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Preface

Dear colleagues,

Welcome to the 11™ edition of the International Workshop on “Electron
Magnetic Resonance of Disordered Systems” (EMARDIS). With the present
edition we continue the tradition established 1989 and hope it will be extended
in the future. From my point of view, the success of the EMARDIS meeting may
be attributed to its program, which includes the fundamental and applied EMR
achievements, to the selected top experts in the field of EMR, with a limited
number of participants, the free and open character of the discussions and the
possibilities for extended friendly talking on individual level and to the easy

contacts between the participants from different countries.

So, I have the honor to wish you a pleasant stay in Bulgaria, fruitful time and

success in your work during the 11™ EMARDIS meeting.

Nicola D. Yordanov
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A NEW BINDING SITE OF CU*" IN
PRION PROTEIN

S. Akutagawa, H. Tamayama, Y. Watanabe', O. Inanami' and
Y. Shimoyama'
Graduate School of Emergent Functional Science, Muroran Institute of Technology, Muroran
053-8585, Japan.

'Graduate School of Veterinary Medicine, Hokkaido University, Sapporo 060-0818, Japan.

Prion protein is a causative origin of the BSE disease. In the present study, we report
on a new finding of copper binding by the site-directed spin-labeling method (the SDSL
method). Existence of copper ion has been known to stabilize a structure of prion protein. It
has known that histidine residues located at octarepeat region, i.c., H60, H68, H76 and H84 in
prion protein, and each residue binds one Cu ion. One Cu ion also binds between H95 and
H110. The side-chain of the histidine residue plays a role as ligands to copper ions.

We determined the distance between a nitroxide reagent and the copper ion and
thereby found a new binding site of Cu ion. Employing the spin label (MTSSL) to 156th
tyrosine residue (Y) that is in the vicinity of the 186th histidine residue (H) of moPrP we
detected existence of copper ion. Due to the magnetic interaction between the newly
incorporated spin label molecule and copper ion, one may detect distance between the
paramagnetic species.

We recorded ESR spectra from the prion samples as immersed in copper solutions at
various concentrations. The line broadening was found in ESR signals from spin label moiety
due to the distance of Cu ion. The ESR spectra confirmed that the Cu ion locates nearby the
tyrosine residue (Y 156).

In fact, the titration graph between the ESR absorption intensity estimated by double
integration versus Cu2+ ion concentration showed that the spin-spin interaction depends upon
the inter-spin distance. Based upon the Redfield theory and the fitting procedure, we
evaluated the inter-spin distance to be ca. 13 . This indicates that the Cu ion binds at the
position of 13 apart from Y156. The Cu binding position concluded to be H186 residuc.



ADVANCED METHODOLOGIES IN MICRO-IMAGING
ELECTRON SPIN RESONANCE

¥ Aharon Blank

Schulich Faculty of Chemistry
Technion — Israel Institute of Technology
Haifa, 32000, Israel

High resolution electron spin resonance (ESR) imaging is an emerging technique with
applications ranging from biophysics to materials science and basic physics. Previous efforts
in this ficld were able to obtain images of solid samples with a resolution of up to ~3.5
microns. Recent experimental improvements, such as resonators with higher sensitivity,
cfficient gradient coils and advanced gradient current drivers, enabled the acquisition of ESR
images down to the sub-micron resolution. The talk will describe these new methodological
advances along with some representative experimental examples of live cells O, micro-
imaging and solid-statc paramagnetic centers sub-micron imaging. Future prospects of this

technique, in terms of sensitivity, resolution and possible applications will be discussed.

RADIATION-INDUCED RADICAL FORMATION IN SOLID STATE
SUGARS: A REVIEW OF RECENT EMR AND DFT RESULTS

H. De Cooman"?*, E. Pauwels*®, H. Vrielinck'®, E. Sagstuen3, M. Waroquie:rZ and F. Callens'

'Department of Solid State Sciences, Ghent University, Krijgslaan 281-S1, B-9000 Gent, Belgium
2Center for Molecular Modeling, Ghent University, Proeftuinstraat 86, B-9000 Gent, Belgium
Department of Physics, University of Oslo, P.O. Box 1048 Blindern, N-0316 Oslo, Norway
Contact. hendrik.decooman@ugent.be

Carbohydrates are important constituents of several biological systems, including
DNA, and clucidating their radiation chemistry is therefore of general importance. In
particular, sugar radicals play a crucial role in radiation-induced single and double strand
breaks in DNA, which can lead to mutations and, finally, cancer. Certain sugars such as
sucrose (table sugar) are also promising dosimetric materials. An advanced knowledge of the
radiation-induced processes in carbohydrates may thercfore provide better insight into the
DNA radiation chemistry and aid in establishing reliable sugar dosimetry protocols. The first
step in acquiring such knowledge is identification of the radical structures.

Electron Magnetic Resonance (EMR) experiments on irradiated sugar single crystals
allow a very detailed characterisation of the radicals via the g-tensor and the hyperfine
interactions between the unpaired electron spin and the nuclear spins in the lattice. Single
crystals also offer the advantage of mimicking to some extent the compact structure of
chromosomal DNA. Numerous EMR studies on single crystals of sugars and sugar derivatives
have been performed the last decades, but radical identification by EMR experiments alone is
often ambiguous and sometimes not feasible. The last few years, highly accurate Density
Functional Theory (DFT) calculations on extended organic solid state systems have become
possible. These provide a powerful tool to help clarify and interpret experimental results and
enable unambiguous structural identifications that were not possible before.

In this talk, an overview will be given of recently identified radiation-induced radicals
in single crystals of sugars (c.g. sucrose," > fructosc*) and sugar derivatives (e.g. glucose 1-
phosphate®®). The results pertain to primary as well as intermediate and stable species and the
identifications are mainly based on the agreement, both in principal values and directions,
between experimentally determined and DFT calculated proton hyperfine tensors. Common
structural features are highlighted and possible commonly operative formation mechanisms
are discussed.

1. H. De Cooman, E. Pauwels, H. Vrielinck, A. Dimitrova, N. Yordanov, E. Sagstuen, M. Waroquier
and F. Callens, Spectrochim Acta Part A, 2008, 69, 1372 — 1383.

2. H. De Cooman, E. Pauwels, H. Vrielinck, E. Sagstuen, F. Callens and M. Waroquier, J. Phys.
Chem. B, 2008, 112, 7298-7307.

3. H. De Cooman, E. Pauwels, H. Vrielinck, E. Sagstuen, S. Van Doorslaer, F. Callens and M.
Waroquier, Phys. Chem. Chem. Phys., 2008, DOI:10.1039/B816641B.

4. M. Tarpan, E. Sagstuen, E. Pauwels, H. Vrielinck, M. Waroquier and F. Callens, J. Phys. Chem.
A, 2008, 112, 3898-3905.

5. H. De Cooman, G. Vanhaelewyn, E. Pauwels, E. Sagstuen, M. Waroquier and F. Callens, J. Phys.
Chem. B, 2008, 112, 15045-15053.

6. H. De Cooman, G. Vanhaelewyn, E. Sagstuen, F. Callens and M. Waroquier, .J. Phys. Chem. B,
2008, 112, 15054—-15063.

*Research Assistant of the Research Foundation - Flanders (FWO - Vlaanderen)
"Postdoctoral Fellow of the Research Foundation - Flanders (FWO - Vlaanderen)



INFLUENCE OF THE MATRIX ON THE EPR PARAMETERS OF
BIS(DI-ISOPROPYLDISELENOPHOSPHINATO)COPPER(II)
COMPLEX

Anna D’imitrova”, Azad Malik?, Nicola Yordanov"

D Laboratory Molecular Catalysis with Centre of EPR Spectroscopy, Institute of Catalysis, Bulgarian
Academy of Sciences, 1113 Sofia, Bulgaria
% Manchester Materials Science Centre, University of Manchester

In the last few years the interest toward sclenium containing transition metal comlexes
(metal diselenocarbamate, M"(dsc)n and metal disclenophosphinate, M"(dsph)n; n=2 or 3;
M?*' =2Zn*', Cu™’, Cd™', Pb; M*' = Ga®', In®" grows up because of their promising propertics
as precursors for nanoparticles e.g., quantum dots and thin-film solar cells. Despite of this the
investigations on their molecular and electronic structure as well as chemical propertics are
quite limited.

The aim of our work is to throw light on the electronic structure of bis(diiso-
propyldisclenophosphinato)copper(Il) complex, Cu(i-Prodsph); magnetically diluted in the
corresponding Ni(Il) and Zn(II) matrix. All our attempts to obtain single crystals were
unsuccessful.

Magnetically diluted powdered samples were obtained according to the metal-
exchange reaction:

M (i —Pr, dsph), + Cu** — Cu/ M(i - Pr, dsph), (where M = Ni or Zn; and Cu/M ratio is
1:20)

For preparing of Cu/Zn((i-Pr.dsph); samples, Zn(i-Prodsph), complex was dissolved
in C¢Hs.CH3 or CHCl;3 and for preparing of Cu/Ni(i-Prodsph),, Ni(i-Pradsph); complex was
dissolved in CHCl; or DMFA. The copper(Il) salt was dissolved in water.

The obtained anisotropic spectra show that:

1. The used diamagnetic matrix have influence on
the EPR parameters of Cu(i-Prodsph); (Table).

2. The features of the EPR spectra depend strongly
on the organic solvent used for an extraction:

2.1. When CHCIl; was used for preparing of (i)
Cu/Zn((i-Prydsph); - very weak EPR signal is
observed whereas; (if) Cu/Ni((i-Prydsph); - except
the signal from Cu((i-Prodsph), a singlet with
2=2.0024 is detected (Figure),

2.2. Using of C¢Hs.CH;3 and DMFA for preparing of

Figure | powder samples of Cu/M(dsph), (M = Zn or Ni,
respectively) lead to the EPR spectra with similar
features;

Table i
extracting 2u g SUA Qs PA

powder sample | golyent | £0.001 | 40.001 | £0.5[mT] | +0.5[mT] | £0.2[mT]
Cu/Ni(i-Pradsph), CHCl, 1.986 2.027 15.19 4.76 0.778
Cu/Zn(i-Prydsph toluene

i 2007 | 2.039 | 14.90 4.57 0.622
Cu/Ni(i-Prydsph), DMFA

4

EPR SPECTRA OF HEXAFLUORIDO COMPLEXES

J. Glerup and C. A. Thuesen
Department of Chemistry, University of Copenhagen, Denmark

In the EMARDIS conference 2007 single crystal EPR spectra of some hexafluoride
complexes were presented. At that time the spectra of Cs;MnF diluted in Cs,GeFq (cubic)
and K)MnF; in K;GeFs (trigonal) were not completely understood, especially the spectra
along the three fold axis.

The simulation and fitting of the Mn" spectra have been successfully accomplished.' With
the magnetic field parallel to the C, -axis seven lines are observed for cach manganese M,
value as expected from the fluorine superhyperfine interaction, however, when the magnetic
field is parallel with the C; -axis thirteen lines are observed for each manganese M value. For
the transitions with the M; values (-1/2)«>(1/2) this effect can be explained the fact that the
nuclear Zeeman effect from the six fluorine ligands mixes states and make forbidden
transitions allowed. It has been necesssary to introduce D-strains centred at 0 cm™ along the
threefold axes, to reduces the intensity of the transitions (-3/2)«>(-1/2) and (1/2)«<>(3/2)
relative to (-1/2)«<>(1/2). This indicates that the octahedral MnFe> ion is randomly distorted
along the Cj5 -axes in the cubic crystal.

For the potassium salt the sign of the zero field splitting was determined by high field EPR
spectroscopy at low temperature and this also determined the sign of the parameters in the
cubic case.

The spectrum of the potassium salt has also been recorded with the magnetic component of
the microwave radiation parallel to the magnetic field. In this mode only five hyperfine lines
from manganese are observed, each of course split by the superhyperfine interaction with the
six fluorido ligands. This can be explained by selection rules like (Ms)(Mp)«—>(Ms.))(Miy),
which implies a conservation of angular moment.

To further clucidate the interaction between transition metal ions and fluorido ligands
we have investigated single crystal and powder EPR spectra of K;NaCoFs and K,NaMoF;
diluted in K,NaGaF; (elpasolite) and Cs;ReFg diluted in Cs,GeFg.

2, 3145

' C. A. Thuesen, A. L. Barra and J. Glerup Inorg. Chem. In press.

% L. Helmholz, and A.V. Guzzo J. Chem. Phys. 1959, 31, 172.

* L. Helmholtz, and M. E. Russo J. Chem. Phys. 1973, 59, 5455.

*J. Owen and J. H. M. Thornley Rept. Prog. Phys. 1966, 29, 675

8 (a) H. Vrielinck, F Loncke, F. Callens, and P.Matthys Physical Rewiew B, 2004, 70, 144111, (b) F. Loncke, H.
De Cooman, E. Goovaerts, P. Matthys, and F. Callens Phys. Chem. Chem. Phys. 2007, 9, 5320.



ESR-Spectroscopy in Ionic Liquids: Investigations on the Dynamics and
Kinetics of Organic Radicals

G. Grampp_,l B. Mladenova', A. V. Tran,! and D. KatmigI
!Institute of Physical and Theoretical Chemistry, Graz University of Technology,
Technikerstrasse 4/I. A-8010 Graz (Austria)
c-mail: grampp@TUGraz.at

lonic liquids are molten salts of mainly organic cations and inorganic or organic anions, liquid
at room temperature [1]. They are of interest, not only from scientific point of view but also
for chemical industrial productions. Environmental friendly industrial productions based on
so-called “Green Chemistry” principles mainly use ionic liquids as solvent to avoid classical
toxic organic solvents. The ionic liquid structures, consisting of cations and anions, are
completely different from classical organic bulk solvents. lonic liquids are used for example
in clectrochemistry with great success since the electrochemical window is larger than 4 volts.
But only a few reports exist on ESR-spectroscopic investigations using ionic liquids as
solvents.

We would like to report on ESR-measurements using the ionic liquids:1-butyl-3-
methylimidazolium hexafluorophosphate (bmim'PF¢), 1-butyl-3-imidazolium fluoroborate
(bmim'BFy) and 1-cthyl-imidazolium ethylsulfate (emim‘O3SOEY).

a) Electron-self exchange of the methylviologene redox couple (MV"™/MV™)

From ESR-linebroadening experiments rate constants corrected for diffusion vary between

82 x10'M's" and 1.2x10°M's™!, depending on the ionic liquid used [2]. The activation
energies range from AG'= 27.4 — 42.1 kJ/mol. These results will be compared with
measurements obtained in different common classical organic solvents [3]. The solvent
dependent outer-sphere reorganization energy is discussed in the sense of Marcus-Theory.

b) Rotational correlation times

Using the high viscosity of ionic liquids, the rotational correlation times, T,o, of uncharged
TEMPO derivatives and the charged Fremy’s salt are measured in bmim'PF¢ and
emim'O3SOEt. 1,(TEMPO, bmim‘PF({) =4.0x10""s" and Trot(Fremy, bmim PF¢) =
4.3x10"'%" arc obtained, both at T=300K.These results arc similar to published data [4,5,6].
Temperature dependent measurements (298K< T<450K) reflect the viscosity dependence of

Trot- %

Applying Debye-Stokes-Einstein relation, one gets two regions in the corresponding In(t,,T)
vs. 1/T plots caused by phase changes in the ionic liquids.

¢) Intramolecular spin exchange

The exchange interaction coupling, J, of bi-, tri- and tetranitroxy radicals have been measured
in emim'O3;SOEt as a function of the temperature. The results are compared with
measurements of the same nitroxides in classical organic solvents [7, 8.9].

T. Welton, Chem.Rev. 1999,99,2071.

G. Grampp, D.Kattnig and B. Mladenova, Spectrochim.Acta A 2006, 63, 821.

G. Grampp, B. Mladenova, D. Kattnig and S. Landgraf, Appl. Magn. Reson. 2006, 30, 145.

R. G. Evans, A. J. Wain, C. Hardarce and R. G. Compton, ChemPhysChem. 2005, 6, 1035.

A. Kawai, T. Hidemori and K. Shibuya, Chem.Lett. 2004, 33, 1464,

R. Stoesser, W. Herrmann, A. Zahl, V. Strehmel and A. Laschewsky, ChemPhysChem. 2006, 7, 1106.
A. 1. Kokorin, V. A. Tran, K. Rasmussen and G. Grampp, Appl. Magn.Reson. 2006, 30, 35.

. G. Grampp, K.Rasmussen and A. I. Kokorin, Appl. Magn.Reson. 2004, 26, 245.

. V. A, Tran, K.Rasmussen, G,Grampp and A.Kokorin, Mol.Phys. 2007 ,105, 2119.
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DEER AND HYPERFINE SPECTROSCOPY FOR THE
MEASUREMENT OF DISTANCES IN PARAMAGNETIC SYSTEMS

Jeffrey Harmer

Centre for Advanced Electron Spin Resonance, Department of Chemistry, University of
Oxford, Inorganic Chemistry Laboratory, South Parks Road, Oxford OX1 30R, UK

Measurement of the magnetic dipole-dipole interaction, either between two unpaired electrons
spins or an electron spin and nuclear spin, provides a unique method to determine distance
and orientation information in paramagnetic systems. DEER spectroscopy between two
nitroxide radicals for instance provides reliable distances in the range ca. 20<r<60 A. In this
presentation we will discuss how DEER methodology can be applied to a highly anisotropic
spin system where the microwave pulses only excite a small fraction of the EPR spectrum and
are thus orientationally selective. Our analysis program will be discussed and applied to
determine the binding structure of two proteins, one spin labeled with a spin label (MTS)
having an isotropic spectrum, and the other protein having a naturally occurring Fe,S, cluster
with considerable g-anisotropy (S='2 ground state with g, =1.94, g,=2.02) [1]. This
system is part of a two-protein electron transport chain for the heme dependent cytochrome
P450 enzymes. The dipole interaction between an clectron and nuclear spin can be measured
with both ENDOR and ESEEM techniques, with a distance range of ca. <10 A. A multi
microwave frequency application of these two techniques provided an accurate recipe to
determine the hyperfine tensor, giving both principal values and orientation information. The
power of this analysis will be demonstrated on the methane producing enzyme methyl-
coenzyme M reductase (MCR) with the nickel-containing tetrapyrrole cofactor 430 (Fa30) at
the active site. Using hyperfine spectroscopy we were able to identify coordinating ligands,
specifically Ni™-H, Ni'""-CHj, and Ni'—CH;SCoM [2,3,4].

1. Orientation selective DEER measurements to determine the ferredoxin reductase / Fe2S2 redoxin docking
facilitating electron transfer to P450, Harmer J, Lovett JE, Timmel CR, Mercuri F, Polyhach Y, Jeschke G,
Caprotti D, Bell SG, Forward I, Wong LL (in preparation).

2. A nickel hydride complex in the active site of methyl-coenzyme M reductase: Implications for the catalytic
cycle, Harmer J, Finazzo C, Piskorski R, Ebner S, Duin EC, Goenrich M, Thauer RK, Reiher M, Schweiger A,
Hinderberger D, Jaun B, Journal of the Amercian Chemical Society, 130, 10907-10920, 2008

3. Formation of a nickel-methyl species in methyl-coenzyme M reductase, an enzyme catalyzing methane
Jormation, Yang N, Reiher M, Wang M, Harmer J, Duin EC, Journal of the American Chemical Society, 129
(36), 11028-11029, 2007

4. Coordination and binding geometry of methyl-coenzyme M in the redlm state of methyl-coenzyme M
reductase, Hinderberger D, Ebner S, Mayr S., Jaun B. Reiher M, Goenrich M., Thauer RK, Harmer J., Journal of
Biological Inorganic Chemistry, Hinderberger D, Ebner2 S., Mayr S, Jaun B, Reiher M., GoenrichS M, Thauer
RK, Harmer J, Journal of Biological Inorganic Chemistry, 13 (8), 1275-1289, 2008

























































