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ROCKY MOUNTAIN CONFERENCE INFORMATION

REGISTRATION

Admission to all technical sessions and the exhibition is by
name badge only. Registration materials may be picked up
at the RMCMR registration area located at the Snowbird
Conference Center between 10:00 a.m. and 5:00 p.m. on
Sunday, July 26 or 8:00 a.m. and 5:00 p.m. anytime Monday,
July 27 through Friday, July 31.

EXHIBITION SCHEDULE

Monday, July 27

10:00 a.m. - 7:00 p.m.
(Conference Reception 5:30 p.m. - 7:00 p.m.)

Tuesday, July 28
10:00 a.m. - 4:00 p.m.

ALTITUDE

Snowbird is approximately 8,100 feet above sea level. The
acclimatization process is inhibited by dehydration, over-
exertion, alcohol and other depressant drugs. Please take the
following precautions regarding high altitude:

o Take it easy; don’t over-exert yourself.

o Light activity during the day is better than sleeping because
respiration decreases during sleep, exacerbating the
symptoms.

« Avoid tobacco, alcohol and other depressant drugs
including, barbiturates, tranquilizers, and sleeping pills.

o Eat a high carbohydrate diet

« Drink three to four times more water than usual.

CONFERENCE LUNCH

A complimentary lunch is being provided July 27, 28 and 29
to all registered symposia attendees. You will receive your
luncheon ticket(s) upon check-in at the Rocky Mountain
Conference registration desk. Tickets are date-specific and
cannot be interchanged with any other day. Lost tickets
cannot be replaced. Unused tickets cannot be redeemed for
another day.

The lunch will be served in Golden Cliff each designated day
from 12:00 noon - 1:00 p.m.

CONFERENCE RECEPTION

Monday evening from 5:30 p.m. to 7:00 p.m., all attendees are
cordially invited to join in on beverages and hors doeuvres.
Unwind from the day’s events and continue the “Rocky
Mountain Conference” experience. Check out all of the latest
products and services as the reception is held right in the
exhibition area.

MESSAGES

Messages will be accepted and posted on the message board.
Call 800-996-3233 or 303-690-3233 to leave messages.

CONFERENCE-AT-A-GLANCE

Sunday Monday Tuesday Wednesday | Thursday Friday
EVENT LOCATION
am. | pm. | am. | pm. | am. | pm. | a.m. | p.m. | a.m. | p.m. | a.m. | p.m.

Bruker Users Meeting Primrose

EasySpin Workshop Ballroom 1

EPR Lectures Ballroom 1

EPR Posters Magpie

Exhibition Ballroom 1

Foyer
GCW Lectures Maybird
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38TH INTERNATIONAL EPR SYMPOSIUM
July 26-30, 2015

57TH ROCKY MOUNTAIN CONFERENCE ON MAGNETIC RESONANCE
July 26-31, 2015

Snowbird Resort & Conference Center
Snowbird, Utah

CONFERENCE CHAIR
Kurt W. Zilm

EPR SYMPOSIUM COMMITTEE
Kurt Warncke (Chair)

John Morton (Co-Chair 2015, Chair 2016)

Ania Bleszynski-Jayich, Christoph Boehme, Boris Epel, Fraser
MacMillan, John McCracken, Susumu Takahashi

EPR SYMPOSIUM SPONSORS
Avanti, Inc.

Bruker BioSpin
Cambridge Isotope Laboratories
Elsevier
Medinox, Inc.

National High Magnetic Field Lab
Wilmad-LabGlass

REGISTRATION
Register at www.rockychem.com

Admission to all technical sessions and the exhibition is by
name badge only. Registration materials may be picked up at the
RMCMR registration area located at the Snowbird Conference
Center between 10:00 a.m. and 5:00 p.m. on Sunday, July 26

or 8:00 a.m. and 5:00 p.m. anytime Monday, July 27 through
Thursday, July 30, or 8:00 a.m. and 12:00 p.m. on Friday, July 31.

Complimentary lunches are being provided July 27, 28 and 29 to
all registered symposia attendees. You will receive your luncheon
ticket(s) upon check-in at the RMCMR registration desk. Tickets
are date-specific and cannot be interchanged with any other

day. Lost tickets cannot be replaced. Unused tickets cannot be
redeemed for another day. The lunch will be served in Golden
Cliff each designated day from 12:00 noon - 1:00 p.m.

EVENTS

EasySpin EPR Simulation Tutorial:
Sunday, July 26

4:00 p.m. - 6:00 p.m.

(presented by Stefan Stoll)

Bruker EPR Users’ Meeting:

Sunday, July 26

Starts at 6:30 p.m., followed by a mixer.
For information and registration access
https://www.bruker.com/events/users-
meetings/mr/epr-us/registration-north-

american-epr-users-meeting.htmi

Poster Sessions:
Monday, July 27
7:30 p.m. - 9:00 p.m.
and

Tuesday, July 28
7:30 p.m. - 9:00 p.m.

EPR Banquet:

Wednesday, July 29

7:00 p.m. - 9:00 p.m.

Enjoy an evening of comradeship and
fine food in the scenic Aerie Private
Dining Room in Cliff Lodge.
(Pre-registration required —

additional fee for dinner)



EPR SYMPOSIUM
ORAL SESSIONS AGENDA

SUNDAY, JULY 26, 2015

Pre-Conference Activities

4:00-6:00 PM

EasySpin EPR Simulation Tutorial. Stefan Stoll, University of Washington

6:30-10:00 PM

Bruker EPR Users’ Meeting
Meeting followed by Mixer




MONDAY, JULY 27, 2015

8:10 AM

| Welcoming Remarks. Kurt Warncke, EPR Symposium Chair

Session I: Spin Devices I. Ania Bleszynski-Jayich, Chair

Purcell-Enhanced Relaxation of Electron Spins.

8:15AM 100 John Morton, University College London
Optical Hyperpolarization of Donor Electron Spins in Silicon Using a Tunable DBR Laser.
8:45 AM 101 . o
Brendon Rose, Princeton University
Inverse Spin Hall Effect From a Pulsed Ferromagnetic Resonance Driven Spin Current in
9:00 AM 102 Organic Semiconductors with Tunable Spin-Orbit Coupling.
Marzieh Kavand, University of Utah
9:15 AM 103 Pulsed Ele.ct‘r(')n Splp Resonanse of ‘Shallow Donors in Germanium.
Anthony Sigillito, Princeton University
. Spins in a Semiconductor Quantum Dot.
9:30AM 104 Richard Warburton, University of Basel
10:00 AM Break

Session ll: Meth

ods I. Unconventional EPR. Susumu Takahashi, Chair

Induction-Detection Electron Spin Resonance With Single Spin Sensitivity.

10:30 AM 105 Aharon Blank, Israel Institute of Technology
11:00 AM 106 Non-Resonant Near-Field EPR Scanning Probe Spectroscopy.
’ Jason Campbell, National Institute of Standards and Technology
Differentiating Between Hyperfine and Spin-Orbit Coupling in Magnetic Resonance
11:20 AM 107 Spectral Broadening of Organic Semiconductors.
Hans Malissa, University of Utah
Multi-Extreme THz ESR: Application to Shastry-Sutherland Model Substance SrCu,(BO,),.
11:40 AM 108 o o
Hitoshi Ohta, Kobe University
12:00 PM Lunch (included with registration)

Session llI: Biological Macromolecules I and Il. John McCracken, Chair

1:30 PM

109

EPR Analysis of Ligand Binding to Chlorite Dismutase From Magnetospirillum sp.
Sabine Van Doorslaer, University of Antwerp

2:00 PM

110

Understanding the Active Site of [FeFe] Hydrogenases.
Agnieszka Adamska-Venkatesh, Max Planck Institute, Mithlheim

2:15PM

111

Electronic Structure Characterization of a Cul' Alkoxide Complex.
Ellen Hayes, University of Washington

2:35 PM

112

Insights into the Catalytic Mechanism of Bacillus subtilis Oxalate Decarboxylase: An
Electron Paramagnetic Resonance Investigation.
Umar Twahir, University of Florida

2:50 PM

113

Development of New Spin Labelling Strategies for Cysteine Rich Proteins.
Bouchra Hajjaj, University of St. Andrews

3:05PM

Break

3:35PM

114

Conformational Behavior of an Ion Channel, and the Quantification of Uncertainty in DEER.
Stefan Stoll, University of Washington

4:05 PM

115

DEER and NMR Reveal the Structural Regulation of HCN Ion Channels by TRIP8b.
Hannah DeBerg, University of Washington

4:25PM

116

How the Prion Protein Folds - from the Copper’s Perspective.
Glenn Millhauser, University of California Santa Cruz

4:45 PM

117

Chemistry in Warm Little Ponds: On the Application of ESR Spectroscopy for the Identifica-
tion of Copper Species and Assessing Molecular Fitness for Chemically-Evolving Solutions.
Christopher Bender, Fordham University

5:00 PM

118

Determination of the Zero-Field Splitting Parameters of Novel Gd3* Complexes by Very
High Frequency EPR.
Jessica Clayton, University of California Santa Barbara

5:30-7:00 PM

Conference Reception

Session IV, Posters

7:30-9:00 PM | Authors Present for Posters Labeled A




TUESDAY, JULY 28, 2015

Session V: Spin Devices ll. Ania Bleszynski-Jayich, Chair

Exploration of Spin Qubits in Silicon and Diamond.

8:15AM 125 Thomas Schenkel, Lawrence Berkeley National Laboratory
High-Frequency Optically Detected Magnetic Resonance of Nitrogen-Vacancy Centers in Diamond.
8:45 AM 126 . o e
Viktor Stepanov, University of Southern California
9:05 AM 127 Towards Bioimaging on the Nanoscale Using Single Spins in Diamond.
Tim Eichhorn, University of California Santa Barbara
9:25 AM 128 High Precision Vector Magnetometry With Uniaxial Quantum Centers in Silicon Carbide.
Andreas Sperlich, Julius-Maximillian University, Wiirzburg
9:45 AM 129 Development of a Spin-Selection Rule based Single-Electron Spin Resonance Microscope.
Kapildeb Ambal, University of Utah
10:00 AM Break

Session VI: Materials I. Christoph Boehme, Chair

10:30 AM

130

Electrically Detected Magnetic Resonance in 4-H SiC Transistors.
Patrick Lenahan, Pennsylvania State University

11:00 AM

131

Probing Carrier-Pair Spin-Spin Interactions in a Conjugated Polymer by Detuning of
Electrically Detected Beating of Spin-Rabi Oscillations.
Kipp van Schooten, University of Utah

11:15AM

132

Estimation Of The Exciton-Polaron Coupling In Organic Semiconductors Through Pulsed
Electrically Detected Magnetic Resonance.
Thomas Keevers, University of New South Wales

11:30 AM

133

Dynamics of Charge Separation in Polymer-Fullerene Bulk Heterojunctions as Revealed by
Time-Resolved EPR/ENDOR and DFT.
Oleg Poluektov, Argonne National Laboratory

11:45 AM

134

Spin-Dynamics in Vicinity of Spin-Gap and Antiferromagnetic Phase Transition of Low-
Dimensional Organic Conductors (TMTTF),X.
Toshikazu Nakamura, Institute for Molecular Science

12:00 PM

Lunch (included with registration)

Session VII: Biological EPR 1. Fraser MacMillan, Chair

Room-Temperature Distance Measurements of Immobilized Spin-Labeled Protein by DEER/

1:30 PM 135 PELDOR.

Sandra Eaton, University of Denver

Using Pulsed EPR to Explore Loop Dynamics of the TonB-Dependent Transporter ButB in
2:00 PM 136 Native Membranes.

Arthur Sikora, University of Virginia

smFRET and DEER Distance Measurements as Applied to Disordered and Structured Protein.
2:15PM 137 . . o

Tatyana Smirnova, North Carolina State University

Distances and Orientations with Low and High-Field/Frequency PELDOR/DEER.
2:30PM 138 .

Igor Tkach, Max Planck Institute, Fassberg
2:50 PM Break

Session VIlI: Dynamic Nuclear Polarization. Susumu Takahashi, Chair

Development of High-Field DNP Instrumentation for Magic-Angle Spinning !3C NMR at

3:20 PM 139 16.4 T and 30 K.
Toshimichi Fujiwara, Osaka University
3:50 PM 140 Comparing Frequency Modulation Schemes for Improving DNP Enhancements.
’ Mallory Guy, Dartmouth College
4:05 PM 141 Optimizing Frequency-Modulated CW EDMR in Silicon.

Lihuang Zhu, Dartmouth College

Session IX: IES

Awards. Stephen Hill, Chair

Electronic Structure of Novel Paramagnetic Actinide Complexes.

4:20 PM 142 Eric McInnes, University of Manchester
CW and Pulsed EPR Study of Complex Coacervation of the Mussel Foot Protein Inspired
4:40 PM 143 Adhesives.

Ilia Kaminker, University of California Santa Barbara

Session X: Posters

7:30-9:00 PM

Authors Present for Posters Labeled B




WEDNESDAY, JULY 29, 2015

Session XI: Biological EPR Il. Fraser MacMillan, Chair

Genetically Encoded Spin Labels and In-Cell EPR.

8:15AM 150 Malte Drescher, University of Konstanz

New Approaches for Distance Measurements in Nucleic Acids Using Nitroxyl and Trityl
8:45 AM 151 Spin Labels.
Matvey Fedin, International Tomography Center, Novosibirsk

Spin-Labeling Magnetic Resonance Studies of Conformational Dynamics and Flexibility
9:05 AM 152 of the 232 nt Glycine Riboswitch.
Gail Fanucci, University of Florida

Electrostatics of Bio-Interfaces by EPR of Proteins and Phospholipids Labeled with pH-
9:25 AM 153 Sensitive Nitroxides.
Alex Smirnov, North Carolina State University

G-Quadruplex Targeting by Pt(II) Complexes Studied Using Site-Directed Spin Labeling.

9:45AM 154 Peter Qin, University of Southern California

10:05 AM Break

Session XII: Methods II: Pulse and Detection Optimization, and EPR Simulation. Susumu Takahashi, Chair

Optimal Control of Spin Dynamics.

10:35AM 153 Steffen Glaser, Technical University, Munich
. Considerations on Frequency-Swept Excitation Pulses.
11:05 AM 156 Andrin Doll, ETH Ziirich
11:20 AM 157 Flelq-Steppeq Dlrfect Detection Electron Paramagnetic Resonance.
Zhelin Yu, University of Denver
11:40 AM 158 Adiabatic Pulses for Improved Electrically and Optically Detected Magnetic Resonance.

Joanna Guse, University of New South Wales

12:00 PM Lunch (included with registration)

Session XIlI: In Vivo EPR. Boris Epel, Chair

In Vivo EPR Profiling of the Tumor Microenvironment Using Multifunctional Nitroxide
1:30 PM 159 and Trityl Probes.
Valery Khramtsov, The Ohio State University

Nitroxides as Biological Sensors.

2:00 PM 160 Joseph Kao, University of Maryland

Multifunctional Probing of Microenviroment by Monophosphonated Trityl Radical Using
2:30 PM 161 FT and ESE Pulsed EPR Technique.
Andrey Bobko, The Ohio State University

Field Modulated Pulse EPR Spectroscopy and Imaging.

2:45PM 162 Mark Tseytlin, University of Denver

Skin Structure of Psoriasis Vulgaris Investigated by CW EPR and 9 GHz EPR Imaging.
3:00 PM 163 L. ) o .
Kouichi Nakagawa, Hirosaki University

Piette Award. Introduction by Sandra Eaton

Melanin - An Important Biological Pigment with Unique Physico-chemical Properties.

3:20PM 164 Lawrence H. Piette Memorial Lecture, Tadeusz Sarna, Jagiellonian University

RMC General Business Meeting

5:00 PM | Kurt Warncke, Chair
IES General Business Meeting

5:30 PM | Hitoshi Ohta, Chair
EPR Banquet

7:00-9:00 PM | Enjoy an evening of comradeship and fine food. (Pre-registration required)




THURSDAY, JULY 30, 2015

Session XIV: Methods IlI: Noble Methods for Biology & HF EPR. Susumu Takahashi, Chair

Pulsed Dipolar EPR Spectroscopy with Broadband Microwave Pulses.

8:15AM 170 Thomas Prisner, Goethe University
ESR of Spin-Labeled Lipid Bilayers Directly Tethered to a High Sensitivity
8:45 AM 171 Non-Resonant ESR Probe.
Pragya Shrestha, National Institute of Standards and Technology
9:00 AM 172 EPR Spectroscopy on Mixed Phase Samples under Flow Conditions.
’ Eric Walter, Pacific Northwest Laboratory
9:20 AM 173 Electron Spin Interactions and Electron Spin Relaxation at High Field.
) Johan van Tol, National High Magnetic Field Laboratory
9:40 AM 174 Electron-Spin-Echo Decay of Low- and High-Spin species at 240 GHz.
: Blake Wilson, University of California Santa Barbara
9:55 AM Break
Session XV: EPR Materials Il. Christoph Boehme, Chair
. Probing Single Electron Spins.
10:25 AM 175 Jorg Wrachtrup, University of Stuttgart
10:55 AM 176 Quantum Coherepce in M1.1-Based Single Mo.lecul.e Magnets.
Susumu Takahashi, University of Southern California
11:15 AM 177 Magnetic Phase Transition in Ferroelectric Lithium Niobate Doped with Erbium.
’ Galina Malovichko, Montana State University
11:35 AM 178 Simulation of Magnetic Resonance Spectra of Low-Symmetry Systems.
’ Valentin Grachev, Montana State University
11:55 AM Closing Remarks. Kurt Warncke, EPR Symposium Chair




38™ INTERNATIONAL EPR SYMPOSIUM
POSTER SESSIONS AGENDA

MONDAY, JULY 27 « 7:30-9:00 p.m.
(Authors Present for Posters Labeled A)

TUESDAY, JULY 28 - 7:30-9:00 p.m.
(Authors Present for Posters Labeled B)

200

Electrically Detected Magnetic Resonance Measurements via Spin Dependent Charge Pumping
and Other Detection Schemes in SiC Metal-Oxide-Semiconductor Field-Effect Transistors.
Mark Anders, Penn State University

201

EPR of Di-and Tri-Nuclear Mixed-Valence Copper Amidinate Complexes from Reduction of
Iodine.
William E Antholine, Medical College of Wisconsin

202

Morphology and Photoexcitation Dependence of Optically Detected Magnetic Resonance in MEH-
PPV Thin Films.
Douglas L Baird, University of Utah

203

Solution State Overhauser Dynamic Nuclear Polarization at 10 mT.
Joshua R. Biller, National Institute of Standards and Technology

204

Pulse Shaping at L-band using an Arbitrary Waveform Generator.
Laura A Buchanan, University of Denver

205

Fast Frequency Swept EPR for Optimizing Microwave Efficiency in DNP NMR of Small Samples.
Anne M Carroll, Yale University

206

Advantages of the Rotated and Modulated Magnetic Field Gradient in 2d Spatial and Spectral-
spatial EPR Imaging.
Tomasz Czechowski, noviLET

207

DEER Measurements of Copper Porphyrins Stacked on Guanine Quadruplexes.
Matthew P Donohue, National Institute of Standards and Technology

208

Bayesian Uncertainty Quantification For DEER Spectroscopy.
Thomas H Edwards, University of Washington

209

250 MHz in vivo Rapid Scan Images of pH and Thiol Reductive Status.
Boris Epel, University of Chicago

210

Acceleration of Pulse EPR pO, Imaging using Low-Rank Tensor Imaging.
Boris Epel, University of Chicago

211

Center for Electron Paramagnetic Resonance Imaging In Vivo Physiology—Tissue pO, as a
Determinant of Tumor Biology.
Boris Epel, University of Chicago

212

Solitons in Phthalocyanine Chromophores: Fundamental Study and Implications for Organic
Spintronics.
Gregory P Eyer, University of Wisconsin-Madison




213

Two-Dimensional Electron-Electron Double Resonance and Molecular Motions: The Challenge of
Higher Frequencies.

John M Franck, ACERT

214

Multiplex Detection of Magnetic Resonance for n-conjugated Polymer Electronics Devices.
Kunito Fukuda, Gunma University

215

SHARED EPR: A Network of EPR Researchers.
Gary J. Gerfen, Albert Einstein College of Medicine

216

Influence of Synthesis Route on Magnetic Ordering of SmxCal-xMnO3(x=0.35, 0.65) Manganites:
EMR Studies.
Lora Rita Goveas, Dr. Ambedkar Institute of Technolog/St. Joseph College

217

EM Simulation Methods to Facilitate Design and Development of Custom Resonators.
Alexander Gunn, Independent Consultant, Active Spectrum

218

Investigation of Radical Distribution in Foodstuffs by X-band ESR Imaging.
Hideyuki Hara, Bruker Biospin K.K.

219

A Modular Low Frequency EPR Spectrometer for Studying Objects with Cultural Heritage
Significance.

Joseph Hornak, RIT

220

Low Frequency EPR of Ceramic and Marble Objects with Cultural Heritage Significance.
Joseph Hornak, RIT

221

Low-Frequency EPR Imaging of Planar Objects with a Surface Coil.
Joseph Hornak, RIT

222

Spin Dynamics of Strongly-Coupled Photogenerated Triradicals.
Noah E Horwitz, Northwestern University

223

Electrically Detected Magnetic Resonance Spectroscopy on Monolithic Organic Light Emitting
Diodes with built-in Lithographically Defined Microwave Excitation/Magnetic Field Modulation
Structures.

Shirin Jamali, University of Utah

224

Multi-Harmonics Electrically Detected Magnetic Resonance Spectroscopy of Organic Light
Emitting Diodes Using Capacitively Coupled Coplanar Waveguide Resonators.
Gajadhar Joshi, University of Utah

225

ESEEM Study of the Initial Stages of Tau Protein Aggregation.
Timothy J Keller, University of California Santa Barbara

226

Characterization of the Free Energy Landscape for Radical Rearrangement Catalysis in B12-
Dependent Ethanolamine Ammonia-Lyase.
Meghan Kohne, Emory University

227

Spin Dynamics of Radical Pairs in Electron Donor-Acceptor Systems using Fourier Transform EPR
Methods.
Matthew D Krzyaniak, Northwestern University

228

Interaction Between the Influenza HA Fusion Peptide and Transmembrane Domain Affects
Membrane Structure.
Alex L Lai, Cornell University

229

Simulating Slow-Motion Continuous Wave EPR Spectra for General Spin Systems Using the
Stochastic Liouville Equation.
Jeremy D Lehner, University of Washington




230

Structural Changes at the Ferrous Active Site of Phenylalanine Hydroxylase Resulting from
Allosteric Activation by Substrate.
John McCracken, Michigan State University

231

Low Frequency Electrically Detected Magnetic Resonance and Near-Zero Field Magnetoresistance
in a Variety of Amorphous Semiconductors and Dielectrics.
Michael | Mutch, Pennsylvania State University

232

Distributions of C-ion and X-ray Induced Sucrose Radicals Investigated by CW EPR and 9 GHz
EPR Imaging.
Kouichi Nakagawa, Hirosaki University

233

Protein Surface Dynamics and Coupling to Solvent Dynamical Transitions Probed by Using EPR
Spectroscopy of Spin-labeled B,,-dependent Ethanolamine Ammonia-lyase.
Benjamen Nforneh, Emory University

234

EPR Studies of PCBM Derivatives.
Saralyn Ogden, University of Washington

235

Rapid Scan Electron Paramagnetic Resonance at L-band of y-irradiated Organic Solids.
Yilin Shi, University of Denver

236

Characterization of a Radical Intermediate in Lipoyl Cofactor Biosynthesis.
Alexey Silakov, Pennsylvania State University

237

EasySpin 5.
Stefan Stoll, University of Washington

238

Pulse EPR 25 mT Magnetometer with 0.1 pT Resolution.
Subramanian Vadathavoor Sundramoorthy, University of Chicago

239

Triplet State Delocalization in Multi-porphyrin Systems.
Claudia E. Tait, University of Washington

240

Achieving Control with High-Q Superconducting Resonators in Pulsed Electron Spin Resonance.
Grum Teklemariam, Infinite Potential Labs

241

EPR study of KH2PO4 Crystals with Embedded TiO, Nanoparticles.
Romand Tse, Montana State University

242

Full Spectrum Rapid Scan 4D Spectral-Spatial EPR Imaging with Nitroxide Probes at 250 MHz.
Mark Tseytlin, Dartmouth College

243

The Effects of Environmental Conditions On Free Radical Levels In Olive Oil.
Jagjeet T Wani, Steppingstone MAgnetic Resonance Training Center

244

Brain Tissue Oxygen Measured by Electron Paramagnetic Resonance in Vascular Cognitive
Impairment and Methamphetamine Abuse.
ohn M Weaver, University of New Mexico

245

Electron Spin Resonance as a Probe for Antioxidant Mechanisms in Lubricants: ESR Signatures of
Some Common Additives.
James R White, Active Spectrum

246

High-field ESR Measurements of S=1/2 Frustrated J;-J, Chain System NaCuMoO,(OH) as a
Candidate Substance which Shows a Spin Nematic Phase.
Kitahara Yoko, Kobe University

13




GRAND CHALLENGE WORKSHOP
July 30-31, 2015

57TH ROCKY MOUNTAIN CONFERENCE ON MAGNETIC RESONANCE
July 26-31, 2015

Snowbird Resort & Conference Center
Snowbird, Utah

CONFERENCE CHAIR
Kurt W. Zilm

GRAND CHALLENGE WORKSHOP ORGANIZATION
Gary Gerfen - Chair

Organized by the Research Coordination Network (RCN), “Supporting, Highlighting and Advancing Recent
Developments in EPR” (SHARED EPR), funded by the National Science Foundation
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Purcell-Enhanced Relaxation of Electron Spins.

A. Bienfait,! J. Pla,2 Y. Kubo,! X. Zhou,* D. Vion,! D. Esteve,! C.C.Lo,2 C. Weis,* T. Schenkel,* M.L.W. Thewalt,’
[.I.L. Morton,? P. Bertet!

1. Quantronics Group, Service de Physique de 'Etat Condensé, CEA Saclay, France

2. London Centre for Nanotechnology, UCL, 17-19 Gordon St, London, WC1H 0AH

3. Institut d’Electronique, de Microélectronique et de Nanotechnologie, Villeneuve d’Ascq, France

4. Accelerator and Fusion Research Division, Lawrence Berkeley National Laboratory, USA

5. Department of Physics, Simon Fraser University, Canada

Observing spontaneous emission in spins is challenging. Nuclear spins in 800 MHz NMR exhibit a free space
spontaneous emission rate of ~10-22 5”1, while for electron spins at a typical X-band frequency this rate is ~10-12 571,
Spontaneous emission therefore presents a negligible contribution to the spin relaxation time T", which is instead driven
by a variety of other processes, such as spin-phonon interactions. When a two-level system is placed in a resonant
cavity, spontaneous emission is enhanced through the Purcell effect [1], which has been observed for several decades for
optical transitions in a variety of atomic and solid state systems [2]. Nevertheless, for typical cavity Q-factors and mode
volumes in conventional ESR, even this enhanced relaxation rate remains on the order of a year-1.

By coupling an ensemble of Bi donors in Si to a 7.3 GHz micron-scale superconducting resonator with Q > 10°, we
achieve a Purcell-enhanced relaxation rate of up to 3 Hz, well in excess of the natural spin relaxation rate of this system
(observed to be 10 s at 3.5 K [3] and expected to be even longer at 10 mK used here). We find that the measured spin
relaxation rate (1/T)) follows the square of the cavity-spin coupling constant, as expected. In this way, the Purcell effect
provides a possible mechanism to engineer spin relaxation, thus making mK ESR feasible in systems which would
otherwise possess impractically long relaxation times.

[1] E. M. Purcell, Spontaneous emission probabilities at radio frequencies, Phys. Rev. 1946, 69, 681.
[2] P. Goy, J. M. Raimond, M. Gross, S. Haroche, Observation of Cavity-Enhanced Single-Atom
Spontaneous Emission, Phys. Rev. Lett. 1983, 50, 1903.

[3] G. Wolfowicz et al., Decoherence mechanisms of 209Bi donor electron spins in isotopically pure
28Si, Phys. Rev. B, 2012, 86, 245301.
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Optical Hyperpolarization of Donor Electron Spins in Silicon Using a Tunable DBR Laser.

Brendon C. Rose,! Gary Wolfowicz,2 Alexei M. Tyryshkin,! Helge Riemann,*> Nikolai V. Abrosimov,> Peter Becker,*
Hans-Joachin Pohl,> Michael L.W. Thewalt,® Kohei M. Itoh,” John J.L. Morton,?> S.A. Lyon!

1. Department of Electrical Engineering, Princeton University

2. London Centre for Nanotechnology, University College London

3. Institute for Crystal Growth, Germany

4. Physikalisch-Technische Bundesanstalt, Germany

5. Vitcon Projectconsult GmbH, Germany

6. Department of Physics, Simon Fraser University

7. School of Fundamental Science and Technology, Keio University, Japan

We report on measurements of isotopically enriched silicon samples (45 ppm 2°Si) with very low donor densities
(1E12-1E14/cm?). Pushing the donor density to these low levels leads to very small signals and necessitates optimizing
the experimental sensitivity and enhancing spin polarization. Donor spin polarization greater than Boltzmann
(hyperpolarization) can be established by optically exciting the no-phonon bound exciton transitions followed by Auger
recombination!2. We established significant donor spin hyperpolarization using a distributed Bragg reflector (DBR)
diode laser, tunable across all shallow donors in silicon, including 3'P and 2°°Bi. For phosphorus doped silicon we
observed both electron and nuclear spin polarization. Polarization of up to 100%-200% are measured (200% implies full
polarization of both the electron and 3'P nuclear spins), depending on donor density, which is as much as a 13x boost
in signal intensity compared to the 15% thermal spin polarization at 2 K. For bismuth donors at a clock transition (B

= 80.6 mT), we observed about 50% spin polarization, and 500% away from the clock transition. This increase in spin
polarization allows for a single shot measurement of low doping density samples (4E12/cm? for P and 1E14/cm? for

Bi). Coherence times obtained from Hahn echo decays while polarizing with the laser are consistently shorter than
those obtained with Boltzmann equilibrium. This is true even when operating at a magnetic field clock transition in
bismuth doped silicon, indicating that this extra decoherence is not of magnetic origin. This excess noise can be mostly
suppressed by shining a small amount of above gap light subsequent to laser illumination. With this technique we have
measured Hahn echo decay times of ~4.5 seconds at a clock transition in Si:Bi (1E14/cm?).

1. M. Steger et al., Sci. 336,6086 (2012).
2. T. Sekiguchi et al., Phys. Rev. Lett. 104, 137402 (2010).
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Inverse Spin Hall Effect From a Pulsed Ferromagnetic Resonance Driven Spin Current in Organic Semiconductors
with Tunable Spin-Orbit Coupling.

Marzieh Kavand, Kipp J. van Schooten, Dali Sun, Hans Malissa, Chuang Zhang, Z. Valy Vardeny, Christoph Boehme
Department of Physics and Astronomy, University of Utah, 115 South 1400 East, Salt Lake City, UT 84112-0830, USA

The inverse spin-Hall effect (ISHE) is typically referred to a voltage that appears across condensed matter in which a
spin current experiences spin-dependent scattering that translates into charge separation, and thus, an electric field,
through mediation by spin-orbit coupling (SOC) [1]. Experimentally, the ISHE has been observed only within the past
decade [2] and it has been utilized in recent years for the exploration of spin-transport and spin-injection phenomena.
Spin current needed for the detection of an ISHE can be generated in a wide range of materials via the process of
spin-pumping from a ferromagnetic substrate subjected to ferromagnetic resonance [3].

Here we introduce a novel experimental approach for the generation of very strong ISHE signals using pulsed
ferromagnetic resonance which allows the detection of 2 to 3 orders of magnitude stronger ISHE signals compared to
continuous wave driven ferromagnetic resonance. The strong pulsed ISHE response enables us to investigate a variety of
organic semiconductors with tunable, but overall weak, SOC, ranging from nt-conjugated polymers containing intra-chain
platinum atoms (producing the highest SOC within the group of weakly SOC materials) to fully-carbon based organic C60
films which exhibit SOC strengths between the Pt-doped and undoped polymers (due to curvature of the Fullerene cages).
Our experiments offer a route for the exploration of efficient injection and detection schemes for pure spin currents at
room temperature, and thus, the study of spin-orbit controlled spintronics device concepts in plastic materials.

[1] M. I. Dyakonov and V.I. Perel, Phys. Lett. 35, 459-460 (1971).
[2] Valenzuela et al., Nature 442, 176-179 (2006).
[3] M. V. Costache et al., Phys. Rev. Lett, 97, 216603 (2006).
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Pulsed Electron Spin Resonance of Shallow Donors in Germanium.

AL Sigillito,! A.M. Tyryshkin,! R.M. Jock,! K.M. Itoh,?> S.A. Lyon!

1. Department of Electrical Engineering, Princeton University, Princeton, New Jersey 08544, USA
2. School of Fundamental Science and Technology, Keio University, Yokohama 223-8522, Japan

The presence of magnetic nuclei are one of the major sources of decoherence in semiconductor quantum devices.
Germanium, like silicon, has been identified as a promising material for hosting donor-spin qubits because it has stable
isotopes with no nuclear spin. In its natural form, Ge contains 7.7% 73Ge (nuclear spin 9/2) but isotopically enriched
material with reduced 73Ge exists. However, until now, the prospect of using germanium for quantum devices has
remained largely unstudied.

In this presentation we report pulsed spin resonance measurements of the coherence (T,) and relaxation (T,) times for
75As and 3!P donors in natural and isotopically enriched (4% and 0.1% 7>Ge) germanium down to He-3 temperatures.
Below 2 K we find that T, is limited by a single-phonon process whereas a two-phonon Raman process dominates

at higher temperatures. We observe anisotropies in the linewidth and T, that depend on the magnetic field direction
relative to the Ge crystal. This is explained using a valley repopulation model. We also report the first T, measurements
for donors in Ge and find that in isotopically enriched material, T, is limited by T, to 1.2 ms at 350 mK for B, || (100)
at X-band frequencies. This is compared to a 73Ge limited T, of 55 ms for natural germanium. Other orientations are
expected to show longer spin coherence.
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Spins in a Semiconductor Quantum Dot.

Andreas V. Kuhlmann,! Mathieu Munsch,! Martino Poggio,! Jonathan H. Prechtel,! Gunter Wiist,! Arne Ludwig,?
Andreas D. Wieck,? Richard ]. Warburton!

1. Department of Physics, University of Basel, Klingelbergstrasse 82, CH-4056 Basel, Switzerland

2. Lehrstuhl fiir Angewandte Festkorperphysik, Ruhr-Universitat Bochum, D-44780 Bochum, Germany

A semiconductor quantum dot is a potential host for a spin qubit. On the one hand, dealing with the nuclear spin noise
is an important issue. On the other hand, the nuclear spins in a self-assembled quantum dot are decoupled to all extents
and purposes from the other nuclear spins in the material and an opportunity arises to explore the properties of a
nano-sized nuclear spin ensemble. We show here how frequency-swept NMR can be applied to manipulate the quantum
dot nuclear spins and to determine their key parameters (initial temperature following polarization, the indium
concentration and the isotope-specific quadrupole frequency distributions). We go on to determine the coherence
associated with the central transition (-1/2 to +1/2). The Hahn echo T2 is a few milliseconds for an unoccupied
quantum dot but falls by about a factor of 100 on occupying the quantum dot with a single electron, evidence for a
RKKY-like decoherence process whereby all nuclear spins couple via a common interaction with the electron spin. This
interaction ultimately limits the electron spin coherence. We show how the coupling to the nuclear spins can be turned
off by switching to a hole spin and applying a transverse magnetic field.
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Induction-Detection Electron Spin Resonance With Single Spin Sensitivity.
Yaron Artzi, Aharon Blank
Schulich Faculty of Chemistry, Technion—Israel Institute of Technology, Haifa, 32000, Israel

ESR has many applications, ranging from semiconductor characterization to structural biology and even quantum
computing. While being very powerful and informative, ESR traditionally suffers from low sensitivity, requiring many
millions of spins to get a measureable signal with commercial systems using the Faraday induction-detection principle.
In view of this disadvantage, significant efforts were made recently to develop alternative detection schemes based,

for example, on force, optical, or electrical detection of spins, all of which achieve single electron spin sensitivity. This
sensitivity, however, comes at the price of limited applicability and usefulness to address real scientific and technological
issues facing modern ESR, as conventional induction-detection ESR does on a daily basis. In the talk we present the
most sensitive experimental induction-detection ESR setup and results ever reordered that show the detection capability
of the magnetization of just a single electron spin.! This was achieved thanks to the development of an ultra-miniature
micrometer-sized microwave resonator that was operated at ~34 GHz at cryogenic temperatures in conjunction with

a unique cryogenically-cooled low noise amplifier. The experiment employed as a test sample isotopically enriched
phosphorus-doped silicon, which is of significant relevance to spin-based quantum computing. The sensitivity was
experimentally verified with the aid of a unique high-resolution ESR imaging approach. These new results represent a
paradigm shift with respect to the capabilities and possible applications of induction-detection-based ESR spectroscopy
and imaging. Details of the experimental set-up will be provided and future directions leading to further improved
sensitivity will be discussed.

1. Applied Physics Letters 106, (2015) 084104
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Non-Resonant Near-Field EPR Scanning Probe Spectroscopy.

Jason P. Campbell,' Jason T. Ryan,! Pragya R. Shrestha,> Zhanglong Liu,'* Canute Vaz,! Ji-Hong Kim,!

Vasileia Georgiou,* Kin P. Cheung!”

1. National Institute of Standards and Technology, 100 Bureau Drive, MS 8120, Gaithersburg, MD 20899

2. Department of Electrical and Computer Engineering, Old Dominion University, Norfolk, VA 23508

3. Department of Chemistry, University of Florida, P.O. Box 117200, Gainesville, FL 32611

4. Department of Electrical and Computer Engineering, George Mason University, 4400 University Dr, Fairfax, VA 22030
*Kin.Cheung@nist.gov

EPR has demonstrated itself as a crucial tool for understanding a wide variety of biochemical interactions. However,
EPR is relatively insensitive and thus requires a large number of spin active species in order to produce a signal. This
presents a significant challenge for studying many biological systems as synthesizing the needed volume of spin-labeled
biomolecules to produce a spectrum is often unfeasible.

Here, we demonstrate continuous wave spectroscopic X-band EPR via a non-resonant near field microwave probel.

The key innovation is replacing a standard resonant structure with a geometrically-scaled shorted coaxial termination
with Q=1. The degraded sensitivity associated with using a non-resonant structure is more than compensated for by the
gains in filling factor upon geometric scaling. The net sensitivity is improved by more than 20000x over conventional
systems. These sensitivity gains are demonstrated at ambient conditions by measuring 140 attomoles of TEMPO in

an approximately 593 femtoliter liquid cell. The experimental arrangement associated with this detection approach

is amenable to a wide variety of samples (solids/liquids) and eliminates many of the sample restrictions dictated by
resonator base experiments. In addition, the form factor is akin to a scanning probe measurement in which the sample
surface can be EPR imaged with relative ease. The experimental form factor is highly suitable for examining biochemical
interactions at relevant ambient conditions with great fidelity.

J.P. Campbell, J.T. Ryan, PR. Shrestha, Z. Liu, C. Vaz, J. Kim, V. Georgiou, and K.P. Cheung, “Electron
Spin Resonance Scanning Probe Spectroscopy for Ultrasensitive Biochemical Studies,” Analytical
Chemistry, in press (2015). DOI: 10.1021/acs.analchem.5b00487.
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Differentiating Between Hyperfine and Spin-Orbit Coupling in Magnetic Resonance Spectral Broadening of
Organic Semiconductors.

H. Malissa,! G. Joshi,! R. Miller III,! S. Jamali,! D. Baird,! M. Kavand,! J. van Tol,> ].M. Lupton,> C. Boehme!
1. Department of Physics and Astronomy, University of Utah, Salt Lake City, UT 84112

2. National High Magnetic Field Laboratory, Florida State University, Tallahassee, FL 32310

3. Institut fiir Experimentelle und Angewandte Physik, Universitit Regensburg, 93053 Regensburg, Germany

The conductivity of organic semiconductors is strongly influenced by nuclear spins of the all-abundant hydrogen atoms.
This effect can be observed for instance by comparative magnetoresistance measurements of organic semiconductor
devices which are nominally identical except for the different hydrogen isotopes!. These nuclear spins are hyperfine
coupled to the spins of charge carriers (so called polaron states). We have investigated nuclear-spin control mechanisms
of the electronic materials properties using various pulsed electrically detected magnetic resonance (pEDMR)
spectroscopy techniques®3. In order to experimentally distinguish nuclear spin effects from spin-orbit effects, we have
conducted pEDMR experiments on charge carrier (polaron) spins over a broad range of frequencies and magnetic
fields ranging from the low-field (several MHz) up to the quasi-optical (hundreds of GHz) regime. As expected, at low
magnetic fields, the polaron resonance line width is dominated by the nuclear spin-electron interaction (the so-called
hyperfine fields), whereas at high magnetic fields it is governed by the weak, but non-zero spin-orbit coupling induced
distribution of the Landé-factor, with width Ag, of electron and hole polaron resonances?. The comparison of the data
obtained in the different frequency domains allows us to accurately determine both the magnitude of the random
hyperfine fields as well as Ag.

This work was funded by the U.S. Department of Energy, Office of Basic Energy Sciences, Division of Material Sciences and
Engineering under Award DESC0000909.

1. T. D. Nguyen et al., Nat. Mater., 2010, 9, 345-352.
2. W. J. Baker et al., Nat. Commun., 2012, 3, 898.
3. H. Malissa et al., Science, 2014, 345, 1487-1490.
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Multi-Extreme THz ESR: Application to Shastry-Sutherland Model Substance SrCu,(BO;),.

H. Ohta,!? S. Okubo,! E. Ohmichi,? T. Sakurai,> H. Takahashi*

1.Kobe University, Molecular Photoscience Research Center, Kobe, 657-8501 Japan

2. Kobe University, Graduate School of Science, Kobe, 657-8501, Japan

3. Kobe University, Center for Support to Research and Education Activities, Kobe, 657-8501, Japan
4. Kobe University, Organization of Advanced Science and Technology, Kobe, 657-8501, Japan

Development of THz ESR under multi-extreme conditions, such as high magnetic field, high pressure and low
temperature, is the main target in Kobe recently. It covers the frequency region between 0.03 and 7 THz,1 the
temperature region between 1.8 and 300 K,1 the magnetic field region up to 55 T,1 the pressure region up to 1.5

GPa.2 Recently we achieved 2.7 GPa using the hybrid-type pressure cell. 30ur micro-cantilever ESR also enables the
measurements of micrometer size single crystals.4Development on the magnetization detected ESR using SQUID
magnetometer (SQUID ESR) has been also achieved.5 As an application high pressure THz ESR results of Shastry-
Sutherland Model Substance SrCu,(BO;), up to 2 GPa at 2 K will be presented and the possible phase transition under
high pressure will be discussed.

1. H. Ohta et al., . Low Temp. Phys. 2013, 170, 511.

2. T. Sakurai et al., Rev. Sci. Inst. 2007, 78, 065107; T. Sakurai, J. Phys.: Conf. Series, 2010, 215, 012184.

3. K. Fujimoto et al., Appl. Mag. Res. 2013, 44, 893.

4. H. Ohta et al., AIP Conf. Proceedings 2006, 850, 1643; E. Ohmichi et al., Rev. Sci. Instrum. 2008, 79,
103903; E. Ohmichi et al., Rev. Sci. Instrum. 2009, 80, 013904; H. Ohta and E. Ohmichi, Appl. Mag.
Res. 2010, 37, 881; E. Ohmichi et al,, J. Low Temp. Phys. 2010, 159, 276; Y. Tokuda et al., J. Phys.:
Conf. Series 2012, 400, 032103; E. Ohmichi et al., J. Mag. Res. 2013, 227, 9.

5. T. Sakurai et al., J. Phys.: Conf. Series 2011, 334, 012058; T. Sakurai et al., J. Mag. Res.2012, 223, 41;
T. Sakurai et al., ]. Magnetics 2013, 18, 168.
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EPR Analysis of Ligand Binding to Chlorite Dismutase From Magnetospirillum sp.

Sabine Van Doorslaer,! Amy De Schutter,! Diana M. Freire,> Ignacio Caretti,! Julio C. Cristaldi,> Maria G. Rivas,?

Alberto Rizzi,2 Pablo J. Gonzélez?

1. BIMEF Laboratory, Department of Physics, University of Antwerp, B-2610 Wilrijk, Belgium

2. Departamento de Fisica, Facultad de Bioquimica y Ciencias Bioldgicas, Universidad Nacional del Litoral, S3000ZAA
Santa Fe, Argentina

Perchlorate reducing bacteria have the ability of transforming toxic perchlorate in chloride ions and therefore offer the
possibility of perchlorate removal via bioreactors. In the perchlorate pathway, the heme protein chlorite dismutase (Cld)
catalyzes the splitting of chlorite in chloride and oxygen. The EPR spectrum of ferric wild-type Cld of Magnetospirillum
sp. (MaCld) exhibits a variety of ferric heme centers. Addition of an axial ligand, such as azide, nitrite or imidazole,
removes this heterogeneity almost entirely. This is in line with the two existing high resolution crystal structures of
MaCld obtained in the presence of azide and thiocyanate that show the coordination of the ligands to the heme iron.
The crystal structure of the MaCld-azide complex reveals a single well defined orientation of the azide molecule in

the heme pocket. EPR shows, however, a pH-dependent heme structure, probably due to acid-base transitions of the
surrounding amino-acid residues stabilizing azide. For the azide, nitrite and imidazole complex of MaCld the hyperfine
and nuclear quadrupole interactions with the nearby N and 'H nuclei are determined using pulsed EPR. These values
are compared to the corresponding data for the low-spin forms observed in the ferric wild-type MaCld and to existing
EPR data on similar complexes of other heme proteins.
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Understanding the Active Site of [FeFe] Hydrogenases.

A. Adamska-Venkatesh,! J.E. Siebel,! T.R. Simmons,? R. Gilbert-Wilson,? R. Souvik,2 V. Artero,> M. Fontecave,>*
T.B. Rauchfuss,? E. Reijerse,! W. Lubitz!

1. Max-Planck-Institut fiir Chemische Energiekonversion, Stiftstrasse 34-36, 45470 Miilheim an der Ruhr, Germany
2. Laboratoire de Chimie et Biologie des Métaux, Université Grenoble Alpes, CEA,CNRS, 17 rue des martyrs, 38000
Grenoble, France

3. School of Chemical Sciences, University of Illinois at Urbana-Champaign, Urbana, IL 61801, USA

4. Laboratoire de Chimie des Processus Biologiques, Collége de France, Université Pierre et Marie Curie, CNRS UMR
8229, 11 place Marcelin Berthelot,75005 Paris, France

In the green algae Chlamydomonas reinhardtii photosynthesis under sulfur deprivation results in the release of a
byproduct, H,, a possible future renewable energy carrier. This is due to its highly efficient [FeFe] hydrogenase that
contains an active site called the “H-cluster”. This consists ofa “classical” [4Fe-4S] cluster and a unique [2Fe]; sub-cluster
with CN-and CO ligands and a dithiolate bridging ligand. We have recently shown that the apo-protein of [FeFe]
hydrogenase, which contains only the [4Fe-4S] part of the H-cluster, could be maturated and activated by a synthetic
precursor of the diiron sub-cluster ([Fe,(CO),(CN),(adt)]?) [1, 2]. This approach allows not only the production of
large amounts of highly active enzyme but also to modify and selectively isotope label the precursor of the [2Fe]y
sub-cluster. Additionally, we could insert many different biomimetic complexes into the enzyme and identify structural
motifs which are essential for catalytic activity [3]. Using FTIR spectro-electrochemistry new intermediate states could
be identified both in native and hybrid versions of the H-cluster [4]. A combination of isotope labeling (*’Fe, 13C and
I5N) and the use of hybrid enzyme allowed us to study in great detail the electronic structure of the H-cluster by multi-
frequency pulse EPR methods [5, 6].

[1] Berggrenet al., Nature, 2013, 499, 66

[2] Esselbornet al., Nat. Chem. Biol., 2013, 9, 607

[3] Siebel et al. Biochemistry, 2015, 54,1474

[4] Adamska-Venkateshet al., J. Am. Chem. Soc., 2014, 129, 11447

[5] Adamska-Venkatesh et al., Phys.Chem. Chem. Phys., 2015, 17, 5421
[6] Gilbert-Wilson et al., J. Am. Chem. Soc., 2015, submitted
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Electronic Structure Characterization of a Cu'' Alkoxide Complex.
Ellen C. Hayes, Thomas R. Porter, James M. Mayer, Stefan Stoll
University of Washington, Department of Chemistry, Seattle, WA 98195-1700

A unique four coordinate Cu!! alkoxide complex structurally reminiscent of the galactose oxidase active site has been
synthesized! and the electronic structure characterized. The galactose oxidase enzyme is known to oxidize primary
alcohols to aldehydes through a four coordinate Cul! alkoxide intermediate. The oxidation is believed to occur via a
one-electron transfer to Cul! and a hydrogen atom transfer from the a-C-H bond of the alkoxide ligand to a coordinated
3’-(S-cysteinyl)tyrosine radical.>3 The model compound Tp®uCull-OCH,CF; (Tp'B® = (3-t-butyl-pyrazolyl)-borate)
contains a trifluoroethoxide ligand and exhibits an almost axial EPR spectrum with a uniquely large g value of 2.45 and
small copper hyperfine coupling A of 39¢10* cm™! or 118 MHz. To determine the electronic structure yielding these
unique parameters, optical absorption, single crystal Q-band EPR and ENDOR (electron nuclear double resonance),
MCD (magnetic circular dichroism), and rR (resonance Raman) spectroscopies have been employed. Single crystal
EPR experiments reveal a d,, , ground state (LUMO) with the orbital plane perpendicular to a long Cu-N_,;, bond and
ENDOR experiments reveal the spin density on the ethoxide ligand. The optical absorption spectrum shows a weak

d orbital manifold transition at 900 nm and an intense charge transfer transition at 420 nm which is assigned to an
ethoxide lone pair to LUMO transition based on MCD and 1R results. These data, supported by DFT calculations, will
be used to compare the electronic structure of this unique model complex to the existing literature on small molecule
and biological copper active sites.*>

1. Porter, T. R. & Mayer, ]. M. Manuscript in progress.

2. Whittaker, J. W. Chemical Reviews 103, 2347-2363 (2003).

3. Lee, Y.-K., Whittaker, M. M. & Whittaker, J. W. Biochemistry 47, 6637-6649 (2008).

4. Chen, P, Fujisawa, K. & Solomon, E. I. Journal of the American Chemical Society 122, 10177-10193
(2000).

5. Solomon, E. I, Szilagyi, R. K., George, S. D. & Basumallick, L. Chemical Reviews 104, 419-458
(2004).
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Insights into the Catalytic Mechanism of Bacillus subtilis Oxalate Decarboxylase: An Electron Paramagnetic
Resonance Investigation.

Umar T. Twahir, Alexander Angerhofer

Department of Chemistry, University of Florida, Gainesville, Florida 32611-7200, USA.

Oxalate Decarboxylase from Bacillus subtilis is a Mn-dependent enzyme that catalyzes the degradation of oxalate to
carbon dioxide and formate. OxDC is a member of the bicupin superfamily of enzymes, with a mononuclear Mn (II)
coordinated in each of its two domains. The proposed mechanism employs oxygen a co-catalyst necessary to drive the
initial oxidation step in the catalytic cycle, suggesting Mn (III) is present while superoxide is generated. Superoxide
production was studied utilizing both spin trapping EPR and mass spectrometry.! Mn (III) has also been seen in related
enzymes,>> where the Mn ion cycles through oxidation states during turnover, suggesting that OxDC might follow

a similar trend. In the present study the enzyme was chemically oxidized in order to observe Mn (III) directly, using
parallel- mode X-band and Mn (II) oxidation using High-Field/Frequency EPR. The observed Mn (IIT) EPR signature
was then also observed in as-prepared enzyme, and exhibits a strong pH dependency which was observed on the same
enzyme preparation using an enzyme immobilization technique. OxDC is only active at low pH where the majority

of the Mn(III) signal was observed and shows a pH dependence of its Mn (II) signals indicative of conformational
changes.

1. Twahir, U.T, et. al., Free Rad. Biol. Med. 2015, 80, 59-66.

2. Campbell, K.A,, et. al,, J. Am. Chem. Soc. 1999, 121, 4714-4715.
3. Whittaker, M.M,, et. al., J. Biol. Chem., 2007, 282, 7011-7023.
4. Tabares, L.C., et al., J. Phys. Chem. B 2009, 113, 9016-9025.
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Development of New Spin Labelling Strategies for Cysteine Rich Proteins.
Bouchra Hajjaj,"»3 Stacey Bell,>* Janet Lovett?
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2. BSRC Biomolecular Sciences Building, University of St Andrews, UK.

3. PHYESTA School of Physics and Astronomy, University of St Andrews, UK.

EPR ORAL SESSION
Bouchra Hajjaj, St Andrews University, North Haugh , St Andrews, Scotland, KY169ST, GB
E-mail: bh50@st-andrews.ac.uk

Conformational Behavior of an Ion Channel, and the Quantification of Uncertainty in DEER.
Stefan Stoll,! Thomas Edwards,! Hannah DeBerg,-? John Bankston,? William N. Zagotta?

1. Department of Chemistry, University of Washington, Seattle, USA

2. Department of Physiology and Biophysics, University of Washington, Seattle, USA

This presentation consists of two parts. (A) HCN is a hyperpolarization-activated ion channel that is involved in the
regulation of the heartbeat. HCN contains an intracellular ligand-binding domain that regulates the channel’s activation.
The structural basis for this regulation is unknown. We present a structural model for the conformational transition
induced by ligand binding. The model is based on multiple DEER distance distributions in combination with coarse-
grain elastic network modeling. We also show results on the topology of the complex between the HCN ligand-binding
domain and TRIP8b, a structurally uncharacterized accessory protein. For this, we used DEER-based probabilistic
trilateration.

(B) Although most experimental DEER data are contaminated by noise, the commonly applied Tikhonov regularization
(TR) delivers a noise-free distance distribution P(r), without any error bars. In addition, the DEER workflow includes
systematic biases such as the particular choice of the regularization parameter. Commonly, neither the effect of noise nor
the impact of biases on P(r) is fully analyzed. This can potentially lead to over-interpretation and to erroneous structural
conclusions. We present first results on a promising approach for quantifying the uncertainty in TR-based P(r) due to
noise and biases. The approach is based on Bayesian inference and intends to facilitate more reliable data interpretation.
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DEER and NMR Reveal the Structural Regulation of HCN Ion Channels by TRIPS8b.

Hannah A. DeBerg,"? John R. Bankston,? Joel C. Rosenbaum,? Peter S. Brzovic,®> William N. Zagotta,? Stefan Stoll!
1. University of Washington, Department of Chemistry, Seattle, WA 98195-1700

2. University of Washington, Department of Physiology and Biophysics, Seattle, WA 98195-1700

3. University of Washington, Department of Biochemistry, Seattle, WA 98195-1700

Hyperpolarization-activated cyclic nucleotide-gated (HCN) ion channels play an important role in regulating
pacemaking activity in the heart and brain. They are regulated by adenosine 3’5’-cyclic monophosphate (cAMP).
cAMP binds to a conserved intracellular cyclic nucleotide binding domain (CNBD) in the channel, increasing the rate
and extent of activation of the channels and shifting activation to less hyperpolarized voltages. TRIP8b is an auxiliary
subunit that regulates HCN channel localization and, when bound to HCN, reduces their cyclic nucleotide dependence.
The structure of TRIP8b is unknown. We show that TRIP8b binds to the apo state of the cyclic nucleotide binding
domain (CNBD) of HCN2 channels without changing the overall domain structure through cw-EPR and double
electron-electron resonance (DEER) experiments. Furthermore, we use 1H, 15N HSQC nuclear magnetic resonance
to identify the binding surface for TRIP8b on HCN. We apply intermolecular DEER to measure distances between
HCN and TRIP8b and map the topology of the TRIP8b and HCN channel complex. These data provide a structural
framework for understanding how TRIP8b regulates the cyclic nucleotide dependence of HCN channels.
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How the Prion Protein Folds - from the Copper’s Perspective.
Glenn Millhauser, E.G. Evans
University of California Santa Cruz, Department of Chemistry and Biochemistry, Santa Cruz, CA 95064

The cellular prion protein (PrPC) is a membrane-anchored glycoprotein consisting of two domains: a flexible N-terminal
domain that participates in Cu?* and Zn?* binding, and a mainly helical C-terminal domain that converts to 3-sheet
structure in the course of prion disease. These two domains have traditionally been thought of as non-interacting;
however, recent cellular and biophysical evidence has forced a reconsideration of this view. Using NMR, we recently
reported a novel tertiary fold in which the Zn?+-bound octarepeat domain contacts the exposed surface of helices

2 and 3.! We now wish to approach this with the copper bound protein. The inter-domain structure in Cu?*-bound
recombinant PrP is examined using site-directed spin labeling of the genetically incorporated unnatural amino acid
pAcPhe and Cu?*-nitroxide DEER EPR. Distance measurements show that the Cu?*-bound PrP octarepeats interact
with a negatively charged surface defined by helices 2 and 3. Our results are supported by molecular dynamics
simulations, which indicate that the observed cis interaction is stabilized by electrostatics. Our findings suggest that
metal-induced tertiary structure may be a general property of PrPC, important for protein processing? and function,
and that disruption of this interaction may be a contributing factor in prion disease pathology.

1. Spevacek, A. R; Evans, E. G. B.; Miller, J. L.; Meyer, H. C.; Pelton, J. G.; Millhauser, G. L. Structure
2013, 21, 236.

2. McDonald AJ, Dibble JP, Evans EG, Millhauser GL. ] Biol Chem. 2014 289:803-13.

3. McDonald AJ, Millhauser GL. Prion. 2014 8(2).
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Chemistry in Warm Little Ponds: On the Application of ESR Spectroscopy for the Identification of Copper Species
and Assessing Molecular Fitness for Chemically-Evolving Solutions.

Christopher Bender

Fordham University, Department of Chemistry, Bronx, NY 10458

The Miller-Urey experiments of the 1960s demonstrated how a mixture of inorganic gas can be induced to form a
condensate of fundamental organic building-blocks that coincide with the molecules of metabolic importance. Thus
were posited scenarios of a primeval sequence in which molecular complexity evolves through directed stepwise
syntheses. Geochemical origins of an ordering principle associated with these syntheses have been suggested, and we
are examining the leaching of copper and formation of coordination complexes with small organic molecules in saline
solutions that are formulated to mimic geochemical systems. The parametric information obtained from the cw-ESR
spectra is sufficiently precise to make distinctions among coexisting copper(II) species in the saline solutions, and

for the interactions of a given specific ligand with copper, we are able to observe changes in speciation as we alter the
prevailing conditions in the solution. By systematically comparing the ESR spectra of copper coordinated by ligands
that are members of a homologous series, we are observing binding trends that may be interpreted and used as a gauge
of molecular fitness in chemical evolution processes that eventually lead to structural motifs that are familiar to peptide
and protein chemists.

The work to be presented was peformed at Brooklyn College, and the author gratefully acknowledges Richard S. Magliozzo
for the use of the ESR spectrometer.
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Determination of the Zero-Field Splitting Parameters of Novel Gd** Complexes by Very High Frequency EPR.
Jessica A. Clayton,> Mian Qi,> Akiva Feintuch,* Ilia Kaminker,> Julia Wegner,> Adelheid Godt,?> Daniella Goldfarb,*
Songi Han,>> Mark S. Sherwin!-2

1. University of California, Department of Physics, Santa Barbara, CA 93106

2. University of California, Institute for Terahertz Science and Technology, Santa Barbara, CA 93106

3. University of Bielefeld, Department of Chemistry, 33615 Bielefeld, Germany

4. Weizmann Institute of Science, Department of Chemical Physics, Rehovot, Israel

5. University of California, Department of Chemistry and Biochemistry, Santa Barbara, CA 93106

Site-directed spin-labeling (SDSL) combined with electron spin resonance has proven to be a very powerful tool for
elucidating the structure of biomolecules in a variety of environments. With technological developments making
high-field EPR ever more accessible and versatile, SDSL has naturally been extended to the high-field. Due to limitations
of stable nitroxide radicals for high-field work a new family of spin-labels based on S=7/2 Gd3** compounds have been
introduced.! Previous work using Gd**-based spin labels for distance measurements with high-field DEER and CW-EPR
have largely ignored effects of zero-field splitting (ZFS), which is typically 3+-labeled systems has shown that the effects
of ZFS must be considered, and hence accurate knowledge of the ZFS parameters is required.!>* Very-high frequency
EPR conducted at low temperatures is particularly well-suited to extracting ZFS parameters.* We investigate the ZFS
parameters of six Gd3* complexes, including Gd(Py-MTA), GA(DOTA), Gd(Py-DTTA), and Gd(TAHA) in 300 uM
glassy solutions using low-temperature EPR spectra recorded at 240 GHz. These results are confirmed by additional
spectra recorded at W-band and X-band. Experimental spectra are fit to two models for the axial and rhombic ZFS
parameters (D and E) from literature: (1) uncorrelated single-Gaussian distrib