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Paramagnetic Materials / Introduction

Simplified Scheme of Hydrogen Peroxide & ROS?
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4 ROS = Reactive Oxygen Species
© D @ K Krumova & G. Cosa, Overview of ROS in Singlet Oxygen: Applications in Biosciences and
Nanosciences 2016, 1, pp. 1-21
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https://doi.org/10.1039/9781782622208-00001

Paramagnetic Materials / Overview
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System of conducting electrons
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Magnetic Resonances NMR/EPR
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a0 i nucleus
/electron
) ‘ proton
J i nucleus
/electron
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éo = external magnetic flux density/field
M = magnetization

Vp (ve) = matching frequency for protons (electrons) 5/ 2



Magnetic Resonances NMR/EPR
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Common Features & Differences / Energies & Population Difference

Proton (NMR) Electron (EPR)

Ae, = hy, Ag, = hv,
= gphyp, Bo(NMR) = gehv.Bo(EPR)
for v, = 600 MHz for v. = 9.8 GHz
By(NMR) = 14.0919 T By(EPR) = 0.3497T
Nigy/Njoy = 99.990 % (T = 298K) Niay/Nigy = 99.842 % (T = 298K)
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Magnetic Resonance EPR
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Cwb Spectrometer Detailed View & EPR Spectrum

Microwave Bridge and Magnet Origin of Signal/Spectrum
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Structural Information from EPR

Splitting of the NMR/EPR Spectra (Nu-Nu/e-Nu Interactions)
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Structural Information from EPR
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Example of e-H Interaction (Energies €)
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Structural Infromation from EPR
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Example of Complex e-TH-*N Interaction/Splitting
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* Interaction/Splitting from ¢ — butyl & —CH, can be neglected
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Structural Infromation from EPR

Analysis of EPR Spectra¢de

q Molecular
b| |Hamiltonian
p|
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1 Spin simulation
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exp.
spectra

¢ D [ F Neese, Curr. Opin. Chem. Biol. 2003, 7, pp. 125-135
49 @ ). Tarabek, J. Org. Chem. 2018, 83, pp. 5474-5479
€ see also: [ easyspin.org
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https://www.sciencedirect.com/science/article/pii/S1367593102000066?via%3Dihub
https://doi.org/10.1021/acs.joc.8b00398
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Practical Aspects of EPR
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EPR/NMR Spectrometers /[ Comparison
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EPR Facilities
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Tubes/Cells for Liquid/Solid Samples®8 vs Temperatureh

f1 ¢ region from 0.01 pM to 50 mM (I V from 50 pl to 1 ml)
85 Powder m from 1 mg to 50 mg

hgT+ Kt K
8T from 80 K to 500 [ 2



EPR Facilities

Coupled Methods/Generation of Paramagnetic Species
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PBN spin trap

DMPO spin trap
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R-PBN - adduct R-DMPO - adduct
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Case Studies

1"/
M In situ EPR Electrochemistry

* In situ EPR Photochemistry with Spin Trapping
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EPR Spectroelectrochemistryi N—
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Stability of the Electrochemically Generated BC Radical Cation

Br Br
N
+e
Br

ko]
a
Hyperfine couplings (HFCCs, A ) from & = Eroeriment
simulation ( Sim ) + computed by DFTY. "‘i} — Simulation
Nuclei ~ AS™ (MHz) APFT (MHz) =
1 x N 24172 21.267
3x 1H 6.768 6.950
Giso = 2.0025
3x 1H 5.825 4.719 : . .
345 350 355
3x H 2.673 3.817 B (mT)
3 x 8By 1.820 2.036

Comparison of experimental and simulated EPR
spectra of "Blues Cousin"(BC), radical cation.

i Cooperation with the Group of (HEEIHED (& D. Hidasovd, RP)

J PBEO/EPR-1I(C,H,N)/def2-TzvPD(Br)//B3LYP/6-31G(d,p)//C-PCM(CH,, Cl,) e



EPR Spectroelectrochemistryi TR
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Stability of the Electrochemically Generated BC Radical Cation
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| B o
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B (mT) Time ('s)
"Top-view" of EPR spectra recorded during kinetic BC* " decay® just after the in situ electrochemical
stability experiment of the BC*™". generation.

i Cooperation with the Group of (& D. Hidasovd, RP)

K units => "p.d.u"" = £ procedure defined unit (see IUPAC) 18 22


https://web.archive.org/web/20110810201956/http://old.iupac.org/divisions/VII/VII.C.1/C-NPU_Uppsala_081023_25_minutes_confirmed.pdf
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EPR Photochemistry!
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Detection of Transient Radicals by Spin Trapping upon Continuous

Sample Irradiation (by 448 nm LED)™
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L Cooperation with the Group of (& Ch. Pramthaisong, RP)
M Additional DFT computations & MS & Isotopic labeling/replacement were required

1
354
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EPR Spectrometer Upgrade
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Double Resonance
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ENDORM Basic Principle —
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ENDOR Probehead & Spectra®
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M Electron Nuclear Double Resonance

° @ D& D. M. Murphy & R. D. Farley, Chem. Soc. Rev. 2006, 35, pp. 249-268 /2


https://doi.org/10.1039/B500509B
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