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Welcome 
 

 

We thank the Department of Chemistry, University of Edinburgh for their assistance in 

hosting this Conference 
 

On behalf of the ESR Group of the Royal Society of Chemistry, welcome to the 39
th
 

International Meeting of the RSC ESR Group.  

 

The ESR group would like to acknowledge the generosity of Bruker BioSpin and JEOL UK 

for their financial assistance, and to Bruker BioSpin and JEOL UK for hosting receptions. 

 
All conference activities and food (except for banquet) will take place in the McIntyre Centre. 

 

• Lectures will take place in the Prestonfield room.   

• Manufacturers Exhibits will be in the Duddingston room 

• Posters will be split between Prestonfield and Salisbury rooms  

• Breakfast, Lunch, and Dinner will be served in the Dining Hall (on the ground floor) at 

the times shown in the following programme. Please note the slight variation in service 

times for the various meals which depend on the scientific programme times. Please wear 

your conference badge for all meals. 

• Coffee will be served in the conservatory 

• Conference banquet will be in the Playfair Library, Old College. 

 
See the separate leaflet “Conference Notes” for more details of the Edinburgh Campus. 

 

The meeting is joint with the Working Group 3 meeting of the COST P15 action 

“Advanced Paramagnetic Resonance Methods in Molecular Biophysics”. Last 

session on Tuesday and all sessions on Wednesday are organized by COST P15 action. 

 

 

 

We mourn the untimely death of friend and colleague Prof Dr Arthur Schweiger.  

A session on Tuesday morning will be dedicated to his memory. 



Short Conference Programme (Plenary lectures are in bold, the colour code is used throughout the booklet) 

Sunday    

16.00-20.00 Registration   

18.30-19.30 Dinner 

20.00-22.00 JEOL whisky tasting 

Monday    

7.30-9.00 Breakfast 

9.00-9.50 Prof Lesley J. Yellowlees, EPR Spectroelectrochemical Studies of Reduced Species 

9.50-10.10 Prof Shulamith Schlick, ESR in the hydrogen economy: direct ESR and spin trapping methods for the detection of 

radicals in polymeric membranes exposed to oxidizing conditions in fuel cells 

10.10-10.30 Prof Elena G. Bagryanskaya, Application of high field EPR to study phase transitions and exchange interaction in 

molecular magnetics 

10.30-11.00 Coffee 

11.00-11.50 Dr Louis Claude Brunel, Novel Approach in Electron Magnetic Resonance: Fundamentals and Applications 

11.50-12.10 Dr John J. L. Morton, Davies ENDOR revisited: Enhanced sensitivity and nuclear spin relaxation 

12.10-12.40 Dr Vasily S. Oganesyan, Advanced spectroscopic methods in bioinorganic chemistry: A theoretical insight 

(IBDG Young Investigator Award talk) 

12.40-14.00 Lunch 

14.00-14.20 Dr Maxim M. Yulikov, An EPR study of color centers and their interaction with Au atoms on single-crystalline 

MgO (001) films 

14.20-14.40 Dr Jonny R. Woodward, Development of a rapid risetime pulsed magnetic field spectrometer for pump-probe field 

effect studies 

14.40-15.00 Dr Vasyl Denysenkov, 180 GHz PELDOR reveals the mutual orientation of the tyrosyl radicals in ribonucleotide 

reductase 

15.00-17.00 Poster session, which includes coffee at 15.30-16.00 

18.00-19.00 Dinner 

19.00-20.30 Prof Yuri Dmitrievich Tsvetkov, Pulsed Dipolar ESR Spectroscopy and Its Applications (Bruker Lecture) 

20.30-22.30 Bruker wine reception 

Tuesday 

7.30-9.00 Breakfast 

9.00-9.10 Dr Gunnar Jeschke, In memory of Prof A. Schweiger. 

9.10-10.00 Prof Daniella Goldfarb, High field EPR/ENDOR chracterization of Mn(II) sites in protein single crystals 

10.00-10.20 Prof Sabine Van Doorslaer, Vanadyl deposition in the mesopores of SBA-15 materials 

10.20-10.40 Dr Jeffrey R Harmer, EPR investigations of paramagnetic rhodium complexes 

10.40-11.10 Coffee 

11.10-12.00 Prof Dr Georg Gescheidt, Time-Resolved Studies of Radical Reactions 

12.00-12.20 Dr Marilena Di Valentin, Artificial Photosynthetic Reaction Centers in Liquid Crystals: Identification of Spin-

Polarized Paramagnetic Intermediates by TR-EPR 

12.20-12.40 Prof Marina R. Brustolon, Time resolved and pulsed EPR studies on photoexcited triplets in nanostructured and 

oriented matrices 

12.40-14.00 Lunch 

14.00-14.20 Ms Janet E. Banham, Testing the Limits of the DEER Method for Distance Measurements in Proteins 

(JEOL Student talk) 

14.20-14.40 Mr Riccardo Garzelli, Bifunctional spin labels in probing reactions in vesicles (JEOL Student talk) 

14.40-15.00 Mr Alexey E. Silakov, Investigation of the active site of the Fe-only hydrogenase from Desulfovibrio 

Desulfuricans, using pulse EPR techniques (JEOL Student talk) 

15.00-15.30 Coffee 

15.30-15.35 Prof Dr Heinz-Jürgen Steinhoff, Opening of COST P15 session  

15.35-16.25 Dr Chris W. M. Kay, From Alcohol Oxidation to Liver Regeneration: Applications of EPR in Biology 

16.25-16.45 Dr Valérie Belle, Assessing induced-folding of an intrinsically disordered protein by site-directed spin labeling 

16.45-17.05 Dr Tibor Páli, Spin label EPR studies of the vacuolar proton-ATPase 

17.05-17.35 Annual General Meeting of the ESR group of the RSC 

19.30-23.00 Conference banquet (drinks at 19.30, banquet at 20.00) 

Wednesday 

7.30-9.00 Breakfast 

9.00-9.50 Dr Gunnar Jeschke, Pulsed ELDOR: Measuring More than a Single Distance 
9.50-10.10 Dr Martina Huber, Distance between a native cofactor and a spin label in the reaction centre of Rhodobacter 

sphaeroides by a two-frequency pulsed electron paramagnetic resonance method (DEER) 

10.10-10.30 Prof Olav Schiemann, PELDOR: Distance Measurements between Metals and Nitroxides, spin counting and 

domain arrangement 

10.30-11.00 Coffee 

11.00-11.20 Prof Klaus Möbius, 360-GHz high-field EPR and ENDOR in biophysics: a status report 

11.20-11.40 Dr Enrica Bordignon, Properties of the HAMP domain of NpHtrII investigated by SDSL EPR 

11.40-12.00 Dr Richard Ward, Nanometre scale distance measurements in nucleic acids by site-directed spin labelling  

12.00-12.20 Dr Joanna Wolowska, A multi-frequency EPR Study of the quadrupolar effect in a Au(II) complex 

12.20-14.00 Lunch



The ESR Group of the Royal Society of Chemistry 
 
The ESR Group of the Royal Society of Chemistry (RSC), was established in 1968 at Cardiff, 

and held its first meeting in Southampton in 1969. Over the years the chairmen of the group 

have included Profs. Waters (1968-), Evans (1970-), Warhurst (1972-), Symons (1976-), 

Atherton (1981-), Gilbert (1985-), McLauchlan (1989-), Davies (1992-), Rhodes (1995-), 

Lowe (1998-) and Walton (2001-2004). Our current Chairperson is Dr Shirley Fairhurst.  The 

Secretaries of the group have included Drs. Evans (1968-), Raynor (1973-), Rowlands (1988-), 

Murphy (1998-) and Maher (2003-4). Since 1973, the group has held an International Meeting 

each year.  The present organisation of the group and scientific committee for this meeting in 

Edinburgh, the 39
th
 Conference includes: 

 

 Dr. S.A. Fairhurst John Innes Centre, Norwich, UK Chair 

 Dr V. Chechik University of York, UK Secretary and Treasurer 

 Dr. E. McInnes University of Manchester, UK 

 Dr D. Keeble University of Dundee, UK 

 Prof D. Lurie University of Aberdeen, UK 

 Prof B. Hoffman Northwestern University, USA 

 Dr P. James University of Cardiff, UK 

 Dr G. Smith University of St Andrews, UK 

 Dr C. Timmel University of Oxford, UK 

 Dr F. MacMillan University of Frankfurt, Germany 

 Dr J. P. Maher Bristol University (retired), UK   

 Dr D. M. Murphy  Cardiff University, UK    

 

 Dr R. Ladbury Bruker BioSpin, Coventry, UK 

 

 Local Organisers:  

 Prof L. J. Yellowlees University of Edinburgh, UK 

 Dr Paul Murray University of Edinburgh, UK 



List of all talks 

Lecture 

No. 
Monday 

1 Prof Lesley J. Yellowlees EPR Spectroelectrochemical Studies of Reduced Species 

2 Prof Shulamith Schlick ESR in the hydrogen economy: direct ESR and spin trapping methods 

for the detection of radicals in polymeric membranes exposed to 

oxidizing conditions in fuel cells 

3 Prof Elena G. 

Bagryanskaya 

Application of high field EPR to study phase transitions and exchange 

interaction in molecular magnetics 

4 Dr Louis Claude Brunel Novel Approach in Electron Magnetic Resonance: Fundamentals and 

Applications 

5 Mr John J. L. Morton Davies ENDOR revisited: Enhanced sensitivity and nuclear spin 

relaxation 

6 Dr Vasily S. Oganesyan Advanced spectroscopic methods in bioinorganic chemistry: A 

theoretical insight 

7 Dr Maxim M. Yulikov An EPR study of color centers and their interaction with Au atoms on 

single-crystalline MgO (001) films 

8 Dr Jonny R. Woodward Development of a rapid risetime pulsed magnetic field spectrometer for 

pump-probe field effect studies 

9 Dr Vasyl Denysenkov 180 GHz PELDOR reveals the mutual orientation of the tyrosyl radicals 

in ribonucleotide reductase 

10 Prof. Yuri Dmitrievich 

Tsvetkov 

Pulsed Dipolar ESR Spectroscopy and Its Applications 

Lecture 

No. 
Tuesday 

1 Prof Daniella Goldfarb High field EPR/ENDOR chracterization of Mn(II) sites in protein single 

crystals 

2 Prof Sabine Van Doorslaer Vanadyl deposition in the mesopores of SBA-15 materials 

3 Dr Jeffrey R. Harmer EPR investigations of paramagnetic rhodium complexes 

4 Prof Dr Georg Gescheidt Time-Resolved Studies of Radical Reactions 

5 Dr Marilena Di Valentin Artificial Photosynthetic Reaction Centers in Liquid Crystals: 

Identification of Spin-Polarized Paramagnetic Intermediates by TR-EPR 

6 Prof Marina R. Brustolon Time resolved and pulsed EPR studies on photoexcited triplets in 

nanostructured and oriented matrices 

7 Ms Janet E. Banham Testing the Limits of the DEER Method for Distance Measurements in 

Proteins 

8 Mr Riccardo Garzelli Bifunctional spin labels in probing reactions in vesicles 

9 Mr Alexey E. Silakov Investigation of the active site of the Fe-only hydrogenase from 

Desulfovibrio Desulfuricans, using pulse EPR techniques 

10 Dr Chris W. M. Kay From Alcohol Oxidation to Liver Regeneration: Applications of EPR in 

Biology 

11 Dr Valérie Belle Assessing induced-folding of an intrinsically disordered protein by site-

directed spin labeling 

12 Dr Tibor Páli Spin label EPR studies of the vacuolar proton-ATPase 

Lecture 

No. 
Wednesday 

1 Dr Gunnar Jeschke Pulsed ELDOR: Measuring More than a Single Distance 

2 Dr Martina Huber Distance between a native cofactor and a spin label in the reaction centre 

of Rhodobacter sphaeroides by a two-frequency pulsed electron 

paramagnetic resonance method (DEER) 

3 Prof Olav Schiemann PELDOR: Distance Measurements between Metals and Nitroxides, spin 

counting and domain arrangement 

4 Prof Klaus Möbius 360-GHz high-field EPR and ENDOR in biophysics: a status report 

5 Dr Enrica Bordignon Properties of the HAMP domain of NpHtrII investigated by SDSL EPR 

6 Dr Richard Ward Nanometre scale distance measurements in nucleic acids by site-directed 

spin labelling  

7 Dr Joanna Wolowska A multi-frequency EPR Study of the quadrupolar effect in a Au(II) 

complex 
 



 

The Bruker Lectureship 2006 
 

 

For the past 20 years, Bruker BioSpin GMBH have generously sponsored an annual award for scientists 

who have made major achievements in the field of EPR spectroscopy. This award is presented at the annual 

international conference of the ESR group of the Royal Society of Chemistry and follows a plenary lecture 

given by the distinguished recipient. The Bruker Lectureship for 2006 has been awarded to: 

 

Prof Yuri Dmitrievich Tsvetkov 

 

Institute of Chemical Kinetics and Combustion  

Novosibirsk, Russia 

 

Pulsed Dipolar ESR Spectroscopy and Its Applications  

 
Bruker Lecture will be presented on Monday evening 

 

Previous winners of the Bruker Lectureship include: 

1986   M. C. R. Symons 1987   K. Möbius  1988   H. Fischer 

1989   J. S. Hyde  1990   J. H. Freed  1991   E. de Boer 

1992   G. Feher  1993   N. M. Atherton  1994   A. Schweiger 

1995   H. McConnell 1996   B. M.Hoffman  1997   K. A. McLauchlan 

1998   J. Pilbrow  1999   J. Schmidt  2000   D. Gatteschi 

2001   J. Hutterman 2002   G. & S. Eaton (Joint) 2003   W. Lubitz 

2004   W. Hubbell 2005   K.-P. Dinse 

 
 

The JEOL prize 
 

 
JEOL UK annually sponsor a prize for the best oral presentation by a young scientist at the ESR Group 

Conference. The competition is restricted to 2
nd

 and 3
rd

 year PhD students and to postdoctoral fellows in 

their 1
st
 year of research. Each year three students are selected by the scientific committee to present an oral 

communication on their work. This year the presentations in the JEOL Student Session on Tuesday 

afternoon will be given by: 

 

Ms Janet E. Banham (Oxford University) 

Testing the Limits of the DEER Method for Distance Measurements in Proteins 

 

Mr Riccardo Garzelli (University of York) 

Bifunctional spin labels in probing reactions in vesicles 

 

Mr Alexey E. Silakov (Max-Planck-Institut für Bioanorganische Chemie) 

Investigation of the active site of the Fe-only hydrogenase from Desulfovibrio 

Desulfuricans, using pulse EPR techniques 
 

 



39
th

 Annual International Meeting Electron Spin Resonance Group  

of the Royal Society of Chemistry 

 

and 

 

Working Group 3 of the COST P15 action  

“Advanced Paramagnetic Resonance Methods in Molecular Biophysics” 

 
The University of Edinburgh, UK 

  

"Advanced Techniques and Applications of EPR" 

 

 

 

 

 

 

 

Sunday 2
nd

 April 
 

 

 

 

16.00-20.00 Registration (opposite Prestonfield room, 1
st
 floor in the McIntyre Centre) 

18.30-19.30 Dinner in the Dining Hall, McIntyre Centre 

20.00-22.00  Scotch Scotch Scotch Scotch WhiskyWhiskyWhiskyWhisky tasting  tasting  tasting  tasting hosted by JEOL (UK) 

 



Monday 3
rd

 April 
Dr Shirley Fairhurst, Chair of the ESR group of the RSC, will welcome delegates 

7.30-9.00 Breakfast Lecture 

No. 

 Chaired by Dr Shirley Fairhurst  

9.00-9.50 

Plenary 

lecture 

Prof Lesley J. Yellowlees (University of Edinburgh) 

EPR Spectroelectrochemical Studies of Reduced Species 

 

1 

9.50-10.10 Prof Shulamith Schlick (University of Detroit Mercy) 

ESR in the hydrogen economy: direct ESR and spin trapping methods for 

the detection of radicals in polymeric membranes exposed to oxidizing 

conditions in fuel cells 

 

2 

10.10-10.30 Prof Elena G. Bagryanskaya (International Tomography Center SB RAS) 

Application of high field EPR to study phase transitions and exchange 

interaction in molecular magnetics 

 

3 

10.30-11.00 Coffee  

 Chaired by Dr David J. Keeble  

11.00-11.50 

Plenary 

lecture 

Dr Louis Claude Brunel (Florida State University) 

Novel Approach in Electron Magnetic Resonance: Fundamentals and 

Applications 

 

4 

11.50-12.10 Dr John J. L. Morton (Oxford University) 

Davies ENDOR revisited: Enhanced sensitivity and nuclear spin 

relaxation 

 

5 

12.10-12.40 

IBDG 

Young 

Investigator 

Award talk 

Dr Vasily S. Oganesyan (University of East Anglia) 

Advanced spectroscopic methods in bioinorganic chemistry: A theoretical 

insight 

 

6 

12.40-14.00 Lunch  

 Chaired by Prof Lesley J. Yellowlees  

14.00-14.20 Dr Maxim M. Yulikov (Fritz-Haber-Institut of the Max-Planck-Society) 

An EPR study of color centers and their interaction with Au atoms on 

single-crystalline MgO (001) films 

 

7 

14.20-14.40 Dr Jonny R. Woodward (University of Leicester) 

Development of a rapid risetime pulsed magnetic field spectrometer for 

pump-probe field effect studies 

 

8 

14.40-15.00 Dr Vasyl Denysenkov (Frankfurt University) 

180 GHz PELDOR reveals the mutual orientation of the tyrosyl radicals 

in ribonucleotide reductase 

 

9 

15.00-17.00 Poster session, which includes coffee at 15.30-16.00  

18.00-19.00 Dinner  

19.00-20.30 The 21
st
 Bruker Lecture 2006 by Prof Yuri Dmitrievich Tsvetkov 

(Institute of Chemical Kinetics and Combustion, Novosibirsk, Russia) 

 

Pulsed Dipolar ESR Spectroscopy and Its Applications  

 
Introduced by Dr Michael K. Bowman 

(Pacific Northwest National Laboratory)  

 

Chaired by Dr Shirley Fairhurst 

 

10 

20.30-22.30 Wine Reception Hosted by Bruker  

 



Monday Lecture 1

EPR Spectroelectrochemical Studies of Reduced Species 

L.J.Yellowlees and P.R.Murray, School of Chemistry, University of Edinburgh, 

Edinburgh EH9 3JJ UK 

 

 

 

The in situ combination of electrochemistry and EPR spectroscopy make for an ideal 

partnership since a reversible one-electron transfer process must result in either a 

paramagnetic starting material or product species.  It is therefore surprising that there are 

considerably fewer examples of the use of EPR spectroelectrochemistry in the literature 

compared to its uv/vis analogue.  This lecture will discuss the EPR 

spectroelectrochemical cell, the experiment itself and what information can be gained 

about the system under study.   

 

EPR spectroelectrochemical experiments yield information about (i) the site of redox 

activity in the compound (ii) the contribution of various nuclei to the molecular orbital 

occupied by the unpaired electron which may then be checked against the results of 

theoretical calculations and (iii) the half wave potentials of systems where direct 

measurement is difficult (usually as a result of slow electron transfer rates).  Examples of 

each of these will be taken from our investigations.  In addition, the influence of the 

solvent, the ‘inert’ electrolyte and the temperature on the EPR spectrum will be detailed. 

 

 

Figure 1  EPR Spectra of [5,5´-(NO2)2-bpy]
1-

 in DMF (left) and DCM (right) 

Magnetic field /G 
3357 3370 

Magnetic Field/ G 

 

3357 3372 



Monday Lecture 2

 

ESR IN THE HYDROGEN ECONOMY:  

DIRECT ESR AND SPIN TRAPPING METHODS FOR THE DETECTION OF 

RADICALS IN POLYMERIC MEMBRANES EXPOSED TO OXIDIZING 

CONDITIONS IN FUEL CELLS 

 

Shulamith Schlick 

Department of Chemistry and Biochemistry, University of Detroit Mercy, 4001 West 

McNichols, Detroit, MI 48221, USA. Email: schlicks@udmercy.edu 

 

The stability of ion-containing polymers used as proton exchange membrane in fuel cells 

(FC) has emerged as a major problem that needs to be addressed before the transition to a 

hydrogen or methanol economy. The formation of reactive oxygen species such as H2O2 and 

HO· during catalytic processes in FC operation has been demonstrated, and their presence 

implicated in membrane deterioration. We have used direct ESR and spin trapping to detect 

radical formation in Nafion perfluorinated membranes and similar ionomers that contain 

pendant sulfonic groups, and in model fluorinated compounds. Hydroxyl radicals, HO·, were 

produced by two main methods: (1) Fenton reaction in which the major process is H2O2 + 

Fe(II) → Fe(III) + HO· + HO
−
,
1
 and (2) UV-irradiation of H2O2, where the major reactions 

are H2O2 → 2 HO·, HO· + H2O2 → HOO· + H2O. The effect of sulfonic groups neutralization 

by Cu(II) and Fe(II) has been assessed.
2
 In Nafion/Fe(II)/H2O2 a strong signal from the 

perfluorinated chain-end radical �CF2CF2· was detected, with fluorine hyperfine splittings 

(hfs) from two α and two β fluorine atoms; a pyramidal geometry of the radical was 

determined by combining a fitting procedure for the ESR spectrum with DFT calculations.
3
  

Depending on experimental conditions, transformation of this radical into a “quintet” with 

four equivalent fluorine atoms and smaller hfs was observed. In Nafion/Cu(II) two types of 

radicals were detected: the quintet as above, and the “quartet” with three equivalent fluorine 

atoms and smaller hfs. Formation of spin adducts of α-phenyl-tert-butylnitrone (PBN) and 

5,5-dimethylpyrroline-N-oxide (DMPO) as spin traps for the membranes and model 

compounds will be discussed.
4
 

Acknowledgements. This study was supported by the Polymers Program of  NSF and the 

General Motors Fuel Cell Activities Program. 

 

References 
1. Bosnjakovic, A.; Schlick, S. J. Phys. Chem. B 2004, 108, 4332. 

2. Kadirov, M.K.; Bosnjakovic, A.; Schlick, S. J. Phys. Chem. B 2005,   109, 7664. 

3. Macomber, L.; Stevens, J.; Danilczuk, M.; Lund, A.;  Schlick, S., manuscript in preparation. 

4. Bosnjakovic, A.; Schlick,  S. J. Phys. Chem. B, submitted. 

 



Monday Lecture 3

Application of high field EPR to study phase transitions and exchange 

interaction in molecular magnetics. 
 

Elena G. Bagryanskaya,  Matvey V. Fedin, Sergey L. Veber, Igor A. Gromov*, K Marunina, 

S.Fokin,  Victor I. Ovcharenko,  and Arthur Schweiger* 

 
International Tomography Center SB RAS, Institutskaya 3a, 630090 Novosibirsk, Russia, 

*Physical Chemistry Laboratory, ETH Zurich, 8093 Zurich, Switzerland 

 

This report concerns application of high field EPR to study phase transitions and 

exchange interaction in molecular magnetics. Copper-nitroxide complexes are important systems 

in the area of molecular magnetism [1]. They are widely used as models for the investigation of 

magneto-structural correlations. The complexes of Cu2+ hexafluoroacetylacetonate (Cu(hfac)2) 

with two pyrazolsubstituted nitronyl nitroxides (LR) represents an unusual exchange-coupled 

three-spin systems [2]. The  anti ferromagnetic exchange interaction, which already at T<150 K 

is larger than the thermal energy kT, induces the transition from a total spin state S=3/2 to a state 

S=1/2 and produces static spin polarization. For the first time anomalous Electron Paramagnetic 

Resonance (EPR) spectra of an S=1/2 state were detected experimentally and described 

theoretically [3]. The effective g factor of the three-spin system is smaller than 2, despite the fact 

that all the individual components have g>2. The observed signals with g<2 are highly 

informative and can be employed for determination of the sign and value of the exchange 

interaction in nitroxide-copper-nitroxide clusters. 

Application of  high filed EPR (Q-band, 34.17 GHz) allows to formulate the main features of the 

spectra of nitroxide-copper-nitroxide three-spin systems exchange-coupled with |J|>kT :  (i) a 

strong signal may be observed at effective g<2 when the exchange coupling is antiferromagnetic. 

The proper g values can be obtained by including the polarization of the energy levels in the 

simulation of the spectra. In cases where essentially only “g<2 signals” are observed (strong 

polarization), the exchange-coupled spin system has an effective g<2, while all the individual 

components have g>2. In the opposite case of a ferromagnetic exchange coupling, no signals at 

g<2 would be observed. EPR is thus capable to determine the sign of J for three-spin systems 

with |J|>kT, which is not the case for two-spin systems or for |J|<kT. When the “g<2 signals” are 

well separated from the rest of the spectrum (e.g. at high microwave frequencies), the 

measurement of their intensity versus temperature allows one to evaluate the absolute value of J, 

which is the subject of further investigation. All general features were demonstrated using series 

of nitroxidecopper (II)-nitroxide clusters. A family of similar compounds has been studied over 

the last decade, with the ultimate aim to design molecular magnets [2]. It is shown that EPR on 

these compounds complements the magnetic susceptibility and X-ray techniques, and represents 

an efficient method for studying exchange interactions and coordination modes; the EPR is much 

faster and does not require single crystals. In addition, the described phenomena explain the low 

g values often required in simulations of the µeff(T) dependence of solids containing nitroxide-

copper-nitroxide clusters. 
This work was supported by INTAS (M. Fedin YSF Nr.04-83-2669) and RFBR (Nr. 05-03-32264-a). 

References.  

[1] Caneschi, A.; Gatteschi, D.; Rey. P. Progr. Inorg. Chem. 1991, 39,331-429. (b) Kahn, O. Molecular Magnetism. VCH: New 

York, 1993. 

[2] Ovcharenko, V. I.; Fokin, S. V.; Romanenko, G. V.; Shvedenkov, Yu.G.; Ikorskii, V. N.; Tretyakov, E. V.; Vasilevskii, S. F. 

J. Struct. Chem. 2002, 43, 153-167. (b) Ovcharenko, V. I.; Maryunina, K. Yu.; Fokin, S.V.; Tretyakov, E. V.; Romanenko, G. V.; 

Ikorskii, V. N. Russ. Chem. Bull. Int. Ed. 2004, 53, 2406-2427. 

[3] M.V. Fedin, S.L. Veber, I.A. Gromov, V.I. Ovcharenko, R.Z. Sagdeev,A.Schweiger and Elena G. Bagryanskaya, J. Phys. 

Chem. A. 2006.  

 



Monday Lecture 4

Novel Approach in Electron Magnetic Resonance: Fundamentals and Applications. 

 

Louis Claude Brunel 

National High Magnetic Field Laboratory, FSU 

Tallahassee, FL 32310, USA 

 

 Because of the time scale involved in interactions probed by Electron Magnetic Resonance 

spectroscopy, EMR will very likely rely on both spectral domain and time domain experiments, 

while Nuclear Magnetic Resonance is mainly used in the time domain mode. Continuous Wave 

EMR has recently been an active field with development to high frequency and high magnetic field 

up to 25 T (about 700 GHz). The development of a pulsed EMR spectrometer operating above the 

current 200 to 300 GHz limit presents major challenges, but the rewards will be commensurate with 

time resolution in the ns regime. New radiation sources, phase shifters, resonators, digital switches 

for pulse generation, power amplifiers, and preamplifiers have to be devised. However, if they were, 

it would become possible to perform EMR experiments equivalent to the multidimensional, double-

resonance experiments now routine in NMR at high field/frequency strengths.In EMR only low 

frequency (9 to 95 GHz) is commercially available. The impact would be transformative. The 

electron spin Hamiltonians often depend on a dozen or more parameters that cannot easily be 

determined independently. At high field, EMR spectroscopy will approach the limit where these 

parameters can be measured accurately from first-order spectra. In addition, many interesting metal-

centered species important in catalysis and materials have EMR 

transitions that can be measured only at high frequency because of large zero field splitting. 

 In this lecture we will review the present status of EMR spectroscopy, both CW and pulsed,  

then present current efforts at the NHMFL to develop a free electron laser based time domain 

instrument. Potential application in materials sciences and quantum information processing will be 

described in detail. 



Monday Lecture 5

Davies ENDOR revisited:  
Enhanced sensitivity and nuclear spin relaxation 

 

John J. L. Morton
1,2

, Alexei M. Tyryshkin
3
, Arzhang Ardavan

2
, S. A. Lyon

3
  

 

Over the past 50 years, electron-nuclear double resonance (ENDOR) has become a fairly 

ubiquitous spectroscopic technique for understanding the spin transitions within nuclei 

which are coupled to electron spins. However, the low spin number sensitivity of the 

technique continues to pose serious limitations. Here we demonstrate that signal intensity 

in a pulsed Davies ENDOR experiment depends strongly on the nuclear relaxation time 

T1(n), and can be severely reduced for long T1(n). We suggest a revision of the original 

Davies ENDOR sequence that overcomes this limitation, thus offering dramatically 

enhanced signal intensity and spectral resolution. Finally, we observe that the unfortunate 

sensitivity of the original Davies method to T1(n) can be exploited to measure nuclear 

relaxation. These ideas are demonstrated in two different spins systems: phosphorous 

donors in silicon and endohedral fullerenes N@C60 in CS2. 

 

1. Department of Materials, Oxford University, Oxford OX1 3PH, UK  

2. Clarendon Laboratory, Department of Physics, Oxford University, Oxford OX1 

3PU, UK  

3. Department of Electrical Engineering, Princeton University, Princeton, New 

Jersey 08544, USA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Monday Lecture 6

 

Advanced spectroscopic methods in bioinorganic chemistry: A theoretical 

insight. 

                                        

                                                    Vasily S.  Oganesyan   

School of Chemical Sciences and Pharmacy, University of East Anglia,  

Norwich, NR4 7TJ 

v.oganesyan@uea.ac.uk 

 

 

 

   The active sites of various proteins and enzymes contain transition metal ions with 

unique electronic, magnetic and optical properties. These properties include vital 

information about structure, dynamics and function of biological molecules and can 

be studied using various advanced spectroscopic techniques, such as EPR. For 

example, using EPR spectroscopy one can obtain accurate information about 

electronic and magnetic parameters of the ground state, measure long-range distances 

between paramagnetic sites within protein molecules and resolve complex molecular 

dynamics on a nanosecond timescale and below.  However, in many cases the spectra 

are complicated and interpretation of the experimental results in terms of the relation 

between structure and properties is difficult. Therefore, the application of the methods 

of theoretical physics and chemistry is crucial for the modeling of physical 

phenomena and analysis of data. My research interests include the development of 

theory, analysis and computer simulation methods for various advanced spectroscopic 

techniques, such as EPR and MCD, widely used now in bioinorganic and inorganic 

chemistry to study various metalloproteins and model compounds. Using the 

theoretical concepts and tools of Quantum and Physical Chemistry and modern 

computational methods molecular properties can be calculated and unambiguous 

information obtained from the simultaneous computer simulation and analysis of 

various spectroscopic data.  In the talk I will highlight our recent developments in this 

field which will be accompanied by some examples of the application of the 

theoretical methods to study biological molecules.  

 

 

 



Monday Lecture 7

An EPR study of color centers and their interaction with Au 

atoms on single-crystalline MgO (001) films 

Maxim M. Yulikov, Martin Sterrer, Esther Fischbach, Thomas Risse, Gianfranco Pacchioni
#
 

and Hans-Joachim Freund 

Fritz-Haber-Institut der Max-Planck-Gesellschaft, Department of Chemical Physics, Faradayweg 

4-6, D-14195 Berlin, Germany. 
#
Dipartimento di Scienza dei Materiali, Universitá di Milano-Bicocca, via R. Cozzi, 53, I-20125 

Milano, Italy. 

A detailed understanding of the properties of supported metal atoms and clusters on insulating 

surfaces is of paramount importance for a variety of technologically important fields. Gold came 

under scrutiny, after experiments have unraveled a large catalytic activity of small oxide supported 

gold clusters with a size of a few nanometers. From the large body of work that has been done in 

recent years to understand the microscopic origin for this behavior it turned out that the metal-oxide 

interface plays a major role. In particular, oxygen vacancies - also called color centers - were 

considered important sites to enhance the catalytic activity. To this end EPR can provide important 

information not only on part of the color centers, namely the paramagnetic F
+
–centers, but also on 

the properties of adsorbed gold atoms. 

In this contribution we will report on CW EPR measurements at X-band under ultrahigh 

vacuum conditions to characterize paramagnetic color centers as well as their interaction with gold 

atoms on thin single crystalline MgO (001) films grown on Mo (001). These measurements are 

supplemented with scanning tunneling microscopy and IR spectroscopy to corroborate the results 

and learn additional aspects on the diamagnetic species on the surface. 

First we will discuss the properties of paramagnetic color centers on MgO (001) and 

demonstrate how one can take advantage of the fact that the color centers are created in a well 

defined 2-dimentional manner to extract the geometric location of the sites. These results will be 

compared to STM measurements. 

In the second part we will discuss interactions of gold atoms with the MgO surface. For ideal 

MgO surfaces angular dependent EPR spectra of gold atoms in combination with hyperfine 

interaction with 
17

O labeled MgO films allow the determination of the precise adsorption site which 

is far from being simple for single crystal oxide surfaces. In addition, by combining the 

measurements with theory it is possible to understand in detail the binding mechanism of the Au 

atoms and compare these results to those obtained by standard surface science methods e.g. IR 

spectra of probe molecules such as CO. 

Finally we will explore the interaction of gold atoms with color centers. It will be shown that Au 

atom interact strongly with surface color centers and it is again possible to understand the details of 

the electronic structure of this system by combining the EPR results with IR spectroscopy. 



Monday Lecture 8

Development of a rapid risetime pulsed magnetic field spectrometer for pump-
probe field effect studies 

 
Adrian T. Salaoru, Timothy J. Foster and Jonathan R. Woodward 

University of Leicester, George Porter Building, University Road, Leicester, UK. 
 
Radical Pairs (RPs) are important reaction intermediates generated whenever radicals are formed 
from non-radical precursors by bond homolysis, atom or electron transfer1. RPs are of interest due 
to their susceptibility to influence by external magnetic fields and their behaviour can be well 
understood in terms of the Radical Pair Mechanism (RPM). There is much current interest in RPs 
due to their role in the photosynthetic reaction centre2, their potential role as the mediators of the 
effect of environmental electromagnetic fields (EMFs) in biological systems3 and their recent 
implication in the mechanism of the magnetic compass in animals that navigate in the geomagnetic 
field4. 
 
Although RPs exist as intermediates in their own right, their direct detection is difficult, as their 
electric dipole based spectroscopic properties do not differ in any way from the component radicals 
of the pair. Methods exist for the direct observation of RPs in high magnetic fields using time-
resolved EPR and short pulse RYDMR, but until recently there has been no method for directly 
observing the behaviour of RPs in weak or zero field. 
 
We have recently developed circuitry capable of switching substantial magnetic fields (>30mT) 
very rapidly (~10ns).  Such circuitry has allowed the development of a pump-probe field effect 
technique that allows the direct monitoring of RPs in both zero and weak magnetic fields. The 
principle is indicated in the figure below. The presence of a magnetic field changes the 
recombination kinetics of RPs and thus can be used as a probe of RP concentration. By applying a 
magnetic field pulse at variable times after RP generation (via a UV laser flash) the concentration of 
RPs at that time can be determined.  
 

Experiment
number

Time

Pulse shift experiment
 
 

 

Laser flash
Magnetic field pulse

Observed absorption signal

General pulse scheme

Time

Integration
window

Experiment
number

Time

Pulse length experiment

Pulse schemes employed in field pump-probe experiments. 
 
We present here preliminary results from our apparatus that indicate its potential in the study of RP 
dynamics. 
 
[1] J. R. Woodward; Prog. React. Kinet. 27(3), 165 (2002). 
[2] X. Hu et al, Q. Rev. Biophys., 35, 1-62 (2002). 
[3] Progress in Biophysics and Molecular Biology  87(2-3), p171-372 (February-April 2005) Effects of static magnetic 
fields relevant to human health Edited by D. Noble, A. McKinlay and M. Repacholi. 
[4] T. Ritz et al , Nature 429,  2004, p177-180 
 



Monday Lecture 9

180 GHz PELDOR reveals the mutual orientation of the 
tyrosyl radicals in ribonucleotide reductase  

 
V. P. Denysenkov1, T. F. Prisner1, J. Stubbe2 and M. Bennati1 

 
1 Institute for Physical and Theoretical Chemistry and Center for Biomolecular Magnetic 

Resonance, J. W. Goethe-University, Frankfurt am Main, Germany 
2 Department of Chemistry and Biology, Massachusetts Institute of Technology, 

Cambridge, Massachusetts, USA 
 
 

Abstract 

PELDOR experiments at high magnetic fields offer the possibility to achieve orientation 

selective pumping and detection that allow not only to determine the distance between 

paramagnetic species but also their relative orientation with respect to the interconnecting 

dipolar axis. A PELDOR two-frequency set-up that was introduced into our home-built 

180 GHz pulsed EPR spectrometer and the first high-resolution orientation selective 

PELDOR data on the protein RNR-R2 (ribonucleotide reductase) from E. coli, that 

contains two tyrosyl radicals at 33 A distance are presented [1]. Currently we extended 

measurements over the whole spectrum and obtained better quality data. At 180 GHz, 

orientation selectivity is observed across the EPR spectrum and dipolar frequency was 

measured in dependence on the pump positions as well as detect positions. The field 

dependence of modulation frequency could be simulated taking into account g-, 

hyperfine-, and D-tensors of the tyrosyl radicals in RNR-R2. The results demonstrate that 

the relative orientation of the two radicals in solution is different than in the crystal 

structure. 

Keywords:  High field EPR; PELDOR; dipolar tensor; orientation selection; 
ribonucleotide reductase. 
 
 
Reference. 
1. V. Denysenkov, T. Prisner, J. Stubbe, M. Bennati, High frequency 180 GHz PELDOR, 

Appl. Magn. Reson. 29 (2005) 375-384. 

 



Monday Lecture 10

Pulsed Dipolar ESR Spectroscopy and Its Applications. 

 
Yu. D. TSVETKOV 

 

Institute of Chemical Kinetics and Combustion, Russian Academy of Sciences, 

Siberian Branch, Novosibirsk, 630090 Russian  Federation. 

 

The investigation of dipole-dipole (d-d) interactions is one of the goals of ESR. It 

provide the information on the distance and distance distribution between 

paramagnetic particles in the solids. In this lecture it will be discussed three types 

of pulse ESR experiments  which have been used for these investigations and can 

be integrated in dipolar ESR spectroscopy together with others. 

 First of all we shall consider two pulse  Electron Spin Echo (ESE ) decay due to 

 d-d coupling and show how instantaneous and spectral diffusion will provide us 

with the data  on local concentrations of the radicals and atoms. This can be used 

for the identification and studies of the radical tracks in irradiated solids. 

 Next it will be discussed the ESE approach to study the distance distribution 

function in the systems containing fast relaxing paramagnetic ions and radicals or 

atoms formed in the reaction of photoionization.  

The last part will be devoted to Pulse Double Electron-Electron Resonance 

(PELDOR/DEER) method.  By analyzing the kinetics of  PELDOR signal decay it 

is possible to fined the distance between paramagnetic centers in the range of about 

15-65 Å and estimate the number of the spins in the group. For the analysis of  

PELDOR signal decay due to d-d interaction we  used the approach based on the 

numerical solution of inverse problem which supplies us not only the distance, but 

the distance distribution function F(r). PELDOR was used to study spin labeled 

peptides. The conformations of the double labeled peptides were determined for 

the polar glassy frozen solutions. In apolar solutions  the self-assembling of 

peptides was  found . The structures of aggregates based on the geometrical 

parameters obtained by PELDOR are proposed.  

 

 

 

 

 



Tuesday 4
th

 April 
The first session on Tuesday is in memory of Professor Arthur Schweiger. 

7.30-9.00 Breakfast Lecture 

No. 

9.00-9.10 This session dedicated to the memory of Professor Arthur Schweiger will 

be chaired by Dr Gunnar Jeschke who will give a short tribute to Prof 

Schweiger. 

 

9.10-10.00 

Plenary 

lecture 

Prof Daniella Goldfarb (Weizmann Institute of Science) 

High field EPR/ENDOR chracterization of Mn(II) sites in protein single 

crystals 

 

1 

10.00-10.20 Prof Sabine Van Doorslaer (University of Antwerp) 

Vanadyl deposition in the mesopores of SBA-15 materials 

 

2 

10.20-10.40 Dr Jeffrey R Harmer (ETH-Zurich) 

EPR investigations of paramagnetic rhodium complexes 

 

3 

10.40-11.10 Coffee  

 Chaired by Dr Victor Chechik  

11.10-12.00 

Plenary 

lecture 

Prof Dr Georg Gescheidt (Graz University of Technology) 

Time-Resolved Studies of Radical Reactions 

 

4 

12.00-12.20 Dr Marilena Di Valentin (Università di Padova) 

Artificial Photosynthetic Reaction Centers in Liquid Crystals: 

Identification of Spin-Polarized Paramagnetic Intermediates by TR-EPR 

 

5 

12.20-12.40 

 

Prof Marina R. Brustolon (Università di Padova) 

Time resolved and pulsed EPR studies on photoexcited triplets in 

nanostructured and oriented matrices 

 

6 

12.40-14.00 Lunch  

 JEOL Student Lectures introduced by Dr Peter E.Meadows, JEOL (UK) 

Chaired by Dr Eric J. L. McInnes 
 

14.00-14.20 Ms Janet E. Banham (Oxford University) 

Testing the Limits of the DEER Method for Distance Measurements in 

Proteins 

 

7 

14.20-14.40 Mr Riccardo Garzelli (University of York) 

Bifunctional spin labels in probing reactions in vesicles 

 

8 

14.40-15.00 Mr Alexey E. Silakov (Max-Planck-Institut für Bioanorganische Chemie) 

Investigation of the active site of the Fe-only hydrogenase from 

Desulfovibrio Desulfuricans, using pulse EPR techniques 

 

9 

15.00-15.10 Coffee  

 Chaired by Dr Graham M. Smith  

15.30-15.35 First COST P15 session introduced by Prof Dr Heinz-Jürgen Steinhoff 
 

15.35-16.25 

Plenary 

lecture 

Dr Chris W. M. Kay (University College London) 

From Alcohol Oxidation to Liver Regeneration: Applications of EPR in 

Biology 

 

10 

16.25-16.45 Dr Valérie Belle (University of Provence) 

Assessing induced-folding of an intrinsically disordered protein by site-

directed spin labeling 

 

11 

16.45-17.05 

 

Dr Tibor Páli (Institute of Biophysics, Hungary) 

Spin label EPR studies of the vacuolar proton-ATPase 

 

12 

17.05-17.35 AGM of ESR Group RSC: Everybody is welcome to attend  

19.30 for 

20.00-23.00 
Conference banquet in Playfair Library, Old College  

 



Tuesday Lecture 1

High field EPR/ENDOR chracterization of Mn(II) sites in protein single crystals. 

 
*
Daniella Goldfarb 

, 
Department of Chemical Physics, Weizmann Institue of Science, 

Rehovot Israel.  

 

 

    The high sensitivity of high field EPR/ENDOR  to size limited samples makes the 

measurements of protein single crystals possible. This is particularly true for Mn(II) 

containing enzymes because of the narrow lines of Mn(II) at high fields. The first 

protein investigated was  conacanavalin A, where the Mn(II) plays a structural role. 

EPR and echo-detected EPR carried out  as a function of temperature led to the 

observation of two types of Mn(II) sites with different  zero field splitting (ZFS) 

tensors at low  temperatures but of only one   Mn(II) type  at low temperatures, due to 

a two site exchange process originating from of one or more ligands. The position of 

the water protons in the Mn(II) site was determined by pulsed 
1
H and 

2
H  ENDOR. 

Interestingly in this case no differences between the two types were detected 

suggesting that the dynamic does not involve water or histidine ligands.  
55

Mn 

ENDOR was carried out as well, showing that it can yield the 
55

Mn quadrupole 

coupling tensor. Like the ZFS tensor, it was found to be different for the two sites.  

The second protein studied was the enzyme enolase. Enolase  catalyzes the reversible 

dehydration of D-2-phosphoglycerate (PGA) to phosphoenolpyruvate (PEP) as a key 

step in both glycolysis and gluconeogenesis
1
. The reaction requires divalent cations, 

Mg²
+
  being the activating metal ion under physiological conditions whereas Zn²

+
 and 

Mn²
+
 are active in vitro. Each active site of enolase requires two equivalents of the 

divalent cation to achieve maximum activity
2
.  We have investigated the close 

environment of the Mn(II) in  single crystals of enolase-Zn-Mn with the bound 

inhibitor phosphonoacetohydroxamate (PhAH), which mimics the reaction 

intermediate. The ZFS  tensors of the two Mn(II) sites were determined and the water 

coordination to each site was obtained  from ENDOR measurements. This, along with 

the absence of  
31

P signals gave information regarding the coordination mode of the 

inhibitor to the two Mn(II). 

 
1) Wold, F., Enzymes (1971),  3rd Ed. 5, 499 – 537. 

2) Poyner, R. R., Reed H. G., Biochemistry (1992), 31, 7166 – 7173.  

 

 



Tuesday Lecture 2

Vanadyl deposition in the mesopores of SBA-15 materials 

S. Van Doorslaer
a
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a,b
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c
, Y. Segura

c
, P. Cool

c
, E.F. Vansant

c
 

a
 University of Antwerp, Laboratory for Spectroscopy in Biophysics and Catalysis, Department of Physics, 

Universiteitsplein 1, B-2610 Wilrijk, Belgium 
b
 Dipartimento di Chimica IFM, Università di Torino and NIS Centre of Excellence, via P. Giuria 7, 

10125 Torino, Italy 
c
 University of Antwerp, Laboratory of adsorption and Catalysis, Department of Chemistry, 

Universiteitsplein 1, B-2610 Wilrijk, Belgium. 

 

Since 1992, a wide variety of mesoporous materials (siliceous and non-siliceous) have 

gained growing interest, in order to overcome the limits in accessibility and applicability 

encountered for microporous zeolites. SBA-15, a mesoporous hexagonal silica system 

with large tailorable uniform pores was found to be a promising material. A lot of 

research has been done to activate SBA-15 with various transition metal oxides in order 

to obtain large pore catalysts allowing high diffusion rates and a catalytic activity for 

bulky molecules. In the first part of this work, we investigate vanadyl-acetylacetonate-

containing precursors of TiOx-VOx mixed oxides on SBA-15 using pulsed EPR 

techniques.
1
 It will be shown that different synthesis pathways lead to differences in the 

local structure of VO
2+

 complexes and to a distinctive degree of spreading of the metals 

on the support surface. These elements relate to the characteristics of the final catalysts in 

terms of chemical composition, porosity and catalytic activity. 

Recently a new group of mesoporous materials was synthesized in which vanadium 

silicalite-1 nanoparticles were deposited inside of the mesoporous channels of SBA-VS-

15 rendering a material with similar characteristics as PHTS (plugged hexagonal 

templated silica) materials.
2 

These materials were reported to have enhanced mechanical 

stabilities compared to other mesoporous materials and accessibility to large molecules. 

The basic nanoparticles solution before acidification and deposition in SBA-15 evolves 

into the final full-grown vanadium silicalite-1 zeolite during a hydrothermal treatment.  

In the second part of this work, we investigate whether these zeolite nanoparticles have 

the same properties as the full-grown zeolite and whether use of these nanoparticles in 

different processes changes their properties. For this, the local VO
2+

 environment in the 

non-calcined vanadium silicalite-1 nanoparticles deposited inside of the mesoporous 

channels of SBA-15 materials is compared to the full-grown VS-1 zeolites by means of 

CW (continuous wave), pulse and HYSCORE (Hyperfine Sublevel Correlation) EPR 

spectroscopy.  The influence of dehydration, re-hydration and acidification of the 

nanoparticles is evaluated. 

 
1. Van Doorslaer, S.; Segura, Y.; Cool, P. J. Phys. Chem. B 2004, 108, 19404 

2. Meynen, V.; Beyers, E.; Cool, P.; Vansant, E.F.; Mertens, M.; Weyten, H.; Lebedev, 

O.I.; Van Tendeloo, G.; Chem. Commun. 2004, 898 

 



Tuesday Lecture 3

EPR investigations of paramagnetic rhodium complexes 
 
1 Jeffrey Harmer, C. Calle, I. Gromov, A. Sreekanth, A. Schweiger 
2 F. Breher, T. Büttner, G. Frison, J. Geier, P. Maire, H. Rüegger, H. Schönberg, H. Grützmacher  
 

1Laboratory of Physical Chemistry, ETH - Zürich, CH-8093 Zürich, Switzerland 
2Laboratory of Inorganic Chemistry, ETH - Zürich, CH-8093 Zürich, Switzerland 
 
The knowledge of the molecular structure and spin distribution in organometallic 
chemistry plays a decisive role in understanding the reaction mechanism and pathways 
that take place during transition-metal mediated catalysis. In the first part of this 
presentation, we show that otherwise short-lived reactive aminyl radicals become highly 
stabilized when coordinated to a rhodium metal center, specifically the complex 
[Rh(I)(trop2N●)(bipy)]+OTf−, where trop = 5H-dibenzo[a,d]cycloheptenyl), bipy = 2,2’-
bipyridyl, OTf− = trifluorosulfonate). The complex can be isolated in pure form, and thus 
we were able to study it in detail [1]. The second molecule discussed [2], has a 
tetradentate bistropN-CH2 ligand, which forms a unique three-membered ring containing 
rhodium, nitrogen and carbon. We know from cyclic voltammetry that the complex is 
(quasi)reversibly oxidized at -0.51 V vs. Ferrocene/Ferrocenium, giving rise to a 
paramagnetic compound. For both molecules we present our EPR results which aim at 
understanding the nature of the radicals, the structures, and the spin density distributions. 
 

[Rh(I)(trop2N)(bipy)] ●+ [Rh(trop2NMe)(PPh3)] ●+ 

 
 

 
[1] A stable aminyl radical metal complex. T. Büttner, J. Geier, G. Frison, J. Harmer, C. Calle, A. 
Schweiger, H. Schönberg, H. Grützmacher, Science (2005) 307, 235-238. 
 
[2] Synthesis of a Rhoda-Aza-Cyclopropane and Characterization of its Radical Cation by EPR. P. Maire, 
A. Sreekanth, T. Büttner, J. Harmer, I. Gromov, H. Rüegger, F. Breher, A. Schweiger, and H. Grützmacher, 
Angewandte Chemie-International Edition, accepted. 



Tuesday Lecture 4

"Time-Resolved Studies of Radical Reactions" 

 
Georg Gescheidt, Daniela Hristova, Dmytro Neshchadin, Iwo Gatlik, Günther Rist, Kurt 

Dietliker, Jean.Pierre Wolf, Jean-Luc Birbaum, Markus Scholz, Vincent Peron, Marco 

Bellinazzi, Dana Dvoranova, Anton Savitsky, Klaus Möbius 

 

Institute of Physical and Theoretical Chemistry 

Graz University of Technology 

Technikerstrasse 4/I 

A-8010 Graz 

 

 

 

I will report on our work, on the investigations of chemical reactions using CW-EPR at 

various time-scales and CIDNP. The focus will be on kinetics rather than structure 

determination of intermediate radicals. 

 

Reactions of radical ions and neutral radicals will be presented. Examples are chosen from 

dimerizations of aldehyde radical anions, additions of alkenes to neutral radicals and reactions 

with oxygen. Furthermore, reaction sequences comprising intra- and intermolecular energy 

and electron transfer will be introduced.  

 

 

 

 

References 

 

1. Hristova, D.; Gatlik, I.; Rist, G.; Dietliker, K.; Wolf, J.-P.; Birbaum, J.-L.; Savitsky, A.; 

Möbius, K.; Gescheidt, G., Addition of Benzoyl Radicals to Butyl Acrylate: Absolute 

Rate Constants by Time-Resolved EPR. Macromolecules 2005, 38, 7714.. 

2. Dietliker, K.; T., J.; Benkhoff, J.; Kura, H.; A., M.; Oka, H.; D., H.; Gescheidt, G.; Rist, 

G., New Developments in Photoinitiators. Macromol. Symp. 2004, 217, 77-97. 

3. Gescheidt, G.; Neshchadin, D.; Rist, G.; Borer, A.; Dietliker, K.; Misteli, K., 

Stereocontrolled photoreaction pathways of endo/exo-2-benzoyl-substituted 

bicyclo[2.2.2]oct-5-en-2-ol: Paterno-Buechi reaction versus a-cleavage. Phys. Chem. 

Chem. Phys. 2003, 5, (6), 1071-1077. 
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Artificial Photosynthetic Reaction Centers in Liquid Crystals:  

Identification of Spin-Polarized Paramagnetic Intermediates by TR-

EPR 
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Photoinduced multistep electron transfer (ET), involving the reaction center cofactors, is 

the chemical strategy adopted by nature for solar energy conversion. Artificial 

photosynthetic reaction centers may be synthesized starting from the same basic 

principles used by nature.  

A comparative electron paramagnetic resonance study has been performed on a series of 

structurally related molecular triads differing one from the other in terms of the acceptor 

or donor moieties. The molecular triads C-P-PF  (1), TTF-P-C60 (2) and C-P-C60 (3), 

share the same tetraarylporphyrin as the primary electron donor, which after light 

excitation initiates the electron transfer process, but differ either in terms of the electron 

acceptor (fluorinated porphyrin in triad 1, and fullerene in triads 2 and 3), or in terms of 

the final electron donor (carotene in triads 1 and 3, and tetrathiafulvalene in triad 2). 

The C-P-C60 triads (3) and (4) differ in the porphyrin bridge joining the carotene and 

fullerene moieties. All these molecular triads can be considered artificial photosynthetic 

reaction centers in their ability to mimic several key properties of the reaction center 

primary photochemistry. 

Photoinduced charge 

separation and 

recombination have 

been followed by time-

resolved EPR in both 

glassy isotropic matrix 

(2-MeTHF) and in the 

different phases of two 

uniaxial liquid crystals 

(E-7 and ZLI-1167) for 

all molecular triads. A multifrequency EPR approach (9.5 and 95 GHz) has been 

adopted in the case of the C-P- C60 triads. In all media, the triads undergo photoinduced 

electron transfer, with the generation of long-lived charge separated states. Singlet- and 

triplet-initiated routes are active depending on the specific donor and acceptor moieties 

constituting the molecular triads. Recombination to the low-lying carotenoid triplet state 

occurs in triads 1, 3 and 4. For all the molecular triads, a weak exchange interaction 

(J≅1Gauss) between the electrons in the final spin-correlated radical pair has been 

evaluated by simulation of the EPR spectra, providing evidence for superexchange 

electronic interactions mediated by the porphyrin bridge. The influence of the electronic 

structure of the porphyrin moiety has been further investigated by comparing the 

estimated values of the exchange interaction for triads 3 and 4.  

 

1 2

3 4

NH

HNN

NH

CF2CF2CF3

N

CF2CF2CF3

CF2CF2CF3

O

N

N N

N N

H

H

H

C

O

N
N N

N N

H
H

C

O

OCH2

S

S

S

S

N
N

N N

N N

H
H

H

C

O

N
N

N N

N N

H
H

H

4

C

O



Tuesday Lecture 6

Time resolved and pulsed EPR studies on photoexcited triplets in 

nanostructured and oriented matrices 

                                                               Marina  Brustolon 

Department of Chemical Sciences, University of Padova. 

Via Marzolo 1, 35131-I, Padova, Italy. 

marinarosa.brustolon@unipd.it 

 

The photoexcited triplet states of different π-conjugated organic dyes, included in  hosts acting as 

segregating matrices, have been studied by Time Resolved-EPR (TR-EPR) and EchoEPR  at low 

temperatures. Oligothiophenes and  diphenylpolyenes have been included   in two  types of  

nanostructured matrices,  a series of autoassembling organic inclusion compounds hosting  the dyes 

in channel-like cavities [1,2],  and  some alkaline and acid zeolites.  The nanostructured organic 

matrices are  tris-o-phenylenedioxycyclotriphosphazene (TPP)  and perhydrotriphenilene (PHTP). 

Both give rise to self-assembled inclusion compounds in the presence of organic molecules suitable 

to be hosted in channels of ca. 0.5 nm of diameter. The triplet spectra have been compared to the 

those of the dyes in glassy disordered and partially ordered matrices  to study the effects of the 

confinement on the guest molecules. The distortion of the lineshape in EchoEPR spectra with 

respect to TR-EPR has been exploited to gain information on the relaxation processes acting on the 

system.  

The same dyes have been included in zeolites with channel cavities similar to the previous ones or 

larger. Polarized triplets of monomers and different dimers of the dyes have been observed and 

compared with those in organic channels.  Stable radicals formed spontaneously in the zeolites are 

spin polarized during photoexcitation.   

[1] A. Barbon, M. Bortolus, M. Brustolon, A. Comotti, A. L. Maniero, U. Segre and P. Sozzani, 

       J. Phys. Chem. B., 2003, 107, 3325. 

[2] A. Barbon, M. Bortolus, M. Brustolon, A.L. Maniero, Phys. Chem. Chem. Phys. 2004, 6, 2396. 

[3]  M. Brustolon, A. Barbon, M. Bortolus, A.L. Maniero, P. Sozzani, A. Comotti, R.  

       Simonutti  JACS,  2004,  126, 15512. 

[4] A. Barbon, M. Bortolus, A.L. Maniero, M. Brustolon (2005) Phys. Chem. Chem. Phys. 2005, 7, 

2894  



Tuesday Lecture 7

Testing the Limits of the DEER Method for Distance Measurements in 
Proteins 
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R. J. M. Abbott3, S. M. Lea3, D. Caprotti1, L. L. Wong1, C. R. Timmel1 
 

1 Chemistry Department, South Parks Road, Oxford, UK 
2 Max Planck Institut für Polymerforschung, Mainz, Germany 

3The Sir William Dunn School of Pathology, South Parks Road, Oxford, UK 
 

The development and application of the four-pulse Double Electron Electron Resonance 
(DEER) technique for problems in bio- and macromolecular chemistry has been rapid and 
extensive.(1)  
 
The method relies on a modulation of the spin echo of one electron spin by its dipolar coupling 
to a second electron spin. Since the strength of the dipolar interaction is dependent on r-3, where 
r is the inter-spin distance, DEER can be used to measure the inter-radical separation. New 
techniques for analysing the time-domain signal, for example Tikhonov regularisation, allow an 
accurate determination of the interspin distance and its distribution.(2) 
 
The presented work will show the results of a variety of DEER experiments on biological 
samples. The data will clearly demonstrate the power of the technique in investigating long-
range structure in biological systems while addressing and probing its limits. In particular, the 
following results will be presented (i) the shortest and longest distances measured reliably in 
biological samples,(3) (ii) the characterisation of a multi-copper containing protein and (iii) the 
measurement of the interaction between two proteins, one spin labelled and one which contains 
an EPR active metal site. 

(B)(A)

6.6 nm 

(C)

Three of the systems that have been 
investigated using DEER. A)  Copper Amine 
Oxidase. The protein was shown to contain 

a pair of type II coppers and a pair of 
adventitious coppers by the DEER results. 
B) Double spin-labelled peptide with one 
nitroxide spin label at the yellow position. 

The distances were expected to be between 1 
and 2.5 nm with a broad distribution. C) 

Structure of human von Willebrand Factor 
(vWF) in frozen solution proposed by 
comparing the DEER results with an 
symmetry expanded X-ray structure.

 
 

(1) Jeschke, G. (2002) Distance Measurements in the Nanometer Range by Pulse EPR. Chem. Phys. Chem. 3, 
927-932. 

(2) Jeschke, G., Koch, A., Jonas, U., and Godt, A. (2002) Direct Conversion of EPR Dipolar Time Evolution 
Data to Distance Distributions. J. Magn. Reson. 155, 72-82. 

(3) Banham, J. E., Timmel, C. R., Abbott, R. J. M., Lea, S. M., and Jeschke, G. (2006) The Characterization 
of Weak Protein-Protein Interactions: Evidence from DEER for the Trimerization of a von Willebrand 
Factor A Domain in Solution. Angew. Chem. Int. Ed. 45, 1058-1061. 
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BIFUNCTIONAL SPIN LABELS IN PROBING REACTIONS IN VESICLES 

Riccardo Garzelli1∗, Victor Chechik1, Nick H. Williams2 
1) Department of Chemistry, University of York, Heslington, York, YO10 5DD, U.K. 

2) Department of Chemistry, University of Sheffield, Sheffield S3 7HF, U.K. 

The aim of this project is to analyse the intramolecular interactions between spin probes in diradical systems 
incorporated into the vesicle bilayer (Figure 1) and the kinetics of thiol-disulphide exchange at the membrane-
water interface. 
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Figure 1: spin labels 

We have synthesised diradicals 1 and 2 and incorporated them into PTC vesicle membrane. 
Preliminary results showed that the process of inclusion of amphiphilic spin labels (1, 2) into vesicle 

membrane can be achieved effectively. The EPR spectra (Figure 2) show reduced mobility of the membrane-
embedded spin label 1 along with the interaction between the two radical units (line broadening, see pink 
diradical and blue monoradical spectra in Figure 2a normalised by spin count).  

 
Figure 2: (a) overlapped EPR spectra of diacid 1 in vesicular media (pink) and the corresponding monoradical 

(blue) normalised by spin count, (b)(c) spectra recorded 10 and 15 h after addition of 2-mercaptoethanol 
respectively 

Diacids 1 and 2 were then allowed to react with 2-mercaptoethanol. The reaction was followed by EPR. Figure 
2b and c show the increase of EPR signal intensity due to line sharpening. The results obtained were compared 
with a model bulk reaction in methanol. Kinetic profiles in bulk solution show in general a quicker S-S cleavage 
and a linear dependence between the reaction rate on the concentration of 2-mercaptoethanol. Kinetics in 
vesicular media, instead, show slower reaction rate and a decomposition of the radical at longer times. 
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Figure 3: (a) model kinetics of cleavage of disulphide bond in 3 in MeOH, (b) kinetics of cleavage of the disulphide 

bond in 2 in vesicular media 

                                                 
∗ rg130@york.ac.uk 

a b c 

200 nm 

a  b 

S

S

O

O

N
H

N
H

N

N

O
  

O
  

3 



Tuesday Lecture 9

Investigation of the active site of the Fe-only 

 hydrogenase from Desulfovibrio Desulfuricans, using pulse EPR techniques 
 

A. Silakov, E. Reijerse, S. Albracht, C. Hatchikian, W. Lubitz 

 

Max-Planck Institute of Bioinorganic Chemistry,  

Muelheim a.d. Ruhr, 45470, Germany,  

silakov@mpi-muelheim.mpg.de 

 

Hydrogen plays an important role in the metabolism of microorganisms, where the 

reaction H2 �2H
+
+2e

–
 is catalyzed by metalloenzymes, called hydrogenases [1]. It is known, 

that the active cite of the Fe-only hydrogenase (so called H-cluster) contains a classical [4Fe-

4S] cubane connected via the sulphur of a cysteine  (Cys382) to a bi-nuclear subcluster [2, 3]. 

This [2Fe] subluster is coordinated by CO and CN ligands, stabilizing metals in low-oxidation 

states [4, 5].  

The active site passes through several states during the catalytic cycle, which can be 

detected using EPR. The oxidized form of the H-cluster (Hox) shows a rhombic EPR spectrum 

(gmax=2.1 signal) [6]. The distal iron of the [2Fe] subcluster has a free coordination site. Upon 

inhibition of the protein by CO this iron is coordinated by the external CO ligand. In this case 

an axial EPR signal is observed.  

The electron spin distribution over the H-cluster was investigated using pulse EPR 

technique including Davies-ENDOR and HYSCORE.  

Part of the measurements was done on 
57

Fe-enriched Fe-only hydrogenase from 

Desulfovibrio desulfuricans at X- and Q-band frequencies for the oxidized (Hox) and the CO-

inhibited oxidized (Hox-CO) states of the H-cluster at low temperature. In this content we 

present the first Q-band 
57

Fe ENDOR and HYSCORE study of the H-cluster. 

For the Hox state we found in total six 
57

Fe hyperfine couplings. The pulse EPR 

investigation of the Hox-CO state also showed in total six different 
57

Fe HF couplings. This 

indicates a profound delocalization of the unpaired spin density over the H-cluster. 

In addition, using a procedure, described recently by Roseboom et al. [7], several CO 

ligands of the distal iron in the bi-nuclear subcluster were labeled with 
13

C. Investigation of 

the 
13

C HF couplings by pulse EPR methods at X- and Q-band frequencies provided 

additional information about the electron spin density distribution over the active site of the 

hydrogenase.  
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From Alcohol Oxidation to Liver Regeneration: 
Applications of EPR in Biology 

 
Christopher W. M. Kay 

Department of Biology, University College London, Gower Street, London WC1E 6BT, UK 

Institut für Experimentalphysik, Freie Universität Berlin, 14195 Berlin, Germany 

The rapid advances of EPR technology and methodology over the last decade have resulted in 
a fundamental shift of emphasis away from development in the ivory tower of the physics 
laboratory to applied interdisciplinary science in the metaphorical kitchen. In this lecture, I 
will present some examples of my recent work in order to highlight the types of questions that 
can now be tackled with the current generation of commercial EPR spectrometers, quantum 
chemical software, and some luck. 

To give one illustration: redox-active organic cofactors such as quinones and flavins are so 
prevalent in living organisms because of their flexibility. They have three redox states, each 
of which has various protonation states, so that both electrons and protons can be 
simultaneously or sequentially, accepted, transported and released, depending how a 
particular enzyme tunes their properties. Of the three oxidation states, one is paramagnetic 
which turns the cofactor into an intrinsic spin-label at the active site which, just as an 
engineered nitroxide spin-label, can provide information on several levels. Firstly, local 
polarity, accessibility, and mobility of the radical can be probed. Secondly, binding of 
substrates and inhibitors in the active site can be investigated. Thirdly, the conformations of 
individual proteins and complexes thereof can be determined by measuring the interactions of 
individual spins located on separate domains. 
 
Acknowledgements. The work described here would not have been possible without the contributions of many 
collaborators, colleagues and friends over the last twelve years in Berlin, particularly Klaus Möbius, Robert Bittl 
and Stefan Weber. Financial support from the Deutsche Forschungsgemeinschaft (SFB-337, SFB-498, SPP-
1051, FOR-526), VolkswagenStiftung (I/77100) and EU TMR network (FMRX-CT98-0214) is also gratefully 
acknowledged. 
 
Selected References 
Structure of the Pyrroloquinoline Quinone Radical in Quinoprotein Ethanol Dehydrogenase, Kay, C. W. M., 
Mennenga, B., Görisch, H. and Bittl, R., J. Biol. Chem. 281 (2006) 1470-1476. 

Determination of the Distance between the Two Neutral Flavin Radicals in Augmenter of Liver Regeneration by 
Pulsed ELDOR, Kay, C. W. M., Elsässer, C., Bittl, R., Farrell, S. R. and Thorpe, C., J. Am. Chem. Soc. 128 
(2006) 76-77. 

Probing the N(5)-H Bond of the Isoalloxazine Moiety of Flavin Radicals by 9 GHz and 94 GHz Pulsed ENDOR, 
Weber, S., Kay, C. W. M., Bacher, A., Richter, G. and Bittl, R., ChemPhysChem 6 (2005) 292-299. 

Photoactivation of the flavin cofactor in Xenopus laevis (6-4) photolyase: Observation of a transient tyrosyl 
radical by time-resolved EPR, Weber, S., Kay, C. W. M., Mögling, H., Möbius, K., Hitomi, K. and Todo, T., 
Proc. Natl. Acad. Sci. USA 99 (2002) 1319-1322. 



Tuesday Lecture 11

 
Assessing induced-folding of an intrinsically disordered protein  

by site-directed spin labeling 
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Intrinsically disordered proteins (IDPs) are functional proteins that fulfil essential biological 
functions while lacking highly populated constant secondary and tertiary structure in 
physiological conditions. Many IDPs undergo an unstructured-to-structured transition upon 
binding to their physiological partners, a process called induced-folding. The understanding of 
the functional role of structural disorder is of growing interest but still represents a rather poorly 
explored field of investigation. In this context, spectroscopic techniques able to bring new 
information on these particular proteins and their functions are of primary interest. 
 
Site-directed spin labeling (SDSL) followed by EPR spectroscopy [1] is herein used for the first 
time to monitor induced-folding events of an IDP. In order to evaluate the suitability and 
sensitivity of this technique we used the well characterized interaction between the intrinsically 
unstructured C-terminal domain of the measles virus nucleoprotein (NTAIL) and one of its 
physiological partner, the C-terminal domain of the viral phosphoprotein (XD) [2]. The elucidation 
of the mechanisms of action of such a protein is crucial for the identification and the rational 
design of antiviral agents. 
 
The strategy of SDSL involves the insertion of a nitroxide radical at a selected site of a protein 
followed by its observation by EPR spectroscopy. When recorded at room temperature, EPR 
spectra reflect the mobility of the radical and thus give information on its local environment. A 
modification of this environment coming from either a physical or a chemical event can then be 
identified by a change in the EPR signature. The methanethiosulfonate (MTSL) derivative is 
used as nitroxide reagent that is able to react specifically with cystein residues. Cystein-
substitution mutagenesis was performed at three different positions (called box1, box2, box3) of 
the NTAIL protein leading to three labeled proteins. EPR spectra were recorded in the absence or 
presence of either the secondary structure stabilizer tri-fluoro-ethanol (TFE) or one of the 
physiological partners of NTAIL: XD. The results are in agreement with those previously described 
in the literature showing the involvement of both box2 and box3 in binding to XD [2].  
 
We conclude that SDSL followed by EPR spectroscopy is a convenient and powerful approach 
for the assessment of induced-folding of IDPs. The technique has the advantage of providing 
insights into the involvement of specific regions of a protein in the interaction with its partner. 
 

 

 

[1] W.L. Hubbell et al, Curr Opin Struct Biol 8 (1998), 649-56 (for a review). 

[2] JM. Bourhis et al, Protein Sci 14 (2005), 1975-1992. 
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Spin label EPR studies of the vacuolar proton-ATPase 
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The vacuolar proton-ATPase (V-ATPase) is a membranous molecular motor, which uses energy 
from ATP hydrolysis to drive proton transfer (it works in the opposite sense as the better known F-
ATPase). Our long-term objective is to reveal the mechanism of this enzyme and to identify 
specific inhibitor binding sites/conditions that would have a direct medical relevance. Conventional 
and non-linear electron paramagnetic resonance (EPR) techniques were used in the X-band to gain 
structural data on the intramembranous subunit c of V-ATPase (1,2). The latter techniques are based 
on the second and first integral of the first harmonic in phase (v1) and the second harmonic phase 
quadrature spectral displays (v2'), respectively, recorded under partially saturating microwave 
excitation. The biomembranes were purified from lobster, containing a 16-kDa protein of the ductin 
family that is capable of functionally substituting subunit c of the yeast V-ATPase in a hybrid 
system. Spin labelled lipids were used to determine the oligomeric state of the proton channel 
protein by detecting the first shell of lipids interacting with its transmembrane region. We have 
shown, for all known cases, that the experimentally determined number of lipids motionally 
restricted by a protein is the same as the structural first shell (3). Structurally and functionally 
important unique cystein and glutamate residues were spin-labelled for their localisation along the 
membrane normal. Spin label - spin label interaction and paramagnetic quenching studies also 
revealed the oligomeric state to be a hexameric, along with other studies, and the unique cystein and 
glutamate residues have been shown to at least partially contact lipids. A divalent-ion binding site 
on the proton channel has been revealed by detecting endogenous Cu

2+
 and by EDTA washing and 

Ni
2+

 binding experiments. Perturbation of both the spin labelled amino acid side chains and spin 
labelled annular lipids around the proton channel by potential V-ATPase inhibitors has been 
demonstrated for the yeast and lobster proteins (4,5). Our data set constraints on future structural 
models and aid inhibitor design. 
 
Supported in part by the European Commission (QLG-CT-2000-01801), the Volkswagen-Stiftung, 
the Hungarian Scientific Research Fund (OTKA T029458, T043425). 
 
References 
 
1. Pali, T., Finbow, M.E., Holzenburg, A., Findlay, J.B.C., and Marsh, D. (1995) Lipid-Protein 

Interactions and Assembly of the 16-kDa Channel Polypeptide from Nephrops norvegicus. 
Studies with Spin-Label Electron Spin Resonance Spectroscopy and Electron Microscopy. 
Biochemistry 34(28), 9211-9218. 

2. Pali, T., Finbow, E.M. and Marsh, D. (1999) Membrane assembly of the 16-kDa proteolipid 
channel from Nephrops norvegicus studied by relaxation enhancements in spin-label ESR. 
Biochemistry 38(43), 14311-14319. 

3. Pali, T., Bashtovyy, D. and Marsh, D. (2006) Stoichiometry of lipid interactions with 
transmembrane proteins - deduced from the 3-D structures. Protein Science (accepted) 

4. Pali, T., Dixon, N., Kee, T.P., and Marsh, D. (2004) Rapid Report: Incorporation of the V-
ATPase inhibitors concanamycin and indole pentadiene in lipid membranes. Spin-label EPR 
studies. Biochimica et Biophyisica Acta - Biomembranes 1663(1-2), 14-18. 

5. Pali, T., Whyteside, G., Dixon, N., Kee, T.P., Ball, S., Harrison, M.A., Findlay, J.B.C., Finbow, 
M. and Marsh, D. (2004) Interaction of inhibitors of the vacuolar H+-ATPase with the 
transmembrane Vo-sector. Biochemistry 43, 12297-12305. 



Wednesday 5
th

 April 
 

Wednesday sessions are organised by working group 3 of the COST P15 action 

“Advanced Paramagnetic Resonance Methods in Molecular Biophysics” 

 

7.30-9.00 Breakfast Lecture 

No. 

 Chaired by Prof David I. Lowe  

9.00-9.50 

Plenary 

lecture 

Dr Gunnar Jeschke (MPI for Polymer Research) 

Pulsed ELDOR: Measuring More than a Single Distance 

 

1 

9.50-10.10 Dr Martina Huber (Leiden University) 

Distance between a native cofactor and a spin label in the reaction 

centre of Rhodobacter sphaeroides by a two-frequency pulsed electron 

paramagnetic resonance method (DEER) 

 

2 

10.10-10.30 Prof Olav Schiemann (Technical University of Munich) 

PELDOR: Distance Measurements between Metals and Nitroxides, spin 

counting and domain arrangement 

 

3 

10.30-11.00 Coffee  

 Chaired by Dr Christiane R. Timmel  

11.00-11.20 

 

Prof Klaus Möbius (Free University Berlin) 

360-GHz high-field EPR and ENDOR in biophysics: a status report 

 

4 

11.20-11.40 Dr Enrica Bordignon (Universität Osnabrück) 

Properties of the HAMP domain of NpHtrII investigated by SDSL EPR 

 

5 

11.40-12.00 

 

Dr Richard Ward (University of Dundee) 

Nanometre scale distance measurements in nucleic acids by site-

directed spin labeling 

 

6 

12.00-12.20 Dr Joanna Wolowska (University of Manchester) 

A multi-frequency EPR Study of the quadrupolar effect in a Au(II) 

complex 

 

7 

12.20-14.00 Lunch  

  

Conference closed! Safe journeys! See you next year! 
 

Next year our conference will celebrate 40th 
anniversary. It will be a special event, hosted by the 

University of Oxford. 
 

Watch our website www.esr-group.org.uk   

for announcements about the Oxford meeting 
 

 

 



Wednesday Lecture 1

Pulsed ELDOR: Measuring More than a Single Distance 

 

G. Jeschke, A. Godt,# H. Zimmermann,$ V. Chechik§ 
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$Max Planck Institute for Medical Research, Jahnstrase 29, 69120 Heidelberg, 

Germany 

§University of York, Department of Chemistry, University of York, Heslington, York 

YO10 5DD, UK  

Since pulsed ELDOR techniques for the measurement of dipole-dipole couplings were 

introduced by the Novosibirsk group in the early 1980s, they have evolved to the most 

versatile tool for measuring well defined spin-to-spin distances in isolated spin pairs. 

In such systems, precise measurements corresponding to the observation of more than 

two dipolar oscillations with good signal-to-noise ratio could be demonstrated at 

distances up to 7.5 nm.  

However, for most systems a single value for the distance is rather incomplete 

structural information. Information on the flexibility of the structure or even on the 

existence of alternative conformations can be obtained from distance distributions. 

This concept is illustrated on the residual flexibility of shape-persistent biradicals. The 

shape of the distance distribution is also of interest for weakly ordered systems in 

which the possible distances between spin labels are constrained, but may vary 

strongly within these constraints, as in concatenated macrocycles or in spin-labelled 

thiols attached  to gold nanoparticles. 

In more complex systems, the number of interacting spins on the length scale of pulsed 

ELDOR (DEER) experiments may be larger than two or may vary. Spins can then be 

counted via the modulation depth. Using isotope selection for 
15

N-labelled or 

deuterated spin labels, the distance distribution can be simplified. Three-spin 

correlations can be observed by the two-dimensional triple electron-electron resonance 

(TRIER) experiment.  
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Distance between a native cofactor and a spin label in the reaction centre of 

Rhodobacter sphaeroides by a two -frequency pulsed electron paramagnetic 

resonance method (DEER) 

 

Igor V. Borovykha,b , Stefano Ceola c, Prasad Gajulaa , Peter Gast b, Heinz-Jürgen Steinhoff a, 

Martina Huberc 

aFachbereich Physik, Universitaet Osnabrueck, P. O. Box , 49069 Osnabrueck, Germany; 
 bDepartment of Biophysics, Huygens Laboratory, Leiden University,  the Netherlands. 
cDepartment of Molecular Physics, Huygens Laboratory, Leiden University, P.O. Box 9504, 
2300 RA Leiden, the Netherlands. 
 

Methods for distance determination in biological systems are sought to obtain structure 

information in cases where the more conventional methods, such as X-ray crystallography, 

cannot be applied. This is often the case for membrane proteins, in particular when 

investigating conformational changes related to electron-transfer events. Given the large 

influence of the donor-acceptor distance on the electron-transfer rates, and the importance of 

conformational changes in the regulation of these 

processes, structural information is of particular relevance.  

Here, the distance between the paramagnetic state of a 

native cofactor and a spin label is measured in the 

photosynthetic reaction centre of Rhodobacter sphaeroides 

(R26), using a two-frequency, pulsed electron 

paramagnetic resonance method (double electron electron 

spin resonance – DEER). A distance of 3.05 nm between 

the semiquinone-anion state of the primary acceptor (QA) and the spin label at the native 

cysteine at position 156 in the H-subunit is found. Molecular-dynamics (MD) simulations are 

performed to interpret the distance. A 6 ns run comprising the entire RC protein yields a 

distance distribution that is close to the experimental one. The average distance found by the 

MD simulation is smaller than the distance obtained by DEER by at least 0.2 nm. Several 

possible reasons for this difference are discussed.  
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The function of a biomolecule depends on the specific arrangement of subunits and cofactors and 

is in many cases paralleled by structural changes during its functional cycle. We use continuous 

wave (CW) and pulsed Electron Paramagnetic Resonance (EPR) spectroscopy to study this 

structure/function relationship.  

A pulsed EPR sequence by which it is possible to determine global structure elements and 

structural changes on the nanometer scale is the so called Pulsed Electron Electron Double 

Resonance (PELDOR) method [1]. We applied this method to determine the domain arrangement in 

pleckstrin, to resolve structural changes in the translation initiation factor IF2 and to study the 

association of the fumarate sensor DcuS in a phospholipid membrane.  

 

[1] a) Milov, A. D.; Salikhov, K. M.; Shirov, M. D. Fiz. Tver. Tela 1981, 23, 975. b) Larsen, R. 

G.; Singel, D. J. J. Chem. Phys. 1993, 98, 5134. c) Jeschke, G. Macromol. Rapid Commun. 

2002, 23, 227. d) Weber, A.; Schiemann, O.; Bode, B.; Prisner, T. F. J. Magn. Res. 2002, 157, 

277. 
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360-GHz high-field EPR and ENDOR in biophysics: a status report 
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An overview of our recent accomplishments in the research project of sub-mm high-field EPR 

spectroscopy will be presented concerning instrumentation developments and biological 

applications: 

 

In the instrumentation part we will briefly discuss recent improvements of the sensitivity, stability 

and resolution of our quasi-optical 360 GHz/14 T EPR spectrometer with subsequent increase of its 

application potential to low-concentration biological samples. These improvements could be 

achieved by (i) the implementation of a new Fabry-Perot resonator probe-head for variable 

temperature down to 5-K experiments, (ii) the recent extension to ENDOR capability at 550 MHz 

proton Larmor frequency, and (iii) the development of a pulsed sub-mm microwave source for 

higher power output (the Orotron). As an outlook, the present status of our 360-GHz quasi-optical 

transient EPR spectrometer for short-lived paramagnetic intermediates will be sketched.  

 

In the application part it will be shown that these improvements were essential for studying specific 

mutants of complex protein systems to characterize them in terms of structure, dynamics and 

function. As topical representatives of our 360-GHz high-field EPR applications, wild-type and 

tailor-made mutant systems of light-driven electron-transfer proteins were investigated, for example 

the photosynthetic reaction center of the purple bacterium Rhodobacter sphaeroides, the 

photosystem I of the cyanobacterium Thermosynechococcus elongatus as well as the flavin cofactor 

radical of the DNA photolyase. 

 

The results will be briefly discussed to illustrate what can be learned from EPR at successively 

higher Zeeman fields: High-field/high-frequency EPR can provide detailed information on structure 

and dynamics of transient intermediates of the electron-transfer photocycle in the hydrogen-bond 

networks of their binding sites. Such pieces of information are beyond what is provided by standard 

X-ray crystallography, but are essential ingredients for an understanding of the biological transfer 

process. 

 

The work presented was performed together with Alexander Schnegg, Martin Fuchs, Martin Plato, 

Anton Savitsky, Jens Törring, Frank Müh, Claudia Schulz, Stefan Weber, Christopher Kay and Erik 

Schleicher in cooperation with Wolfgang Lubitz (Mülheim/Ruhr) and his co-workers, Thomas 

Prisner (Frankfurt/M), Yuri Grishin (Novosibirsk), Alexander Dubinskii (Moscow), Boris Dumesh 

(Troitsk), Adelbert Bacher (Munich), Robert Bittl (Berlin) and Gerald Richter (Exeter).  

 

Financial support by the Deutsche Forschungsgemeinschaft (SFB 498, SPP 1051 ) is gratefully 
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Sensory rhodopsin II, the photophobic receptor from N. pharaonis (NpSRII) forms a complex with its 

cognate transducer (NpHtrII) in a 2:2 stoichiometry1. Light activation of NpSRII leads to a displacement of 

helix F which triggers a rotation of TM2 in NpHtrII2. 

In an unknown mechanism this signal is transmitted to the cytoplasmic domain of the transducer which 

harbors the binding site for the adaptor protein CheW and the His-kinase CheA. Structural information 

exists for the transmembrane region of this complex as well as for the rod shaped cytoplasmic part. 

However, the HAMP domain located between the transmembrane and the cytoplasmic part of the 

transducer is still not characterized. In order to obtain structural information about this region, EPR 

experiments with site-directed spin labeled NpHtrII and NpSRII have been carried out. 

Twenty-four residues in the HAMP domain of the transducer, from position 78 to 101, and six residues in 

the following region (105, 106, 115, 116, 122, and 148) were mutated to cysteine, subsequently coupled to 

the methanethiosulfonate spin label and investigated by cw and pulsed X-band EPR. To obtain information 

on the overall architecture of the complex, doubly spin labeled variants between the transducer and the 

receptor were also engineered and investigated3.  

The effects induced by the presence of high salt concentration on the structure of the signal transduction 

domain gave new insights on the functional properties of the HAMP domain. The data are discussed with 

regard to the phototransduction of the signal. 
 
 
1. Gordeliy, V. I. et al. Molecular basis of transmembrane signalling by sensory rhodopsin II-transducer complex. 

Nature 419, 484-487 (2002). 
2. Wegener, A. A., Chizhov, I., Engelhard, M. & Steinhoff, H. J. Time-resolved detection of transient movement of 

helix F in spin-labelled pharaonis sensory rhodopsin II. Journal of Molecular Biology 301, 881-891 (2000). 
3. Bordignon, E. et al. Structural analysis of a HAMP domain - The linker region of the phototransducer in complex 

with sensory rhodopsin II. Journal of Biological Chemistry 280, 38767-38775 (2005). 
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Detailed structures are not available for biomolecules that either cannot be crystallised or are 

too large to be studied by multi-dimensional NMR. Fluorescence resonance energy transfer 

(FRET) is capable of measuring distances between 2-8 nanometres and has, for example, 

enabled the tertiary structures of nucleic acids to be determined [1]. Site-directed spin 

labelling (SDSL), where electron spins are positioned at specific locations, coupled with 

electron paramagnetic resonance (EPR) methods may provide an attractive alternative. Small 

nitroxide spin label molecules can be covalently attached at known positions. For distances 

larger than a nanometre the electron dipole–dipole interaction is buried within the EPR 

linewidth; however, by using time-domain EPR these small interactions can be selectively 

measured in a pulsed double electron–electron resonance (DEER) experiment [2].  

 

Pulsed EPR DEER measurements have been performed on a series of synthetic DNA 

molecules with varying spin–spin separations. In addition, a biologically significant RNA 

structure, a K-turn, has been investigated under low and high salt conditions and also in the 

presence of the L7Ae RNA binding protein and the distance distributions obtained compared 

to model structures.   

 

References: 

1. D.M.J. Lilley and T.J. Wilson, Curr. Opin. Chem. Biol., 2000, 4, 507. 

2. M. Pannier et al, J. Magn. Reson., 2000, 142, 331. 
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Recently, new gold complexes in the unusual 

oxidation state +II have been reported. The 

mononuclear gold compound [Au([9]aneS3)2][BF4]2 

(1), obtained by reduction of H[AuCl4]·3H2O with 

two equivalents of [9]aneS3 in refluxing  

H[BF4](40%)/MeOH has an octahedral disposition 

of six sulfur atoms around the gold atom with an 

elongated Jahn-Teller distortion (see Figure 1).
1
  

Multi-frequency (L-, S-, X-, K- and Q-band) EPR 

studies have been performed in CH3CN/toluene at 

120 K in order to study the electronic structure of the complex in 1. At Q-band (see Figure 2) 

the central 
197

Au hyperfine quartet is clearly resolved, whereas the lowest and the highest 

field quartets are unevenly spaced, forming groups of “two-plus-two” peaks. This is 

indicative of a large quadrupole coupling to the I = 
3
/2 

197
Au nucleus, which has a very large 

quadrupole moment, of similar 

magnitude to the hyperfine interaction.  

Theoretical aspects of the EPR 

spectrum simulations will be presented, 

together with a description of the  

electronic structure of the complex. 

 

                                                 
†
 Funded by EPSRC(UK) 

1
 A.J. Blake, J.A. Greig, A.J. Holder, T.I. Hyde, A. Taylor and M. Schröder, Angew. Chem., Int. Ed. Eng., 1990, 
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Figure. 1. 

Structure of the cation in  

[Au([9]aneS3)2][BF4]2 
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Figure. 2.   

 

Q-band (34.0 GHz) EPR spectrum at 120 K of 

[Au([9]aneS3)2][BF4]2 in CH3CN/toluene 
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The coupling reaction between nitroxides and carbon-centered radicals has 

gained additional attention after discovery of the Nitroxide-Mediated Free Radical 

Polymerizations (NMP)
1
. In NMP the quality (i.e. the molecular weight and 

polydispersity index) of the polymer formed is being determined by the ratio of coupling 

and dissociation rate constants of the reversible equilibrium between stable nitroxides, 

alkyl radicals and alkoxyamines, thus these rate constants are utterly important to know.  

In this work we apply, Time Resolved Chemically Induced Dynamic Nuclear 

Polarization (TR CIDNP) and of laser flash photolysis (LFP) to the measurements of the 

coupling rate constants between alkyl radicals and series of newly synthesized stable 

nitroxyl radicals aiming to derive important kinetic parameters for modeling studies of 

NMP and to reveal the influence of steric and electronic factors upon the reactions 

mentioned above. The nitroxides within the series differ in steric and/or electronic 

character of the functional groups surrounding the nitroxide moiety. The carbon-

centered radicals were generated by laser pulse photolysis of the corresponding ketone 

precursors RC(O)R with well-known photochemistry in the presence of stable 

nitroxides. The thermal decomposition of alkoxyamines labeled different nitroxides was 

studied using ESR. Kinetics decay were measured using EPR of nitroxides.   The 

influence of polar, steric and stabilizing effects on decomposition rate have been found 

and discussed
2
.   

Acknowledgement. This work was supported by RFBR (Project 05-03- 32370). 
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The report concerns the study of mechanism of EPR spin trapping and NMR spin 

trapping for the detection of short-lived thiyl radicals.  Recently the new reactions of the re-

versible addition of thiols and thiyl radicals to the double C=N bond of the nitrone spin traps 

DMPO and DEPMPO have been observed [1-2]. The diamagnetic product for DEP-

MPO/AcSH adduct was measured by 
31

P-NMR and assigned to corresponding hydroxyl-

amine similar to observation of the DEPMPO/sulfite adducts [3]. For the first time, the 

monomolecular decomposition of the radical adducts back to the nitrone and glutathiyl radi-

cal was demonstrated and the rate constants for this reaction were found to be equal to 

0.3±0.1s
-1

 and 0.02s
-1

 for DMPO/
•

GS and DEPMPO/
•

GS radical adduct, correspondingly [3]. 

In this work we have studied the reaction mechanism of thiyl radicals with widely 

used PBN spin trap. The rate constant of addition of thiyl radical to PBN has been measured 

using EPR and is equal to 2*10
8
 s

-1
.  Specially synthesized 

19
F labeled PNB spin trap has 

been used.  The   reversibility of radical addition to PBN has been shown for the first time 

using EPR and NMR 
19

F.  The monomolecular decomposition of the radical adducts back to 

the nitrone and glutathiyl radical was demonstrated and the rate constants for this reaction 

were found to be equal to 0.98±0.05s
-1

 for PBN/
•

GS radical adduct. The reversibility of the 

reaction of nitrones with thiyl radicals significantly affects the life times of radical adduct and 

may influence on the interpretation of the spin-trapping data. 

The influence of cyclodextrins on the life-time of spin adduct PBN/
•

GS has been stud-

ied using EPR. It is shown that cyclodextrins play an important role in stabilizing the 

PBN/
•

GS  spin adduct, leading to EPR signal enhancement and  increasing its life-time.  
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Human pancreatic lipase (HPL) is a member of the lipase superfamily and a key enzyme in the 

process of digesting dietary lipids since this enzyme is responsible for the hydrolysis of 

alimentary triglycerides. HPL is a water soluble enzyme whereas its natural substrates are water 

insoluble [1], thus carrying out catalysis in heterogeneous media. The crystallographic 

structures of HPL have been solved and have shown two different conformations: a closed one 

and an open one, differing in particular from the position of a loop, called the lid, which covers 

the active site in the closed form of the enzyme [2]. These crystallographic structures support 

the idea that HPL undergoes conformational changes at the water-oil interface. In order to shed 

some light on the molecular mechanisms of this enzyme in solution we used the technique of 

site-directed spin labeling [3]. 

 

The methanethiosulfonate (MTSL) derivative was used as a nitroxide reagent able to react with 

cystein residues. Cystein-substitution mutagenesis was performed at a selected position 

localised on the lid of HPL. EPR spectra of the labeled protein were recorded in the absence or 

in the presence of its physiological partners : bile salts, amphiphilic molecules forming micelles 

in solution, and/or colipase, a small protein which facilitates the lipase adsorption at the water-

oil interface. The EPR spectra revealed two species present under variable proportions 

depending on the presence of the physiological partners. A narrow spectral shape and a broad 

one, indicating a dramatic change in the rotation correlation time of the nitroxide radical which 

reflects the variation of its environment due to the lid conformation changes. Analysis of these 

spectral shapes as a function of the two physiological partners concentrations and correlation 

with activity measurements allowed us to attribute the narrow spectral shape to the closed form 

of the lipase and the broad one to its open form. Moreover, we have used relaxing agents 

(CROX and NiAA) in order to get information on the accessibility of the nitroxide in both 

conformation. 

 

This work demonstrates that site-directed spin labeling constitutes a unique tool for the study of 

the conformational changes of HPL occuring in solution. This technique provides the opportunity 

to get a better understanding of the molecular mechanisms of this enzyme.  

 

1. Sarda L., Desnuelle P., (1958),  Biochim.Biophys.Acta, 30, 513-521 

2. Van Tilbeurgh H et al, (1993), Nature, 362, 814-820 
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The microbial phototaxis receptor sensory rhodopsin II (SRII) mediates the photophobic response of the 

haloarchaeon N. pharaonis by modulating its swimming behavior. After excitation by blue-green light 

NpSRII triggers, by means of a tightly bound transducer molecule, a signal transduction chain homologous 

to the two-component system in eubacterial chemotaxis. A SDSL EPR study performed on the complex 

NpSRII/NpHtrII157 reconstituted in purple membrane lipids showed that the light activation induces 

structural changes in the receptor which are transferred to the transmembrane part of the transducer. The 

receptor structural rearrangement is suggested to be a slight outward movement of the cytoplasmic edge of 

helix F (0.1-0.2 nm)
1
. This rearrangement appears within the transition from the M1 to the M2 state

2
 and it 

is sustained until the re-isomerization of the retinal to the all-trans conformation occurs (during the O 

decay). The receptor structural modification induces a rotation of helix TM2 in NpHtrII (~20-30 degree). A 

small piston-like movement (~0.1 nm) accompanying the rotation could not be excluded, which would 

result in a screw-type motion of TM2
3
. While the structural changes in the receptor and in the transducer 

appear simultaneously, the recovery of the receptor and the transducer to the OFF states are decoupled 

(TM2 being delayed by about 200 ms with respect to the receptor). In an unknown mechanism this rotary-

screw motion is then transmitted from the transmembrane part to the cytoplasmic domain of the transducer 

which harbors the binding site for the adaptor protein CheW and the His-kinase CheA.  

The recently determined X-ray structure of the activated state of the transmembrane part of the complex 

shows that the signal transfer takes place in the interface between helices F, G of the receptor and TM2 of 

the transducer. The transducer responds to the activation of the receptor by a clockwise rotation of about 15 

degree of helix TM2 and a displacement by 0.09 nm at the cytoplasmic surface4. 

EPR data obtained on receptor and TM2 positions are compared to the new X-ray data and discussed in 

terms of development of the signal from the receptor to the transducer. Experiments performed at different 

salt conditions reveal how the entity and kinetics of the structural changes occurring in the signal 

transduction responds to changes in the environmental conditions. 
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Febs Letters 564, 219-224 (2004). 

3. Wegener, A. A., Klare, J. P., Engelhard, M. & Steinhoff, H. J. Structural insights into the early steps of receptor-

transducer signal transfer in archaeal phototaxis. Embo Journal 20, 5312-5319 (2001). 

4. Moukhametzianov, R. et al. Development of the signal in sensory rhodopsin and its transfer to the cognate 

transducer. Nature 440, 115-119 (2006). 
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EPR/ENDOR spectroscopy was used to characterise the free radicals generated in a series 

of PLGA raw polymers as well as drug loaded microsphere systems after exposure to 

gamma (γ-) irradiation. The radical species originating from the polymer backbone were 

identified via EPR simulation as the chain scission species –
•
CHO- (≈ 27% abundance), -

•
C(CH3)O- ≈ 23% abundance) and the terminal -

•
C(CH3)-OR fragment (≈ 50% 

abundance), and these assignments were supported by the ENDOR analysis. The latter 

two radical species were demonstrated to originate from the lactide component of the 

PLGA polymer. There are some interesting characteristics found as the drug loading is 

altered, with the generation of extremely stable alkyl peroxy radicals initiated at higher 

percentage loadings. Overall systematically higher radical concentrations were found as 

the lactide content of the PLGA raw polymer and microspheres increases (ie., 75:25 > 

65:35 > 50:50) for both γ- and β-irradiation.  
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Abstract 

Uricase catalyzes the oxidation of urate to form allantoin, carbon dioxide and hydrogen 

peroxide . In this artic le , we demonstrate for the first time the presence of a radical 

intermediate involved in the reaction mechanism. Such radical species was entrapped 

using DEPMPO (5-Diethoxyphosphoryl-5-methyl-1-pyrroline NOxide) spin trap and 

the relative adduct was detected by EPR (Electron Paramagnetic Resonance) technique. 

A structure of such radical (5-hydroperoxy isourate) is proposed, through chemical 

results and DFT (Density Functional Theory) calculations of the EPR coupling 

constants. 
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Being the most widespread prosthetic group occurring in nature the porphyrin macrocycle and 
its derivatives are some of the most intensively studied ligands in coordination chemistry. 
Recently, N-confused porphyrins (NCP), a new family of porphyrin isomers containing a 
confused pyrrole ring connected through its α,β’-positions in the macrocycle, have received 
increased attention. It has been found that N-confused porphyrins form stable transition metal 
complexes involving a metal-carbon bond inside the porphyrin cavity. 

We present a combined multi-frequency continuous wave and pulse electron paramagnetic 
resonance (EPR) study of the copper(II) complex of N-confused tetraphenylporhyrin. By 
using advanced pulse EPR methods like electron nuclear double resonance or hyperfine 
sublevel correlation spectroscopy the magnetic interactions between the unpaired electron of 
the compounds and the surrounding nitrogen nuclei were revealed. In addition, a detailed 
study of the carbon hyperfine interaction provided further insight into the character of the 
metal-carbon bond. The experimental results are compared with values derived from density 
functional theory computations. 
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A N-confused Porphyrin Complex of Cobalt(II) – a Combined Pulse EPR/ ENDOR and 
DFT Study 

 
 

Carlos Calle, George Mitrikas and Arthur Schweiger* 
 

Physical Chemistry Laboratory, ETH Zurich, 8093 Zurich, Switzerland 
 

* deceased on 4 January 2006 
 
 
A relatively new isomer of the very important and ubiquitous ligand class of porphyrins is the 
N-confused porphyrin (also known as inverted porphyrin or carbaporphyrin) which shows the 
same pattern of the pophyrin backbone. Starting from a “normal” porphyrin it can be formally 
built by interchanging a carbon atom of a β-pyrrolic moiety with a nitrogen atom of the 
interior pyrollic position. In the beginning it was isolated as a byproduct with only low yields 
of inverted porphyrins [1,2]. But today – thanks to some synthetic improvements [3] - 
inverted porphyrins are available in a larger scale. The electronic structure of paramagnetic 
complexes of this ring system can be examined by EPR (electron paramagnetic resonance) 
and ENDOR (electron nuclear double resonance) experiments in order to elucidate metal-
ligand interactions and to help to understand the metal chemistry of this macrocycle. 
 
In the present work a cobalt(II) complex of 5,10,15,20-tetraphenyl-2-aza-21-carbaporphyrin 
(H2NCTPP) has been extensively studied using continuous-wave and pulse EPR and ENDOR 
techniques at X-band frequencies, in order to obtain insight into the interactions of the 
unpaired electron with the metal ion and the surrounding ligand nuclei, particularly the carbon 
nucleus of the confused pyrrole ring. The experimentally obtained results have been compared 
with parameters derived from DFT calculations. 
 
 
 
References:  
[1] P.J. Chmielewski, L. Latos-Grażyński, K. Rachlewicz, T. Glowiak, Angew. Chem. Int. 

Ed., 33, 779 (1994) 
[2] H. Furuta, T. Asano, T. Ogawa, J. Am. Chem. Soc., 116, 767 (1994) 
[3] G.R. Geier III, D.M. Haynes, J.S. Lindsey, Org. Lett., 1, 1455 (1999) 
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Fluoro elpasolites (A2BMF6) are attractive host crystals for optical investigations and 

applications since they have relatively low phonon cut-off frequencies and offer possibilities 

to tune the environment of optically active transition metal or rare earth ions to desired 

functionality, by changing their constituents (A
+
, B

+
 and M

3+
 ions). Within this research we 

have investigated hexagonal Cs2NaMF6:Cr
3+

 (M = Al, Ga) and cubic Cs2NaYF6:Er
3+

 

elpasolite crystals, using electron paramagnetic resonance (EPR) and electron nuclear double 

resonance (ENDOR). Two octahedral M
3+

 dopant sites, which show a small trigonal 

distortion, have been identified in the hexagonal crystals [1], whereas Cs2NaYF6 has only one 

perfectly octahedral M
3+

 site [2].  These crystals, which have been synthesized under 

hydrothermal conditions, contain Fe
3+

 as common impurity, which is the subject of this work.  

 

In an octahedral crystal field Fe
3+

 has electronic spin S = 5/2 and a g factor close to 2. Even in 

perfect cubic symmetry, such systems exhibit a small zero field splitting (ZFS). As a result, 

for an arbitrary orientation of the magnetic field the five allowed EPR transitions do not 

coincide. In the studied fluoride crystals each electronic transition exhibits a superhyperfine 

(SHF) splitting due to the interaction with six equivalent 
19

F nuclei in the first coordination 

shell. Thus the Fe
3+

 EPR spectra in these crystals have a very complex structure, in particular 

in the hexagonal elpasolites where substitution on two inequivalent sites occurs. Recording 

ENDOR and ENDOR-induced EPR spectra for the nearest 
19

F and 
23

Na shells allowed us to 

decompose the spectra and determine the spin Hamiltonian parameters for the Fe
3+

 centres. 

The relative signs of the ZFS and SHF parameters have also been determined. 

 

 

[1] “Identification of Cr
3+

 centers in Cs2NaAlF6 and Cs2NaGaF6 crystals by EPR and ENDOR 

paramagnetic resonance techniques”, H. Vrielinck, F. Loncke, F. Callens, P. Matthys, N. 

M. Khaidukov, Phys. Rev. B 70 (14): Art. No. 144111 (2004)  

[2] “Spectroscopy of cubic elpasolite Cs2NaYF6 crystals singly doped with Er
3+

 and Tm
3+

 

under selective VUV excitation”, V. N. Makhov, N. M. Khaidukov, D. Lo, J. C. Krupa, 

M. Kirm and E. Negodin, Optical Materials 27, 1131 – 1137 (2005) 
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Often the value of a spectroscopic analysis lies in the shape of a spectrum, not just the 

parameters derived from it.  The present lack of a universally recognized format for 

EPR/ESR/EMR spectroscopic data makes it difficult to compare a spectrum with 

those derived on different instruments at different times, and with those reported in 

the literature.  The JCAMP-DX standard format has been approved by the IUPAC 

Committee on Printed and Electronic Publications (CPEP) Subcommittee on 

Electronic Data Standards.  It follows the widely-used JCAMP-DX formats for 

infrared, NMR, ion mobility and mass spectra.  The format is open-source, using 

standard terms, so that data from any instrument, or simulated data, can be freely 

exchanged.  The spectroscopic data are presented in a single file, together with the 

experimental conditions.  The file is both machine- and human-readable, and non-

proprietary software is available for file compression, internet transmission, and 

display on web browsers.  The structure lends itself readily to conversion to web-

compatible languages such as Chemical Markup Language (CML) and Analytical 

Information Markup Language (AnIML).  Adoption of this standard will facilitate the 

application of EMR spectroscopy by allowing users to  

• exchange files of spectral data between laboratories; 

• prepare spectral data more easily, for publication in print and over the internet; 

• link spectroscopic data to other forms of spectroscopy and chemical 

information such as molecular structure; 

• support digital archives of spectra and simulations.   

The first version of the format is primarily for presentation of continuous-wave EMR 

data and simulations, but provides fields for entry of other types of EMR spectra.  A 

later version to cover pulsed spectroscopic data is planned, which will follow the 

protocols for pulsed NMR. 

 

For full details, see 

http://www.iupac.org/      http://www.jcamp.org/    

http://www.iupac.org/reports/provisional/abstract05/lancashire_prs.pdf 

 



Poster 11

Synthesis of mesoporous silica by a neutral amine route. A spin probe study. 
 

Horia Caldararu
a 
, Agneta Caragheorgheopol

a
*, Duncan  J.Macquarrie

b
, Bruce C. Gilbert

b
  

 Rafael Luque
b
, Florenta Savonea

a
 

 
a
 Romanian Academy, “ Ilie Murgulescu” Institute of Physical Chemistry, 

Splaiul Independentei 202, 060021 Bucharest, Romania. 
b
Department of Chemistry, University of York, Heslington, York YO10 5DD UK 

 

      A highly structured mesoporous silica with wormhole pore structure has been previously 

synthesized by a neutral pathway,  using dodecylamine (DDA) in acetonitrile /water mixtures  as 

template and TEOS as the silica source
1
. In this work we use  EPR spectroscopy of selected  spin 

probes  for  the structural characterization at molecular level of the DDA aggregates  and their 

changes during different stages of the silica precipitation. Three DDA solutions with increasing  

acetonitrile/water ratios in the solvent  have been selected, which were shown to represent:  a 

biphasic system containing  lamellar liquid crystalline aggregates (A0), a micellar solution (B0) 

and a molecular solution (C0). In each case a different templating mechanism was found to 

operate: thus in the precipitate obtained from the micellar solution (B0) the spin probe 5-doxyl 

stearic acid appears immobilised, even if  not completely frozen, while  16-doxyl stearic acid and 

TEMPO-laurate retain quasi-isotropic rotation, but with very large rotational correlation times. 

This pattern is characteristic of  micellar aggregates in which rapid micellar tumbling or lateral 

diffusion are hindered by interaction of surfactant head groups with the silica component and is 

considered to typify those micellar aggregates on which mesopores are formed. In contrast, in the 

case of the biphasic system, the EPR spectra demonstrate the disappearence of the patterns 

specific for lamellar liquid crystalls in the precipitate in favor of the micellar patterns described 

above. Finally, starting from  molecular solution (C0), only a cooperative  templating mechanism  

can be operative. The results are discussed in relation  with porosity determinations. 

________________ 
               1 D.J. Macquarrie, B.C.Gilbert, L.J. Gilbey, A.Caragheorgheopol, F. Savonea, D.B.Jackson, B.Onida,   E.Garrone and  

            R.Luque, J. Mater. Chemistry 2005, 15, 3946. 
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Digital Control, High Fidelity: Towards ESR Based Quantum Computation 
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The electron spin in N@C60 has been discussed as a potential quantum bit (qubit). Spin 

up and spin down states may be used as the qubit bases; these states are long lived and 

the phase coherence times are long. In addition, such a qubit can be initialised into a 

definite quantum state at achievable temperatures and fields. Pulsed ESR provides an 

established methodology for performing unitary transformations on the qubit. We have 

identified the principal limitations of existing commercial machines, including limited 

pulse number, poor phase control and pulsed field inhomogeneity. These inhibit the 

application of quantum algorithms and error correcting protocols such as BB1, restricting 

the use of pulsed ESR to the most simple quantum information processing tasks. We 

discuss the development of a multi-channel spectrometer incorporating high fidelity 

digital pulse phase control and versatile pulse programming, allowing it to generate 

pulses of precisely controlled length, phase and sequence. This will be capable of 

performing complex quantum computations on systems derived from spin qubits such as 

N@C60. 
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The Service has been renewed from 1 March 2006 for a period of 4 years, and provides multi-frequency, 

continuous wave EPR spectroscopy to the UK academic chemistry community free at the point of use, with 
priority for EPSRC grant-holders or pilot projects for applications to EPSRC; however access is also given to 

peer-reviewed science supported by other funding bodies, including other research councils, research 
institutes, NHS and charitable trusts, for other pilot studies and industrial samples. 
 

Equipment and Facilities 

• 3 spectrometers, ESP 300 (all frequencies 
except W-band); EMX-hybrid (X-band 

only); Elexsys E600 (W-band only) 

• 6 continuous wave frequencies: L-, S-, 
X-, K-, Q-, W-bands (1.5 to 94 GHz) 

• 2 laboratories  
• sample types: powder, solution, frozen 
solution, oriented (including single crystal) 

• variable temperature: 4 – 300 K (all 
frequencies), 4 – 600 K at X-band 

• sample rotation (±±±±0.1 o) at all frequencies 
• parallel mode excitation at X-band 
• spectrum simulation: “Manchester 
software”, Xsophe, “Weihe software”, 
Easyspin, Simfonia 

• DEC workstations (unix) and PC (windows 
and linux) 

• simulation software development – as 
required 

New developments 

• extensions to in situ electrochemical 
generation 

• in situ optical generation 
• in situ optical absorption spectroscopy  
• high pressure cells (designed and 
constructed by Dr M.E. Newton, Warwick) 

• high sensitivity cavity at X-band 
• remote access to simulation software by 
users 

• 2 training workshops per year 
• annual user-group meeting 
• Grid platform for applications, job 
tracking and downloading results 

• formal link to the National Service for 
Computational Chemistry Software – for 

calculation of electronic and/or geometric 
structure

 

The W-band instrument is housed in the newly refurbished “Lewis Magnetism Laboratory”, which was 

opened by Lord Lewis of Newnham in October 2005.  During 2006, the Service will take over 
another laboratory and further refurbishments will occur, after which microwave frequency work will 

be supported by: (i) an Elexsys E500 (Q-, K- bands), (ii) an EMX hybrid (X-, S-, L-bands) and 

probably (iii) an EMX (X-band) for sample screening and in situ technique testing and implementation. 
Postgraduate students, postdoctoral workers and supervisors are welcome to visit the Service and for 

lengthy projects hands-on training will be given, both in measurement and spectrum simulation. The 
EPSRC Service organises twice a year a workshop on theory and practice of EPR Spectroscopy (next 

one will be hold in September). Anyone interested in the workshop contact one of the Service 
personnel. All applicants are encouraged to discuss their proposed projects with Service personnel 

prior to formal application.  The work of the Service is overseen by the independent Management 
Advisory Panel (MAP), which reports to EPSRC.  Application forms, pro forma for risk assessments 
and for final reports are currently available via email request to Service personnel. 
In the last 12 months Service work has included: Doped Semiconductors, Supramolecular, Spin 

Labelling, Endo-Fullerenes, Organic Metals, Organic Magnets, Organometallics, Magnetic Materials, 
Sensors, Supramolecular Photochemistry, Ceramics, Nanoparticles, Photophysics, Coordination 

Chemistry, Biomimetic, Catalysis, Microporous Organic Polymers, Polyethylene, Electrochemistry, 
Metal-Organic Frameworks, Enzyme Function, Spin Trapping, Metalloenzyme Function, Materials, 

Metal-DNA, Molecular Magnetism, Silica Degradation, Bioremediation, Environmental Radiochemistry, 
Quantum Dots, Organic Materials, Molecular Electronics.  

 
† For information on EPSRC National Servcices, contact: carmine.ruggiero@epsrc.ac.uk, tel: 01793 444423 
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Nitroxide free radicals probes and spin labels are employed extensively to obtain information on 

structural and dynamic properties of biomolecules, micelles, and membranes, from their EPR 

spectra. Measurements performed on proteins via site directed spin labeling (SDSL) are highly 

informative, allowing in principle to detect several data at once: secondary structure information 

from the motion of lateral chains, large amplitude protein motions from the overall ESR spectrum 

shape, and inter-residuals distances. Efficient spectra simulation programmes are available, based 

on Stochastic Liouville Equation (SLE) formalism. 

In biradicals or doubly labelled molecules, the CW-ESR, pulsed EPR or ENDOR spectra allow 

the extraction of additional structural and dynamic information because of the presence of the 

exchange interaction and the dipolar interaction between the unpaired electrons. At present, the 

determination of exchange and dipolar parameters from the EPR spectra in fluid solution is limited 

theoretically by the necessity of employing computationally efficient dynamic models. 

In this work we implemented an advanced theoretical modelling, based on the SLE formalism for 

bilabelled systems, including explicitly the molecular rotational dynamics. 

We applied the SLE model to simulate EPR spectra of a series of test systems consisting of 

fullerene nitroxide biradicals, where the fullerene cage is used as a rigid template to set the 

nitroxide units at a fixed distance and precise relative orientation. Using optimized geometries of 

the biradicals, we were able to estimate the principal values of the diffusion tensors and the 

isotropic exchange constant J by the best fit of experimental data.  

We then applied the same methodology to interpret the EPR spectra of a bi-labelled peptide in 

several solvents. Structural and dynamic information was obtained. 
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We have examined application the ‘Stochastic ENDOR’ approach of Bruggemann and 

Nicklas
1
 to the original Feher-type ENDOR experiment. This leads to a hybrid CW-EPR, 

pulse RF technique that combines RFoff – RFon differences in the amplitude of the 

dispersion-detected passage-mode EPR signal with random frequency hopping across the 

RF dimension to eliminate RF sweep artifacts. Significant enhancements to the resolution 

and lineshapes of ENDOR resonances have been achieved for a number of different 

samples. Using these pulsed RF techniques, we are examining the time-domain responses 

of the passage-mode EPR signal following RF pulses to better understand the dynamics 

of the spin systems. A simple model has been developed to explain the observed time-

domain responses. 

 

1. W. Brueggemann and J. Niklas, J. Magn. Reson. Ser A, 108, 1994, 25-29. 

     

 



Poster 16

EPR STUDY OF GLYCOSYLATED 
MEMBRANE SURFACES 

 
 
 

I. Dogsa, J.  Štrancar 
 

“Jožef Stefan” Institute, Laboratory of biophysics - EPR center, Jamova 39, SI-1000 

Ljubljana, Slovenia 
 
 

The common constituents of membranes of most eukaryotic nerve cells are glycolipids. 

The most complex glycolipids are gangliosides and typically make up about 5% of the 

membrane lipids in the gray matter of human brain. The gangliosides fraction in myelin 

sheaths is often 20% of the total lipids. The chemical structure of various types of 

gangliosides is well known, but the function and their properties in membranes are not 

yet fully explained. The experiments in last decade established that gangliosides in 

membranes cluster together, forming lipid rafts. Gangliosides can interact with lateral 

lipid domains and change their polarity and motional properties, and vice versa, also the 

lipid domains, i.e. their motional properties can induce carbohydrate aggregation and 

modify the mobility of the surface polysaccharides. According to these properties the 

coupled glycocalyx and lipid domains can transfer some biological information (like high 

local concentration of some polar molecules or induced phase separation of any kind of 

membrane constituents). To explore these properties we performed extensive membrane 

lateral heterogeneity characterization on different model membranes. In order to 

determine membrane properties within lipophylic part and on the membrane surface 

various spin labels anchored in model membranes were involved (MeFASL series, 

GluSlStearate). To obtain biologically relevant information the model membranes were 

reconstituted from lipid mixtures that include different lipids, cholesterol, glycolipids and 

sphyngolipids. To determine membrane lateral domain structures (within lipophylic part 

and on membrane surface) in a statistically relevant way spectral simulation method 

combined with multiple-HEO optimization and GHOST condensation were applied. 

 



Poster 17

EPR studies of silicon doped diamond 
 

A M Edmonds1, M E Newton1, P M Martineau2 and D J Twitchen3

 

1Department of Physics, University of Warwick, Coventry, CV4 7AL 
2DTC Research Centre, Maidenhead, Berkshire, SL6 6JW 

3Element Six Ltd., King’s Ride Park, Ascot, Berkshire, SL5 8BP 
 

 
Studies of the fine structure observed in photoluminescence investigations of the (so 
called) 1.682 eV defect in synthetic diamond, demonstrated beyond reasonable doubt 
that silicon was incorporated into this defect [1]. The 1.682 eV defect has been 
observed in diamond grown by Chemical Vapour Deposition (CVD) and High 
Pressure High Temperature synthesis, in the former process it is often observed 
because of unintentional doping (but intentional doping is of course feasible) and in 
the latter process it was deliberately introduced into the synthesis capsule [1].  
 
The properties of the 1.682 eV silicon centre were attributed to a vacancy-silicon 
complex with a silicon atom at the centre of a split vacancy [2] (D3d symmetry), 
however there is still some debate over the voracity of this model. Although there is 
reasonably compelling evidence which has led to the assignment of  a number of 
paramagnetic defects observed in CVD diamond to the category of silicon related 
(e.g. [3]), to date there has been no conclusive evidence and no paramagnetic 
analogue of the 1.682 eV centre has been identified.  
 
Here we report the results of multi-frequency EPR studies on intentionally silicon 
doped single crystal CVD diamonds. Spectral simulation, utilising the Tsallis 
lineshape [4] and accounting for the effects of field modulation [5], have enabled 
reliable quantitative measurements of the concentrations of the different paramagnetic 
defects observed in these samples. The results from these studies, along with new 
experimental evidence on a defect previously suspected to be silicon related defect 
[3], confirms the involvement of silicon and enables its structure to be conclusively  
determined.  
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This poster will outline some measurements from UK High Field ESR facility at St-

Andrews, which offers multi-frequency measurements in the range 30-300GHz and in the 

temperature range from 4K to over 300K. It shows how multi-frequency high field ESR 

can solve several problems like those related to g-factor resolution, to the systems with 

large zero-field splitting, to the overlapping of several closely signals. It will include 

examples of ESR works done on shells (ESR dating), on anti-ferromagnetic systems and 

others studies related to high spin systems. 
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Several factors have been discovered that stimulate transcription elongation, both on 
chromatin and non-chromatin templates.  One of them is a six subunit complex called the 
Elongator, whose catalytic activity resides in its Elp3 subunit, which is highly conserved from 
archaea to humans and contains a C-terminal histone acetyltransferase domain.  The central 
region of Elp3 shares significant sequence homology to the Radical SAM superfamily.   
Members of this large family of bacterial proteins contain a FeS cluster and use 
S-adenosylmethionine (SAM) to catalyse a variety of radical reactions.  

To characterise this domain biochemically we have expressed and purified the corresponding 
fragment of the Methanocaldococcus jannaschii Elp3.  We experimentally confirmed the 
presence of a Fe4S4 cluster, using UV-visible spectroscopy and EPR spectroscopy, and 
carried out the determination of the Fe content by atomic absorption spectrometry and a 
colorimetric method.  Site directed mutagenesis was used to identify the cysteine residues 
involved in the cluster formation.  We have been able to show that the protein binds 
S-adenosylmethionine and that the binding affects the EPR spectrum of the FeS cluster.  All 
these results give a strong biochemical support to the hypothesis that Elp3 does indeed belong 
to the Radical SAM superfamily and suggests that Elp3, in addition to its histone 
acetyltransferase activity, has a second as yet uncharacterised catalytic function.  
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For many years the blood plasma protein Human Serum Albumin (HSA)[1] has been known as a 

binding/transporting agent for Cu
II
 ions. Despite a vast literature in this area, the structure of the 

Cu
II
-HSA complex has never been elucidated. In this paper, we present a detailed paramagnteic 

resonance study, of a short peptide sequence (aspartyl-alanyl-histydyl-lysine-amine; DAHKNH2) 

that mimics the end terminus copper binding site. We observe that the copper is coordinated by four 

nitrogens. We have performed X-band HYSCORE measurements and W-band ELDOR-detected 

NMR measurements at various observer positions. The first pulse EPR technique reveals the 

interactions of the unpaired electron with a weakly coupled nitrogen and with protons. The second 

one presents the hyperfine and nuclear quadrupole interactions of the directly coordinated nitrogens. 

Moreover, these experimental results show the ease of ELDOR-detected NMR in revealing NMR 

transitions which fall in the bandwidth of the employed cavity.    

 

*Current address:  Department of Chemistry, University of Florence, Via della Lastruccia 3, 50019 Sesto Fiorentino 

(FI), Italy. 

 

[1] T. Peters, All about albumin, Academic Press. 
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The interactions of a photoexcited molecules (chromophore) with stable radical can give rise 

to several effects: the well known quenching of the excited state, the spin polarization of the radical, 

and, in case of covalently linked chromophore-radical systems, the generation of high spin transient 

states by spin coupling of the radical with excited triplet states. 

 Time-resolved EPR (TR-EPR) is able to follow the generation and decay of transient spin 

states with lifetimes in the microsecond time range. 

Using TR-EPR, we investigated several molecular systems where one or more nitroxide 

radicals are covalently linked to a fullerene C60 molecule which acts as a chromophore with very 

high triplet quantum yield. In those systems, high spin states such as quartet and quintet states 

obtained by spin coupling of the radicals with the triplet state, are observed in liquid solutions and 

in frozen matrices after visible pulsed laser photoexcitation.  

We observed both strong and weak coupling between the fullerene excited triplet and the 

linked nitroxides, depending on the structure of the fullerene derivatives. Several cases showing 

different behaviours in solid and fluid matrices are presented and discussed.  
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Structure and isomerization of the copper(II) complexes with  

N-phosphoryl thioamides and thioureas studied by EPR and DFT methods 
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We have investigated five copper(II) bis-complexes with N-phosphoryl thioamides 

RC(S)NHP(O)(OPr
i
)2 {R = phenyl (I), benz-15-crown-5 (II)} and thioureas 

R’C(S)NHP(O)(OPr
i
)2 {R’ = diethylamine (III), 4-morpholyl (IV), 1-aza-18-crown-6 (V)}. 

Structures of these complexes have been characterized by X-band EPR studies in liquid and 

frozen solutions (toluene, benzene) and supported by DFT calculations at the all-electron 

PBE/TZVP level. In contrast to the recently studied four-membered S,N-metallochelates [1], 

cis-S,O-isomers with six-membered rings are dominating forms in all cases studied here. 

According to X-ray analysis data, isolated single crystals of I and III consist of cis-structures 

as well. Equilibrium between trans- and cis-isomers in two S,O-coordinated species, I and 

IV, has been revealed by analyzing temperature dependences of their EPR signals and 

characterized in terms of enthalpy and entropy. The description obtained agrees with the 

results of quantum-chemical calculations (see example for IV on the Figure). Rotational 

correlation times and hydrodynamic radii of the species have been determined from EPR 

spectra in a wide temperature range. Experimentally found structures as well as isotropic and 

anisotropic hyperfine and g-tensor parameters of the complexes are in good correspondence 

with DFT calculation results. We have established the correlation between the experimental 

(EPR) value of the g||/A|| relation and the theoretical (DFT) degree of tetrahedral distortion θ 

for several coordination types (S,O-, S,S-, and S,N-) studied here and in our previous works. 

Increased stability of cis-isomers over trans-isomers in the case of S,O-coordination is 

explained by stronger trans-effect of coordinated sulphur atoms as against oxygen atoms. 
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Tobacco smoke is a complex carbon-based, dynamic liquid droplet aerosol, suspended 

in an equally complex organic vapour mixture.  Smoke is generated from a 

combination of combustion (at up to 950 
o
C), with pyrolysis and distillation (at less 

than 600
o
C) of plant material (Baker, 1980). It has been shown that tobacco smoke 

can contain high concentrations of free radicals in both particle and vapour phases 

(ca.10
16

 spins, Pryor et al, 1983).  It has been further claimed that the presence of 

short lived alkoxyl (RO
·
) and carbon-centered alkyl radicals (R

·
) in the gas phase may 

be involved in carcinogenesis and mutagenesis pathways (Pryor, 1987). Particulate 

phase radicals are reported highly stable and persist for many hours; one of the 

proposed radical species has been identified as a hydroquinone/semiquinone/ quinone 

radical trapped in a polymeric matrix (Baum et al, 2003). 

The work reported here was aimed at the development of a robust, reliable and easy to 

use analysis of free radicals from cigarette smoke, using ESR combined with a spin 

trapping technique.  

These tests were optimised using the University of Kentucky 2R4F reference cigarette 

and applied to a set of experimental cigarettes produced from four base blends 

(namely Virginia, Burley, Oriental and 1:1 Mix of the Virginia and Burley).  

The results showed that the radical concentrations vary among cigarettes in both gas 

phase and condensed phase. No correlation was observed between the concentration 

of free radicals in the particulate phase and gas phase. The concentration of condensed 

phase free radicals is independent from the amount of tar generated. A good 

correlation was found between the intensity of the ESR signal for condensed phase 

radicals and the tobacco weight. A strong correlation was observed between ESR 

intensity and number of particles per cubic centimetre, with ESR intensity increasing 

as particle count increased. The number of particles was measured using a TS1 3022A 

condensation particle counter which uses light scattering technology. 
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Utilizing ESEEM Spectroscopy to Locate the Position of Specific Regions of Membrane-Active 

Peptides within Model Membranes 
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Goldfarb+*. +Departments of Chemical Physics and #Biological Chemistry, The Weizmann Institute of 

Science, Rehovot, Israel 76100. &Max-Planck Institute for Medical Research, Heidelberg, Germany. 

 

Membrane-active peptides participate in many cellular processes, and therefore knowledge of their 

mode of interaction with phospholipids is essential for understanding their biological function. Here 

we present a new methodology based on Electron Spin-Echo Envelope Modulation (ESEEM) to probe, 

at a relatively high resolution, the location of membrane-bound lytic peptides and to study their effect 

on the water concentration profile of the membrane. As a first example, we determined the location of 

the N-terminus of two membrane-active  amphipathic  peptides, the 26-mer bee venom melittin and a 

de-novo designed 15-mer D,L-amino acid amphipathic  peptide (5D-L9K6C), both of which are 

antimicrobial and bind and act similarly on negatively charged membranes. A nitroxide spin label was 

introduced to the N-terminus of the peptides and measurements were performed either in H2O 

solutions with deuterated model membranes or in D2O solutions with non-deuterated model 

membranes. The lipids used were dipalmitoyl phosphatidylcholine (DPPC) and phosphatidylglycerol 

(PG), [DPPC/PG (7:3 w/w)], egg phosphatidylcholine (PC) and PG [PC/PG (7:3 w/w)], and 

phosphatidylethanolamine (PE) and PG (PE/PG, 7:3w/w). The modulation induced by the 
2
H nuclei 

was determined and compared with a series of controls that produced a reference "ruler". Actual 

estimated distances were obtained from a quantitative analysis of the modulation depth based on a 

simple model of an electron spin situated at a certain distance from the bottom of a layer with 

homogeneously distributed deuterium nuclei. The N-terminus of both peptides was found to be in the 

solvent layer in both the DPPC/PG and PC/PG membranes.  For PE/PG, a further displacement into 

the solvent was observed. The addition of the peptides was found to  change the water distribution in 

the membrane, making it "flatter" and increasing the penetration depth into the hydrophobic region. 
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A Cryogen Free Magnet For Use In EPR 
 

Jeremy A. Good,1 Renny Hall,1 and Alex I. Smirnov2 
 

1Cryogenic Ltd, The Vale, Acton, London W3 7QE, United Kingdom  
2Department of Chemistry, North Carolina State University, Raleigh, NC 27695-8204, USA 

 
Magnetic Field Requirements for EPR. High field/high 
frequency (HF) EPR is a powerful spectroscopy for 
studying paramagnetic spin systems ranging from 
organic free radicals to catalytic paramagnetic metal ion 
centers in metalloproteins.  Magnets for EPR 
experiments are required to have a high homogeneity (1-
10 ppm/1 cm3 sphere) over a wide range of magnetic 
fields.  Typically, experiments are performed at a fixed 
frequency and the spectrum is obtained by sweeping the 
magnetic field (i.e., continuous wave (CW) mode).  This 
requires the field to be stable in spatial homogeneity and 
change steadily and repeatedly under computer control.  
As the EPR spectra vary considerably in width it is 
essential to be able to control the magnet current and 
therefore the field accurately over a wide range of field 
with sufficient precision to detect narrow resonance’s. 
 
Liquid Helium Costs. In liquid helium filled systems it is 
common to operate the magnet in persistent mode and 
to perform magnetic field changes using a second 
sweep coil in the range up to ±0.1Tesla.  One of the 
main advantages of this approach lays in reducing He 
consumption. Operating superconducting magnets in a 
non-persistent (i.e. field–sweep) mode is known to be associated with large liquid He 
losses.  The first reason for this is that during the field sweep the current leads should 
be attached to the magnet and this increases the thermal load to the cryostat. For 
magnets equipped with a persistent mode switch, the heating of the switch would also 
result in an additional He boil-off.  However, the main losses of liquid He in these 
magnets occur via heat dissipation in the main coil(s) during the sweep due to joule 
heating. Such HF EPR magnets require very frequent refilling of liquid helium.  This 
necessitates day-to-day maintenance and annual cost of cryogens to be up to $20,000.  
 
Cryogen Free EPR Magnet And Refrigeration.   With actively cryocooled magnet the 
cryogen costs are eliminated and, thus, there is no need to reduce He consumption, as 
there is no liquid to evaporate.  Instead it is merely required to have accurate and 
smooth ramping of the magnet current.  With power supplies made by CRYOGENIC 
we can set and measure the current accurately and perform sweeps by maintaining 
and regulating a small voltage across the magnet.  In non-persistent mode of operation 
such a magnet can be stabilized to better than 0.3 ppm/hr over 15 hour period by employing a transducer controlled 
power supply.  Such stability is sufficient for many High Frequency EPR experiments.  The cooling for the magnet is 
provided by a single two-stage Gifford-McMahon (GM) cycle cryocooler supplied by Sumitomo Heavy Industries (Japan).  
The cryocooler is capable of providing in excess of 10,000 hours of continuous operation without any service.  The base 
temperature of the first stage is specified to be 35 K and the second stage is about 4 K.  Alternatively, the magnet could 
be outfitted with a pulse tube refrigerator, which has lower maintenance costs and requires service attention only every 
2.5 years.  We believe that actively cooled superconducting magnets are ideally suited for a wide range HF EPR 
experiments including studies of spin labeled nucleic acids and proteins, single-molecule magnets, and metalloproteins. 
 
Tests And Results. Tests were carried out to establish whether remaining vibration from the cryocooler would have any 
effect on HF EPR spectra. Figure 2 shows two single-scan W-band (95 GHz) CW EPR spectra taken from about 70 nl of 
10 µM aquous solution of a nitroxide spin label at 298 K with a time constant of 0.1 s and 100 kHz magnetic field 
modulation of 0.5 G amplitude.  The spectrum A was taken with GM cryocooler fully operational.  Because the thermal 
capacity of the system was sufficient to keep the magnet in its superconducting state for at least 5-10 minutes without any 
active cooling, we were able record another spectrum B when the cryocooler was switched off and no vibrations were 
present.  Figure 2 demonstrate that these two spectra were nearly identical in both the resolution and noise level 
indicating an effective isolation from vibrations generated by the cryocooler. 

Figure 1. Schematic and a photograph of the HF EPR system.

Magnetic Field, G
33580 33590 33600 33610 33620

A

B

Figure 2. Experimental 95
GHz EPR spectra with the
cryocooler on (A) and off (B).  
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Polymers that consist of two blocks of hydrophilic poly(ethylene oxide) (PEO) separated by 

one block of hydrophobic poly(propylene oxide) (PPO) are nowadays industrially 

manufactured on a large scale (e.g. as “pluronic“ by BASF). Due to differences in solubility 

of the individual blocks – water is a good solvent for PEO at all temperatures but for PPO 

only in a small temperature interval - these triblock copolymers display a large variety of 

structures depending on block length, temperature, and concentration. Such structures can 

reach from individual polymer chains to hexagonally crystallized micelles with a PPO core 

and PEO arms.  

A remarkable feature of these materials is that transitions between the individual phases can 

be accompanied by enormous changes of the solution’s mechanical properties: a 20 wt-% 

aqueous solution of Pluronic F127 (PEO100-PPO65-PEO100) becomes highly viscous and 

hardens at temperatures above 20°C. This is due to the fact that water is a poor solvent for the 

PPO blocks at higher temperatures, which leads to the formation of interpenetrating micelles.  

We have started a systematic study of the molecular processes that trigger the large 

macroscopic changes using nitroxide spin probes of varying hydrophobicity. Using 

continuous wave (CW) EPR spectroscopy we study the solvent accessibility and rotational 

dynamics of spin probes in the hydrophobic and hydrophilic polymer domains and correlate 

these parameters with the changes in overall viscosity. 
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The formation of a nickel-alkyl bond in the active site of the enzyme methyl-coenzyme M 

reductase (MCR), the key enzyme of methanogenesis, is studied by multifrequency (X-

band, Q-band, and W-band) electron paramagnetic resonance (EPR) spectroscopy. Q-band 

Davies ENDOR and HYSCORE measurements of the hyperfine interaction between the 

unpaired electron spin on the Ni-center and the nuclear spin of the 13C isotope-enriched γ-

carbon of the suicide inhibitor 3-bromopropanesulfonate (BPS) verify a direct Ni-C 

coordination with ~6% of the spin population in p-type orbitals on the Cγ after the enzyme 

in its active MCRred1 state has reacted with BPS. Our data suggest the ligated carbon to be 

closer to an sp2 than to an sp3-hybridization state. The coordination geometry of BPS was 

further clarified by investigations of the hyperfine couplings of the BPS protons by Davies 

ENDOR at Q-band and HYSCORE at X-band.  

While transition metal-alkyl bonds are abundant in synthetic organometallic chemistry, in 

biological systems they were only confirmed in Co-based species. Our findings are thus the 

first account of alkyl coordination - though with a non-natural substrate - to a Ni-based 

enzyme.  
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Metal sites in proteins are able to catalyze reactions that are often dif ficult to perform in 

the absence of the metallo-protein. In order to understand how this catalysis is performed 

structural information has to be supplemented by information on the electronic structure of the 

states in which the reactions occur.  

Here we present pulsed EPR experiments that reveal the so far elusive hyperfine 

interaction of a substrate (nitrite, NO2
−) bound at the active site (the type 2 copper site, see 

Fig. right), of a nitrite reductase, (NiR).  This 

enzyme forms part of the denitrification pathway 

in soil. ESEEM and HYSCORE experiments at 9 

GHz on frozen solutions were performed. The 

mutant H145A (His 145 to Ala) was studied, as it 

contains a reduced type 1 copper site, which allows a selective investigation of the type 2 site 

of H145A and of its nitrite-bound form H145A (NO2
−). The experiments yielded hyperfine 

and quadrupole parameters of the remote nitrogens of two of the histidines in the type 2 

copper site of the protein, and revealed the changes of these values induced by substrate 

binding ( 14NO2
−and 15NO2

−). The HYSCORE experiments displayed a signal of 15NO2
− bound 

to H145A (see Fig., left), from which hyperfine parameters of the nitrite nitrogen were 

estimated. The small isotropic -hyperfine coupling, 0.36 MHz, of the nitrite nitroge n (14N) 

suggests that the substrate binds in an axial position to the copper in the type 2 site, and that 

the molecular orbital containing the unpaired electron extends onto the substrate. This and 

other changes in the EPR parameters occurring after nitrite binding suggest a change in the 

electronic structure of the site, which most likely prepares the site for the catalytic reaction. 

We propose that this change is essential for the reaction to occur.  
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Cyclodextrins (CD) form inclusion complexes with polyethylene glycols (PEG), 

with selectivity depending on the size of the cyclodextrin cavity and on the structure 

of polymer chain. Inclusion complexes of α- or β-CDs with many PEGs and related 

polypropylene-glycols (PPG) in solid state are well known.
1 

 

Our aim was to study the interaction of PEGs and PPGs with CDs using EPR 

spectroscopy. In order to achieve this target, we used two different approaches:  

 

(i) In the first method, we employed some previously synthesized spin-labelled 

CDs
2
 with different linkers between the CD cavity and the TEMPO radical 

moiety. The complexation between these molecules and polyglycols in 

aqueous solutions was followed by measuring the rotation correlation time τ of 

the spin label using EPR spectroscopy. 

 

(ii) In the second approach, we used a series of newly synthesized spin labels, 

including nitroxide biradicals linked by a poly-ether chain. The association of 

these molecules with CDs in solution was studied by EPR spectroscopy.  The 

exchange interaction between the radical moieties depends on the 

conformation of polyether chain. Therefore, the EPR line shape of the 

biradical spectra was significantly perturbed in the presence of guest 

molecules including cyclodextrins and some inorganic salts. 
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The aim of this project is to probe if the protective thiol ligands on the gold nanoparticle surface 

are mobile. We developed several linked diradicals which contain a disulphide bridge (in order to 

attach to the gold surface) and also an ester bridge (which initially will keep the two branches of the 

disulfide close together, but which can be broken under mild condition to ‘release’ the spins to go away 

from each other).  
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Fig. 1. Inter-spin distance should be different on free diradical (d1), on diradical adsorbed on the Au surface before (d2) or 

after breaking the ester bridge (d3) 

 

The inter-spin distances were evaluated from d1/d values (from CW-EPR spectra recorded at 

low temperature), and more accurately by pulse EPR (DEER) measurements.  

 

 

 

Fig. 2. CW-EPR spectra (at 110K) of labelled gold 

nanoparticles with diradicals: (a) weak, or (b) strong  spin-

spin interaction 

Fig. 3. DEER distance distribution shows the short distance 

between adjacent branches (~ 2 nm) and some longer distance 

between two spin labels adsorbed on the same nanoparticle  

(~ 4.5 nm) 
 

Three sets of measurements were made on spin-labelled Au nanoparticles: i) before breaking 

the bridge, when the two branches are kept close together, ii) after the ester bridge was broken, and iii) 

the samples were heated for several hours in order to increase the mobility of the ligands. 
 

Our preliminary results showed that there is no or very little mobility of the thiol ligands on the 

gold surface. 
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Distance measurements using the dead-time free four-pulse double-double electron 

resonance (DEER) experiment are now routinely performed in many laboratories. This 

also resulted in a wider use of our previous data analysis toolbox DeerAnalysis 2004, 

programmed in Matlab. Since introducing DeerAnalysis 2004, the groups of Freed, 

Tsvetkov, Bowman, and Fajer published reports on extracting distance distributions 

from dipolar evolution data and we gathered experience with different approaches to 

this task. In particular, by analyzing a large amount of data sets for strongly different 

classes of samples, we obtained a better understanding for the reliability of the results 

and for limitations of data analysis. We also received response from users of the 

program. 

The improved knowledge on optimum data analysis procedures suggested 

development of a major new version of DeerAnalysis. The selection of model-free 

approaches is simplified and a more reliable technique for determining the 

compromise between resolution and artefact suppression is introduced. Direct 

comparison of two data sets is now possible. Experimental background functions can 

be derived more easily and in a mathematically more stable fashion, for instance from 

data for singly labelled protein mutants. DeerAnalysis 2006 newly introduces fitting by 

user-defined models for the distance distribution with up to six fit parameters. Such 

models can be defined without any knowledge on the inner working of the program. 

Individual fit parameters can be fixed. Pre-defined user models are distributions 

consisting of one or two Gaussian peaks.   
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The Fe
3+

– oxygen vacancy defect in the perovskite oxide SrTiO3 has played a central role in 

studies on the nature of the cubic to tetragonal phase transition [1]. Below the phase 

transition the tetragonal distortion of the oxygen octahedra provide two sites for the defect 

centre; one with tetragonal symmetry for those aligned along the domain axis, and an 

orthorhombic centre when the oxygen vacancy is in the a-b plane of the octahedron. In the 

cubic phase the defect centre is tetragonal regardless of orientation. By contrast, in PbTiO3 

the Fe
3+

– oxygen vacancy defect in tetragonal phase exists only as a tetragonal defect; it 

always orientates along the domain axis. Dipole defects, such as the Fe
3+

– oxygen vacancy 

defect, can control material properties and provides a mechanism to engineering these 

properties [2].   

 

Detailed 9.5 GHz single crystal EPR studies have been performed on SrTiO3 crystals 

unintentionally doped with Fe
3+

. In addition to the previously reported transitions, several 

high field transitions have been observed. These have allowed accurate zero field parameters 

to be determined to fourth order for the centres in both the cubic and tetragonal phases 

providing insight on the structural transition.       
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Zn1-xCo1-xO is one of the candidate room temperature ferromagnetic materials for spintronic 

applications. A semiconducting room temperature ferromagnet would allow devices to utilise 

both spin state and transport current. There is a need to understand spin-spin interactions in 

these materials, EPR can provide insight but currently the spin-Hamiltonian for Co
2+

 in ZnO 

is approximate [1].     

 

 

High quality single crystals have been grown using a modified melt-growth technique [2]. 

Single crystal electron paramagnetic resonance studies of low, ~ 0.1 %, and a ~ 3% Co doped 

ZnO. Measurements were made at 9.5 GHz, but using magnetic fields up to 2T giving access 

to Co
2+

 S = 3/2 transitions that allowed a precise determination of the spin Hamiltonian zero 

field splitting terms. The spectra for the low and high doped crystals are compared, additional 

lines are observed for the high doped samples. The temperature dependence has been studied, 

a marked departure from Curie behaviour above ~ 35 K was observed for 3 % doped sample.   
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4-isothiocyanate 2,2,6,6 tetramethylpiperidine-1-oxyl binds to the terminal amino and SH 

groups. For each molecule of hemoglobin, there are four N-terminal ends and two reactive 

sulfhydryl groups [1-3]. The date taken from literature [1,2] suggest that isothiocyanate 

nitroxide spin label attaches to hemoglobin at two sites. One site, α-amino site, is sensitive to 

pH and the state of ligation, while the other, SH site, is insensitive to both. Nitroxides located 

on the (SH) β-93 are less mobile than those on the α-amino site. 2a|| for the immobile site is 

around 6.4 mT but for mobile 2a|| equals 3.8 mT. The effects of oxygen binding and pH on the 

motion clearly showed as the pH increased the mobile component increases indicating a 

greater freedom of rotation at the α-amino site but only for oxyhemoglobin. For 

deoxyhemoglobin, there is a little change in the motion of the mentioned groups with pH. 

Restricted motion of α-amino bonded spin-label in acidic pH discovered in oxyhemoglobin 

probably arises from the intra-subunit interaction. These features make isothiocyanate a 

convenient probe for analysis of the local environment of the spin labeled hemoglobin and its 

changes during aggregation due to reaction with glutaraldehyde or physical factors like 

radiation. The purpose of presented study was to monitor the kinetics of the aggregation or 

polymerization reaction of hemoglobin. 
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Complex and unique magnetic properties of the 

[ClCNSSS
●
][AsF6] salt are characterized by 

multifrequency EPR spectroscopy. The salt comprises 

radical cation dimers with a singlet ground state and a 

thermally accessible, at room temperature, triplet state.  

The g-matrix and Zero-Field Splitting tensor are 

rhombic and their principal directions correspond to the 

conformation of the centrosymmetric dimer (Fig. 1). 

Zero-Field Splitting can be described by point a dipole 

approximation 

with an isolated dipole located on each cation of the 

dimer and significant non-coincidence between g and 

D principal values. Inter-dimer exchange interaction 

is antiferromagnetic in nature, with coupling constant 

2J = 1900 cm
-1

, characteristic for a strongly coupled 

pair of radicals.  The spin doublet signal, detected in 

EPR spectra of the solid and solution states originate 

from magnetically isolated cations occupying 

structure defect sites. The principal g and D values 

are rhombic and identical with those of dimer. 

Thermal hysteresis is observed in the triplet intensity 

(Fig. 2). The magnetic properties of 

[ClCNSSS
●
][AsF6] are compared with those of 

different thiazyl radicals belonging to the 

[XCNSSS
●
][AsF6] family.   

 
Fig. 1. Principal directions of the g 

matrix and D tensor in the dimer of 

[ClCNSSS
●
][AsF6]. 

 
Fig. 2. Temperature dependence in 

cycles of cooling and heating for (A) 

intensity of the triplet resonance line and 

(B) Zero-Field Parameter D of 

[ClCNSSS
●
][AsF6]. 
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In recent years metal complexes of chiral N, N’-bis-salcylidene-ethylenediamine (salen) have been 

established as one of the most important classes of asymmetric catalysts. Jacobsen
i
 and Katsuki

ii
 have 

developed chiral manganese salen complexes as highly efficient epoxidation catalysts for prochiral 

alkenes. Jacobsen has also demonstrated that analogous chromium and cobalt complexes are effective 

catalysts for the enantioselective ring opening of meso-epoxides
iii
  and the hydrolytic kinetic 

resolution (HKR) of racemic epoxides respectively
iv
.  

 

An important step in the latter process is the coordination of the chiral epoxide molecule to the chiral 

catalyst, which, given the weak nature of this interaction, is heavily affected by the nature of the 

epoxide molecule.  These steric effects are believed to be responsible for the enantioselective nature 

of the catalytic process, and also to restrict the catalytic activity to small epoxide molecules. 

 

In the current study we have utilised a vanadyl derivative of the chiral N, N’-bis-salcylidene-

ethylenediamine complexes in the presence of a range of chiral epoxides (including the structural 

isomers alkyl-butylene oxide, cis-2,3 butylene oxide and trans-2,3-butylene oxide. Using ENDOR 

spectroscopy, evidence is presented on the mode of chiral coordination, and how the steric properties 

of the epoxide affect the coordination. This study also employs theoretical calculations to justify these 

assertions.  The structures of the complexes with the epoxide molecules coordinated have been 

optimized using the B3LYP density functional with a 6-31g** basis set, to calculate the strength of 

the interaction, and to give a description of the geometry of the interacting complex.   

 

 
      with trans-2,3-butylene oxide            with cis-2,3-butylene oxide 

                                                 
i
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The light driven water splitting is performed by photosystem II (PSII). Its catalytic center, 

the oxygen evolving complex (OEC), contains a tetra-manganese-calcium complex linked by 

several µ-oxo bridges (Mn4OxCa complex) that is located in a special protein binding pocket. 

During the reaction sequence (Kok cycle) the OEC passes through five oxidation states 

(S states, S0 – S4), of which S0 and S2 have S = 1/2 ground states. 

Under the current conditions it is impossible to derive the correct structure of the 

Mn4OxCa complex on the basis of X-ray crystallography of PSII [1] alone, because of photo 

reduction of the Mn(III) and Mn(IV) ions to Mn(II). Therefore, spectroscopic methods are 

required to elucidate details of  the geometric and electronic structure of the OEC. 

In this lecture multifrequency pulse EPR and 
55

Mn pulse ENDOR experiments at X- and 

Q-band are presented on paramagnetic dinculear manganese compounds [2] and on the S2 and 

S0 states of PS II [3]. The analysis of the data shows that in the Mn4OxCa cluster of the OEC 

all four Mn ions are magnetically coupled and that S2 and in particular S0 have low lying 

excited states [4]. Furthermore, the analysis strongly favors Mn4(III, IV3) and Mn4(III3, IV) as 

oxidation states of the S2 and S0 states, respectively. Possible structures and electronic 

coupling schemes are presented.  
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The system of mitochondrial enzymes and redox-carrier molecules, which ferry 

reducing equivalents from substrates to oxygen are collectively known as the 

electron transport system, or the respiratory chain. This system captures the free 

energy available from substrate oxidation so that it may later be applied to the 

synthesis of ATP. This chain can be dissected into four large multi-subunit 

complexes containing the principal respiratory carriers, named complex 1 to 

complex 4. Except for succinate dehydrogenase (complex 2) all these complexes 

pump protons from the matrix space into the cytosol as they transfer reducing 

equivalents (either hydrogen atoms or electrons) from one carrier to the next. The 

recent determination of the three-dimensional structure of many of these 

complexes has opened up the possibility to investigate the relationship between 

their structure and their catalytic function. This is an important issue as the 

mechanism of electron-coupled proton transfer in such membrane proteins is still 

poorly understood. 

Here results from some of these complexes (e.g. terminal oxidases and 

ubiquinol:cytochrome c oxidoreductase – the bc1 complex) are presented where two 

dimensional pulsed electron paramagnetic resonance (EPR) spectroscopy has been 

applied in order to elucidate the structure and interaction of important catalytic 

intermediates within these membrane proteins. The importance of such 

information for understanding their mechanism of function is discussed. 
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 Cyclodextrins are well known guest for molecules of various structures. Spin labelling 

of cyclodextrins by nitroxide is expected to provide information on the inclusion – exclusion 

processes and the surrounding of the reactive centre by analyzing the EPR signal of the 

nitroxide. Therefore, to validate this concept, we prepared a nitroxide attached to a 

permethylated β-cyclodextrin. Their EPR features were analyzed with a bi-dimensional EPR 

spectra simulation software. Competitive experiments with adamantanol, and other free 

cyclodextrins were carried out and the results suggest the presence of an equilibrium between 

the species with the nitroxide out of the cavity and the species with the nitroxide partly 

included (or weakly included), that is, the nitroxide lying probably close to the permethylated 

crown of the cyclodextrin. The thermodynamic parameters show that there is no preference 

between the non-included and the weakly included species: i.e. ∆GR ≈ 0 kJ/mol. The kinetic 

parameters show that the inclusion – exclusion processes are entropically controlled. This 

entropic control is probably due to the length of the arm linking the nitroxide to the 

cyclodextrin. 

 

 

kin = 1.9 107 s-1

kout = 1.7 107 s-1
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Alamethicin is a 19-residue hydrophobic peptide that produces voltage-dependent ion 

channels in membranes. Derivatives of the Glu(OMe)
7,18,9

 variant of alamethicin F50/5 

that are spin-labelled in the peptide backbone have been synthesised by replacing residue 

1, 8 or 16 with TOAC (2,2,6,6-tetramethyl-piperidine-1-oxyl-4-amino-4-carboxyl), a 

helicogenic nitroxyl amino acid. Conventional EPR spectra are used to determine the 

insertion and orientation of the TOAC
n

 alamethicins in fluid lipid bilayer membranes of 

dimyristoyl phosphatidylcholine. Isotropic 
14

N-hyperfine couplings indicate that TOAC
8
 

and TOAC
16

 are situated in the hydrophobic core of the membrane, whereas the TOAC
1
 

label resides closer to the membrane surface. Anisotropic hyperfine splittings show that 

alamethicin is highly ordered in the fluid membranes. Experiments with aligned 

membranes demonstrate that the principal diffusion axis lies close to the membrane 

normal, corresponding to a transmembrane orientation. Combination of data from the 

three spin-labelled positions yields both the dynamic order parameter of the peptide 

backbone and the intramolecular orientations of the TOAC groups. The latter are 

compared with diffraction results from alamethicin crystals. Saturation transfer EPR, 

which is sensitive to microsecond rotation motional, reveals that overall rotation of 

alamethicin is fast in fluid membranes, with effective correlation times less than 30 ns. 

Thus alamethicin does not form large stable aggregates in fluid membranes, and ionic 

conductance must arise from transient or voltage-induced associations. 
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A series of molecular wheels have been prepared and crystallographically characterised. A 

range of heterometallic wheels of different sizes, comprising combinations of up to three 

different metal ions have been studied by 

multifrequency EPR. The family of bimetallic 

wheels
1
 [Cr7MF8(O2CCCH3)16]

−

, where M = 

Ni(II), Co(II), Mn(II) or Fe(II), prepared 

directly from the homometallic 

[Cr8F8(O2CCCH3)16] and templated by 

secondary ammonium ions, shows adjacent 

antiferromagnetically coupled metal ions (Fig. 

1a). Paramagnetic ground spin states can be 

tuned by the choice of M(II). Larger bimetallic 

wheels can be prepared by templating with 

bulkier ammonium ions to give families such as 

[Cr8M’F9(O2CCCH3)18]¯,
2
 where M’ = Cd(II) or 

Zn(II) (Fig. 1b), which exhibit diamagnetic ground spin states but with low lying excited spin 

states observable by EPR. For example, Q-

band EPR of {Cr8Cd} at 5 K shows a 

combination of S = 1 and S = 2 spectra (Fig. 

2). Hence, information about the electronic 

structure can be derived whether the EPR 

spectra arise from the ground state, as in the 

case of {Cr7Ni}, or the excited states, as in 

the case of {Cr8Cd}. 

                                                 
#
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1
 F.K. Larsen, E.J.L. McInnes, H. El Mkami, J. Overgaard, S. Piligkos, G. Rajaraman, E. Rentschler, A.A. Smith, G.M. 
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Fig. 1. Molecular Structure of a) 

[(CH3)2NH2][Cr7NiF8(O2CCCH3)16] and b) 

[Cr8M’F9(O2CCCH3)18](
t
Bu

i
PrNH2) 

 
 

Fig. 2.  Q-band EPR spectrum of 

[Cr8M’F9(O2CCCH3)18](
t
Bu

i
PrNH2) at 5K 

 

a) 

 

 

 

 

 

b) 
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 Polyphenols, like flavonoids and phytoalexins abundant in plants exhibit 

antiproliferative, pro-apoptotic, antioxidant and multidrug resistance reversing activity. 

Resveratrol, a natural polyphenolic compound found in grapes and wine has been 

studied especially widely in recent years because of its potential protective effects 

against cardiovascular and neurodegenerative diseases and chemopreventive 

anticancer properties. The effect of plant polyphenols on properties of lipid phase of 

cell membrane may be in part responsible for their biological activity. In this work an 

influence of several flavonoids and stilbene resveratrol on biophysical properties of 

lipid model membranes has been investigated by EPR and fluorescence 

spectroscopy. Changes in fluidity, order parameter and other properties of lipid 

bilayer in the presence of these compounds were followed using spin probes, located 

in different part of lipid bilayer, and two fluorescence probes, DPH and Laurdan. Lipid 

membranes were composed of both synthetic and natural phospholipids. 

EPR studies revealed alteration in spin probes' environment in the presence of 

flavonoids. Perturbation of the upper part of the hydrophobic core of lipid bilayer was 

detected by the 5DSA spin probe. Increase in polarity of environment and in order 

parameter on the level of fifth carbon of acyl chains was observed. Correlation times 

of spin probe, TP located on the level of polar head groups were usually increased in 

the presence of flavonoids. No significant changes in correlation time of 16 DSA were 

recorded. Flavonoids studied here mainly influenced polar/apolar region of bilayer 

between polar head groups and hydrophobic core. Contrary to the effects of  

flavonoids on lipid membrane properties, the perturbation induced by resveratrol was 

different. This compound influenced all regions of lipid bilayer. Planar structure and 

full protonation of resveratrol molecule in experimental conditions likely facilitated its 

deep incorporation into lipid bilayer. The effects were dependent on charge of 

phospholipid head groups and were stronger in case of bilayers formed of zwitterionic 

phosphatidylocholines (EYPC, DPPC, DMPC) than anionic phospholipid DMPG.  
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Exchange interaction between the Cu(II) centers in the dimers with linkers, that contain 

conjugated bonds, causes characteristic changes of EPR spectra with respect to the single 

Cu(II) center of the pyridine coordinated azurin H117G.  Analysis of the changes enabled 

to estimate the magnitude of the exchange coupling for various linkers. Qualitatively, the 

magnitude of the changes in the EPR spectra follow the trend of the degree of conjugation 

of the linker as judged from the red-shift of the optical absorption maximum of the linker.

Sergey Milikisyantsa), Thyra de Jonghb), Rian van den Nieuwendijkb), Mark Overhandb),

Gerard Cantersb), Martina Hubera)

a)Department of Molecular Physics, Leiden University, P.O. Box 9504 2300 RA Leiden, The Netherlands.
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H
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His117

Met121

His46

Copper site of azurin

To set up the system, a blue copper protein (azurin) was modified. The His117 ligand

(see Fig.) was replaced by glycine (azurin H117G) to create a solvent exposed aperture. 

A pyridine or pyridine based ligands can coordinate to the copper at the former position 

of His117. Thus, the linkers (see Fig.) can connect proteins creating dimers. Different 

linkers were analyzed, varying in electronic as well as chemical structure.

Dimer

An EPR study of the exchange interaction between two Cu(II)-ions in 

protein dimers connected by different linkers

N

N

N

N

N

N

SS

N

NN

Linkers

We study the exchange interaction between two protein-based Cu(II) (S=1/2) centers 

linked by organic molecules (linkers). We want to determine, if the interaction is 

sufficiently strong (distance between Cu centers ≈ 1.6 nm) to be resolved in cw-x-band

EPR spectra and how it depends on the linker structure.
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Alanine-EPR dosimetry system is considered a reliable technique for absorbed dose 

measurements in industrial radiation processes as well as in some medical 

applications. The system is implemented in different forms such as, Gel, film and 

tablet for different applications in which different binders were used to prepare these 

alanine dosimeters, e.g., paraffin in tablets and acetate polyvinyl in films.  

The present work investigates a new type of binder–free polycrystalline alanine-EPR 

dosimeter in Glass (ADG) and the procedure for its use in the dose range (0.5-10 Gy). 

The use of ADG overcomes many of the reported discrepancies in the alanine-EPR 

reproducibility by many researchers,
1
 which may be related to dosimeters preparation 

procedure and/or their handing. The self-calibrated dosimeters procedure (Yordanov 

& Gancheva, 2000)
2
 were applied using Mn

2+
/MgO reference sample from JEOL Co. 

The ADG were irradiated with a known dose then the EPR responses were recorded 

using P at < 1 mW and Hmod at < 0.5 G. Finally, the estimated ratios of (Ialanine/Istandard) 

were identified against the tested doses. The obtained results were extremely 

reproducible and the measurements using different microwave sources; klystron 

(Varian, E-line) and diode (JEOL, ER-series) were of similar quality and have 

standard deviation of about 0.3% and less. 

 
1
  Yordanov, N. D. & Gancheva, V. (2002). Adv. ESR App., 18, 277-231. 

2
  Yordanov, N. D. & Gancheva, V. (2000). J. Radioanalyt. Nuclear Chem., 245, 323-

328. 
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Quantum information processing (QIP) harnesses the profound phenomena of quantum 

mechanics to manipulate information in radically new ways. A fundamental challenge in 

all QIP technologies is the corruption of superposition in a quantum bit (qubit) through 

interaction with its environment. Quantum bang–bang control provides a solution by 

repeatedly applying 'kicks' to a qubit, thus disrupting an environmental interaction. 

However, the speed and precision required for the kick operations has presented an 

obstacle to experimental realization. Here we demonstrate a phase gate of unprecedented 

speed on a nuclear spin qubit in a fullerene molecule, and use it to bang–bang decouple 

the qubit from a strong environmental interaction. We can thus trap the qubit in closed 

cycles on the Bloch sphere, or lock it in a given state for an arbitrary period. Our 

procedure uses operations on a second qubit, an electron spin, to generate an arbitrary 

phase on the nuclear qubit. We anticipate that the approach will be important for QIP 

technologies, especially at the molecular scale where other strategies, such as electrode 

switching, are unfeasible. 
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Metallophthalocyanines are a class of compounds consisting of a conjugated tetraaza 

macrocyclic structure possessing highly versatile and stable chromophores with unique 

physicochemical properties.
1
 Metallophthalocyanines attract world-wide interest because 

of their interesting properties
2
 like chemical inertness, excellent thermal stability, very 

high colouring properties, catalytic activity, semiconductivity, photoconductivity etc. 

Depending on the nature of the functional groups attached to the phthalocyanine or metal 

present in the centre, the physico-chemical properties of the phthalocyanine can be 

tuned.
3 

The low solubility in most common organic solvents can be overcome by 

introducing suitable substituents like alkoxy
3
 or alkylthio groups to the phthalocyanine. 

 

We are interested in preparing structures comprising paramagnetic 

metallophthalocyanines covalently linked to polymetallic paramagnetic clusters with the 

aim of producing new multifunctional materials. The heterometallic ring 

[Cr7NiF8(pivalate)16]
−

 can be linked to a cobalt-phthalocyanine, octasubstituted with 2,6-

diisopropylphenoxy groups, by a protonated pyridylamine to yield Co-Pc’-Cr7Ni. This 

poster reports the structure, magnetic and EPR properties of CoPc’-py and 

Co-Pc’-Cr7Ni.    

 

   

 

 

 

 

 

 

 

 

 

 

 

 
Structure of a Co-Cr-Ni hybrid complex            VT EPR of Co-Pc’-Cr7Ni at K-Band frequency 
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5,5’-(NO2)2-bpy (bpy = 2,2’-bipyridine) exhibits two one-electron reductions in DMF.  

The difference (∆E½) between the two reductions is 120 mV.  However ∆E½ has been 

found to be dependent on the solvent and particularly on the solvent “acceptor number”.  

Only one two-electron reduction is observed in solvents with high acceptor numbers (e.g. 

acetonitrile, DMSO and DCM) whereas two closely-spaced reductions are observed in 

low acceptor number solvents (e.g. THF and Ethyl Acetate).  The EPR 

spectroelectrochemical results are also solvent dependent.  Mixed solvent studies have 

found some evidence of a correlation as the largest nitrogen (NO2) hyperfine coupling 

constant increases with decreasing acceptor number.  Solvents with a high acceptor 

number are good electron acceptors.  It is therefore postulated that high acceptor number 

solvents “pull” electron density away from the nitrogen.  This explains the observed 

decrease in the hyperfine coupling constant. 
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A few La1-xCexCoO3 (x = 0; 0.1) catalysts, prepared by traditional sol-gel or by flame 

pyrolysis1 (SG or FP samples, respectively) have been analysed by EPR at 120 ≤ T ≤ 300 

K. Only the  x = 0.1 SG catalysts gave a single EPR feature at g ≅ 2, both when fresh and 

after catalytic reaction. This line was Lorentzian shaped at 120 K, but broadened and 

became a bit asymmetric with increasing temperature. Its integrated area decreased only 

with the fresh sample. The x = 0.1 FP samples behaved in a different way. In fact, no EPR 

signal was recorded with them when fresh, but only after catalytic reaction. This pattern 

was rather similar to that obtained with the fresh SG sample with the same composition. 

Furthermore, all the FP samples showed an intense ferromagnetic signal (FMR) after 

degassing treatment, while they remained EPR silent after oxygenation. An interpretation 

of most of these observations is here proposed on the base of polaron propagation and of 

formation of ferromagnetic spin bags. A correlation between EPR/FMR spectra, XRD 

patterns and catalytic performance has been also highlighted.  

____________ 

1 G.L.Chiarello, I.Rossetti, L.Forni, J. of Catalysis, 236 (2005) 251. 
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This paper reports EPR investigations of free radical generation during oxidation of hot water 

(90°C) extracts of “tender” leaves of bitter tea, I. latifolia, a newly developed commercial 

product from the northeast Vietnam province of Cao Bang. I. latifolia is closely related to the 

bitter tea, I. kudingcha, that has been used as a medicinal tea in China for many centuries. 

This work builds on a previous report which used EPR spectroscopy to investigate free radical 

generation during the aging in air of aqueous extracts of I. latifolia (Goodman et al., 2005).   

 

In order to gain a better understanding of the free radical chemistry in bitter tea, hot water 

extracts of bitter tea were subjected to various oxidative conditions and free radical generation 

was monitored by EPR spectroscopy,. Potassium superoxide, a Fenton reaction system and 

xanthine/xanthine oxidase were used in order to simulate situations in which the beverage 

functions as an antioxidant solution and a scavenger for active oxygen species (AOS); such 

behaviour is associated with hot water extracts of various types of tea, and is commonly 

attributed to their high contents of polyphenols. Stable free radicals were observed in both 

neutral and alkaline solutions, but their EPR spectra differed according to the oxidation 

conditions. Experiments are currently being performed to relate these spectra to those from 

major polyphenolic components of the beverage, and these results will also form part of this 

presentation. 
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Liu & L. Packer), Medimond, Bologna, Italy, pp.139-143. 
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Rice husk is an abundant agricultural waste with a world production of around 120 million tons 

each year Bronzeoak Ltd (2003); the main components are cellulose 32%, hemicellulose 21%, 

lignin 21% and silica 15%. As a result of the metal binding capacity of these components, rice husk 

has the potential to be used to generate inexpensive adsorbents for the recovery of heavy metals 

from wastewater. The mechanisms of metal ion binding to rice husk derived adsorbents are being 

currently being investigated in order to understand the sorption properties of the various products. 

In the present work, electron paramagnetic resonance (EPR) has been used to provide information 

on the chemical environments of copper(II) ions adsorbed on rice husk (RH) and various rice husk 

derived materials; RH treated with 0.1 M NaOH (RH-NaOH), RH refluxed with 2 M NaOH and 6% 

hypochlorite (RH-cellulose), RH treated with conc. H2SO4 and NH4S2O8 (RH-C), and RH heated at 

300
o
C (RHA300) and 500

o
C (RHA500).  

 

Most of the products with adsorbed copper produced EPR spectra in which the Cu(II) spectrum 

could be resolved without appreciable interference from signals in the starting materials, the 

exception being RHA500.  Although this adsorbent had two major functional groups from -Si-O-Si- 

and -Si-O-H, the EPR spectra were poorly resolved, possibly because of its complex amorphous 

structure. The spectrum observed with the copper adsorbed on RH-cellulose consisted of a simple 

anisotropic spectrum with g⊥ = 2.085, g// = 2.369 and A// = 130 gauss. These parameters are typical 

of those for Cu(II) bound in an axially-symmetric environment to oxygen ligands and probably 

correspond to the Cu(II) ion bound to hydroxyl groups (–OH) of cellulose. The spectra from 

RHA300 and RH-C also consisted of a single anisotropic component, but their spectral parameters 

(g⊥ = 2.080, g// = 2.339 and A// = 135 gauss) were different from RH-cellulose. In these adsorbents, 

the Cu(II) is probably coordinated to carbonyl groups (>C=O). There was also a broad “isotropic” 

feature in these spectra, and this probably arises from components that were broadened as a result of 

a distribution of dipolar interactions between neighbouring Cu(II) ions.  The spectra of RH and RH-

NaOH clearly showed the presence of more than one type of copper environment. These samples 

had a major component that was similar to that of RH-cellulose and a minor component with a 

higher g//-value.  

 

These results show that EPR spectroscopy can make a useful contribution to characterising the 

bonding of copper in rice husk derived products, and these data are valuable for understanding the 

chemical nature of the modifications to rice husk sorption sites that result from various chemical 

treatments.  In all of the present samples, the majority of the copper could be removed by treatment 

with weak acid, thus demonstrating their usefulness for recovering this metal from copper-rich 

wastewaters 
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Pulsed ELDOR techniques at conventional frequencies (X-band) are now being 

extensively used in a variety of structural studies, in particular in biochemistry 

applications. Amount of information on a macromolecule can be increased when 

performing such studies at higher fields, since, in addition to distances and distance 

distributions, relative orientations between spin labels can be revealed. Here we report 

on new method developments regarding high-field DEER as well as relevant data 

analysis approaches. 

We have shown that using a power-upgraded Bruker Elexsys 680 spectrometer 

experimental data with good signal-to-noise ratio can be acquired at W-band in a 

reasonably short time on a structurally simple and well-defined object. Rigid bi- and 

triradicals with spin-to-spin distances between 3.6 and 3.8 nm were sampled at specific 

orientations by four-pulse DEER, and analysed in the framework of a simple 

geometrical model on one hand, and using molecular dynamics on the other hand. 

Good agreement with the experiment was obtained even for the simple geometrical 

model. Application of W-band DEER is also shown for plant light-harvesting 

chlorophyll a/b complex (LHCIIb). Careful optimization of the experimental 

conditions was necessary in this case to obtain sufficient signal-to-noise ratio. 

Consideration of molecular dynamics in the theoretical analysis was found to be 

indispensable in that case as well.  
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The decay of the light-induced spin-correlated radical pair [P700
+
A1

-
] and the 

associated electron spin echo envelope modulation (ESEEM) have been studied in either 

thylakoid membranes, or purified Photosystem I, prepared from the wild-type strains of 

Synechocystis sp. PCC6803, Chlamydomonas reinhardtii and Spinaceae oleracea. The 

results show that the decay of the spin-correlated radical pair is described in the wild-type 

membrane by two exponential components with lifetimes of 2-4 µsec and 16-25 µsec. 

The proportion of the two components can be modulated by pre-illumination of the 

membranes at temperatures lower then 220K, leading to the complete reduction of the 

iron-sulphur electron acceptors FA, FB, FX and partial photo-accumulation of the reduced 

quinone electron acceptor A1(A). The “out-of-phase” ESEEM attributed to the [P700
+
A1

-
] 

radical pair has been investigated in the different species as a function of the pre-

illumination treatment. Fitting of the “out-of-phase” ESEEM provides information about 

the values of the dipolar (D) and the exchange (J) interactions from which the distance 

between the spin centres of the primary donor cation P700
+
 and the semi-phylloquinone 

radical A1
-
 can be estimated. Comparison of the results obtained in the wild-type systems 

with two site directed mutants (Santabarbara, S. et al. (2005) Biochemistry 44, 2119-

2128) which block electron transfer on either the PsaA or PsaB bound electron transfer 

pathways so that the radical pair formed on each electron transfer branch can be 

monitored selectively, indicates that when all the iron-sulphur centres are oxidized the 

modulation associated with the [P700
+
A1A

-
] radical pair is observed. Reduction of the iron-

sulphur clusters and quinone A1 by pre-illumination treatment induces a shift in the 

ESEEM frequency in all the systems investigated which is interpreted as a change in the 

proportion of the signal associated with the [P700
+
A1A

-
] and [P700

+
A1B

-
] radical pairs.  

 



Poster 53

Photo-dissociation studies of the  

CO inhibited H-cluster in Fe-only hydrogenase. 

 

A. Silakov, E. Reijerse, W. Lubitz 

 

Max-Planck Institute of Bioinorganic Chemistry,  

Muelheim a.d. Ruhr, 45470, Germany,  

silakov@mpi-muelheim.mpg.de 

 

Hydrogenases are enzymes found in microorganisms, which catalyze the simple redox 

reaction: H2 �2H
+
+2e

–
 [1]. The potential use of these microorganisms for H2 production as 

fuel makes hydrogen metabolism a fascinating and important field of research [2, 3]. 

The active center inFe-only hydrogenase (the so-called H-cluster) contains a six-iron 

cluster consisting  of a classical  cubane  connected to a binuclear iron subcluster coordinated 

by CO and CN ligands. The oxidized state of the cluster shows an rhombic EPR spectrum 

corresponding to an effective spin S=1/2. The enzyme can be inhibited by external CO. In this 

case an axial EPR spectrum is observed.  

Upon light excitation at temperature between 20 and 70K the external CO ligand can be 

(reversibly) removed [4, 5]. Since the CO ligand geometry is known to change during the 

reaction cycle it is important to investigate this process in more detail. 

The light induced conversion of the CO-inhibited oxidized state (Hox-CO) of Fe-only 

hydrogenase from Desulfovibrio desulfuricans has been studied as a function of the excitation 

laser beam wavelength at low temperature (40 K). The state of the sample was followed by 

using the X-band continuous wave EPR technique. 

Two additional species were obtained during illumination. One of these species apparently 

has lost the inhibiting CO ligand and shows a spectrum identical to that of the Hox state. 

According to FT-IR studies, the second species most probably has lost the bridging CO 

ligand.  

Based on changes of the EPR spectra upon illumination, we can conclude that this second 

light-induced species that has been previously identified as a minority contribution might act 

as intermediate in the light induced removal of the external CO ligand.  

Investigation of the wavelength dependence of the photo-dissociation conversion rates 

shows, that this dependence is related to the optical absorption spectrum of the Fe-only 

hydrogenase, observed before [6]. 

Additional investigation of the light induced species in 
57

Fe enriched samples by pulse Q-

band EPR techniques shows differences in the 
57

Fe hyperfine couplings as compared to the 

other states of the H-cluster (Hox, Hox-CO), which where investigated previously by 

Mossbauer spectroscopy [7]. 
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Mildronate is an anti-ischemic drug acting mainly via inhibition of fatty acid β-oxidation. 
Some effects of the drug cannot be explained by the latter mechanism. We tested the eventual 
nitric oxide-dependence of the mildronate action. To determine NO content in the tissues, we 
used the protocol originally elaborated by A.F.Vanin's group. Rats were intraperitonally 
administered 400 mg kg -1 of diethyldithiocarbamate (DETC) and subcutaneously 40 mg kg -1 
ferrous sulphate and 200 mg kg -1 sodium citrate. DETC and ferrous citrate form a complex, 
Fe(DETC)2, that traps NO and enables its detection as a relatively stable Fe(DETC)2-NO 
complex easily identified by EPR spectroscopy.Mildronate, γ-butyrobetaine (GBB) and GBB 
methyl ester induced transient increases in nitric oxide (NO) concentrations in rat blood and 
myocardium. In vitro, these compounds neither modified the activities of purified neuronal and 
endothelial recombinant nitric oxide synthases (NOSs), nor were able to interact with their active 
site. GBB induced vasodilatation at high concentrations only (EC50 = 5 x 10-5 M), mildronate 
alone displayed no vasodilating effect, however enhanced the GBB vasodilating activity. GBB 
methyl and ethyl esters were found more potent vasodilators (EC50 = 2.5 x 10-6 M). Pretreatment 
of aortic rings with NOS inhibitor Nω-nitro-L-arginine methyl ester abolished vasodilating 
effects of the compounds. A hypothesis explaining NO and endothelium-dependent effects of 
mildronate and its analogues is proposed.  
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BACKGROUND We have previously observed an increase in NO content in rat brain cortex 

following halothane, sevoflurane or isoflurane anaesthesia. This study was undertaken in order to 
determine whether isoform-specific NOS inhibitors and inducers could modify these increases in NO 
contents.  

METHODS Rats were subjected to isoflurane and sevoflurane anaesthesia with concomitant 
administration of nNOS inhibitor 7-Nitro-indazole (7-NI) or iNOS inhibitor 2-amino-5,6-dihydro-6-
methyl-4H-1,3–thiazine (AMT). Intraperitoneal or intraventricular administration of 
lipopolysaccharide (LPS), as well as combination of LPS and AMT prior to anaesthesia was 
performed in some experiments. To determine NO content in the tissues, we used the protocol 
originally elaborated by A.F.Vanin's group. Rats were intraperitonally administered 400 mg kg -1 of 
diethyldithiocarbamate (DETC) and subcutaneously 40 mg kg -1 ferrous sulphate and 200 mg kg -1 
sodium citrate. DETC and ferrous citrate form a complex, Fe(DETC)2, that traps NO and enables its 
detection as a relatively stable Fe(DETC)2-NO complex easily identified by EPR spectroscopy. 

Expression of iNOS messenger in brain cortex was evaluated using conventional RT-PCR 
protocol. Ability of the halogenated anaesthetics to modify NOS activities of recombinant purified 
enzymes in vitro was determined using the [14C]- L-Arginine to [14C]- L-Citrulline conversion assay.  

RESULTS 7-NI significantly decreased NO concentration in cerebellum but not in brain cortex 
whereas AMT decreased NO in all organs studied. Sevoflurane and isoflurane anesthesia caused a 
significant increase in NO concentration in brain cortex but a decrease in cerebellum. AMT abolished 
the NO increase in brain cortex. The drastic increase in NO concentration in brain cortex after 
intraventricular LPS administration was enhanced by anaesthesia with isoflurane and sevoflurane. 
However, isoflurane anaesthesia did not change the level of iNOS mRNA expression and was found 
to inhibit recombinant nNOS and iNOS activities in vitro at high concentrations (EC50 = 20 mM) 
only whereas isoflurane was an even less potent inhibitor of the purified enzymes.  

CONCLUSION Our data suggest a putative role for iNOS in the increase in NO levels 
produced by halogenated volatile anesthetics (HVAs) whereas nNOS activity is probably inhibited 
during the anaesthesia. 
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The HIPER project at St.Andrews University is a major instrument development 

project with a core aim of constructing a 94GHz pulse ESR spectrometer with sub-

nanosecond π/2 pulses and sub-nanosecond deadtime.  This would represent a step 

change in performance for ESR instruments and dramatically improve sensitivity and 

enable FID detection and simplify pulse sequences for fast relaxing species. The initial 

phase of this project has demonstrated the necessary core mm-wave technologies 

required to reach this specification, including state-of-the-art performance in mm-wave 

isolators, circulators, switches, antennae and coherent pulse generation. Construction of 

the full spectrometer is underway and initial full tests are expected in the next few 

months.  

 Details of the experimental program and the associated applications program on 

spin labelling will be described. 
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Colicin A is a bactericidal toxin that forms voltage gated ion channels in the cytoplasmic 

membrane [1]. This protein provides an interesting model system for the study of protein 

dynamics as it changes its structure considerably going from the soluble protein 

conformation to the membrane integrated conformation. Cysteine replacement mutants 

with spin labels bound to specific positions were studied by electron paramagnetic 

resonance spectroscopy [2]. The orientation of the membrane associated hydrophobic helix 

9 and other helices were characterized by inspection of the mobility and accessibility of the 

spin label side chains and of the polarity of the binding site micro-environment. Similarities 

and differences of the conformation of colicin A interacting either with liposomes or live 

E.coli cells will be discussed. 
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We present an efficient computational approach for simulating pulse EPR spectra including a 

series of theoretical generalisations [1]. 

 

It is based on the density matrix dynamics in the rotating frame [2]. Signal traces are 

computed via the frequency domain instead of directly in time domain. For signals from 

disordered systems, this has two advantages: (1) the tedious evolution of exponentials in time 

is replaced by a simple inverse FFT, (2) interpolation of peak positions and intensities is 

applicable and as a result, significantly less quantum mechanically computed orientations are 

needed. 

 

As long as only a single microwave frequency is used in the experiments, the algorithm is 

general enough to handle arbitrary pulse sequences. Partial extension of the approach to 

include a second microwave or a radio-frequency source is possible, thus enabling the 

simulation of some pulse ENDOR and ELDOR experiments. 

 

In the case of spin systems involving several nuclei, general product formulae [2] are 

included. These are based on a factorisation of the state space and decompose the high-

dimensional problem into a few low-dimensional ones, thereby substantially reducing the 

computation cost. 

 

High-spin systems with S > 1/2 are handled as well. For each electron spin manifold, the 

associated nuclear sub-Hamiltonian is constructed based on the expectation value of the 

electron angular momentum vector, and the signals are computed using a effective S' = 1/2 

system to model each pair of electron spin manifolds in turn. 
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Abstract 
Despite high resolution methods like X-ray crystallography or high-resolution NMR 
that provide structural insight in supramolecular structures, there are many structures 
of membrane proteins that still remain unclear. Consequently, the structure-function 
relationship search has just recently started for many membrane proteins. The main 
reason for this is mainly due to the local environment of membrane proteins which 
prevent these systems being crystallized or concentrated easily to allow high-
resolution studies. Therefore new methodologies have been recently applied to 
provide any valuable information about these systems. Among them is also site 
directed spin labeling EPR and fluorescence. These methods cannot provide atomistic 
resolution of the protein structure due to labeling by residues of the size of an average 
biological molecule. However, they can be applied in almost physiological conditions, 
they are sensitive to proper dynamical and motional regimes and finally, they can 
even resolve complex distributions of conformations.  
We present here the latest development of membrane protein characterization 
methods based on SDSL – EPR, GHOST condensation and modeling of local 
rotational restrictions. Starting by site directed EPR experiments one can acquire EPR 
spectra that are sensitive to various local motional properties for a series of mutants. 
By spectral simulations, inverse problem solving and GHOST condensation we search 
for coexisting motional restrictions for every spectrum in this set. Finally, by global 
analysis of these restrictions coupled to simulation of the protein structure at 
aminoacid-size-resolution we are deriving possible global membrane protein 
conformations. 
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In the family of Fe(III) single molecule magnets (SMM),  in particular the tetra- and 

octanuclear Fe4 and Fe8 compounds, the oxo-bridged pair of iron ions is a basic pattern. 

For the understanding and, ultimately, the optimal control of the SMM behavior, it is 

necessary to understand how the single-ion and spin-spin interactions contribute to the 

magnetic properties of the whole cluster. By single-crystal W-band EPR these 

interactions were accurately determine in the anti-ferromagnetically coupled Fe(III)-

dimer, Fe2(OCH3)2(dbm)4] (1), with Hdbm = dibenzoylmethane, demonstrating the 

presence of a non-negligible rhombic anisotropic exchange contribution.[1] This was 

chosen as the starting point for the interpretation of the properties of the S=5 tetrairon(III) 

SMM the compound [Fe4(thme)2(dpm)6] (2), with Hdpm = dipivaloylmethane, and 

H3thme = 1,1,1-tris(hydroxymethyl)ethane). [2] As the octahedral environment of the 

Fe(III)-ions in (1) resembles very closely that in (2), and because of the similar anti-

ferromagnetic couplings in both compounds, the dimer unit can be considered as a 

building block for the SMM cluster. 

Within the family of tetranuclear Fe(III) SMMs with an S = 5 spin ground state, the Fe4 

compound (1) is unique in that it has crystallographically-imposed D3 molecular 

symmetry. The molecules are iso-oriented in the crystal lattice (space-group cR3 ), with 

their unique axes parallel to the three-fold crystal axis. Extensive analysis of the angular 

variation of the resonance spectra as a function of the orientation of the magnetic field 

yielded an axial ZFS contribution D = -0.450(4) cm
-1

. Appreciable D-strain must be 

included in order to simulate the spectral lineshapes as well as a small, but non-negligible 

average value of the rhombic ZFS component E = 0.006(1). Finally, values of the 4
th

 

order ZFS parameters B40 = 1.5(3)E-5 cm
-1

 and B43 = 00023.0±  cm
-1

 were determined.  

An analysis including S-mixing will be presented of the ZFS of the Fe4 SMM in terms of 

(i) the experimental ZFS and spin-spin interaction tensors in the Fe2 dimer [1], and 

(ii) the results of a recent DFT calculation [3] of the single-ion ZFS in the central Fe(III) 

ion. This demonstrates the importance of the anisotropic exchange interactions, which are 

usually neglected for S-state ions. 

 

[1] P. ter Heerdt et al, J. Magn. Reson., IN PRESS, (2006) http://ees.elsevier.com/jmr/ 

[2] S. Carretta et al. Phys. Rev. B., 70 (21), 214403, (2004) 

[3] Ribas-Arino J. et al., J. Chem. Phys, 123, 044303, (2005 
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The oxygen evolving complex (OEC) in photosystem II (PS II) is the catalytic core, where water 
splitting and oxygen evolution takes place. It consists of four manganese ions and one calcium 
ion[12]. The redox equivalents required for splitting of water are accumulated during the Kok
cycle involving five states (S0S4). Two of these states, S0 and S2, are known to be paramagnetic 
with a ground state with spin S=1/2. 

EPR Spectroscopy on the S2 state in the ground state gives a characteristic multiline signal with 
about 20 lines at Xband.  However, due to the complex nature of the spin coupling between the 
manganese   ions   and   their   high   nuclear   spin   (I=5/2)   the   interpretation   of   the   spectrum   is 
complicated. Even though a series of EPR spectra from Sband (4 GHz) up to Qband (34 Ghz) 
[3] and information about the 55Mn hyperfine couplings from pulsed ENDOR [4] exist, a unique 
solution with a set of parameters describing all EPR experiments equally well is still lacking.

WBand  EPR can  help   to  determine  exact  gvalues  due   to   the  advantage  of  higher   zeeman 
resolution. Even when the resolution is not sufficient to determine directly the gtensor from the 
spectrum, a multifrequency approach from X to Wband together with spectra simulations leads 
to one parameter set for all frequencies as shown previously by measurements on dimeric Mn 
model complexes and Mncatalase [5].
Here we present  pulsed EPR of  the S2  multiline signal   from PS II  of  Thermosynechococcus 
elongatus at 94 GHz. Experiments were performed both on frozen solution and single crystals. A 
first estimation of the gvalues could be given and reduced the number of possible parameter sets 
from the literature. The Wband EPR on the frozen solution lacks the multiline structure present 
at other frequencies which can be understood from the orientation pattern of the single crystal 
spectra.
Acknowledgement. Financial support of the Deutsche Forschungsgemeinschaft (SFB 498, TP 
C5) is gratefully acknowledged.

[1]  J. Biesiadka, B. Loll, J. Kern, K.D. Irrgang, A. Zouni (2004) Phys. Chem. Chem. Phys. 6, 47334736
[2]  K. N. Ferreira, T. M. Iverson, K. Maghlaoui, J. Barber, S. Iwata (2004) Science  303,18311838
[3]  A. Haddy, R. Aasa, L.E. Andreasson (1989) Biochemistry 28, 69546959, K.A. Åhrling, R. J. Pace (1995) 

Biophys. Journal 68, 20812090
[4]  J. M. Peloquin, K. A. Campbell, D. W. Randall, M. A. Evanchik, V. L. Pecoraro, W. H. Armstrong, R. D. Britt 

(2000) JACS 122, 1092610942
[5]  C. Teutloff, K.O. Schäfer, S. Sinnecker, V. Barynin, R. Bittl, K. Wieghardt, F. Lendzian, W. Lubitz (2005) 
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A key step in the operation of organic solar cells is charge separation following 

photoexcitation.  The scope for molecular scale control of this process has been studied by 

comparing two poly(1,4-phenylenevinylene) derivatives, one of which has an intramolecular 

dipole as a result of a nitro substituent.  A reduction in photoluminescence quantum yield by 

a factor of 8 is observed in the material with the intramolecular dipole.  The origin of this 

reduction has been studied by electron paramagnetic resonance measurements on the two 

materials.  In order to elucidate the effect of photoexcitation, the EPR measurements were 

performed in the dark and then with the sample illuminated. Both dark and light induced 

paramagnetic centres were observed. EPR measurements at 9.5 and 35 GHz allowed the spin 

Hamiltonians to be characterised. Field swept echo detected EPR measurements provided 

largely background free spectra. The growth and decay of the optically generated polarons 

was studied with continuous wave EPR. The dipolar material showed clear dark and light-

induced paramagnetic centres, and both were more intense (by a factor of approximately 3) 

than those observed for the other polymer, indicating that approximately 3 times as many 

polarons are optically generated in this material.  The reduction in radiative charge 

recombination with the introduction of the molecular dipole is consistent with enhanced 

charge separation, and indicates how molecular scale charge separation can be controlled in 

solar cell materials.   
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The function and structure of the nerve globin, neuroglobin, is still a matter of debate. 

The E7 histidine residue is shown to play a crucial role in controlling exogeneous ligand 

binding to the heme. Here, we present a pulsed EPR study of the ferric form of the E7-

Gln mutant of neuroglobin. The mutant is found to be in a high-spin state (S=5/2).  

In a first part, we outline a new pulsed-EPR methodology allowing for a thorough 

analysis of high-spin ferric heme systems in frozen solutions. Different X-band 

HYSCORE schemes were used to study the hyperfine and nuclear quadrupole couplings 

of the porphyrin and the histidine nitrogens. In parallel, W-band ELDOR-detected NMR 

analyses were performed to corroborate these data. For the first time, the interaction with 

the remote nitrogen of the proximal histidine could be determined. Furthermore, signals 

stemming from a hyperfine interaction with a 
13

C nucleus could be identified in the 

HYSCORE spectra. In order to unravel in detail the proton hyperfine couplings, 

aquometmyoglobin in a deuterated buffer was investigated. 

In a second part, the same approach is applied to the E7-Gln mutant of neuroglobin, and 

the results will be compared to those obtained for the neuroglobin mutant. 



Poster 64

Computational Approach in the Interpretation of the EPR Spectral 
Properties of the Superoxide Radical Anion Adduct of 5,5-Dimethyl-1-
Pyrroline N-Oxide (DMPO) 
 
Frederick A. Villamena,* ,† John K. Merle,‡ Christopher M. Hadad  and Jay L. 
Zweier 
 
†Center for Biomedical EPR Spectroscopy and Imaging, the Davis Heart and Lung 
Research Institute, and the Division of Cardiovascular Medicine, Department of Internal 
Medicine, College of Medicine, and ‡Department of Chemistry, The Ohio State 
University, Columbus, Ohio, 43210 
 

The nitrone, 5,5-dimethyl-1-pyrroline N-oxide (DMPO) has been the most 
popular spin trap used in the detection and identification of transient radicals in chemical 
and biological systems using electron spin resonance (EPR) spectroscopy.  Among the 
reactive oxygen species (ROS), the superoxide radical anion (O2

•-) has attracted 
considerable attention over the past 3 decades due to the crucial role it plays (along with 
nitric oxide, NO) as modulator of cellular functions such as in cell signaling, cell 
proliferation or apoptosis. The ability of O2

•- to self dismutate to H2O2 producing •OH via 
Fenton chemistry, which in high concentrations, can be detrimental to normal cellular 
functions.  

The accurate interpretation of the DMPO-O2H adduct spectrum has confounded 
most spin-trapping researchers over the years because there has been no independently 
synthesized DMPO-O2H to date, and it is virtually impossible to deduce its actual form  

 

N

O

O2H

Hβ
2
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1
5

 
DMPO-O2H 

 
and property in solution due to its low concentration after spin trapping. Questions will 
be investigated as to whether the hyperfine coupling constants (hfcc) arising from 
DMPO-O2H adducts exclusively result from the nuclear spins of the N, β-H and γ-H’s 
(on C-3 and C-4 atoms)? Or are they influenced by other nuclear spins such as that of the 
hydroperoxyl-H? Which γ-H (i.e., trans- or cis-vicinal to the HO2 group) yields a higher 
hfcc that can be experimentally observed? Does the hfcc’s arising from the individual 
conformational isomers of DMPO-O2H, differ? Density functional theory (DFT) 
approach was used to predict the isotropic hyperfine coupling constants arising from the 
N, β-H and γ-H nuclei of DMPO-O2H using explicit interactions with water molecules as 
well as via a bulk dielectric effect employing PCM. This work will also demonstrate how 
computational approach can be used to interpret the EPR spectrum of various DMPO 
spin adducts. 
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Most conventional chemotherapeutic compounds for therapy of different 
diseases cannot differentiate between normal and pathological cells, and thus, 
cause extensive toxic side effects. A new approach that is being developed by 
us to overcome this problem is drug targeting, which exploits the selectivity of 
carrier molecules having specific binding sites on tissues. Redox active 
compounds (quinones, porphyrins and hypericin) can be covalently attached 
to various carriers, such as peptide hormones for which receptors are present 
in special cells, or antibodies that preferentially recognize antigens on surface 
of these cells. Taking into account a very short pathway of reactive oxygen 
species, ROS, (oxygen radicals and singlet oxygen), we can expect that such 
conjugates can create a high local concentration of ROS at targeted sites and 
can produce site-directed damage to the cells. This approach was 
implemented via the following experimental stages:                                             
1. Synthesis and characterization of derivatives of hypericin, helianthrones 

and porphyrins. 
2. Studies of kinetics of production of ROS in solution, stimulated by enzymes 

or by light, with ESR and spin-trapping technique. 
3. ESR and ENDOR study of semiquinones produced chemically, 

photochemically of by enzymatic reduction. 
4. Conjugation of more active compounds with peptide hormones e.g. LH-RH 

and VIP and specific antibodies. 
5. Study of interaction of obtained conjugates with relevant cells 
6. Spin trapping studies of production of ROS by the compounds in vitro and 

in cells.   
7. Photodynamic and toxic effects of targeted compounds on specific and 

non-specific cells lines. 
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EPR active nitroxide spin labels can be attached at selected sites on 

proteins via covalent linkage to cysteine residues positioned by site-

directed mutagenesis. The nitroxide label can be used to report on 

local motion and can also be used to determine distance to an 

endogenous paramagnetic co-factor, such as a heme. In order to 

probe motional and conformational changes, we have studied a range 

of spin-labeled hemoproteins using pulsed and continuous-wave 

EPR at X-band and W-band. Examples of structurally characterized 

hemoproteins, including myoglobin, cytochrome-c and cytochrome-

bo3, will be presented. 
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Abstract   

 

EPR spectroscopy was used to study the radical species formed during the oxidation of an 

active pharmaceutical ingredient (API) in the solid state
1
.  It was found that the extent of 

radical generation correlated to the level of formation of an oxidative degradation product.  

Multi-frequency EPR and ENDOR spectroscopy gave additional information as to the identity 

of the organic radical species involved in the oxidation process and a mechanism was 

proposed for the degradation, involving the formation of both carbon centred and peroxy 

radicals.  The multivariate analysis technique of Partial Least Squares (PLS) regression was 

then used to determine the extent of oxidation of the API from the EPR spectra.  The 

suitability of this approach was demonstrated from its application to a series of Tempo 

standards.  The results obtained showed that greatly improved quantitation was obtained using 

PLS regression compared to the conventional approaches of peak height measurement and 

double integration, which have intrinsic errors associated with them particularly for weak 

EPR signals with a poor signal to noise ratio or a sloping background response.   

                                                 
1
 H.E. Williams, V.C. Loades, M. Claybourn and D.M. Murphy. Anal. Chem. 2006 78 (2) 604-608 
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One particularly useful technique for studying the electronic structure of 

paramagnetic compounds and their formation or their reactions is electron paramagnetic 

resonance (EPR) spectroscopy.  When EPR is combined with other techniques, such as 

electrochemistry or photochemistry, we have a very versatile system capable of analyzing 

a wide range of compounds and reactions.  The possibility to perform electro-generation 

or photo-generation inside the EPR sample cavity, by the incorporation of a variable 

temperature in-situ cell, finds its crucial application in those systems where an electron 

transfer product is not stable.  

 

We will discuss the technical aspects of the EPR spectro-electrochemical and 

spectro-photochemical in-situ techniques that we have developed in our research facility. 

We will describe the versatility of the methods by using examples of: 

 

• electrochemical studies of cis-{Ru
II
(NH3)4}

4+
 complexes of N-methyl/phenyl-

4,4′-bipyridinium or 2,2′:4,4′′:4′,4′′′-quaterpyridinium ligands
1
  

• electropolymerisation of TTF-thiophene fused monomers
2
  

• electron transfer by reduction and by illumination of methylacridinium 

derivatives
3
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Acylphosphine oxides have received considerable attention in recent years, primarily due to their 
industrial applications1. Their properties of visible absorption, high radical yield and their ability to 
generate colourless cured formulations have seen them become desirable photoinitiators. Upon 
photoexcitation, homolysis of the phosphorous-carbon bond occurs generating a radical pair 
consiting of an acyl radical and a phosphorous centred radical. This is believed to occur for both 
monoacyl- and bisacylphosphine oxides2. The large hyperfine coupling induced by the 31P nucleus 
makes this radical pair an interesting system for magnetic field studies3. Our experiments, however, 
indicated a large difference in the magnetic field effects observed for the monoacyl and bisacyl 
derivatives for studies performed in cyclohexanol. To shed light on the situation, we undertook 
time-resolved EPR studies of these molecules and found considerably different radical species 
being formed for monoacyl and bisacyl derivatives in alcoholic solvents. The figure below shows 
example spectra obtained for UV photoexcitation of monoacyl and bisacylphospine oxides in 
propan-2-ol from 80-160 ns after laser excitation. 
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We present here the results of our investigation into the processes occurring in these molecules after 
photoexcitation, based on MFE, TREPR and 31P NMR experiments and our proposals for the 
reactions taking place. 
 
[1] See, for example, Dietliker, K in Radiation Curing in Polymer Science and Technology; 
Fouassier, J. P., Rabek, J. F., Eds.; Elsevier Applied Science, New York, 1993; Vol II. 
[2] S. Jockusch and N.J. Turro, J. Am. Chem. Soc. 120, 11773-11777 (1998). 
[3] H. Hayashi, Y. Sakaguchi, M. Kamachi and W. Schnabel, J. Phys. Chem. 91, 3936 (1987). 
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A detailed understanding of the properties of supported metal atoms and clusters on insulating 

surfaces is of paramount importance for a variety of technologically important fields. Gold came 

under scrutiny, after experiments have unraveled a large catalytic activity of small oxide supported 

gold clusters with a size of a few nanometers. From the large body of work that has been done in 

recent years to understand the microscopic origin for this behavior it turned out that the metal-oxide 

interface plays a major role. In particular, oxygen vacancies - also called color centers - were 

considered important sites to enhance the catalytic activity. To this end EPR can provide important 

information not only on part of the color centers, namely the paramagnetic F
+
–centers, but also on 

the properties of adsorbed gold atoms. 

In this contribution we will report on CW EPR measurements at X-band under ultrahigh 

vacuum conditions to characterize paramagnetic color centers as well as their interaction with gold 

atoms on thin single crystalline MgO (001) films grown on Mo (001). These measurements are 

supplemented with scanning tunneling microscopy and IR spectroscopy to corroborate the results 

and learn additional aspects on the diamagnetic species on the surface. 

First we will discuss the properties of paramagnetic color centers on MgO (001) and 

demonstrate how one can take advantage of the fact that the color centers are created in a well 

defined 2-dimentional manner to extract the geometric location of the sites. These results will be 

compared to STM measurements. 

In the second part we will discuss interactions of gold atoms with the MgO surface. For ideal 

MgO surfaces angular dependent EPR spectra of gold atoms in combination with hyperfine 

interaction with 
17

O labeled MgO films allow the determination of the precise adsorption site which 

is far from being simple for single crystal oxide surfaces. In addition, by combining the 

measurements with theory it is possible to understand in detail the binding mechanism of the Au 

atoms and compare these results to those obtained by standard surface science methods e.g. IR 

spectra of probe molecules such as CO. 

Finally we will explore the interaction of gold atoms with color centers. It will be shown that Au 

atom interact strongly with surface color centers and it is again possible to understand the details of 

the electronic structure of this system by combining the EPR results with IR spectroscopy. 
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