
419.  
Accession number:13002815 
Title:Pulsed electron paramagnetic resonance spectroscopy powered by a free-electron laser 
Authors:Takahashi, S. (1); Brunel, L.-C. (2); Edwards, D.T. (3); van Tol, J. (4); Ramian, G. (2); 
Han, S. (2); Sherwin, M.S. (2)  
Author affiliation:(1) Dept. of Chem., Univ. of Southern California, Los Angeles, CA, United 
States; (2) Inst. for Terahertz Sci. &amp; Technol., Univ. of California, Santa Barbara, CA, United 
States; (3) Dept. of Phys., Univ. of California, Santa Barbara, CA, United States; (4) Nat. High 
Magn. Field Lab., Florida State Univ., Tallahassee, FL, United States  
Source title:Nature 
Abbreviated source title:Nat. (UK) 
Volume:489 
Issue:7416 
Publication date:19 Sept. 2012 
Pages:409-13 
Language:English 
ISSN:0028-0836 
CODEN:NATUAS 
Document type:Journal article (JA) 
Publisher:Nature Publishing Group 
Country of publication:UK 
Material Identity Number:EP02-2012-046 
Abstract:Electron paramagnetic resonance (EPR) spectroscopy interrogates unpaired electron 
spins in solids and liquids to reveal local structure and dynamics; for example, EPR has elucidated 
parts of the structure of protein complexes that other techniques in structural biology have not 
been able to reveal. EPR can also probe the interplay of light and electricity in organic solar cells 
and light-emitting diodes, and the origin of decoherence in condensed matter, which is of 
fundamental importance to the development of quantum information processors. Like nuclear 
magnetic resonance, EPR spectroscopy becomes more powerful at high magnetic fields and 
frequencies, and with excitation by coherent pulses rather than continuous waves. However, the 
difficulty of generating sequences of powerful pulses at frequencies above 100 gigahertz has, until 
now, confined high-power pulsed EPR to magnetic fields of 3.5 teslas and below. Here we 
demonstrate that one-kilowatt pulses from a free-electron laser can power a pulsed EPR 
spectrometer at 240 gigahertz (8.5 teslas), providing transformative enhancements over the 
alternative, a state-of-the-art ~30-milliwatt solid-state source. Our spectrometer can rotate spin-1/2 
electrons through &pi;/2 in only 6 nanoseconds (compared to 300 nanoseconds with the solid-state 
source). Fourier-transform EPR on nitrogen impurities in diamond demonstrates excitation and 
detection of EPR lines separated by about 200 megahertz. We measured decoherence times as 
short as 63 nanoseconds, in a frozen solution of nitroxide free-radicals at temperatures as high as 
190 kelvin. Both free-electron lasers and the quasi-optical technology developed for the 
spectrometer are scalable to frequencies well in excess of one terahertz, opening the way to 
high-power pulsed EPR spectroscopy up to the highest static magnetic fields currently available. 
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