department of Chemistry, University of Chicago, Chicago, IL 60637

Films of ligand-capped metal nanoparticles self-assembled
at the air/water interface exhibit rich mechanical responses
to compression including hashing, wrinkling, and folding,
which are a result of ligand-based interactions. Previous
studies have shown that a high concentration of ligands
inhibits wrinkling and folding, but the mechanism remains
elusive. By using inductively coupled plasma optical
emission spectrometry (ICP-OES) to measure the ligand
concentration of our NP solutions and then back-adding
excess ligands at controlled amounts, we precisely control
ligand-based interactions, enabling an investigation

of how these interactions guide self-assembly and
correspondingly on mechanical properties. Our liquid
surface grazing incidence x-ray diffraction (GID) and
transmission electron microscopy (TEM) experiments
reveal that increasing the ligand concentration of the films
causes the formation of free-ligand islands in addition to
an increase in the interparticle separation. These effects
are correlated with the previously observed inhibition

of wrinkling and folding, as well as a decrease in the
dilatational and shear moduli.

This work was supported by the University of Chicago Materials
Research Science and Engineering Center, NSF-DMR-1420709.
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Li lon Battery Conversion Reaction Kinetics
in Oxide Nanostructures

Jae Jin Kim', Timothy T. Fister', Byeongdu Lee',

Hyo Seon Suh?, Anil U. Mane', Jonathan D. Emery3,

Seth B. Darling’, Alex B. Martinson', Jeffrey W. Elam’,

Paul Nealey?, and Paul Fenter

' Argonne National Laboratory, Argonne, IL 60439
2University of Chicago, Chicago, IL 60637
3Northwestern University, Evanston, IL 60208

Conversion reactions in batteries, such as the
electrochemically-driven phase separation of a metal
oxide into Li,O and a reduced metal, are well-known to
have specific capacities far beyond typical intercalation



materials. These types of reactions invariably suffer

from irreversibility and hysteresis though due to their
substantial volume change and kinetic barriers. Oxides
also tend to have substantially lower redox potentials than
thermodynamically expected values, limiting their practical
use. The nanoscale network of metal-rich and lithia-rich
phases that form during conversion suggest that interfaces
play a critical role in the mass/charge transport properties
that define the overall properties of the electrode.

To understand and control nucleation and kinetics of

the reaction, we have prepared and studied nanoscale
model electrodes with well-defined size and spacing.
These nano-electrodes provide a useful template for
understanding nucleation and phase separation. In
particular the interparticle void space can be designed

to accommodate fast lithium diffusion and constrain

the volume expansion of oxides during lithiation. We

have examined structures containing arrays of spherical
particles or periodic holes in the oxide matrix with tunable
size and spacing. These electrodes were prepared by

1) combining the rich phase-space of self-assembled block
copolymers (BCP) with sequential infiltration synthesis via
atomic layer deposition [1] and 2) utilizing complexation

in solution between metal ions and functional units in

the core domain of BCP micelles [2]. Traditional scanning
probe methods have combined with both ex situ and in situ
grazing incidence small and wide angle x-ray scattering to
investigate the controlled phase separation of a conversion
reaction. These results could provide a new perspective on
the molecular scale phase change in a conversion reaction
and help provide strategies for improving their overall
performance.

This work was supported as part of the Center for Electrochemical

Energy Science, an Energy Frontier Research Center funded by the

U.S. Department of Energy (DOE), Office of Science, Basic Energy

Sciences (BES).

[1] Peng et al. Adv. Mater. 22, 5129 (2010); Peng et al. ACS Nano 5,
4600 (20M).

[2] Bannett et al. Chem. Mater. 16, 5589 (2004); Yun et al. Langmuir 21,
6548 (2005).
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Investigating the Mechanism behind
Galvanic Replacement in Nanoparticles
Liane Moreau', Charles Schurman?, Sumit Kewalramani',
Mohammad Shahjamali®, Chad Mirkin'3, and Michael Bedzyk'
' Department of Materials Science and Engineering, Northwestern
University, Evanston, IL 60208
2Department of Biomedical Engineering, Northwestern University,
Evanston, IL 60208
3Department of Chemistry, Northwestern University,
Evanston, IL 60208

Galvanic replacement reactions have been a subject
of particular interest due to their potential for creating
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nanostructures with demonstrated use in medical and
catalytic applications. They also serve as ideal platforms
to study the role of structure in metallic corrosion.
Colloidal nanoparticle synthesis through such reactions
has produced a wide array of hollow nanostructures with
novel geometries [1,2]. Yet, despite the versatility and
utility of Galvanic replacement for creating useful and
novel nanostructures, the reaction mechanism remains
elusive, making it difficult to tailor nanoparticles for desired
applications, as their properties are intimately related to
their structure from the bottom- up.

Through a combination of x-ray absorption spectroscopy,
x-ray scattering, and electron microscopy, we have

studied the Galvanic replacement reaction mechanism.

We begin with template quasi-spherical Ag nanoparticles
to create hollow, porous Au nanostructures quenched at
various stages of the reaction. Such an in-depth structural
study of the reaction mechanism has led to the following
insights: 1) The amount of Au that Galvanically replaces

Ag in the particles is directly proportional to the amount

of Au present in the reaction solution, with a constant
insertion efficiency, 2) As additional surface Ag is replaced,
vacancies coalesce at a critical void size in the nanoparticle
core, creating a hollow particle, and 3) Segregation of

Au and Ag at the atomic scale is maintained, which has
important implications on the nanoparticle optical and
catalytic properties.

Experiments were funded by AFOSR (FA9550-11-1-0275). SAXS
experiments were performed at sector 5-ID-D and XAFS experiments
performed at 10-BM-B of the Advanced Photon Source. Electron
microscopy was performed in the NUANCE center at Northwestern
University.
[11 S.E. Skrabalak, L. Au, X. Li, and Y. Xia, “Facile synthesis of
Ag nanocubes and Au nanocages,” Nat. Protocols 2, 2182-2190,
(2007).
[2] Y. Sun, B. Mayers, and Y. Xia, “Metal Nanostructures with Hollow
Interiors,” Advanced Materials 15, 641-646 (2003).
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Gelation of Polymer-grafted SiO,
Nanoparticle Colloid Studied with Sub-100 ps
X-ray Photon Correlation Spectroscopy
Qingteng Zhang', Divya Bahadur?,
Subramanian Ramakrishnan?, Piotr Maj3, Eric M. Dufresne’,
Suresh Narayanan', and Alec R. Sandy'
' Advanced Photon Source, Argonne National Laboratory,

Argonne, IL 60439
2College of Engineering, Florida A&M University and Florida State

University, Tallahassee, FL 32310
3 AGH University of Science and Technology, 30-059 Krakow, Poland

Colloidal gels are fractal particle networks formed from
weakly interacting colloids. They can form via a subtle
increase in particle interaction strength triggered, for
example, by a change of temperature or an increase in
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the particle volume fraction. Understanding and control

of gelation allows for the manipulation of the mechanical
properties of colloidal suspensions (e.g., viscosity or
elastic modulus) by several orders of magnitude without
significantly modifying the chemical properties of the
constituents and is therefore essential to applications
such as food processing or pharmaceutical manufacturing.
Polymer-grafted nanoparticles in a homo-polymer matrix
are widely used for studying gelation because the
strength and range of particle interactions can be tuned
by changing the concentration and the molecular weight
of the grafted and matrix polymers as well the size and
volume fraction of the nanoparticles. We have studied

the gelation of octadecyl-grafted silica nanoparticles

by performing x-ray photon correlation spectroscopy
(XPCS) at small-angle geometry from such suspensions.
Using a newly developed ultrafast frame rate (11.8 kHz)
pixel-array-detector, we have, for the first time, captured
the complete transition of the dynamics of the suspension
from tens of seconds in the gel state to hundreds of ps in
the liquid state. The transition is triggered when the gel is
slowly heated. Our nanoscale measurements of the colloid
dynamics as a function of temperature and particle size
can be compared to macroscopic viscoelastic properties
probed by rheology under the same conditions and
suggest that smaller colloids form stronger networks when
they gel. Future work will focus on comparing the observed
dynamics to theoretical models of gelation and will also
examine gelation in bimodal particle suspensions.

The experiments were performed at beamline 8-ID-I of the Advanced
Photon Source. Use of the Advanced Photon Source, an Office of
Science User Facility operated for the DOE Office of Science by
Argonne National Laboratory, was supported by the U.S. DOE under
contract No. DE-AC02-06CH11357.
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In situ Transmission X-ray Microscopy

Study of Photon-induced Oxidation of

Silver Nanowires

Le Yu'?, Zhongying Yan', Yuxin Wang?, Zhonghou Cai?,

Ping Han?, X. M.Cheng' and Yugang Sun*

' Department of Physics, Bryn Mawr College, Bryn Mawr, PA 19010

2School of Electronic Science and Engineering, Nanjing University,
Nanjing, China 210093

3 X-ray Science Division, Argonne National Laboratory,
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“Department of Chemistry, Temple University, Philadelphia, PA 19122

Oxidation of metal nanoparticles usually follows a
Kirkendall process to transform solid nanoparticles

to hollow metal oxide nanoshells. However the
morphological trajectory of nanoparticles and the mass
diffusion kinetics involved in the nanoscale Kirkendall
process are complex. Here we report the directly imaging
of a hollowing process of individual silver nanowires
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following the Kirkendall-type process using the in-situ
transmission x-ray microscopy (TXM). The multi-stage
morphological evolution from silver nanowires to hollow
silver oxide nanotubes under oxidation atmosphere, which
is created from radiolysis of air under illumination of the
focused synchrotron x-ray beam, is captured in real time.
Quantitative analysis based on geometrical parameters
and x-ray absorptions extracted from the time-resolved
TXM images characterizes the three stages of the reaction
in unprecedented details, and enables us to estimate

the diffusion coefficient of silver in its oxide. In-situ TXM

is shown to be a promising tool for quantitative study of
Kirkendall type process and other similar morphological
transformation on the nanoscale.

Work at Bryn Mawr College is supported by NSF grant #1207085 and
#1207377. Use of the Advanced Photon Source and the Center for
Nanoscale Materials at Argonne National Laboratory was supported
by the U. S. Department of Energy, Office of Science, Office of Basic
Energy Sciences, under Contract No. DE-AC02-06CH11357.
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Pressurized metered-dose inhalers are safe, cheap, and
widely used for pulmonary drug delivery. However, they
suffer from very low respirable fraction; typically 10—40%.
The amount of drug delivered varies greatly between uses,
making them unsuitable for precise dosing applications.
One of the major challenges in designing and testing
inhalers is characterizing the distribution of the drug in the
spray, which is a complex multi-phase, multi-component
flow field. Typically, measurements are performed

using laser scattering or intrusive particle filtration
techniques downstream of the nozzle. However, these are
ineffective in close proximity to the nozzle. More precise
measurements of the drug distribution in this near-field
region are required in order to improve nozzle design.

We conducted a proof of concept experiment in which
x-ray fluorescence was used to track the active drug
component in a spray containing 85% hydrofluoroalkane
propellant, 15% ethanol co-solvent, and 1 pg/pL
ipratropium bromide (a common anticholinergic). K, and
K¢ fluorescence from the bromine in the drug was excited



with a monochromatic x-ray beam (15 keV, 1.0% bandpass)
at the 7-BM beamline of the Advanced Photon Source at
Argonne National Laboratory [1]. The beam was focused
to 5 x 6 um using a pair of Rh-coated K-B mirrors. The
fluorescence data were measured at 1ms time resolution
using a silicon drift diode detector [2]. Temporal and spatial
concentration profiles were measured with an uncertainty
of 5 ng/mm2. By comparing Br fluorescence to the total
projected density from time-resolved radiography at 6 keV
[3] and laser extinction at 532 nm, we found that the drug
concentration was higher at the center of the spray than

at the periphery. X-ray fluorescence allows changes in

the nozzle design and spray formulation to be directly
correlated with changes in near-field spray structure.

The authors acknowledge funding support from the Australian

Research Council. Use of the APS is supported by the U.S. Department

of Energy (DOE) under Contract No. DE-ACO2-06CH11357.

[1] Kastengren, A., Powell, C.F., Arms, D., Dufresne, EM.,
Gibson, H., and Wang, J., “The 7BM beamline at the APS: a facility
for time-resolved fluid dynamics measurements,” J Synchrotron Rad.
19(4), 654-657 (2012).

[2] D.J. Duke, A.L. Kastengren, N. Mason-Smith, Y. Chen, P.M. Young,
D. Traini, D. Lewis, D. Edgington-Mitchell, and D. Honnery,
“Temporally and spatially resolved x-ray fluorescence
measurements of in situ drug concentration in metered-dose
inhaler sprays,” Pharmaceutical Research 33(4), 816—825 (2016).

[3] N. Mason-Smith, D.J. Duke, A.L. Kastengren, P.J. Stewart, D. Traini,
P.M. Young, Y. Chen, D.A. Lewis, J. Soria, D. Edgington-Mitchell, and
D. Honnery, “Insights into spray development from metered-dose
inhalers through quantitative x-ray radiography,” Pharmaceutical
Research, in press. doi:10.1007/511095-016-1869-5 (2016).
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Optic Recovery and Refurbishment at Rigaku
Innovative Technologies

Michael Kriese, Yuriy Platonov, Ray Crucet,

Vladimir Martynov, Licai Jiang, and Nick Grupido
Rigaku Innovative Technologies, Inc., Auburn Hills, Ml 48326

The subject of this poster is the recovery of the
performance of multilayer optics and refurbishment of
high-quality optical substrates, both approaches have
been successfully applied to synchrotron optics. The goal
of a refurbishment process is to remove any contaminants
without damaging the underlying multilayer structure. The
goal of a recovery process is to remove the damaged and/
or contaminated multilayer but retain sufficient surface
quality to enable subsequent re-deposition of a similar
highly reflecting vacuum-deposited thin film.

An optical surface can be characterized at a number

of length scales, typically divided into three regimes:
optical figure or LSFR (I > 0.1 mm), waviness or MSFR

(04 mm >1>1um) and microroughness or HSFR

(1 um >1>0.03 pm). HSFR most directly interacts with the
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quality of a vacuum-deposited thin film, particularly in the
arena of multilayer film coatings designed to operate with
x-rays. For x-ray multilayer coating systems to produce
high reflectance, the individual layers must be deposited
with HSFR values in the 0.1 nm rms to 0.5 nm rms scales,
often termed superpolished. Any successful recovery
process must remove an existing thin film coating in its
entirety, without unduly affecting roughness on any scale,
from LSFR to HSFR.

In this regard, Rigaku Innovative Technologies has been
developing and applying refurbishment and recovery
processes to custom high-quality optical substrates for
over 20 years. This poster reports an overview of the
results on commercial synchrotron optics with varying
multilayer coatings.

Polymers

A-69

Single-shot Grating Interferometry and X-ray
K-edge Absorption Tomography Experiments
for Analysis of Flame Retardants

Mutairu Bolaji Olatinwo', Kyungmin Ham?,

Jonathan McCarney?, Shashidhara Marathe*’, Jinghua Ge?,

Gerald Knapp®, and Leslie G. Butler'

' Department of Chemistry, Louisiana State University,
Baton Rouge, LA 70803

2Center for Advanced Microstructures and Devices, Louisiana State
University, Baton Rouge, LA 70806

3Process Development Center, Albemarle Corporation,
Baton Rouge, LA 70821

4 Advanced Photon Source, Argonne National Laboratory,
Argonne, IL 60439

5Center for Computation and Technology, Louisiana State University,
Baton Rouge, LA 70808

5Department of Mechanical and Industrial Engineering, Louisiana State
University, Baton Rouge, LA 70803

’Division of Science, Diamond Light Source Ltd., Didcot,
Oxfordshire OX11 ODE, UK

Single-shot x-ray grating interferometry [1] was performed
at 1-BM-B to acquire x-ray movies of flame retardant/
polymer samples during burning (IR and flame initiated)
for mimicking the Underwriters Laboratories UL 94 vertical
burn test [2]. The single-shot interferometry experiment
was also used to acquire 3D tomography datasets of

the post-burn samples. Two polymer test samples were
formulated with sufficient brominated flame retardant, BFR
(Saytex-8010 or Green Armor) and antimony oxide so as to
pass the UL 94 test; other polymer samples were deficient
in one or the other component and showed poor burn
test performance. The images show interesting feature
evolution between poor to properly formulated samples,
with the more exciting features observed in the successful
samples. Pre-burn, we found Green Armor shows better
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blending with polymer relative to both Saytex-8010

and Sb,0;. For Green Armor, successful samples show
formation of gas bubbles inside the burnt polymer test bar,
a char layer defined by the Br and Sb concentration profile,
microcracks and heat-induced dissolution of residual BFR
and Sb,0;. The highly visible char layer is a known factor
for a successful flame retardant. From the single-shot x-ray
grating interferometry experiment, we extracted differential
phase contrast images that aided the gas bubble
visualization; dark-field images showed particulate Sb,0O;.

K-edge absorption tomography [3] was carried out to
obtain spatial distribution maps of bromine and antimony
across char layers and into interior pristine regions [4].
K-edge absorption tomography revealed low concentration
of BFR and Sb,03 in the char layer, increasing to the
expected high vol% in the pristine polymer [4].

[11 Wen, H.H.; Bennett, E.E.; Kopace, R.; Stein, A.F.; and Pai, V., Optics
Letters 35, 1932-1934 (2010).

[2] Underwriters Laboratory Inc., “UL-94 - Test for Flammability of
Plastic Materials for Parts in Devices and Appliances,” Fifth Edition
(1996).

[3] Ham, K; Jin, H.; Al-Raoush, R.l,; Xie, X.G.; Willson, C.S.; Byerly, G.R.;
Simeral, L.S.; Rivers, M.L.; Kurtz, R.L.; and Butler, L.G., Chem. Mater.
16, 4032 (2004).

[4] Olatinwo, M.B.; Ham, K.; McCarney, J.; Marathe, S.; Ge, J.; Knapp, G.;
and Butler, L.G., J. Phys. Chem. B 120, 2612-24 (2016).

Technique

A-70

Extended Range Ultra Small-angle X-ray,
Small-angle, and Wide-angle Scattering for
Materials Characterization at 9-ID Beamline
Jan llavsky', Ross Andrews', Fan Zhang?, Lyle Levine?,

and Andrew Allen?

! X-ray Science Division, APS, Argonne National Laboratory,
Argonne, IL 60439

?National Institute of Standards and Technology,
Gaithersburg, MD 20899

Development of new high-performance materials

(e.g., new alloys, ceramics, or polymer materials) is critical
for advances in energy production and utilization as well
as materials future for everyday life. These materials often
exhibit complex microstructures spanning multiple length
scales that control their performance. In this context, it is
important to simultaneously characterize, ideally in situ
or in operando, various facets of the microstructure—for
example precipitate shape and size, together with their
phase and chemical composition. Advanced Photon
Source (APS) with NIST has developed and optimized

a combined Ultra-small, Small, and Wide angle X-ray
Scattering (USAXS/SAXS/WAXS,) facility currently located
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at sector 9-ID beamline [1]. Data spanning over 5 decades
in microstructural size can be collected sequentially

in 4 to 6 minutes from the same volume during one

in situ experiment. In this poster we present the facility
capabilities, access methods available, and document
experimental capabilities using selected examples of
user results (e.g., recently published study of Al-Cu-Mg
alloy, AA2024, at different aging conditions) [2]. By
collecting data sequentially over the three instrument
ranges (USAXS/SAXS/WAXS) on Al-Cu-Mg alloy during
an annealing experiment, we were able to conclusively
identify processes which were previously not understood
even after large number of ex situ studies. Similar data
can be obtained on any materials suitable for small-angle
scattering x-ray characterization. This facility is available
through general user program (https://www?1.aps.anl.gov/
Users-Information) to world-wide user community at the
APS sector 9-ID (http://usaxs.xray.aps.anl.gov).

This research used resources of the Advanced Photon Source, a
U.S. Department of Energy (DOE) Office of Science User Facility
operated for the DOE Office of Science by Argonne National
Laboratory under Contract No. DE-ACO2-06 CH11357.
[11 J.llavsky, F. Zhang, AJ. Allen, L.E. Levine, PR. Jemian, and
G.G. Long, Metallurgical and Materials Transactions A-Physical
Metallurgy and Materials Science 44A, 6876 (2013).
[2] F. Zhang, L.E. Levine, A.J. Allen, C.E. Campbell, A.A. Creuziger,
N. Kazantseva, and J. llavsky, Acta Materialia, accepted March 2016
(http://dx.doi.org/10.1016/j.actamat.2016.03.058).

A-71
Ptychographic Coherent X-ray Surface
Scattering Imaging

Jong Woo Kim
Argonne National Laboratory, Argonne, IL 60439

Lensless x-ray coherent diffraction imaging enables

the determination of nanoscale structures in physical

and biological sciences. Several coherent diffractive
imaging (CDI) methods have been developed in both
transmission and reflection modes such as Bragg CDI,
Plane-wave CDI, Fresnel CDI, Coherent x-ray surface
scattering imaging (CSSI) and so on [1]. CSSI provides ideal
tools for directly observing surface/interface structure

and monitor their kinetics and dynamics under real
conditions among them [2]. However, the sample size is
limited by x-ray beam size, which is very anisotropic in
grazing incidence geometry, because the sample has

to be isolated in the x-ray beam for the reconstruction.

We incorporated ptychographic algorithm with CSSI to
overcome this limitation and make it more useful and
applicable to practical nanoscale systems. The feasibility is
demonstrated successfully.

[11 Miao, J., et al., “Beyond crystallography: Diffractive imaging using
coherent x-ray light source,” Science 348, 530-535 (2015).
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[2] Sun, T, et al,, “Three-dimensional coherent x-ray surface scattering
imaging near total external reflection,” Nat. Photonics 6, 586 (2012).

A-72
Characterization of Thin Diamond Crystals
for X-ray Split and Delay Line
Preeti Vodnala', Laurence Lurio', Tomasz Kolodziej?,
Sergey Terentyev3, Vladimir Blank®, and Yuri Shvyd’ko?
' Department of Physics, Northern lllinois University, DeKalb, IL 60502
2 Advanced Photon Source, Argonne National Laboratory,
Argonne, IL 60439
3 Technological Institute for Superhard and Novel Carbon Materials,
142190 Troitsk, Russian Federation

An x-ray split and delay monochromator is a device used
to split a short x-ray pulse into a pair of pulses with a
selectable time delay between them [1]. An important use
of such a monochromator is for x-ray speckle visibility
spectroscopy. In this technique the pulses imping
successively on a sample and the scattering from each
pulse is superimposed on a single image. The contrast
of the resulting speckle pattern provides a measure of
sample dynamics.

We have been evaluating ~30 um thick diamond crystals
for use as the partially transmitting optical element in a split
and delay monochromator. The process of manufacturing
thin diamond crystals defect free has been considered an
extreme challenge as strain becomes a problem for thin
crystals. We characterize a successfully manufactured

30 um diamond crystal in 100 orientation. We reveal

1 mm x 1 mm strain free area by evaluating rocking curve
images from x-ray double-crystal. We also find that
annealing the crystals reduced the crystal strain.

[11 Y.P. Stetsko, YV. Shvyd’ko, and G.B. Stephenson, Applied Physics
Letters 103(7) (2013).
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CA1
Carbon Dioxide Chemical Fixation on
Metal-Organic Framework Platforms

Wen-Yang Gao and Shenggian Ma
Department of Chemistry, University of South Florida, Tampa, FL 33620

To mitigate greenhouse effect or global warming caused by
anthropogenic carbon dioxide (CO,) emissions, chemical
fixation of carbon dioxide (CO.,) into value-added products
represents an alternative yet attractive and sustainable
means in addition to carbon capture and sequestration.
Rather than well-developed investigations on carbon
capture by porous metal-organic frameworks (MOFs), our
work is intended to demonstrate a new scenario of CO,
chemical fixation on the MOF platforms and modify the
current landscape of CO, capture and transformation.

Condensed Matter Physics

C-2

Theoretical Investigations of Atomic-scale
Structure and Energetics at the
Solid-liquid Interface

Kendra Letchworth-Weaver'?, Robert Warburton?,
Jeffrey Greeley?, Christine Umbright?, Tomdas A. Arias?,
and Maria K.Y. Chan'

! Center for Nanoscale Materials, Argonne National Laboratory,
Argonne, IL 60439
?Department of Physics, Cornell University, Ithaca, NY 14853
3School of Chemical Engineering, Purdue University,
West Lafayette, IN 47907

Understanding the complex and inherently multi-scale
interface between a charged electrode surface and a fluid
electrolyte would inform design of more efficient and less
costly electrochemical energy storage and conversion
devices. Joint density-functional theory (JDFT) [1] bridges
the relevant length-scales by joining a fully ab initio
description of the electrode with a highly efficient, yet
atomically detailed classical DFT description [2] of the
liquid electrolyte structure, avoiding the costly statistical
sampling of the liquid required by molecular dynamics
calculations. Leveraging JDFT within our framework to
treat charged systems in periodic boundary conditions

[3] we then predict the voltage-dependent structure and
energetics at the interface between a liquid electrolyte and
graphitic, single-crystalline metallic, and complex oxide
electrodes. We compare the JDFT-predicted interfacial
water structure next to a graphitic electrode with results
obtained from classical and ab initio molecular dynamics
simulations. We go on to elucidate the physical origin

of the experimentally measured voltage-dependent
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differential capacitance of an Ag(111) electrode in
aqueous NaF electrolyte, examining the crucial role of ion
desolvation and plating onto the electrolyte. Finally, we
conclude with an exploration of how the surface structure
of a LiMn,0, electrode [4] changes in the presence of

a liquid battery electrolyte and as a function of applied
potential.

Use of the Center for Nanoscale Materials, an Office of Science
user facility, was supported by the U.S. Department of Energy, Office
of Science, Office of Basic Energy Sciences, under Contract No.
DE-AC02-06CH11357.

[1] S.A. Petrosyan et al., Phys. Rev. B75, 205105 (2007).

[2] R. Sundararaman, K. Letchworth-Weaver, and T.A. Arias, J. Chem.
Phys. 140, 144504 (2014).

[3] K. Letchworth-Weaver and T.A. Arias, Phys. Rev. B 86, 075140 (2012).

[4] R. Warburton et al., ACS Applied Materials and Interfaces,
accepted (2016).

C-3

Ultrafast Dynamics of Correlated Electron
States in Layered Cu,TiSe,

David Lioi', Richard Schaller?, Gary Wiederrecht?,

and Goran Karapetrov'

' Department of Physics, Drexel University, Philadelphia, PA 19104
2 Center for Nanoscale Materials, Argonne National Laboratory,
Argonne, IL 60439

Cu,TiSe,is a layered dichalcogenide that has attracted
significant interest due to the intricate mechanism that
drives its transition from a semiconducting to a charge
density wave phase and, ultimately, to a superconducting
state. Intercalation of TiSe, with copper donates
electrons to the conduction band near the Fermi surface,
producing a metallic phase at room temperature and a
superconducting phase at low temperatures with highest
superconducting critical temperature of 4.15K at optimal
doping. The relationships between these phases are
nontrivial, especially considering that both the CDW and
superconducting phases rely on specific and, perhaps,
competing carrier interactions at the Fermi surface. We
have carried out a comprehensive optical pump-broadband
probe experiments that investigate the charge carrier
dynamics of bulk Cu,TiSe, single crystals.

In this work we examine the transient response of
electronic states as a function of temperature and copper
doping from x = 0 (semiconducting and CDW state) to

x =0.08 (CDW and superconducting state). Anomalous
behavior was found at x = 0.04. The fast picosecond
optical response at low temperatures shows instability

to excitations across the folded Se-4p valence band

at M-point of the Brillouin zone. On the other hand, at
nanosecond timescales we observe that the electronic
instability to carrier excitation shifts to the selenium
valence bands at I point and the titanium conduction band
at M point.
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We also study the evolution of the coherent transient
electron-phonon interactions in this system with respect
to copper doping. We find that electron-phonon coupling
significantly decreases at all temperatures as the
concentration of copper increases. Similarly, the exciton
recombination rates decrease with copper content
signifying that the system exits the excitonic insulator state
beyond x = 0.04.

The work is supported by the National Science Foundation under
Grant No. ECCS-1408151. Use of the Center for Nanoscale Materials, an
Office of Science user facility, was supported by the U.S. Department
of Energy, Office of Science, Office of Basic Energy Sciences, under
Contract No. DE-AC02-06CH11357.

c-4
New 2D Materials Exhibiting Unusual
Properties

Alejandro Lopez-Bezanilla' and Peter B. Littlewood"?

' Argonne National Laboratory, Argonne, IL 60439
2James Franck Institute, University of Chicago, Chicago, IL 60637

Despite the success of silicon on today’s electronics,

the intensifying need to design fast and energy-efficient
electronic devices is making electronics research focus
on alternative materials. Recent advances in the synthesis
of nano-scale materials are allowing condensed matter
physics to progress in the discovery of new compounds.
By means of computational modelling of the quantum
properties of materials, we propose a series of new

2D compounds with appealing features, ranging from
tunable half-metalicity to unusual electronic behavior under
strain. From well-known geometries to original pentagonal
2D patterns [1] we show the importance of the precise
atomic arrangements to tailor materials at the atomic
scale. A different arrangement of C atoms enables the
formation of Dirac cones which, unlike graphene, exhibit a
strain-mediated tunable band gap [2].

[1] A.Lopez-Bezanilla and P.B. Littlewood, Journal of Physical
Chemistry C 119 (33), 19469-19474.

[2] A. Lopez-Bezanilla, I. Martin, and P.B. Littlewood, Submitted.

Instrumentation

C-5
Raman Imaging of Samples with Complex
Surface Topographies

Tim Batten', Tim Smith', and Tim Prusnick?
' Renishaw plc, New Mills, Wotton-under-Edge,

Gloucestershire GL12 8JR, UK
2Renishaw, Inc., Hoffman Estates, IL 60192
In this work, we discuss recent advancements in hardware
and software that have been made to enable micro-Raman
focus to be maintained over large areas during data
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collection. In addition these developments allow analysis
of samples that in the past were impractical or even
impossible because of variations in surface topography.

When collecting micro-Raman data the focus of the
microscope objective is vital as it determines both

the collection volume and the signal strength. This is
particularly important when conducting Raman imaging
as the sample moving in and out of focus may result in
artefacts in the images or even erroneous data. In an ideal
world all Raman samples would be perfectly flat negating
the need for any form of surface tracking; however, in
reality we are forced to deal with a range of samples that
may demand complex focus adjustment throughout the
measurement. Here we discuss and present data on a
range of extremely difficult samples including:

O Graphene on a Cu foil, a sample that is inherently rough
on a micrometre length scale.

O Unprepared pharmaceutical tablets where the sample
surface is both curved and has a complex surface
geometry which contains indented logos and lettering.

O A snapped pharmaceutical tablet section demonstrating
the ability to map extremely rough sample.

O A semiconductor sample being annealed at a range of
temperatures in a hot/cold cell. A worst case scenario
as the samples surface is moving as a result of the
scientific experiment.

C-6

Solid Copper Two-level Waveguide Circuits

for a THz Radar System by UV Lithography
Olga V. Makarova', Ralu Divan?, John Tucek?,

Kenneth Kreischer?, and Cha-Mei Tang*

' Creatv MicroTech, Inc., Chicago, IL 60612

2Center for Nanoscale Materials, Argonne National Laboratory,
Argonne, IL 60439

3Northrop Grumman—Electronic Systems, Rolling Meadows, IL 60008
4Creatv MicroTech, Inc., Potomac, MD 20854

The availability of reliable, compact source operating

at 0.67 THz will have a significant impact on a variety

of defense applications such as high data-rate
communication, high resolution imaging in inclement
conditions, and radar. As frequency increases, waveguide
feature structure dimensions and tolerances decrease.
Submicron precision and surface finish are needed in
order to achieve the required power performance of the
circuits. Thermal management of high radiation power is
needed for stabile continuous operation, which can only be
achieved with an all-copper structure for the waveguide.

We report the fabrication of solid copper two-level folded
waveguide circuits. The fabrication method is based on
UV-lithography using copper plate as a substrate for SU-8
resist, followed by copper electroforming.



Use of the Center for Nanoscale Materials, Argonne National
Laboratory was supported by the U.S. Department of Energy, Office
of Science, Office of Basic Energy Sciences, under Contract No.
DE-AC02-06CHT11357.

Materials Science

Cc-7
Observation of Molybdenum Disulfide
Nanoflake Friction

Emily E. Hoffman and Laurence D. Marks

Department of Materials Science and Engineering, Northwestern
University, Evanston, IL 60202

A fundamental issue of friction is understanding how
materials slide against each other and start to wear at the
nanoscale. Molybdenum disulfide (MoS,) has been used
as a solid lubricant and as an oil additive with increasing
interest in applications. MoS, has shown to reduce the
coefficient of friction in pin-on-disk tests, and at the
nanoscale, has shown that sliding occurs between layers
of MoS, [1-3].

Here we report direct observation of various sliding and
wear modes that take place during in situ studies within
the transmission electron microscope. We observed

MoS, nanoflakes rolling up into balls and acting as ball
bearings during sliding. With additional sliding, the balls
also unrolled and broke apart into smaller flakes. A transfer
layer formed during sliding as the MoS, flakes would
transfer from the substrate to the sliding contact. With
both surfaces covered, the MoS,-MoS, contact showed
significantly reduced adhesion. Finally, the transfer layers
were found to occur between the interfaces of nanoflakes,
a soft interface fracture transfer layer. By observing MoS,
at the nanoscale, we can understand the mechanisms that
can improve lubrication.

This research was funded by the National Science Foundation

on grant number CMMI-1030703. EH is supported by the National
Defense Science and Engineering Graduate Fellowship. Portions of
this work were performed in the Electron Microscopy Center of the
Center for Nanoscale Materials at Argonne National Laboratory, a
U.S. Department of Energy, Office of Science, Office of Basic Energy
Sciences User Facility under Contract No. DE-AC02-06CH11357.

[1] G. Casillas, Y. Liao, M. Jose-Yacaman, and L. Marks, Tribology Letters
59 1-5 (2015).

[2] M. Kalin, J. Kogovsek, J. Kova¢, and M. Remskar, Tribology Letters
55 381-391(2014).

[3] R.I. Amaro, R.C. Martins, J.O. Seabra, N.M. Renevier, and D.G. Teer,
Tribology International 38 423-434 (2005).
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C-8
Electronic Transport in VO,: A DFT-
Boltzmann Transport Approach
Alper Kinaci', Motohisa Kado?, Daniel Rosenman’, Chen Ling?,
Gaohua Zhu?, Debasish Banerjee?, and Maria K.Y. Chan'
'Center for Nanoscale Materials, Argonne National Laboratory,
Argonne, IL 60439
2Higashifuji Technical Center, Toyota Motor Corporation,
Susono, Shizuoka 410-1193, Japan
SMaterials Research Department, Toyota Motor Engineering
and Manufacturing North America, Inc., Ann Arbor, MI 48105

Materials that undergo metal-insulator transitions

(MITs) are under intense study because the transition is
scientifically fascinating and technologically promising

for various applications. Among these materials, VO,

has served as a prototype due to its favorable transition
temperature. While the physical underpinnings of the
transition have been heavily investigated experimentally
and computationally, quantitative modeling of electronic
transport in the two phases has yet to be undertaken. In
this work, we establish a density-functional-theory-based
(DFT) approach to model electronic transport properties

in VO, in the semiconducting and metallic regimes,
focusing on band transport using Boltzmann transport
equation. Free parameters in the model are calibrated
using experimentally measured transport quantities. We
find that the approach can efficiently model the metallic
and semiconducting phases. Using this methodology, we
performed high throughput DFT calculations to investigate
effects of doping on VO, from mechanical, thermodynamic
and electronic transport aspects.

Use of the Center for Nanoscale Materials, an Office of Science
user facility, was supported by the U.S. Department of Energy, Office
of Science, Office of Basic Energy Sciences, under Contract No.
DE-AC02-06CHT11357.

C-9
Towards Robust Prediction of Atomic
Arrangements from Materials Imaging

Eric Schwenker, Fatih Sen, Jianguo Wen, and Maria Chan

Center for Nanoscale Materials, Argonne National Laboratory,
Argonne, IL 60439

The first step towards the synergistic integration of
computation with materials characterization is the
development of a framework for deducing atomistic
arrangements from various experimental measurements on
a materials system. Precise structural knowledge is critical
input for atomistic modeling techniques that are tasked

to fortify experimental findings or motivate new strategies
and insight. This study presents some preliminary results
surrounding the development of a genetic algorithm for the
inference of atomistic structure from TEM images.

17



CNM POSTER ABSTRACTS

C-10

Atomistic Level Characterization of Grain
Boundaries in CdTe Using STEM and DFT
Fatih G. Sen', Tadas Paulauskas?, Ce Sun3,

Christopher Buurma?, Moon Kim?3, Sivalingam Sivananthan?,
Robert F. Klie?, and Maria K.Y. Chan'

" Argonne National Laboratory, Argonne, IL 60439
2University of lllinois at Chicago, Chicago, IL 60607
2University of Texas at Dallas, Richardson, TX 75080

CdTe is a widely-used photovoltaic material, due to its
high efficiency and low manufacturing cost. However,

the practical efficiencies of polycrystalline CdTe
photovoltaic cells are still well below the theoretical limit,
indicating possible room for improvement. A fundamental
understanding of the role of vacancies, interstitials,
dislocations and grain boundaries on the electronic
structure of CdTe may lead to efficiency improvements.
Atomistic-level characterization, including microscopy

and first principles modeling, is crucial in developing such
a fundamental understanding. In the present work, we
manufactured selected bicrystals of CdTe and revealed
the grain boundary and dislocation core structures. We
constructed atomistic models of grain boundaries and
dislocation cores from image analysis and crystallographic
information from STEM and modeled using first principles
density functional theory (DFT) calculations. In addition, we
carried out high-throughput search for twist and tilt grain
boundary structures that have low interfacial energy using
empirical potentials. We report the electronic density of
states (DOS) and planar-averaged electrostatic potential
profiles of different CdTe grain boundaries to understand
charge interactions. We also present the results of point
defects and pairs of point defects that are present on or
near several representative grain boundary models. We
discuss the thermodynamics of point defect and complex
formation, as well as resultant changes in electronic
structures. The implications of these electronic structure
changes at grain boundaries on photovoltaic performance,
and corresponding strategies to improve performance, are
discussed.

We acknowledge funding from the DOE Sunshot program under
Contract No. DOE DEEEO05956. Use of the Center for Nanoscale
Materials was supported by the U.S. Department of Energy, Office

of Science, Office of Basic Energy Sciences, under Contract No.
DE-AC02-06CHT11357. The submitted abstract has been created by
UChicago Argonne, LLC, Operator of Argonne National Laboratory
(“Argonne”). Argonne, a U.S. Department of Energy Office of Science
laboratory, is operated under Contract No. DE-AC02-06CH11357. The
U.S. Government retains for itself, and others acting on its behalf, a
paid-up nonexclusive, irrevocable worldwide license in said article to
reproduce, prepare derivative works, distribute copies to the public,
and perform publicly and display publicly, by or on behalf of the
Government.
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C-39

Role of Surface Defects in Catalytic Activity
of Cu,0: First-principles Simulations of
STM Images and XAS Spectra

Liang Li", Rui Zhang', lan McNulty', Zhonghou Cai?,

Jeffrey R. Guest', and Maria K. Chan'

! Center for Nanoscale Materials, Argonne National Laboratory,
Argonne, IL 60439

2Advanced Photon Source, Argonne National Laboratory,
Argonne, IL 60439

Cu,0 has been suggested to be thermodynamically
capable of reducing CO, to methanol, but it has been
shown that the conversion rate is quite limited on
stoichiometric, defect-free oxide surfaces. On the other
hand, defected surfaces generally have higher activity
and may provide better catalytic performance. In order
to understand the exact role of surface defects on the
catalytic activity, and the mechanism that addresses the
correlation between the atomic-scale surface chemistry
and the experimental observation, Scanning Tunneling
Microscope (STM) and X-Ray Adsorption Spectroscopy
(XAS) are utilized to monitor the surface morphology and
local chemical environment evolution of the catalyst during
the reduction reaction.

In conjunction with experimental work, we performed
first-principles Density Functional Theory (DFT) studies to
investigate the catalytic activity of Cu,0(110) surface, with

a primary focus on the surface affinity of both CO, and

CO molecules. The preferred CO, and CO adsorption sites
and configurations on both pristine and defected Cu,O(110)
surfaces are determined, and the surface stoichiometry
that favors CO, reduction is identified. STM images and
XAS spectra are simulated based on the calculated surface
morphologies with various adsorbate configurations,

which directly map the experimental observations to

the underlying surface chemistry. The results from this
study demonstrate the importance of rational surface
engineering of catalysts, and provide an effective tool to
interpret experimental results.
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C-11

Evaluation of Two Dimensional Metallic
Transition Metal Dichalcogenides as Next
Generation Interconnects

Andrew Arnold', Daniel Schulman?, Ali Razavieh',

and Saptarshi Das?®

' Department of Electrical Engineering, Penn State University,
University Park, PA 16802

2Department of Materials Science, Penn State University,
University Park, PA 16802

3Department of Engineering Science and Mechanics,
Penn State University, University Park, PA 16802

As semiconductor devices continue to scale, the copper
wires interconnecting them become thinner, narrower

and longer leading to significantly increased parasitic
resistance and capacitance which ultimately limit the
on-chip performance. Consequently, alternative materials
are being explored. 2D materials show great scaling
potential due to their minimal thickness. Preliminary
investigations of semi-metallic graphene have shown
promising characteristics but still fall slightly below the best
results shown for copper. Another class of 2D materials,
metallic transition metal dichalcogenides (TMDs) have
shown bulk resistivity values, comparable to and in some
cases less than those of graphite, but have received
comparably little attention. If the lower bulk resistivity of
some metallic TMDs translates into improved performance
of nanoribbon interconnects, metallic TMDs could be a
viable alternative to copper.

C-12

THz Emission from InP and InGaAs
Nanowires Fabricated Using Electron
Beam Lithography

Soner Balci', Ju-Hyung Kim', David A. Czaplewski?,
I Woong Jung?, Fariba Hatami®, Patrick Kung',
and Seongsin M. Kim'

! Electrical and Computer Engineering Department, University of
Alabama, Tuscaloosa, AL 35487

2 Center for Nanoscale Materials, Argonne National Laboratory,
Argonne, IL 60439

3Department of Physics, Humboldt University, Berlin, Germany D-12489

Since as early as 1990, we have known that THz waves can
be generated from semiconductor wafer surfaces where
the emission occurs due to the ultrafast charge transport
upon photoexcitation with an oblique angle [1]. As the
dimension of the materials changes from wafer to an array
of nanowires (NWSs), under the same ultrafast laser spot
size, the total effective surface area drastically increases
resulting in a higher absorption of the femtosecond laser
pulse which will play an essential role for the enhancement
of the THz emission intensity. Also, having a NW-structured
antenna will overcome the radiation outcoupling
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problem [2]. Previously reported studies [3—5] gave us the
idea of utilizing an array of NWs with a fixed wire length we
desire, with fixed diameter and pitch resulting in a perfectly
uniform distribution, and with excellent-vertical alignment
for generation of THz radiation. All the NWs samples that
have been studied for THz emission were prepared by
bottom-up growth processes, such as vapor phase epitaxy,
chemical vapor deposition, etc. Bottom up processing is
not the best method to prepare the NWs due to the lack of
control on structural geometry of the wires. In this work, we
suggest a top-down processing approach, fabricating the
NWs with e-beam lithography and etching by which we can
achieve excellent vertical alignment and perfectly uniform
distribution of the NWs’ with desired diameter and length.

The samples were fabricated at the state-of the-art
cleanroom user facility in the Center for Nanoscale
Materials at Argonne National Laboratory. High quality
lattice matched 1.2 pum thickness of InGaAs epilayer

were grown on InP substrate by Molecular Beam

Epitaxy. The fabrication process began with bare wafers
(InP and InGaAs for this study). A thin SiO, adhesion

layer was deposited on the wafers by PECVD followed

by spin coating of a negative resist HSQ (hydrogen
silsesquioxane). E-beam lithography was used to write
the mask for the NW patterns. Through a plasma etching
process, we could achieve perfectly aligned NWs which
were distributed exquisitely uniform along the wafer with
a fixed pitch length on both x and y axes. The samples
were excited by 120 fs laser pulses with a wavelength of
790 nm, and the radiated THz pulses were detected via

a photoconductive antenna (PCA). THz emission from
these samples was studied as a function of excitation
pulse power, and the InGaAs NWs sample yielded linearly
increasing profile for the first couple of low excitation
powers, and then the trend became a saturated profile
for the higher power of the excitation laser pulse. This
saturated profile is attributed to penetration depth of

790 nm light into InGaAs, which is ~200 nm, while the
diameter of the NWs is ~100 nm. We also measured THz
emission from these NWs under the illumination of ultrafast
laser pulse with two different linear polarizations: p- and
s- polarized light. The measurement clearly exhibits that for
the most efficient THz emission, the NW ensemble should
be excited by p-polarized femtosecond laser pulse which
would oscillate the charges along the wire resulting in a
THz radiation in the direction of the surface normal of NWs.

This work was performed, in part, at the Center for Nanoscale

Materials, a U.S. Department of Energy, Office of Science, Office of

Basic Energy Sciences under Contract No. DE-AC02-06CH11357.
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Phys. Rev. B 84, 115421 (20M).
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Paramagnetic gold-coated iron nanoparticles (AuFeNPs)
have been utilized in medical imaging as a contrast
agent, and more recently in drug delivery studies. Iron
nanoparticles (FeNPs) are typically coated with gold as
FeNPs are easily oxidized, and because the gold coating
can easily bind a large range of bioactive agents. Below
2 nm FeNPs are toxic because they can enter cells,
while FeNPs smaller than 20 nms are paramagnetic; only
behaving magnetically within a strong magnetic field [1].
This paramagnetic property can be used to localize a
bioactive agent bound to the AuFeNP or release the
bioactive agent from an implant.

In AuFeNP drug delivery, implants and similar devices with
confined spaces would benefit from maximizing the total
amount of drug that could be loaded into the implant. In
this study, a previously described synthesis method was
altered to minimize the thickness of the AuFeNP’s gold
coating [2,3]. The minimal gold coating would minimize the
spherical AuFeNP size without altering the paramagnetic
iron core, which would increase the total surface area and
allow more of the bioactive agent to be loaded within a
confined space.

As in previous studies, a reverse emulsion was used to
synthesize AuFeNPs [2,3]. In this study, comparatively
small amounts of gold chloride and additional surfactant
were utilized to coat the previously synthesized FeNP
core. This approach expanded the micelles within the
reverse emulsion less, and provided a thinner gold coating.
AuFeNP size varied between 7 nm to 20 nm. In contrast

to previous studies, no gold halo was visible surrounding

a darker iron core [2,3]. Elemental mapping in Energy
dispersive x-ray spectroscopy clearly showed the presence
of both iron and gold, suggesting a thin gold coating. The
NPs are stable and can be rehydrated in water or isopropyl
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alcohol, showed no magnetic response without a strong
magnetic field; and as the gold coat is thinner, the NPs in
this study are ideal for implant loading. Future studies will
focus on optimizing control of the gold coating precision,
monitoring the longevity of the NPs, and quantifying the
NP paramagnetism.

Special thanks to Ms. Ardakani for assisting with the nanoparticle
analysis, Dr. Firlar and Prof. Yassar for their continued insight and
instruction, and especially Prof. Shokuhfar for her guidance, instruction,
and support This project was partially supported by the National
Science Foundation, Award No. 1350734.

[11 Pan,Y., Neuss, S., Leifert, A., Fischler, M., Wen, F., Simon, U,,
Schmid, G., Brandau, W., and Jehnen-Dechent, W., “Size Dependent
Cytotoxicity of Gold Nanoparticles,” (2007).

[2] Lin, J.,, “Gold-Coated iron (FeAu) Nanoparticles: Synthesis,
Characterization, and Magnetic Field-Induced Self-Assembly,”
Journal of Solid State Chemistry (2001).

[3] Zhou, W,, Carpenter, E., Lin, J., Kumbhar, A., Sims, J.,
and O’Conner, C.J., “Nanostructures of gold coated core-shell
nanoparticles and the nanobands assembled on magnetic field,”
The European Physical Journal D (2000).
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Percolating network of mixed 2D nanomaterials (2DNs) can
leverage the unique electronic structures of different 2DNs,
their interfacial doping, manipulable conduction pathways
and local traps. Here, we report on the percolation
mechanism and electro-capacitive transport pathways of
mixed-platelet network of hexagonal boron nitride (hBN)
and reduced graphene oxide (rGO)—two isostructural

and isoelectronic 2DNs. The transport mechanism is
explained in terms of electron hopping through isolated
hBN defect traps between rGO (possibly via electron
‘funneling’). With optical bandgaps of 4.57 eV and 4.08 eV
for the hBN-domains and 218 eV for the rGO domains, the
network of hBN with rGO exhibits Poole-Frenkel emission
based transport with mean hopping gap of 112 nm

(~Hbn trilayer) and an activation barrier of ~15 + 0.7 meV.
Further, hBN (1.7 pF) has a 6-fold lower capacitance than

1:1 hBN:rGO, which has two orders of magnitude higher
resistance than rGO (1.46 MQ). These carrier transport
results can be applied to other multi-2DN networks for
development of next-generation functional 2D-devices.
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Photovoltaic Characteristics of Large-area
MoS./p-Si Heterostructure Developed by
Chemical Vapor Deposition
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Atomically thin transition metal dichalcogenides (TMDs)
such as molybdenum disulfide (MoS,) and tungsten
disulfide (WS,) are attractive because of their ultrathin
structure and inimitable electronic band structures with
unique functionalities: indirect-to-direct bandgap transition,
semiconductor-to-metal phase engineering and the

large excitonic effect. Moreover, the TMDs with optical
bandgap in the near-infrared to visible spectral range

can exhibit extremely strong light—matter interactions
suitable for energy harvesting devices. Most of the present
MoS,-based solar cells are limited to micromechanical
exfoliation or transfer techniques. However, the large-scale
growth of direct, transfer-free MoS,-on-silicon solar cell
with uniform and continuous coverage is still a challenge.
Here, we report a scalable, reproducible and single-step
vapor phase chemical growth process for the fabrications
of large-area MoS, films on p-type Si substrates under
appropriate CVD process parameters as confirmed via
Raman, photoluminescence and x-ray photoelectron
spectroscopy. Owing to the n-type conductivity of

MoS.,, it exhibits excellent photovoltaic characteristics

with p-Si when measured under AM 1.5G illuminations.
Futuristically, we envision that by controlling the MoS, layer
thickness and device fabrication process will enhance the
performance.
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Atomic Layer Deposition of Ti-Al-O
and Ti-Hf-O Ternary Dielectrics as Gate
Insulator in INAIN/GaN and AlGaN/GaN
Semiconductor Devices
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Leonidas E. Ocola?, Suzanne Miller?, and Daniel Rosenmann?

' Department of Electrical and Computer Engineering, University of
lllinois at Chicago, Chicago, IL 60608

2Center for Nanoscale Materials, Argonne National Laboratory,
Argonne, IL 60439

Gate insulation in AIGaN/GaN and InAIN/GaN
Heterojunction-Field Effect Transistors is of major concern
for passivation of surface traps and reduction of gate
leakage current. Finding the most appropriate dielectric
material for the gate is challenging and often involves a
compromise of the required properties. Commonly used
dielectrics such as HfO, and Al,O have limitations with
respect to breakdown strength, crystallization temperature,

2016 APS/CNM USERS MEETING — USER SCIENCE HORIZONS

and dielectric constant, all of which are preferred to

be high. TiO, has a large dielectric constant but poor
crystallization temperature and high leakage current due
to its small conduction band offset to GaN. Creating a
ternary compound such as Ti-Hf-O or Ti-Al-O and tailoring
its composition may result in a reasonably good gate
material in terms of said properties. To date, there is
limited knowledge of the performance of ternary dielectric
compounds on AlGaN/GaN and even less on InAIN/GaN.

To approach this problem, we fabricated
Metal-Insulator-Semiconductor Heterojunction (MISH)
capacitors with ternary dielectrics, Ti-Al-O and Ti-Hf-O

of various compositions, deposited by Atomic Layer
Deposition (ALD). The film growth was achieved by
alternating cycles of TiO, and either Al,O; or HfO, using
different ratios of ALD cycles. TiO, was also deposited as a
reference sample.

The electrical characterization of the MISH capacitors
shows an overall better performance of ternary
compounds compared to the pure TiO,, HfO, or Al,Os.
The gate leakage current density decreases with
increasing Al or Hf content, being ~3 orders of magnitude
lower for a TiO,:Al,O; cycle ratio of 2:1. Although the
dielectric constant has the highest value of 79 for TiO,
and decreases with increasing the number of Al,O;

and HfO, cycles, it is maintaining a relatively high value
compared to the Al,Os;and HfO, films. High-frequency
capacitance voltage sweeps were also measured. A
sharper transition from depletion to accumulation for the
5:1 ratios of both Ti-Hf-O and Ti-Al-O is perceived which
indicates lower interfacial defects (between the insulator
and semiconductor) compared to the pure TiO, film. In
conclusion, our study reveals that the desired high-x
properties of TiO, can be adequately maintained while
improving other insulator performance factors suggesting
that ternary compounds may be an excellent choice

as a gate material for both AlGaN/GaN and InAIN/GaN
Heterojunction-Field Effect Transistors.

Use of the Center for Nanoscale Materials, an Office of Science
user facility, was supported by the U.S. Department of Energy, Office
of Science, Office of Basic Energy Sciences, under Contract No.
DE-AC02-06CHT11357.
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Stimulated by the advances in graphene research,

other type of two-dimensional (2D) atomic crystals, such
as hexagonal boron nitride, germanene, and layered
transition metal dichalcogenides (TMDCs) have also
attracted significant attention. Among these new types

of 2D materials, the applications of TMDCs in logic
electronics and optoelectronics are promising because of
their sizable bandgaps and natural stability. The techniques
which enable heterostructure formation (stacking) with
different TMDCs systems have provided further solution
to the design of high performance electronic devices
such as those for photovoltaics and optoelectronics. The
existing heterostructures fabrication methods, based on
mechanical exfoliation and/or wet chemical transferring
rely on traditional fabrication methods such as photo- and
e-beam lithography, and are often insufficient to realize the
selective growth and layer assembly of stacked materials
at predefined location.

Here, we report on application of mask free, direct write
patterning technique to fabricate TMDCs heterostructures.
With the use of AFM cantilevers and developed water
based “inks,” we have prepared arrays of MoS, and WS,
dot and ribbon arrays at predefined locations on variety
of substrates. Employing unconventional SPM based
patterning method we have also fabricated MoS.,/WS,
heterostructures of sub-micrometer scales in a controlled
fashion. The quality of MoS,/WS, heterostructures was
confirmed by Raman spectroscopy, AFM characterization
and electrical transport measurements. Our mask free
nanolithography approach offers an alternative route for
solution based patterning and growth of TMDCs with
added benefit of reduced contamination of the TMDCs
surfaces and interfaces between materials and substrates.
It demonstrates a promising unconventional technology
for fabrication of high quality TMDCs heterostructures in
convenient manner with nanoscale precision.

Use of the Center for Nanoscale Materials was supported by the

U.S. Department of Energy, Office of Science, Office of Basic Energy
Sciences, under Contract No. DE-AC0O2-06CH11357. |.K. acknowledges
support of NSF MRI program (Award No. 1338021), and the Saint Louis
University Start Up funds.
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In the past decade, it has become feasible to study

the gravitational acceleration of antimatter using an
ultra-precise particle interferometer. Using muonium, a
hydrogenic atom composed of an electron bound to an
antimuon, we plan to measure the effect of the Earth’s
gravitational field on an antimatter. Our proposed system
is a Mach-Zender interferometer consisting of three
transmission diffraction gratings. Our models suggest the
measured particle beam fall will be on the order of tens

of picometers, so ultra-high precision diffraction gratings
are necessary. We have been working toward a procedure
to fabricate such gratings. Micro- and nanolithographic
techniques available at the Center for Nanoscale Materials
were used to fabricate prototype gratings. The structures
are fabricated from a silicon (Si) wafer coated with silicon
nitride (SisN4) and chromium (Cr). The resulting structure
will be a Si frame supporting a transmission grating formed
in a thin membrane of Si;N,; and Cr. The procedure we

are developing constructs the frame and windows using
optical lithography. The diffraction grating was patterned
in an e-beam resist using a JEOL 9300 e-beam tool. The
resulting grating patterns were inspected using optical
and scanning electron microscopy. The patterned resist

is then dry etched into the Cr layer, and the SizN, will then
be etched using the Cr pattern as a hard mask. Once
fabricated and inspected, the gratings will be tested for
precision using x-rays in a prototype interferometer.
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In the first part, we demonstrate all-optical plasmon
modulation covering the near-infrared (NIR) as well



as mid-infrared (MIR) ranges enabled by ordered
indium-tin-oxide nanorod arrays (ITO-NRAs). The unique
ITO-NRA structure supports two localized surface

plasmon resonances (LSPRs) located at 1.5 um and 4 um,
respectively. Under intraband optical pumping, we observe
strong transient bleaches and induced absorptions due

to LSPR redshifts. We show that the redshifts stem from
reduction of the plasma frequency in ITO attributed to

ITO’s conduction band nonparabolicity. We develop

a generalized plasma frequency model to analytically
describe the plasma frequency shift under intraband
optical pumping. Based on the model, we study the fluence
dependent plasma frequency shift, and discuss the origin
of the sub-picosecond plasmon dynamics of ITO-NRAs that
is intrinsically faster than observed in noble metals. We
show that the plasmon modulation gives rise to a maximum
absolute transmission modulation above +20%, and can be
tuned spectrally in the MIR by simply tailoring the geometry
of the ITO-NRA.

In the second part, we probe the transient responses in
the ultraviolet to visible (UV-vis) range, where we observe
distinct oscillations of the transient signals arising from the
coherent acoustic vibrations of ITO-NRAs. Two separate TA
experiments performed for short (~500 ps) and long delay
times (~30 ns) permit the observations of the breathing
modes around 20 GHz and extensional mode around

0.5 GHz, respectively. The anisotropic elastic constants of
single-crystalline ITO are determined by comparing finite
element simulation results with experimental observations.
It is found that ITO is an elastically anisotropic material with
a stiff [1 0 O] direction and a soft [11 1] direction.
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Multi walled carbon nanotubes (MWCNT) functionalized
with ZnO nanoparticles are capable of detecting single
ppm CH, at room temperature [1]. However, once a MWCNT
CH, sensor is exposed to CH, it takes a long time for

the sensor (>30 min) to return to the baseline resistance
(i.e., recovery) [1,2]. We present here a UV recovery
technique that enhances desorption of CH, molecules,
thus reducing the sensor recovery time. ZnO is a
wide-bandgap semiconductor (3.37 eV) with a large exciton
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binding energy (60 meV), which facilitates photo-induced
enhancement of sensor recovery [3]. The wavelengths
of the applicable UV light were optimized from the room
temperature near band edge photoluminescence (PL)
results of the functionalizing ZnO nanoparticles. We
present a comparative study on the ZnO-MWCNT sensor
recovery by UV irradiation at wavelengths of 390 and
365 nm. UV recovery technique for the ZnO-MWCNT
chemoresistor CH, sensor resulted in two orders of
magnitude improved recovery time compared to existing
literature [2] as well as our previous work [1].

[1] M. Humayun, R. Divan, L. Stan, A. Gupta, D. Rosenmann, L. Gundel,
P.A. Solomon, and I. Paprotny, Journal of Vacuum Science and
Technology B 33(6), 06FFO01(2015).

[2] Y. Lu, J. Li, J. Han, HT. Ng, C. Binder, C. Partridge, and
M. Meyyappan, Chemical Physics Letters 391(4), 344-348 (2004).

[3] Y. Zhu, H. Elim, Y--L. Foo, T. Yu, Y. Liu, W. Ji, J.-Y. Lee, Z. Shen,

A. T-S. Wee, J. T-L. Thong, and C.-H. Sow, Advanced Materials 18,
587-592 (2006).
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Surface Potential and Cellular Activity:

An Ultrasensitive Biosensor for Non-invasive
Cancer Diagnosis
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Success in cancer treatment is critically dependent on the
diagnostic accuracy of tissue samples and the ability to
monitor response and recurrence of tumor cells. On the
basis of doping induced modification of phonon vibrations
on graphene, we present an ultrasensitive graphene-based
Raman biosensor capable of differentiating cancerous
(Gliobastoma Multiforme, GBM) from normal cells
(Astrocytes) at single cell resolution. Examining the effects
of different cells interfaced with graphene via Raman
Spectroscopy, we observed sensitive responses exhibited
by GBM cells (highly p doped with a large 2D peak shift
of approximately 6.3 cm™) and Astrocytes (p doped with
2D peak shift of approximately 2.2 cm™). This is attributed
to the heightened acidic nature and the increased surface
electronegativity of cancer cells. This work can be applied
to other cancer cell types, particularly metastatic tumors
that circulate through the blood stream and potentially

be utilized as a pathological assessment tool. The high
sensitivity of the device can be leveraged to characterize
different grades of cancer, as in the case of brain tumors,
based on their malignancy and aggressive nature.
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U(VI) species display limited adsorption onto sediment
minerals and synthetic sorbents in pH <4 or pH> 8
groundwater. In addition, extracting U from seawater

is promising to meet future needs for nuclear power
production, but there are no existing efficient and
cost-effective recovery technologies. In this work,
magnetic mesoporous silica nanoparticles (MMSNSs) with
magnetite nanoparticle cores were functionalized with
various organic molecules using post-synthetic methods.
The functionalized MMSNs were characterized using

N, adsorption-desorption isotherms, thermogravimetric
analysis (TGA), transmission electron microscopy (TEM),
3C cross polarization and magic angle spinning (CPMAS)
nuclear magnetic resonance (NMR) spectroscopy, and
powder x-ray diffraction (XRD). The functionalized MMSNs
were effective for U removal from pH 3.5 and 9.6 artificial
groundwater (AGW) and seawater. Functionalized MMSNs
removed U from the pH 3.5 AGW by as much as 6 orders
of magnitude more than unfunctionalized nanoparticles or
silica and had adsorption capacities as high as 38 mg/g.
They removed U from the pH 9.6 AGW as much as 4 orders
of magnitude greater than silica and 2 orders of magnitude
greater than the unfunctionalized nanoparticles with
adsorption capacities as high as 133 mg/g. They extracted
U from seawater simulant with adsorption capacities as
high as 67 mg/g. These results provide an applied solution
for treating U contamination that occurs at extreme pH
environments and a scientific foundation for solving critical
industrial issues related to environmental stewardship and
nuclear power production.

Further, after U adsorption, U L;-edge XANES and EXAFS
spectra of all functionalized MMSNs were collected

using the Materials Research Collaborative Access

Team (MRCAT) Sector 10-ID beamline at the Advanced
Photon Source (APS) in order to understand molecular
mechanisms of different U species binding with functional
organic ligands. Such molecular mechanistic studies can
further guide the future selection of organic ligands to
develop more robust nano sorbent materials that are
more efficient and cost-effective for U extraction from
environmental aqueous systems and seawater.
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Positioning one nanoparticle to another in controllable
manner is important for development of nanotechnology.
For example, the DNA scaffolds was proposed to use

as the frame to attach the therapeutic agents through
self-assembly for drugs/function unit administration. The
function unit attachment to the scaffolds was controlled by
the superposition of different forces. The governing forces
(Van der Waals, electrostatic, solvent interactions) are in
the same or very close energy scale. That means there are
multiple minima and maxima in the net-force to distance
profile. This is the origin of the complex to position the
nanoparticle purposely. Understanding the distance
dependence of each force will help us to manipulate

the binding process through external interference by
controlling the chemical and physical properties of
nanoparticles. In situ liquid TEM was applied to observe
the nanoparticle attaching process in liquid environments.
The acquired data can be used to determine the

dynamics of the nanoparticle interactions and the distance
dependence on the time. By taking the 2nd derivatives, we
can get the information of the force. We found before the
two nanoparticle stick together, the forces can be positive
(attractive) or negative (repulsive). But just prior to the

final attachment, the net force is attractive. In the future,
based on such understanding, we can manipulate the
nanoparticle interaction by control the liquid media and the
surface condition of the nanoparticles. This will lead us to
the design of hybrid materials.

This work was performed at the Center for Nanoscale Materials,
a U.S. Department of Energy Office of Science User Facility under
Contract No. DE-AC02-06CH11357.
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Graphene’s high electrical conductivity and optical
transmittance makes it attractive for integration

in photovoltaic devices as an active layer and

as a transparent current spreading electrode.
Graphene-on-silicon Schottky junction solar cell has
recently garnered enormous attention due to its potential
to achieve high efficiency conversion. However, current
methods to produce this heterostructure involve



complicated processes including transfer of graphene onto
silicon (Si) surfaces. Here we develop a method using a
low-cost FDM printer to deposit a reduced graphene oxide
(rGO) and polylactic acid polymer composite in controlled
structures on p-Si wafers. Annealing the composite under
vacuum removes the polymer and leaves an rGO-on-Si
heterostructure as confirmed by Raman spectroscopy and
optical microscopy. Further, we assessed the rGO-on-Si
solar cell by depositing an Ohmic metal contact to

Si and characterized the dark and light photovoltaic
characteristics under AM 1.5G illumination. Considering
the dual role of rGO as an active solar cell layer and
transparent current spreading electrode, the printed solar
cell device construct is expected to be cost-effective

and efficient. We envision that further optimization via
controlled printing of the rGO/p-Si interface geometry,
transmittance-to-sheet resistance of rGO layer, and
subsequent annealing process will enhance the device
performance.
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Fresnel zone plates (FZPs) for high photon energy

X-ray focusing are in high demand, but also difficult to
fabricate. Here is reported for the first time the fabrication
of such zone plates on 4” wafer scale by electron beam
lithography, reactive ion etching (RIE), back etching the

Si for membranes formation, and atomic layer deposition
(ALD) of Iridium as absorption/phase shifting material.

81 membrane chips with five zone plates each of 60 nm
minimum zone width were obtained per wafer, with high
wafer-scale uniformity. Another novelty is the design of the
FZP structures, encompassing a composite zone plate [1]
layout and patent-pending branching buttresses, to avoid
tearing of the zones in the buttress-anchoring points.

Use of the Center for Nanoscale Materials, Argonne National
Laboratory was supported by the U.S. Department of Energy, Office
of Science, Office of Basic Energy Sciences, under Contract No.
DE-AC02-06CH11357 ADT's work was supported through a Phase |
SBIR grant from DOE, DE-SCOOT11265.

[11 A.G. Michette, Optical Systems for Soft X-Rays, Plenum, New York,
London (1986).
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Synthesis, Characterization and Applications
of As-grown and Surface Passivated In,0O;
and Zn Incorporated In,O; Nanostructures

Souvik Mukherjee', Michael A. Stroscio'?3, and Mitra Dutta"®

' Department of Electrical and Computer Engineering, University of
lllinois, Chicago, IL 60607

2Department of Bioengineering, University of lllinois, Chicago, IL 60607

3Department of Physics, University of lllinois, Chicago, IL 60607

In this report we present results concerning the synthesis
and characterization of one-dimensional (1D) indium oxide
(In,O3) nanowires grown using the vapor-liquid-solid

(VLS) technique aiming towards their application in the
areas of (i) ionizing radiation sensing, (ii) chemical sensing
and (iii) terahertz (THz) electromagnetic (EM) radiation
emission and detection [1,2]. Zinc (Zn) incorporated

In,O3 nanostructures were synthesized with varied

atomic percentages of zinc which shows enhanced
electronic properties and is of particular interest due to
their improved sensitivity towards reducing target gas
molecules such as carbon monoxide (CO) [3]. An in-depth
investigation has been performed to study the effects of
zinc incorporation on the near band edge emission (NBE)
as well as visible emission (VE) spectra. The effect of
various growth parameters such as source composition,
source vapor pressure, surface energies and deposition
zone temperatures on the structural morphology will

be discussed in details. The as-grown nanowires were
found to be very high quality single crystalline In,O; as
confirmed using Raman spectroscopy where we observed
distinct vibrational modes associated with cubic In,O5
crystal structure which belongs to the /3,,T7, space group
and by inspecting the linewidth shapes of appropriate
modes. Defects arising due to oxygen vacancies

resulting in additional energy levels in the gap has been
characterized by energy-dispersive x-ray spectroscopy
(EDX) and temperature dependent photoluminescence
spectroscopy (PL"). The surfaces of these as-grown In,05
nanowires has been modified by annealing treatment at
elevated temperatures under oxygen rich environment and
nature of the mid-gap defects were studied using optical
characterization techniques. The annealing treatment

can be considered as a precharging step necessary for
ionizing radiation sensing using actual radioactive source
such as Cesium-137 [4]. Further the study of mid-gap defect
levels arising due to surface states is of particular interest
as these surface defect states have been found to be
effective binding sites for target analytes thereby forming a
basis for chemical sensing [5].

[11 Zhang, Daihua, et al. “Detection of NO, down to ppb levels using
individual and multiple In,O5; nanowire devices.” Nano letters 4(10),
1919-1924 (2004).
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[2] Kar, Ayan, “Defect Passivation in Nanowires and Demonstration of
Nanowire Devices for Use in Sensing Applications.” Diss., University
of lllinois at Chicago (2012).

[3] Singh, Nandan, Chaoyi Yan, and Pooi See Lee, “Room temperature
CO gas sensing using Zn-doped In,05 single nanowire field effect
transistors.” Sensors and Actuators B: Chemical 150(1), 19-24 (2010).

[4] Gopalsami, Nachappa, et al. “Millimeter wave detection of nuclear
radiation: An alternative detection mechanism.” Review of scientific
instruments 80(8) 084702 (2009).

[5] Kar, Ayan, et al. “Tailoring the surface properties and carrier
dynamics in SnO, nanowires.” Nanotechnology 22(28), 285709
(20M).
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Effect of Photo-generated Carries

on Electronic Transport Properties of
Muti-layer Molybdenum Disulphide
Nano-sheet MOSFETs

Ali Razavieh and Saptarshi Das

Department of Engineering Science and Mechanics,
Pennsylvania State University, State College, PA 16802

Layered 2-D materials have attracted a great deal of
attention due to their unique electronic and optical
properties. Although, there has been a lot of effort to
explore their excellent potential for optical sensing
applications beyond conventional approaches, less
attention has been paid to electronic transport properties
of 2-D photo-transistors. This work investigates the
effect of photo-generated carries on electronic transport
properties of multi-layer MoS, MOSFETSs through a
combination of experiments and simulations. Specifically,
the effect of photo- generated electrons and holes on
device current is studied for different bias and transport
conditions. While experimental and simulation data are
consistent the current increase in the on- state and pseudo
DIBL effects in the off-state of the experimental data can
be precisely explained by modeling the photo-generated
electron and hole current components in the vicinity

of source and drain Schottky barriers. This work also
investigates the above phenomena in long and short
channel transistors.

C-28

MBE Growth and Characterization of
2D TMDs and Room-temperature NDR
in 2D Heterostructures

Anupam Roy, Hema C.P. Movva, Amritesh Rai,
Emanuel Tutuc, and Sanjay K. Banerjee

Microelectronics Research Center, University of Texas at Austin,
Austin, TX 78758

Large area growth of 2D transition metal dichalcogenides
(TMDs) has, thus far, relied primarily on chemical
vapor deposition. We demonstrate thin film growth of
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molybdenum diselenide (MoSe,) and the first ever thin

film growth of molybdenum ditelluride (MoTe,) on sapphire
substrates using molecular beam epitaxy (MBE), a proven
method widely used in the growth of high purity single
crystal thin films and heterostructures. The as-grown

films were characterized using techniques such as x-ray
photoelectron spectroscopy (XPS), x-ray diffraction

(XRD), Raman spectroscopy and transmission electron
microscopy (TEM) confirming the stoichiometric layered
structure, atomically smooth surface morphology and

the crystalline nature of these films with a hexagonal
arrangement of surface atoms. Temperature-dependent
electrical measurements suggest transport in these films is
dominated by localized charge-carrier states, necessitating
further optimization of the structural and electrical
properties of TMDs grown by MBE.

We also demonstrate negative differential resistance (NDR),
arising due to single-particle band-to-band tunneling, in
mechanically stacked 2D TMD heterostructures. Tunneling
devices based on TMD heterostructures are promising

for next generation, low-power nanoelectronics. Their
atomically thin nature enables efficient gate-control

and the absence of dangling bonds ensures devices

with abrupt junctions and pristine interfaces. To date,

NDR in TMD heterostructures has been observed

only at low temperatures and without gate control.

Here, we demonstrate dual-gated heterostructures

of molybdenum disulfide (MoS,)/hexagonal boron

nitride (hBN)/tungsten diselenide (WSe,) which show
gate-tunable NDR with a peak-to-valley current ratio
(PVCR) of 1.3 at room temperature, and increasing to

2.3 at 77 K. Our device structure has the potential to serve
as a platform for tunnel field-effect transistors (TFETSs)

and to probe other interesting tunneling phenomenon in
TMD heterostructures.

C-29

Plasmonic Enhancement of ZnO and
In,O; Nanowires Using Surface Sputtered
Metallic Nanoparticles

K. Sarkar', M. Dutta"?, and M.A. Stroscio"??

' Department of Electrical and Computer Engineering, University of
lllinois at Chicago, Chicago, IL 60607

2Department of Physics, University of lllinois at Chicago,
Chicago, IL 60607

3Department of Bioengineering, University of lllinois at Chicago,
Chicago, IL 60607

One dimensional nanostructures have achieved a great
deal of interest in the past decade as a building block
for sensors and nanoscale devices. Amongst them,
oxide based semiconductor nanowires such as ZnO
and In,O3; owing to their potential applications in LEDs,
photodetectors and gas sensing have been explored in



detail. Both In,0O5 and ZnO is wide bandgap semiconductor
with an effective energy bandgap of about 3.6 eV and
3.37 eV respectively. However both show weak NBE
emissions. In this work we have synthesized ZnO and
In,O5 nanowires using VLS mechanism at atmospheric
pressure and have done a comprehensive study on

the enhancement of the UV emission by sputtering

these nanowires with both Au and Ag nanoparticles of
varying sizes. The underlying physics associated with the
plasmonic enhancement has also been analyzed and is
attributed to plasmonic scattering effect. In our work, we
have used an open source FEM code, JFEM2D [1] to show
the enhancement in electric field of the nanowires with
the metallic nanoparticles decorated on the surface in
comparison to nanowires without any nanoparticles on it.
For nanowires coated with Au nanoparticles, the electric
field is enhanced not only in the UV region but also in the
visible range due to localized surface plasmonic resonance
(LSPR) behavior of the plasmonic nanostructures. The
simulation results were validated with experimental results
in which Photoluminescence spectroscopy measurements
were done using a He-Cd (325 nm) laser excitation source
on these nanowires both before and after sputtering them
with the metallic nanoparticles, the latter showing strong
enhancement of UV emission. The potential application

of these plasmonic Au, Ag-ZnO and In,O; nanowires in
enhanced gas sensing and photoresponse sensitivity has
been discussed.

[1] JM. McMahon, JFEM2D (2015), available from:
http://www.thecomputationalphysicist.com.
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2Department of Physics, University of California-San Diego,
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Multi-electron transfer processes, such as ascorbic acid
decomposition and hydrogen and oxygen evolution
reactions, are important areas of research for energy and
biological applications. These processes require the use
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of favorable catalysts to achieve the fast kinetics rates
necessary for practical purposes. Nanostructured catalysts
offer promise in this regard having shown improved
activity, stability, and diverse properties relative to their
bulk counterparts. However, several theoretical challenges
such as understanding the strain and size dependent
thermodynamics, and characterization challenges such

as imaging catalytic activity at the single particle level still
remain.

In this work, we use ascorbic acid decomposition facilitated
by a gold nanoparticle as a model multi-electron transfer
process to investigate the strain field evolution in the
nanocrystal lattice during catalysis. Integrating ultrafast
imaging with molecular dynamics (MD) modeling can
provide crucial insights on the catalytic activity of gold in
such processes.

Recently, experimental techniques have evolved to
conduct time-dependent lattice dynamics measurements
in nanomaterials. As part of this work, coherent x-ray
diffractive imaging (CXDI), with sub twenty nanometer
resolutions, was used to observe reversible lattice
distortions in gold nanocrystals upon exposure to
ascorbic acid solutions. Here, the lattice displacement
dynamics are primarily concentrated on the surface of
the gold nanoparticle during catalysis and are strongly
size dependent. However, the magnitude of the observed
effects is larger than predicted by electrowetting theory.

Reactive MD (RMD) is a suitable simulation model to
capture the reaction chemistry near the gold-acid interface
and to precisely determine lattice distortions in the gold
lattice. Here, we present results from a series of RMD
simulations, complementing the CXDI measurements
along with an RMD-informed finite element analysis.

We reveal co-adsorbed acid-aided dissociation of water
near the edges and corners of the nanocrystal facets.
The local straining in the gold lattice originates from

the chemisorption of the resultant hydroxyl ions. The
magnitude of the simulated local lattice displacement is
commensurate with experimental observations, indicating
an alternate paradigm for lattice dynamics in addition

to electrowetting theory. The results show the utility of
characterizing the 3D displacement field evolution in
identifying catalytically active nanoparticles during redox
catalysis processes.
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Understanding the Formation of Monolayer
Transition Metal Dichalcogenide Films via a
Substrate-assisted Electrochemical Process

Daniel Schulman', Dan May-Rawding?, and Saptarshi Das®
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A recent report demonstrated a self-limiting,
electrochemical process to create single-layer 2D transition
metal dichalcogenides (TMDs) from mechanically exfoliated
materials at dimensions approaching mm scale. The critical
TMD-titanium nitride (TiN) substrate-assisted process is yet
to be fully explained. Here, we report on how factors such
as TiN deposition technique, post-deposition processing,
and stoichiometric composition control the effectiveness

of this process. Potentiostatic and potentiodynamic
voltammetry elucidate on different aspects of the
electro-ablation process and allow us to understand the
detail chemical pathways associated with this process. In
addition, high resolution XPS, Raman, photoluminescence
and AFM mapping are used to study the monolayer
formation and quality for a variety of TMD materials

and substrates. These recent results are compared

with previously reported DFT and Adaptive Bias Force
simulation results supporting a H,O, mediated etching
process. Finally, novel applications for the monolayer TMDs
obtained through the EA process are proposed.

[11 Das, S, et al., “A Self-Limiting Electro-Ablation Technique for the
Top-Down Synthesis of Large-Area Monolayers of 2D Materials,” ,
Nature Scientific Report (2016), under review.

C-32

Electron Transport in Films Comprised
of Touching Heavily Doped
Semiconductor Nanocrystals

Elijah Thimsen
Washington University in St. Louis, St. Louis, MO 63130

Films comprised of nanocrystals are being explored for
applications in which majority carrier transport is imperative
to performance. Examples include photovoltaic solar

cells, electrochromic windows, transparent conductors,
and field effect transistors. Careful management of the
nanocrystal surfaces is essential for controlling doping and
making the material stable. We work with touching ZnO
nanocrystals (i.e., no surface ligands) as a model system,
since it is well known that films comprised of particles

with organic ligands are typically insulating. Coatings
deposited by atomic layer deposition (ALD) can be used to
render networks comprised of touching ZnO nanocrystals
highly conductive (up to 1000 S cm™). Specifically, HfO,
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can be used to remove adsorbed water, which is an
accepter defect, from the ZnO surface; thereby increasing
the free electron concentration in the nanocrystals. The
deposition of Al,O; by ALD both removes adsorbed
water and generates oxygen vacancies in the ZnO,
resulting in a conductivity even higher than HfO, coating.
The ZnO nanocrystals can also be coated with ZnO by
ALD, which allows the contact radius between adjacent
particles to be systematically varied. As the contact radius
passes through the critical contact radius, the transport
mechanism changes from variable range hopping to
diffusive transport. Thus, the number of ZnO ALD cycles
can be used to systematically control the electron transport
mechanism. If the transport mechanism is variable range
hopping, then the localization length becomes large,

on the order of 100 nm, as the network approaches the
insulator-metal-transition. The large localization length
suggests that there may be some unique phenomena
occurring in this system, such as tunneling over relatively
large distances greater than 100 nm. For variable range
hopping, the results of our first experiments will be
presented that are focused on imaging conduction through
the optimal band for large localization lengths.

C-33

Lateral Quantum Confinement in

2D Semiconductors

Guohua Wei', David A. Czaplewski®, Teodor K. Stanev?,
Erik J. Lenferink?, Il Woong Jung?, and Nathaniel P. Stern"2

' Applied Physics Program, Northwestern University,
Evanston, IL 60208

2Department of Physics and Astronomy, Northwestern University,
Evanston, IL 60208

3 Center for Nanoscale Material, Argonne National Laboratory,
Argonne, IL 60439

Monolayer transition metal dichalcogenides (TMDCs)

such as MoS, are direct band gap two-dimensional

(2D) semiconductors with a crystal structure similar to
graphene. These 2D semiconductors host tightly bounded
electron-hole pairs (excitons) that have an additional
emergent valley degree-of-freedom (i.e., two degenerate
valley minima in the energy dispersion that can act as
pseudospin). Emulating traditional semiconductors,
quantum confinement can be a powerful tool for tuning
the optical and electronic properties of excitons in

2D semiconductors. We show that lateral confinement
and size-dependent exciton properties can be achieved
by nanopatterning with high resolution electron beam
lithography in monolayer MoS, [1]. Unlike in silicon

QDs where confinement causes valley hybridization,
valley polarization persists in the laterally-confined 2D
semiconductors. The inherited valley pseudospin in QDs
can emerge as a useful property for quantum manipulation
applications.



This work is supported by the U.S. Department of Energy, Office of
Basic Energy Sciences, Division of Materials Sciences and Engineering
(DE-SC0012130), the Institute for Sustainability and Energy at
Northwestern, and Argonne National Laboratory. Use of the Center for
Nanoscale Materials was supported by the U.S. Department of Energy,
Office of Science, Office of Basic Energy Sciences, under Contract No.
DE-AC02-06CHT11357.
[11 Guohua Wei et al. “Valley Polarization in Size-Tunable Monolayer
Semiconductor Quantum Dots.” arXiv:1510.09135 (2015).
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Visualizing Redox Dynamics of a Single
Ag/AgCl Heterogeneous Nanocatalyst
at Atomic Resolution

Dr. Yimin A. Wu

Center for Nanoscale Materials, Argonne National Laboratory,
Argonne, IL 60439

Operando characterization of gas—solid reactions at

the atomic scale is of great importance for determining
the mechanism of catalysis. This is especially true in

the study of heterostructures because of structural
correlation between the different parts. However, such
experiments are challenging and have rarely been
accomplished. In this work, atomic scale redox dynamics
of Ag/AgCl heterostructures have been studied using

in situ environmental transmission electron microscopy
(ETEM) in combination with density function theory (DFT)
calculations. The reduction of Ag/AgCl to Ag is likely a
result of the formation of Cl vacancies while Ag* ions
accept electrons. The oxidation process of Ag/AgCl has
been observed: rather than direct replacement of Cl by
O, the Ag/AgCl nanocatalyst was first reduced to Ag, and
then Ag was oxidized to different phases of silver oxide
under different O, partial pressures. Ag,0 formed at low
O, partial pressure, whereas AgO formed at atmospheric
pressure. By combining in situ ETEM observation and DFT
calculations, this structural evolution is characterized in a
distinct nanoscale environment. (Wu, Y.A., et al. ACS Nano,
2016, 10(3), 3738-3746.)

C-35

2D Nanomaterials for Flexible Electronics
from Baseband to Sub-THz Devices
Maruthi N. Yogeesh, Weinan Zhu, Saungeun Park,

Hsiao Chang, Rudresh Ghosh, Sanjay Banerjee,

and Deji Akinwande

Microelectronics Research Center, University of Texas at Austin,
Austin, TX 78712

We report on the state of the art sub-um length (L) flexible
two dimensional radio frequency thin film transistors
operating in the velocity saturation regime for achieving
maximum carrier transport or under high-field. We realize
large-area monolayer MoS2 on flexible polyimide with
5GHz cut-off frequency (f;), a record value for flexible
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synthesized transitional metal dichalcogenides (TMDs). For
higher frequency devices, flexible black phosphorus (BP)
RF TFT is demonstrated for the first time with f; ~17.5 GHz
for L= 0.5 pum, yielding v, ~ 5.5 x 10® cm/s. In addition, for
flexible sub-THz nanosystem front-ends, we have achieved
record 100 GHz graphene TFTs (v, ~ 8.8 x 106 cm/s) on
flexible glass, 56% higher than that of graphene TFTs on
polymeric substrates. These results are very promising for
design of circuits from baseband to sub- THz RF systems.

C-36

Atomistic Exploration of the Surface-sensitive
Self-assembly of a-MnO, Nanowires and

the Formation of Defective Interface with
2x3 and 2x4 Tunnel Intergrowth
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Understanding the surface sensitivity during nanostructure
growth in solution environment is important for better
design of different structures [1]. In particular, how
tunnel-based oxide nanoparticles self-assemble along
specific surfaces with the tunneled structure well aligned
along the formed interface is not fully explored. Oriented
lateral attachment by self assembly of a-MnO, nanowires
is proposed as one of the many competing mechanisms
explaining the growth process of one dimensional (1D)
a-MnO, nanowires in solution [2]. Until now, no uniform
conclusion has been made to demonstrate the growth
mechanism, which is partly due to insufficient atomistic
understanding around the growth-induced defective
surface/interface in a-MnO..

In this paper, cryptomelane a-MnO, nanowires are
synthesized via a hydrothermal reaction and characterized
using a state-of-the-art aberration corrected scanning
transmission electron microscope. Ultramicrotomed
cross-sectional slices of a-MnO, with length less than

100 nm are obtained to enable atomic scale electron
microscopy of a-MnO, tunneled structure along the

tunnel direction [001], which is also the nanowire’s axial
direction. a-MnQO, structure featured by empty 1x1 tunnels
and one column K'-supported 2x2 tunnels is clearly shown
at atomic resolution under [001] zone axis view. {100}
planes function as the lateral surfaces of single a-MnO,
nanowire with the lowest surface energy, leading to a
square shaped morphology of the nanowire. Oriented
attachment mechanism dominates the growth of a-MnO,
nanowires in solution via lateral attachment of primary
a-MnO, nanorods sharing their {110} surfaces that are
energetically unstable in solution environment. Defective
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{110} interfaces are thus formed inside secondary a-MnO,
nanowires and are composed of various 2x3 and 2x4
tunnel intergrowth structures, where more than one K*
columns are present to support the larger tunnels. The size
increase of the interface tunnel is caused by the addition
of extra unsaturated [MnQO,] radicals in solution that form
bonds with the dangling bonds at the {110} surfaces. As
such, lateral oriented attachment mechanism is confirmed
for growth of 1D a-MnO, nanostructures and the atomic
scale mechanism for the tunnel-directed formation of

the {110} OA interface is also clearly demonstrated for

the 2x3 tunnel situation [3]. This work could guide the
controlled self-assembly of nanostructures at sing-tunnel
and even single—atom level by clearly demonstrating the
atomistic mechanisms of the formation of the self-assembly
interface.

Partial funding for Y. Yuan from Argonne National Laboratory under
subcontract No. 4F31422 is acknowledged. J. Lu was supported by
the U.S. Department of Energy under Contract DE-ACO2-06CH11357
from the Vehicle Technologies Office, Department of Energy, Office of
Energy Efficiency and Renewable Energy (EERE).

[11 X.Wang and Y. Li, . Am. Chem. Soc. 124, 2882 (2002).

[2] D. Portehault, S. Cassaignon, E. Baudrin, and J.P. Jolivet, Chem.
Mater. 19, 5410 (2007).

[3] Y. Yuan, S. Wood, and K. He, et al., ACS Nano 10, 539 (2016).
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Graphene Liquid Cell
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Investigation of crystalline structure and chemistry of soft
materials including colloidal liquids, polymers, bacteria
cultures and proteins has always been a great interest for
both materials and biomedical communities. The difficulties
associated with the imaging of biological structures can

be listed as follows: 1) If the imaging is conventional in
Scanning/Transmission Electron Microscope (S/TEM), all
liquid phase will be evaporated in the vacuum environment
when inserted into the microscope, otherwise room
temperature fixation, dehydration, infiltration, fixation,
embedding and staining should be applied, but in this
case, the sample will go through several chemical and
thermal processes which involves loss of liquid phase

and artificial contrast improvement through preferential
staining so that the sample will not be in its native state.

2) If cryogenic imaging is utilized, the sample will be frozen,
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so all these steps mentioned in 1 will be eliminated. By
lowering diffusion rates at liquid nitrogen temperatures,
the electron beam induced sample damage will be

less, which is good for imaging, but the other energy
activated processes, which again depend on the electron
beam-sample interaction, are not possible for these frozen
samples to occur. 3) In order to see the dynamic processes,
in situ fluid cell holders can be used. Even though electron
beam related dynamic processes can be visualized with
these holders, the sample thickness will be too much
including the two silicon nitride windows and the liquid
sandwiched in between the windows. 4) To characterize
the chemistry and crystal structure knowledge at the native
state with the highest resolution, the material needs to be
thin and should be sealed/sandwiched in between two
single layers of graphene sheets forming graphene liquid
cell (GLC), so that the Selected Area Electron Diffraction
(SAED) and Electron Energy Loss Spectroscopy (EELS)
studies can be carried out in the Cs corrected

S/TEMs with the highest resolution available in terms of
the crystal structure and chemistry, respectively. Earlier
work from our group showed even individual iron ions can
be detected in the liquid state when released from the
ferritin structures encapsulated in GLC and which proves
the necessity of using GLC for the achievement of this sort
of resolution [1]. In this study we will show the examples
from various imaging and crystal structure and chemistry
results obtained from various biological materials including
liposomes and ferritins via this technique and discuss the
benefits of using this method [2].

[1] T Shokuhfar et al., “High resolution electron microscopy and
spectroscopy of ferritin in biocompatible liquid cells and graphene
sandwiches,” Advanced Materials 26, 3410—-3414.

[2] The authors acknowledge funding from the National Science
Foundation (CAREER award) Grant No: DMR-1350734.
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Through their high energy resolution, cryogenic
micro-calorimeters offer new scientific opportunities

at synchrotron facilities. Possible applications include
fluorescence microscopy and improved XAFS. During
the past year, we have shifted our focus from microwave
kinetic inductance detectors (MKIDs) to transition edge
sensors (TESs). This shift has required several new
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fabrication efforts. Developing an electroplated bismuth
film will allow us to test whether bismuth, desired for its
low heat capacity, has a higher thermal conductance
when electroplated than when evaporated. Releasing SiN
membranes via deep silicon RIE allows for membrane
patterning pre-release and improved packing density

of device structures. Finally, development of a suitable
Ir/Au bilayer may enable TESs with lower operating
temperatures for improved energy resolution.

Use of the Center for Nanoscale Materials was supported by the

U.S. Department of Energy, Office of Science, Office of Basic Energy
Sciences, under Contract No. DE-AC02-06CH11357 Work at Argonne
National Laboratory was supported by the U.S. Department of Energy,
Office of Science, Office of Basic Energy Sciences, under Contract
No. DE-AC02-06CH11357. We gratefully acknowledge assistance from
Dave Czaplewski, Suzanne Miller, and Leo Ocola.
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Treated lumber is used in construction to extend the life of
wood structures. Lumber treated with micronized copper
has replaced lumber treated with CCA (chromated copper
arsenate) as CCA has been deemed environmentally
hazardous. The micronized copper acts as a fungicide

to inhibit wood decay. However it’s still unclear how
micronized interacts with the metals in fasteners during
weathering. This experiment evaluated how injected
micronized copper changes its speciation in treated lumber
that has undergone weathering when metal fasteners of
differing composition are used.

We examined a sample of wood treated with micronized
copper azole (CA) in to which metal fasteners of differing
composition were inserted: electroplated galvanized

steel (zinc plated), steel, and aluminum. Fasteners were
inserted prior to artificial weathering. The sample was
then subjected to 80% humidity over a 90 day period.
Following weathering the fasteners were removed and
the wood sectioned for micro XRF and XAFS analysis

at beamline 13-ID-E. Compositional mapping of copper
distribution near the insertion surfaces was conducted

to evaluate differences in copper mobility adjacent to
fasteners. Cu K-edge XANES spectra were collected in the
wood at increasing distance from each fastener to evaluate
differences in copper valance state and speciation.

The Cu K-edge XANES spectra collected at a distance
greater than 25 mm from the fasteners was similar to the
spectrum produced by a copper (I) oxide standard. This
spectrum is considered a control since it is greater than
25 mm from the fastener. For each fastener composition
four XANES spectra were collected in the wood from a
distance of 2.5 mm away to just adjacent to the fastener.
Spectra from lumber where steel fasteners were used

are consistent with mostly Cu(l) oxide but do show

small amounts of oxidation to Cu(ll) as the fastener is
approached. Lumber where electroplated (zinc plated)
galvanized fasteners were used show that Cu(l) dominates
at a distance of ~2.5 mm and as the fastener is approached
Cu(ll) is significantly more dominant. In lumber where
aluminum fasteners were used all spectra, even 2.5 mm
away, show a complete shift towards the copper (ll) oxide.
We hypothesize this effect is related to the oxidation
potential between copper in copper azole and the
dominant metal at the fastener surface, with aluminum
having the greatest potential relative to copper.
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ESRP-2

Soybean Cellular Micronutrient Homeostatic
Response to Soil pH

J. Estremera’, A. Hale', D. Kaylor', C. Larkin', A. Luna’,

E. Piper', T. Rynkiewicz', M. Samad', N. Saylor', A. Lanzirotti?,
M. Newville?, and K. Beardsley'

' Glenbard East High School, Lombard, IL 60148
2Center for Advanced Radiation Sources, University of Chicago,
Chicago, IL 60637

The soybean [Glycine max (L.)Merr.] is a cash crop in the
United States, Brazil and many other countries. Soil pH

is known to determine nutrient availability, which in turn,
affects crop yield. Plants have homeostatic responses to
the available levels of nutrients. In response to toxic levels
of nutrients, some plants use mechanisms that sequester
the offending nutrients in anatomical sites that render
them less destructive to cell function. This experiment
investigated the spatial deposition and concentration of
micronutrients in leaves of soybean grown in varying soil
pH as detected by synchrotron x-ray fluorescence (SXRF).
Measurements were made of soybean plants grown

in soils with low pH, optimal pH and high pH. Soybean
grown in lower soil pH contain higher levels of manganese
(Mn) versus soybean grown in higher soil pH with the

Mn deposited in greater quantities in veins and necrotic
regions. Plants grown in differing soil pH levels did deposit
varying concentrations of micronutrients in leaves. The
concentrations as detected by SXRF mirror those predicted
by generally accepted patterns of nutrient availability as
determined by soil pH. All soybean samples contained
dispersed localized areas of elevated calcium levels.
These areas are assumed to be calcium oxalate crystalline
deposits common to soybean. The differences in leaf
concentration and deposition patterns are an indicator

of soybean homeostatic response to varying nutrient
availability as influenced by soil pH.

ESRP-3

The Effect of Glyphosate Concentration on
GR Soybean Cotyledon Nutrient Levels

Jimmy Zhang', Katarina Martinet!, Amira Malik', Chris Meyers',
Becca Timko', Shana Farhang', Nupur Bahl', Aidan Kelly,

Si Chen?, Olga A. Antipova?, Lu Xi Li?, Stefan Vogt?,

Stephen Snider', Qiaoling Jin?, and Robert P. Winarski?

" Hinsdale South High School, Darien, IL 60561
2 Argonne National Laboratory, Argonne, IL 60439

There is debate in the scientific community concerning

the effect glyphosate application has on nutrient levels

in glyphosate-resistant (GR) crops like the soybean.
Glyphosate is a non-selective herbicide with low toxicity

to mammals that has become widely used due to the
emergence of weeds that are becoming increasingly
herbicide-resistant. Field studies have not been exhaustive
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and have largely been inconclusive given the diversity
amongst soil types tested, areas of the plant examined,
and nutrients evaluated. We have examined elemental
concentrations of seven minerals found within the soybean
cotyledon in order to better evaluate the nutritional
content as it pertains to human consumption. One
serving of soybeans (100g) contains a substantial amount
of calcium, iron, potassium, manganese, copper, zinc,
and phosphorus, which are essential in the human diet.
X-ray fluorescence was used to quantitatively determine
elemental concentrations in dried GR soybean samples
that were subjected to applications of varying glyphosate
concentration.

ESRP-4

Homogeneous Mixing and Phase Separation
during Self-assembly of Bi-dispersed Iron
Oxide Nanoparticle Films

Harpreet Auby?, Jill Prigge', Allison Schrader,

Miraj Shah', Dillon Vadgama', Matt Vlasaty', Wayne Oras',
Yu-Sheng Chen?, Sean Griesemer?, and Binhua Lin?

" Hoffman Estates High School, Hoffman Estates, IL 60169
2ChemMatCARS, University of Chicago, Chicago, IL 60637

Nanoparticle films have applications in sensors, transistors,
photovoltaic cells, and filtration devices. Discovering a
proper method of assembling nanoparticle films will lead
to a series of innovations in the fields of material science
and nanotechnology. Here, we propose to investigate

the spontaneous self-assembly of bi-dispersed iron

oxide nanoparticle films. Using liquid x-ray scattering at
Sector 15-ID-C as well as transmission electron microscopy,
we seek to understand how the size and number ratios

of the constituent particles guide their arrangement

on the water interface. Although 10:15 nm nanoparticle
films appear to be homogeneously mixed because of
polydispersities of the constituent particles being too

high, there are still microscale phase separations within
their own segregated domains. Therefore, we conclude
that iron oxide nanoparticle films tend to display some
degree of phase separation and never mix homogeneously
regardless of the size ratios of nanoparticles. A decrease in
the size ratio between nanoparticles results in a decrease
in the domain size and a more prominently mixed film.
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ESRP-5

Emerald Ash Borer

Mira Antonopoulos,' Eristida Butkeviciute', Misbah Chagpar’,
Gillian Connolly', Paulina Cygan’, Abigail Dasbach’,

Anthony Dominic', Maciej Filar', Martynas Juskelis',

Dan Kwiatkowski', Anuj Mehta', Addison Moran’,

Sarah O’Donnell', Shannon O’Donnell, Alexander S. Paulius’,
Chris Paulius', Arjun Reddigari', Zachary Swartz',

Hailey Woynerowski', Eugene Yoon', Karen Aleman’,

and Robert Winarski?

' Lemont High School, Lemont, IL 60439
2 Argonne National Laboratory, Argonne, IL 60439

In recent years, Emerald Ash Borer (EAB) has been a
proliferating invasive species and environmental issue

for the Midwest. These beetles are indigenous to Russia
and Eastern Asian countries and are thought to have
been introduced to the United States in wooden shipping
crates. As of this time, the EAB have been spreading out
of control killing green, black and white ash trees. With no
certain sustainable solution to controlling these species,
our student’s Exemplary Research Program from Lemont
High School for the 2015-16 school year will look at the
bark and leaf tissues of the ash tree. Our students will use
the APS as a tool to study the structural components of the
tree most affected by the EAB. Our team will work under
the guidance of our Argonne mentor Robert Winarski
from the x-ray microscopy group center for nanoscales
development and will also receive assistance in sample
fixation and preparation for biological tissues from experts
at Argonne. In addition to the Argonne experts, our
students will also work with Chuck Cannon director of
The Center for Tree Science at the Morton Arboretum.

A better understanding of EAB and their impact on ash
species is important. If we can better understand EAB
perhaps we can attain an increased understanding of
other invasives and the mechanisms they work on. EAB
are essentially spreading almost completely unchecked
in the Midwest. To this day, there is no certain solution

to the control and spread of the beetles. Currently, the
only counter to the spread of these beetles is through the
use of insecticides. The specifics of how the organisms
are able to affect the tissues of the tree are not well
understood. As over time species become resistance to
the application of insecticides we would like to gather
information on specifically how the beetles work in hope
of a better understanding and perhaps another method
for population control. For sample preparation tissues will
need to be either fixated or frozen. There is an issue with
freezing tissues as water expands and thus will destroy
the cell walls and membranes of the samples. Samples
will be frozen with procedures given to my students from
the department of biology at the APS. Data collection will
involve determining the specific chemicals and structures



present in each sample. Then, the differences between
each species will be compared along with the species’
resistance to the ash borer. Our group will use thin samples
and the process of x-ray fluorescence to investigate the
tissue structures of the ash. We are still developing our
protocols for sample preparation and observation with the
assistance of our mentors.

ESRP-6

X-ray Crystallography of Chicken Egg
White Lysozyme

Leila Bentaous', Mariah Dicksen', Drew Doubleday’,
Krystian Glowacz', Sierra Goldstein', Michelle Hajduk’,
William Kane', and Norma Duke?

' Lockport Township High School, Lockport, IL 60441
2Argonne National Laboratory, Argonne, IL 60439

Proteins have three levels of structure with an optional
fourth: primary, secondary, tertiary, and quaternary. The
primary structure is the polypeptide chain of amino

acids. The secondary structure is the beginning of the
three-dimensional shape of the protein. This structure uses
Hydrogen Bonds to form either an a-helix or f-pleated
sheet. The tertiary structure is what is focused on in this
experiment. The protein becomes functional in the tertiary
stage. This stage involves several types of bonds between
the R-groups to form a folded, three-dimensional structure
of the protein.

Protein crystallography takes the pure protein solution

and creates a form that allows for accurate data. When the
protein is still in liquid form, the x-rays will scatter off in very
random directions and it will be impossible to receive any
information of the shape of that protein. The crystallized
form aligns the proteins in the same orientation. The x-rays
will scatter from the protein crystal and allow data to be
gathered about the shape and structure of the protein.

This research is focusing on solving the protein structure
of chicken egg-white lysozymes. Crystals will be grown,
frozen in liquid nitrogen, mounted at the beamline, and
diffraction data will be collected. Collected data will be
analyzed in order to solve the structure.

ESRP-7

An “Inkling” about Historic Documents
Rick Li, Yueting (Lucy) Wang, Dr. Volker Rose,

and Katherine Seguino

Naperville Central High School, Naperville, IL 60540

Iron gall ink has been a commonly used ink through much
of history, dating back as far as the Codex Sinaiticus
written more than fifteen centuries ago. As a result,
understanding the composition of the ink and the way

it interacts with the parchment it is applied to holds
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significant historical importance. We wish to examine
several historical documents from different periods of time
using x-ray fluorescence in order to better understand
their chemical compositions. Our work will build on what
was done last year; we will try to analyze older documents
and obtain them from different sources to develop a

more complete picture of how the ink works. The APS

will allow us to see if and how the chemical makeup of
the ink changes from sample to sample, and how these
changes affect the quality of the source. In addition, we
will be making our own iron gall ink, which we will apply
to parchment and observe using an optical microscope, in
order to better understand how the two substances react.
We hope that, by studying different historical samples

and by testing our own, similar ink, we can draw some
conclusions about how certain factors may influence how
quickly iron gall ink degrades the parchment it is written
on. This, in turn, could give historians more information
about how to preserve the artifacts they work with.

ESRP-8

XRD Studies of Mississippian-aged

Paint Samples

Vanessa Cai', Natalie Ferguson', Isaiah Robinson’,

Anna Thomas', Nadia Young', Daria Prawlocki',

Tammie L. Gerke?, and Mahalingam Balasubramanian?®
"Neuqua Valley High School, Naperville, IL 60564

2Miami University, Oxford, OH 45056

3 Argonne National Laboratory, Argonne, IL 60439

A MAR 245 image plate detector from Sector 20 is used
for microcrystallography studies and will be used to
determine what red, yellow, black, and white pigments
from Wickliffe Mounds’ Sun Circle are composed of using
micro x-ray diffraction of ground pigments. The MAR 245
image plate area detector is placed 450 mm from the
samples in order to get a proper reading on what the
pigment samples are composed of that were used at
Mississippian-aged Angel phase archaeological sites
dated approximately 1200 AD. The two-dimensional p-XRD
patterns can be converted to one-dimensional 20 scans
using DioptasWin64 (a software package). A crystalline
phase can be determined on the basis of peak intensities
and peak position. This information is based off of the
protocol of Gerke et al., 2013.

If the mineralogy and chemistry of the pigments have a
correlation, the data can be used for evidence to support
the theory that there was an exchange of knowledge

and goods during the Mississippian-ages. The expected
outcome is an understanding of materials used at Wickliffe
Mounds to produce pigmented artifacts. Attainment

of this data will provide new knowledge pertaining to
manufacturing techniques of the Sun Circle (Feature 336).
The overall objective of this proposal is to characterize
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the pigments associated with the Wickliffe Mounds’ Sun
Circle (Feature 336). The research mentioned above will
help archaeologists and geo-archaeologists by providing a
connection between pigment compositions and the dates
these plates are from.

ESRP-9

Comparing and Contrasting Healthy and
Unhealthy Rodent Renal Tissues Using
Synchrotron X-ray Tomography

Justin Paslawski, Danielle Allen, Trevor Spreadbury,

Val Molloy, Michael Rodriguez, Aidan Blake, Marcus Favila,
Rebecca Suarez, Brea Brennan, Tomasz Krzysiak,
Raymond Baniewicz, and Christopher Repa

Oak Lawn Community High School, Oak Lawn, IL 60453

The experiment will utilize synchrotron x-ray tomography,
in order to evaluate the structural differences between
hydroxyapatite scaffolds in rat spines that have been in
place for varying amounts of time. Contrast-based x-rays
virtually dissect the rat spines and show their structure in
detail. A comparison between the scaffolds of varying ages
will allow the lab team to analyze the underlying reasons
for functional differences within the rat spines. This will
ideally allow the team to gain a deeper understanding of
the relationship between form and function. The samples
will be scanned using a medium-resolution setup to

study the general morphology of the specimens. Areas of
anatomical interest will then be scanned at high resolution.
Each medium-resolution scan will take 40 to 90 minutes,
depending on the sample’s horizontal size, and each
high-resolution scan will take approximately 40 minutes.
The use of the synchrotron device at the advanced photon
source will allow for advanced detailing that cannot be
achieved through conventional methods. Synchrotron
imaging techniques will provide detailed 3-dimensional
images that the group will use to determine how well the
rat accepts the scaffolded spine.
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ESRP-10

Determining the Effect of Saliva on Silver
Nanoparticle Concentration

Amir Al-Sheikh', Erin Anderson?, David Kavalauskas?,
Elizabeth Klimek?, Adam Kral', Patrick Nolan?, David Pleta?,
Casey Weisfuss?, Eric Vondrak?, Abigail Zatkalik?,

James Birrell?, and Volker Rose?

' Oak Forest High School, Oak Forest, IL 60452

2Tinley Park High School, Tinley Park, IL 60477

3 Advanced Photon Source and Center for Nanoscale Materials,
Argonne National Laboratory, Argonne, IL 60439

Silver nanoparticles are commonly used in the marketplace
as anti-microbial agents on a variety of products. Silver
nanoparticles are increasingly common in the manufacture
of consumer goods, ranging from medical materials,
children’s toys, to cookware. The particles are used in
these household items because they kill potentially harmful
bacteria. The intent of this experiment is to determine
whether the concentration of silver nanoparticles
diminishes on surfaces when immersed in an environment
designed to mimic a human mouth. Our goal with this
experiment is to use the hard x-ray nanoprobe at the
Advanced Photon Source to generate an elemental map

of a surface before and after a treatment designed to
resemble typical use of a silver nanoparticle surface to
determine the rate at which silver nanoparticles migrate
from the surface and into the environment.



