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Vladislav Voevodsky 

 

The name of Academician Vladislav V. 

Voevodsky is known throughout the world to 

researchers working in chemical physics. His effort 

and talent were responsible for many key advances in 

the investigation of gas chain branched reactions, 

reactions of hydrocarbon cracking, and heterogeneous 

reactions of radicals and atoms. 

Academician Voevodsky was one of the first to 

realize the potential of magnetic resonance technique 

in studying free radicals and other paramagnetic 

particles. He and his colleagues developed the EPR technique into a powerful 

experimental method for investigating chemical reactions, founding a new field of 

science, chemical radiospectroscopy.  This wok, in turn, led to a breakthrough in the 

study  of many fundamental chemical phenomena, including were free-radical 

mechanisms of chemical reactions, electron delocalization and transfer, elementary acts 

in solid and liquid matter radiolysis, mechanisms of photochemical and photobiological 

processes,  and heterogeneous catalysis. 

Academician Voevodsky was one of the founders of the Institute of Chemical 

Kinetics and Combustion, Novosibirsk, Russia and of the Department of Natural 

Sciences of Novosibirsk State University. For many years he was the Dean of the 

Department. He raised and inspired a community of scientists known worldwide who 

continue to work in chemical physics today. His students had a major impact on the 

development of chemical kinetics and chemical physics, a field of science, which 

describes physics and chemistry of elementary chemical reactions. 

The conference in Academician Voevodsky‘s honor brings together scientists studying 

elementary chemical processes from all over the world. 

 



 7 
 

Voevodsky Prize 

 

In the memory of Academician V. V. Voevodsky and in connection with his 

80th anniversary the Institute of Chemical Kinetics and Combustion of the Siberian 

Branch of the Russian Academy of Sciences and the International Tomography Center 

established in 1997 the Voevodsky Prize, which is awarded once in two years. The 

Prize is awarded to Russian and foreign scientists, in turn, for outstanding contributions 

to the investigation of mechanisms of chemical reactions, structure and properties of 

active intermediates, elementary reactions in photo- and radiation chemistry by 

radiospectroscopic methods. 

Awarding of the Voevodsky Prize is based on a competition. Candidates are 

nominated by scientific institutes or by individual scientists. The final decision is made 

by an Award Committee, consisting of 7 members. Members of the Committee are 

selected by the Scientific Council of the Institute of Chemical Kinetics and Combustion 

and are renewed each five years. The Voevodsky Prize is presented either at the session 

of the Scientific Council of the Institute of Chemical Kinetics and Combustion or during 

the conference dedicated to the memory of V. V. Voevodsky. An Awardee must 

participate in these meetings and deliver a lecture on his scientific work. 

Laureates of the Voevodsky Prize: 

Academician Anatoly Leonidovich Buchachenko, ―For outstanding contribution 

to the investigation of mechanisms of chemical reactions, structure and properties of 

free radicals by radiospectroscopic methods‖, 1997. 

Professor Arnold Hoff, ―For outstanding contribution to the investigation of 

primary photochemical processes of energy conversion in photosynthesis by 

radiospectroscopic methods‖, 1999. 

Professor Lev Alexandrovich Blumenfeld, ―For outstanding contribution to the 

investigation of structure and properties of paramagnetic intermediates in biological 

systems‖, 2001. 

Professor Leonid Borisovich Volodarsky, ―For outstanding contribution to the 

chemistry of stable nitroxide radicals, which opened wide field for EPR applications‖, 

2002. 
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Professor Klaus Mobius, ―For outstanding contribution to the investigation of 

paramagnetic intermediates of chemical and biochemical processes with application of 

advanced EPR methods‖, 2004. 

Academician Yuri Dmitrievich Tsvetkov, ―For outstanding contribution to the 

development of radiospectroscopic methods, investigation of structure and properties of 

free radicals and of spin-labeled biological systems‖, 2006. 

Professor Gertz Il‘ich Likhtenshtein, ―For for achievements in biological studies 

with help of EPR spectroscopy‖, 2007. 

Academician Yuri Nikolaevich Molin, ―For outstanding contribution to the 

development of spin chemistry and of methods of paramagnetic species detection based 

on quantum coherence‖, 2009. 

Professor Robert Kaptein, ―For outstanding contribution to the theory and 

practice of chemically induced nuclear spin polarization and the development of novel 

applications of nuclear magnetic resonance in structural biology‖, 2012. 
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Scientific program 

 

July 15 Sunday 

10.00 - 19.00 Arrival. Registration at ICKC (Institute of Chemical Kinetics and 

Combustion). Excursions to museums of Akademgorodok and to 

Botanic Garden of Siberian Branch of Russian Academy of Sciences 

19.00 - 21.00 Welcome party at ITC (International Tomography Center) lawn 

 

July 16 Monday 

Joint session. House of Science 

8.30 Registration at House of Science 

9.00 - 9.10 Opening of the Conference 

9.10 - 9.15 Voevodsky Prize Awarding Ceremony 

9.15 - 10.00 L - 1. R. Kaptein, Utrecht, The Netherlands. Lac Repressor: Structure, 

Dynamics, and Allosteric Interactions 

10.00 - 10.30 L - 2. O. N. Antzutkin, Lulea, Sweden. Structure of Alzheimer's 

amyloid fibrils and toxic oligomers studied by solid state NMR 

10.30 - 11.00 L - 3. M. D.E. Forbes, Chapel Hill, USA. Photodynamic Cancer 

Therapy: Quantification of Cell Death, Foam and Bubble Formulations, 

and Spatial Resolution 

11.00 - 11.30 Coffee break 

11.30 - 12.00 L - 4. M. D. Ward, Sheffield, UK. Energy-Transfer Pathways in 

Dinuclear Complexes Probed by Picosecond Time-Resolved Infrared 

Spectroscopy 

12.00 - 12.30 L - 5. O. S. Vasutinski, St. Petersburg, Russia. Dynamics of Two-

Photon Two-Color Transitions in Flurophores Excited by Femtosecond 

Laser Pulses 

12.30 - 13.00 L - 6. M. Mudrich, Freiburg, Germany. Cold Collisions and Doped 

Helium Nanodroplets 
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13.00 - 13.30 L - 7. I. Shenderovich, Regensburg, Germany. A Bright View through a 

Keyhole: NMR Study of the Structural and Chemical Properties of 

Highly Ordered Nanoporous Materials 

13.30 - 15.00 Lunch 

 

 Parallel session ICKC 

Elementary Processes in 

Biology I 

Parallel session ITC 

Elementary Processes in 

Liquids I 

 

15.00 - 15.30 L - 8. G. Likhtenshtein, 

Negev, Israel. Role of 

Dynamic and Orbital 

Factors in Long-distance 

Electron Transfer in 

Photosynthetic and Model 

Systems 

L - 9. A. I. Kokorin, 

Moscow, Russia. Are 

"Rigid" Biradicals Really 

Rigid? 

15.00 - 15.30 

15.30 - 16.00 L - 10. O. S. Fedorova, 

Novosibirsk, Russia. 

Multiple Conformational 

Changes in DNA Repair 

Enzymes during Substrate 

Recognition and Catalysis 

L - 11. G. V. Loukova, 

Chernogolovka, Russia.  

Photonics of Metallocene 

Complexes of Titanium 

Group 

15.30 - 15.50 

16.00 - 16.20 L - 12. A. Adina-Zada, 

Crawley, Australia. 

Elementary Stages of the 

Overall Reaction of 

Pyruvate Carboxylation 

Catalyzed by Metabolic 

Enzyme Pyruvate 

Carboxylase 

L - 13. P. M. Tolstoy, St. 

Petersburg, Russia. 

Reaction Pathways of 

Proton Transfer in Anionic 

OHO Hydrogen Bonded 

Complexes 

15. 50 - 

16.10 
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16.20 - 16.40 L - 14. L. V. Kulik, 

Novosibirsk, Russia. 

Sodium-Dependent 

Movement of Covalently 

Bound FMN Residue(s) in 

Na
+
-translocating 

NADH:quinone 

Oxidoreductase 

L - 15. V. F. Plyusnin, 

Novosibirsk, Russia. 

Photochemistry of 

Dithiolate Complexes 

 

16.10 - 16.30 

16.40 - 17.10 Coffee break 16.30 - 17.00 

 Parallel session ICKC 

Elementary Processes in 

Biology II 

Parallel session ITC 
 

Theoretical and 

Quantum Chemistry 

 

17.10 - 17.30 L - 16. A. V. 

Yurkovskaya, 

Novosibirsk, Russia. Spin 

Density Migration 

between Tyrosine and 

Histidine in Oxidized 

Peptides and Free Amino 

Acids Studied by TR 

CIDNP  

L - 17 .O. D. Castaño, 

Madrid, Spain. A Quantum 

Chemical Approach to the 

Non-vertical Triplet-

Triplet Energy Transfer 

 

17.00 - 17.30 

17.30 - 17.50 L - 18. M. M. Yulikov, 

Zurich, Switzerland. 

Distance Determination 

from the Lanthanide-

Induced Relaxation 

Enhancement 

L - 19. A. B. Doktorov, 

Novosibirsk, Russia. The 

Encounter Theory and 

―Cage Complex Method‖ 

in the Theory of 

Multistage Chemical 

Reactions in Solutions 

17.30 - 17.50 
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17.50 - 18.10 L - 20. Yu. Tsentalovich, 

Novosibirsk, Russia. UV 

Filters of the Human Eye: 

Photochemical Properties, 

Evolution, and Role in 

Cataractogenesis 

L - 21. N. N. Medvedev, 

Novosibirsk, Russia. 

Investigation of Solvation 

Shells on the Computer 

Models of Solutions 

17.50 - 18.10 

18.10 - 18.30 L - 22. P. Sherin, 

Novosibirsk, Russia. 

Human Eye UV filters: the 

Diversity of Mechanisms 

of Ultrafast Deactivation 

of Excited States 

L - 23. V. P. Voloshin, 

Novosibirsk, Russia. 

Collective Effects in the 

Diffusional Motion of 

Molecules in Computer 

Models of Water 

18.10 - 18.30 

 

 

  

 

School for Young 

Scientists “Magnetic 

Resonance and Magnetic 

Phenomena in Chemical 

and Biological Physics” 

 

L - 24. E. Misochko, 

Chernogolovka, Russia. 

Matrix-isolation ESR 

Spectroscopy of Highly 

Delocalized Triplet 

Carbenes. Zero-field 

Splitting Parameters and 

Electronic Structure 

Studied by DFT and ab 

initio Calculations 

18.30 - 18.50 

18.30 - 19.00 O. N. Antzutkin, Lulea, 

Sweden. AD (Alzheimer's 

Disease) or not AD, that is 

the question? 

L - 25. V.A. Morozov, 

Novosibirsk, Russia. Spin 

Crossover Models of 

Elastic Chains of 

Exchange Clusters  

18.50 - 19.10 
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19.00-19.30 A.M. Ziatdinov, 

Vladivostok, Russia. Spins 

of current carriers – as a 

probe of physical and 

chemical transformations 

in conductors  

  

19.10 - 20.30 Poster session I at ITC 

20.30 - … Evening of memoirs about V. V. Voevodsky. Conference-hall and 

lobby of ICKC 

 

July 17 Tuesday 

Joint session. House of Science 

9.00 - 9.10 International EPR Society Silver Medal Awarding Ceremony 

9.10 - 9.40 L - 26. J. Raap, Leiden, The Netherlands. About: 16 Years of Dutch-

Russian Collaboration, Peptide-Antibiotics and Lipid-Membrane 

Channels 

9.40 - 10.10 L - 27. H. - M. Vieth, Berlin, Germany. Radicals of Peptides with Sulfur 

Containing Amino Acids. A CIDNP Study 

10.10 - 10.40 L - 28. V. V. Khramtsov, Ohio, USA. In vivo Multifunctional 

Spectroscopy and Imaging of Paramagnetic Probes 

10.40 - 11.10 L - 29. G. Grampp, Graz, Austria. Is Marcus Theory Applicable to 

Electron Transfer Reactions in Ionic Liquids? An ESR- and 

Electrochemical Study 

11.10 - 11.40 Coffee break 

11.40 - 12.10 L - 30. L. M. Weiner, Rehovot, Israel. Generation and Oxidation of 

Nitroxyl Radicals by Ruthenium Complexes: A Novel ESR Approach to 

the Study of Photo-electron Transfer 

12.10 - 12.40 L - 31. M. K. Bowman, Tuscaloosa, USA. Electron Spin Relaxation in 

Solids: Dipole-Coupled Spins 

12.40 - 13.10 L - 32. I. V. Koptyug, Novosibirsk, Russia. Exploring Heterogeneous 

Hydrogenations for Production of Parahydrogen-Induced Polarization 
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13.10 - 13.40 L - 33. A. I. Burshtein, Rehovot, Israel. Quenching of Excited 

Fluorophore by Exciplex  Formation & Related MFE Phenomena 

13.40 - 15.00 Lunch 

 

 Parallel session ICKC 

Magnetic Resonance in 

Biomedical Studies 

Parallel session ITC 

Spin Effects and Spin 

Chemistry I 

 

15.00 - 15.30 L - 34. S. I. Dikalov, 

Nashville, USA. Design 

and Applications of Cell-

targeted Nitroxide 

Antioxidants 

L - 35. V. L. Berdinskiy, 

Orenburg, Russia. 

Application of Spin 

Chemistry Ideas in 

Spintronics. Spin Filtration  

15.00 - 15.30 

15.30 - 16.00 L - 36. E. Kirilina, Berlin, 

Germany. Functional 

Magnetic Resonance 

Imaging of Facial Blush 

L - 37. N. P. Gritsan, 

Novosibirsk, Russia. 

Interplay of Quantum 

Chemistry and Experiment 

in the Study of Molecular 

Magnets 

15.30 - 15.50 

16.00 - 16.20 L - 38. T. V. Leshina, 

Novosibirsk, Russia. The 

Application of Nuclear 

Magnetic Resonance 

Methods to Study Modern 

Medical Problems 

 

L - 39. M. V. Fedin, 

Novosibirsk, Russia. 

Light-Induced Spin 

Dynamics in Copper-

Nitroxide Based 

Switchable Molecular 

Magnets Studied by W-

band Time-Resolved EPR 

15.50 - 16.10 
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16.20 - 16.40 L - 40. N. E. Polyakov, 

Novosibirsk, Russia. 

Electron Transfer and Free 

Radical Intermediates in 

Biologically Relevant 

Processes - Spin 

Chemistry Study  

L - 41. K. L. Ivanov, 

Novosibirsk, Russia. 

Polarization Transfer in 

Field-Cycling NMR 

Experiments  

16.10 - 16.30 

16.40 - 17.10 Coffee break 

 

L - 42. U. G. Shevchenko, 

Orenburg, Russia. 

Biological Magnetic 

Isotope and Magnetic 

Field Effects of Mg
2+

 and 

Zn
2+

 on E.coli Cells 

16.30 - 16.50 

 Parallel session ICKC 

Elementary Processes in 

Liquids II 

Coffee break 

 

16.50 - 17.20 

17.10 - 17.30 L - 43. Feng Wu, Wuhan, 

P. R. China. 

Photochemical Oxidation 

of Arsenite in Suspended 

Solution in the Presence of 

Natural Goethite 

Parallel session ITC 

Spin Effects and Spin 

Chemistry II 

 

 

17.30 - 17.50 L - 44. I. V. Sazanovich, 

Sheffield, UK. Ultrafast 

Propagation of Vibrational 

Energy in Transition Metal 

Complexes: a TRIR and 

2DIR Insight 

L - 45. V. F. Tarasov, 

Moscow, Russia. TR EPR 

Spectroscopy of 

Electronically Excited 

Doublet/Triplet 

―Bounded‖ and ―Free‖ 

Molecular Complexes 

17.20 - 17.40 
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17.50 - 18.10 L - 46. A. V. Metelitsa, 

Russia, Rostov on Don. 

New Aspects of the 

Photoinitiated Reaction 

Dynamics of 

Photochromic Spirocyclic 

Compounds 

L - 47. P. A. Purtov, 

Novosibirsk, Russia. 

Bifurcation Transitions in 

Open Chemical Systems 

under External Magnetic 

Fields 

17.40 - 18.00 

18.10 - 18.30 L - 48. E. M. Glebov, 

Novosibirsk, Russia. 

Ultrafast Processes in 

Photochemistry of 

Hexahaloid Complexes of 

Platinum Metals: 

Heterolytic or Homolytic 

Me-Hal Bond Cleavage? 

L - 49. V. I. Borovkov, 

Novosibirsk, Russia. 

Stochastic Level Crossing 

as the Paramagnetic 

Relaxation Mechanism in 

Radicals with Nearly 

Degenerate Vibronic 

States 

18.00 - 18.20 

  

School for Young 

Scientists “Magnetic 

Resonance and Magnetic 

Phenomena in Chemical 

and Biological Physics” 

 

L - 50. A. G. Maryasov, 

Novosibirsk, Russia. 

Vector Models in Echo 

Detected EPR, ESE EM, 

and PELDOR as Applied 

to Structural Studies of 

Anisotropic Paramagnetic 

Centers 

18.20 - 18.40 

18.30 - 19.00 A. Savitsky, Muelheim an 

der Ruhr, Germany. 

Advanced applications of 

high-field EPR 

spectroscopy 

L - 51. A. I. Mikhaylov, 

Chernogolovka, Russia. 

ESR-study of Nonclassical 

UHF Saturation 

Phenomena in Multispin 

Molecular Domains 

18.40 - 19.00 
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19.00 - 19.30 S. G. Kozlova, 

Novosibirsk, Russia. 

Nuclear-independent 

chemical shift in 

complexes of d-element 

  

19.00 - 20.30 Poster session II at ITC 

 

July 18 Wednesday 

Joint session. House of Science 

9.00 - 9.40 L - 52. S. D. Varfolomeev, Moscow, Russia. Order and Disorder of 

Biochemical Reactions from the Point of View of Elementary Acts of 

Enzyme Catalysis 

9.40 - 10.10 L - 53. K. Maeda, Oxford, UK. Magnetic Field Effect on the Light-

induced Reactions in Cryptochrome 

10.10 - 10.40 L - 54. A. Savitsky, Muelheim an der Ruhr, Germany. High-field EPR 

Methods Applied to Nitroxide Spin Labels. Towards Characterization 

of Microenvironments in Spin Labelled Macromolecules 

10.40 - 11.10 L - 55. O. G. Poluektov, Argonne, USA. Biomimetic Hydrogen 

Production: Multifrequency EPR and DFT Study of Molecular Catalysts 

11.10 - 11.40 Coffee break 

11.40 - 12.10 L - 56. D. Parker, Nijmegen, The Netherlands. Imaging Studies of 

Inelastic Collisions 

12.10 - 12.40 L - 57. P. Honvault, Dijon, France. Accurate Theoretical Calculations of 

the Rate Constant for the N + OH Reaction 

12.40 - 13.00 L - 58. Bruker presentation. S. Zahvaev. Research equipment from 

Brucker AXS 

13.00 - 13.20 L - 59. Bruker presentation. S. Chupin. Applications of Time-resolved 

FTIR Spectroscopy in Investigation of Elementary Processes 

13.20 - 13.40 L - 60. Bruker presentation. D. Kuznetsov. BRUKER Modern EPR 

Equipment 

13.40 - 15.00 Lunch 
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15.00 - 19.00 Social Program 

19.00 - 21.00 Banquet at the restaurant of House of Scientists 

 

July 19 Thusday 

Joint session. House of Science 

9.00 - 9.40 L - 61. V. N. Parmon, Novosibirsk, Russia. Thermodynamic Form of 

Kinetic Equations and an Experience of its Use for Analyzing Complex 

Reaction Schemes 

9.40 - 10.10 L - 62. E. V. Boldyreva, Novosibirsk, Russia. Spectroscopy and 

Diffraction at Extreme Conditions of Temperature and Pressure: Unique 

Tools of Studying the Characteristics of Hydrogen Bonds in 

Supramolecular Systems  

10.10 - 10.40 L - 63. E. G. Bagryanskaya, Novosibirsk, Russia. Key Reactions in 

Nitroxide Mediated Polymerization and New Approaches For 

Controlled Synthesis of Polymers  

10.40 - 11.10 L - 64. S. Marque, Marseille, France. Alkoxyamines: A New Family of 

Radical Initiators. Past, Present, and Future 

11.10 - 11.40 Coffee break 

11.40 - 12.10 L - 65. E. Goovaerts, Antwerp, Belgium. Investigations by EPR, EDMR 

and ODMR of Materials for Organic Light Emitting Diodes and Solar 

Cells 

12.10 - 12.40 L - 66. A. Schnegg, Berlin, Germany. Advanced EPR for Multiscale 

Analyses of Thin Film Solar Cells 

12.40 - 13.10 L - 67. L. N. Krasnoperov, Newark, USA. Kinetics of Elementary 

Reactions of Combustion Importance at Elevated Pressures and 

Temperatures 

13.10 - 13.40 L - 68. V. V. Azatyan, Chernogolovka, Russia. The Regularities of 

Combustion, Explosion and Detonation of Gases in the Light of Theory 

of Chain Reactions 

13.40 - 15.00 Lunch 
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 Parallel session ICKC 

Elementary Processes in 

Gases I 

 

Parallel session ITC 

Elementary Processes in 

Solids and Advanced 

Materials I 

 

15.00 - 15.30 L - 69. V. Makarov, Puerto 

Rico, USA. Elementary 

Processes in HFCVD 

Reactor Studied by 

REMPI and CRD 

Spectroscopic Methods 

L - 70. V. Barachevsky, 

Moscow, Russia. 

Molecular Photonics of 

Modern Organic 

Photochromic Systems 

15.00 - 15.30 

15.30 - 15.50 L - 71. E. Chesnokov, 

Novosibirsk, Russia. 

Experiments on Coherent 

Optical Phenomena in 

Gases Using Terahertz 

Free-electron Laser 

L - 72. N. Lebedeva, 

Chapel Hill, USA. ―Fatal 

Adsorption‖ of Brush-Like 

Macromolecules: High 

Sensitivity of C-C Bond 

Cleavage Rates to 

Substrate Surface Energy, 

Structure, and 

Temperature 

15.30 - 15.50 

15.50 - 16.10 L - 73. J. Jankunas, 

Stanford, USA. H + D2 → 

HD (v' = 4, j') + D: New 

Insights into the Simplest 

Chemical Reaction 

L - 74. A. M. Volodin, 

Novosibirsk, Russia. EPR 

Spectroscopy for Studying 

Active Sites and 

Intermediates in 

Heterogeneous Catalysis 

and Photocatalysis  

15. 50 - 

16.10 
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16.10 - 16.30 L - 75. A. Baklanov, 

Novosibirsk, Russia. 

Supramolecular 

Photophysics and 

Photochemistry of van der 

Waals Complexes of 

Oxygen X-O2 

L - 76. V. V. Kaichev, 

Novosibirsk, Russia. 

Oscillations in Catalytic 

Oxidation of Propane over 

Nickel 

16.10 - 16.30 

16.30 - 17.00 Coffee break 16.30 - 16.50 

 Parallel session ICKC 

Elementary Processes in 

Gases II 

Parallel session ITC 

Elementary Processes in 

Solids and Advanced 

Materials II 

 

17.00 - 17.20 L - 77. D. I. Staselko, 

Saint-Petersburg, Russia. 

Optical Detection of 

Relaxation Ion Motions in 

Processes of Light 

Absorption and Emission 

by Crystals and Molecules 

L - 78. A. M. Ziatdinov, 

Vladivostok, Russia. New 

Aspects of the ―Devil`s 

Staircase‖ Phenomenon in 

Incommensurate Crystals: 

ESR Study 

17.00 - 17.20  

17.20 - 17.40 L - 79. S. A. 

Malinovskaya, Hoboken, 

USA. Theory of Molecular 

Cooling Using Optical 

Frequency Combs in the 

Presence of Decoherence 

L - 80. A. Bedilo, 

Novosibirsk, Russia. 

Surface Electron-Acceptor 

Sites and Their Role in 

Catalytic and Solid-State 

Reactions 

17.20 - 17.40 
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17.40 - 18.00 L - 81. V. G. Kiselev. Role 

of Tautomeric Equilibria 

and ―Hidden‖ Carbene 

Intermediate in the 

Thermal Decomposition of 

Nitrogen-Rich 

Heterocycles: New 

Insights From High-Level 

ab initio Calculations 

L - 82. S. Veber, 

Novosibirsk, Russia. FT-

IR and Quantum Chemical 

Study of Phase Transitions 

in ―Breathing Crystals‖ 

Cu(hfac)2LR 

17.40 - 18.00 

18.00 - 18.20 L - 83. G. I. 

Skubnevskaya, 

Novosibirsk, Russia. 

Nanoparticles due to the 

Interactions of Ozone with 

Atmospheric Pollutants 

L - 84. S. A. Yashnik, 

Novosibirsk, Russia. 

Regulation of the Copper-

oxide Cluster Structure 

and DeNOx Activity of 

Cu-ZSM-5 Catalysts by 

Variation of OH/Cu
2+

 

18.00 - 18.20 

18.20 - 18.40 L - 85. V. Kukueva, 

Cherkassy, Ukraine 

―Theoretical Research of 

Inhibition Mechanism on 

the Elementary Reactions 

Level 

L - 86. C. N. Barnakov, 

Kemerovo, Russia. EPR 

Spectra and Properties of 

Nanoporous Carbon 

Materials 

18.20 - 18.40 

19.00 - 19.30 Closing of the conference at ICKC 
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The Russian Foundation for 

Basic Research ("RFBR") 

Bruker Corporation 

Tokyo Boeki 

Agilent Technologies 
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Lac Repressor: Structure, Dynamics, and Allosteric 

Interactions  

Robert Kaptein  

Bijvoet Centre, Utrecht University, Padualaan 8,3584 CH Utrecht, The Netherlands 

Novosibirsk State University, Pirogova 2, 630090, Novosibirsk, Russia 

E-mail:r.kaptein@uu.nl 

The E.coli lac operon is the classical model for gene regulation in bacteria. An 

overview will be given of our work on the lac repressor-operator system. An early result 

was the 3D structure of lac headpiece in 1985, one of the first protein structures 

determined by NMR. Our studies of the structure and dynamics of complexes of a 

dimeric headpiece construct with lac operator DNA have provided a detailed picture of 

how the various lac operator sequences are recognized.  

Furthermore, the complex with non-specific DNA clarified how the repressor 

searches its target site by sliding along random DNA and binding to the operator 

through a folding-coupled-to-binding transition. 

In recent years we have addressed the mechanism of allosteric coupling of the lac 

repressor. The crystal structure of lac repressor with various ligands (inducer, anti-

inducer, and operator DNA) by Mitch Lewis and coworkers in 1995 was a big step 

forward, but did not tell the whole story. As all allosteric changes occur in the dimer we 

use a dimeric form of lac repressor (70 kD), which lacks the tetramerization domain. 

From 
15

N chemical shifts of the inducer (IPTG) bound and operator bound complexes 

we could deduce the allosteric mechanism. Furthermore, the ternary complex with both 

inducer and DNA bound could be characterized. The results are surprising and different 

from what the crystal structures suggest. Interestingly, the two seminal discoveries of 

the great scientist Jacques Monod, the lac operon and allosteric coupling, come together 

in this work. 
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We report [1] on structural constraints in Alzheimer‘s amyloid-β fibrils obtained 

using 
15

N{
17

O} REAPDOR solid-state magic-angle-spinning (MAS) NMR [2] that 

probes intermolecular hydrogen bonding contacts between the carbonyl oxygen and the 

amide nitrogen atoms. Specifically, 
15

N…
17

O dipole-dipole interactions between the 

amide nitrogen in Phe20 and the carbonyl oxygen in Val18 in amyloid fibrils of 

Alzheimer‘s Ac-A (16-22)-NH2, which form in-registry antiparallel β-sheets [3], were 

measured and a putative model of Petkova et al. suggesting a (17+k)

antiparallel β-sheet supramolecular structure for A (11-25) fibrils formed in aqueous 

solution at pH 2.4 [4] was validated by observing the hydrogen bonds between 

selectively labelled Ala21(
15

N) and Val18(
17

O). 
15

N{
17

O} REAPDOR has the potential 

to be a very useful complimentary technique to well-established and highly successful 
13

C-
13

C and 
13

C-
15

N solid-state NMR methodologies developed for structural biology, in 

particular, for systems where ambiguities in structural modelling of hydrogen bonding 

still remain.  

Further 
15

N{
17

O} REAPDOR and 2D 
13

C-
13

C and 
13

C-
15

N solid-state NMR studies 

aiming on toxic oligomers of the full length Alzheimer‘s peptide A (1-42) with 
13

C, 
15

N 

and 
17

O selective labelling are currently in progress. 

References: [1] O.N. Antzutkin, et al., Angew. Chem. Int. Ed., 2012, submitted; [2] I. 

Hung, et al., JACS, (2009) 131, 1820–1834; [3] J. J. Balbach, et al., Biochemistry 

(2000) 39, 13748–13759; [4] A. T. Petkova, et al., J. Mol. Biol., (2004) 335, 247-260. 
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Photodynamic therapy (PDT) makes use of photosensitizers, molecules that react with 

oxygen in the presence of light to produce singlet oxygen (
1
O2), a highly toxic form of 

oxygen that can be used to destroy cancerous cells.  We seek to understand the 

topography of 
1
O2 in cells, as well as the overall efficiency of 

1
O2 with regard to tumor 

tissue damage. We have developed formulations for incorporating photosensitizers 

inside O2 charged foams, and this will be extended to nanonbubbles.  Optical 

microscopy along with assays that use visible light tags are used to observe cell death in 

cultures, while a concentrically–fitted fiberoptic cable has been developed to deliver the 

desired light, foam, and sensitizer directly to the treatment site.  

 
Concentrations of 

1
O2 can be quantified in situ with stable nitroxide free radicals 

(molecules with unpaired electrons) using electron paramagnetic resonance (EPR) 

spectroscopy.  The EPR spectrum of a free radical is sensitive to the local environment 

(polarity and viscosity) and can be used to probe singlet oxygen location in 

nanostructures, and ultimately in cells.  We have used EPR spectroscopy to quantify 
1
O2 

production in free solution, micelles and vesicles, and we are currently doing spatially 

resolved nitroxide measurements on soft agar using our foam formulations and the 

fiberoptic catheter device. 



 

L - 4 

 32 
 

Energy-Transfer Pathways in Dinuclear Complexes Probed 

by Picosecond Time-Resolved Infrared Spectroscopy 

Michael D. Ward 
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We have prepared a series of dyad complexes containing two metal-complex based 

photoactive components such as [Ru(bipy)(bpyam)2]
2+

, [Re(bipy)(CO)3Cl] and 

[Ru(bipy)(CN)4]
2–

 [bipy = 2,2‘-bipyridine; bpyam = 2,2‘-bipyridine-4,4‘-C(O)NEt2] 

connected together. These all contain an IR-active reporter group (amide carbonyl; CO 

ligand; cyanide ligand) whose vibrational frequency is sensitive to the electron 

distribution in the complexes and allows localization of excited states to be determined 

using time-resolved infra-red spectroscopy. This allows the direction and kinetics of 

inter-component photoinduced energy-transfer to be examined in much more detail than 

is possible using luminescence, as short-lived ‗dark‘ (non-emissive) excited states can 

be detected in addition to the normal luminescent excited states. 

Of particular interest is the fact that the [Ru(bipy)(CN)4]
2–

 unit is highly 

solvatochromic such that its 
3
MLCT excited-state energy varies in different solvents. In 

a dyad which contains [Ru(bipy)(bpyam)2]
2+

 (Ru-bpy) and [Ru(bipy)(CN)4]
2– 

(Ru-CN)
 

units connected by a simple bridging ligand, this allows the direction of photoinduced 

energy transfer [Ru-bpy Ru-CN or Ru-CN Ru-bpy] to be reversed simply by 

changing the solvent composition. 

 

 

1  T. Lazarides, T. L. Easun, C. Veyne-Marti, W. Z. Alsindi, M. W. George, N. 

Deppermann, C. A. Hunter, H. Adams and M. D. Ward, J. Am. Chem. Soc., 2007, 129, 

4014. 

2 W. Z. Alsindi, T. L. Easun,
 
X.-Z. Sun, 

 
K. L. Ronayne, M. Towrie, J.-M. Herrera, M. W. 

George
 
and M. D. Ward, Inorg. Chem., 2007, 46, 3696. 

3 T. L. Easun, W. Z. Alsindi, M. Towrie, K. L. Ronayne, X.-Z. Sun, M. D. Ward and M. 

W. George, Inorg. Chem., 2008, 47, 5071. 

4 T. L. Easun, W. Z. Alsindi, N. Deppermann, M. Towrie, K. L. Ronayne, X.-Z. Sun, M. 

D. Ward and M. W. George, Inorg. Chem., 2009, 48, 8759.  
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We present the results of theoretical and experimental studies of the polarized 

fluorescence in flurophores excited by two-photon two-color (2P2C) femtosecond laser 

pulses. Quantum mechanical expressions describing the fluorescence polarization have 

been derived using the spherical tensor technique for asymmetric top molecules under 

the condition of isotropic rotation diffusion for arbitrary polarization of each of the three 

photons involved in the photoprocess.  The expressions are presented in terms of the 

molecular parameters MK(R, R´, t) which contain all information about the 

photoprocess dynamics and can be directly determined from experiment.   

The experimental study has been carried out with p-terphenyl dissolved in 

cyclohexane/ paraffin and with indol dissolved in methanol.   The fluorescence was 

produced within a 2C2P excitation scheme utilizing simultaneous absorption of two 

femtosecond laser pulses in the 400-440 nm and in the 800-880 nm spectral range with 

the total excitation energy ranging within 4.65-4,23 eV. Using different combinations of 

the photon polarizations we extracted seven time-dependent molecular parameters from 

experiment. The analysis of the obtained experimental data was based on the ab initio 

calculations of the vertical excitation energies and transition matrix elements and 

allowed for determination of the whole structure of the two-photon absorption tensor, 

fluorescence lifetime, and rotational correlation times. This gives information on 

possible two-photon excitation channels and interaction of flurophores with surrounding 

solute molecules.  

 

1. P. S. Shternin, K.-H. Gericke, O. S. Vasyutinskii, Molecular Physics, 2010, 108, 813. 

2. S. Denicke, K.-H. Gericke, A. G. Smolin, P. S. Shternin, O. S. Vasyutinskii, J. Phys. Chem. A 

2010, 114, 9681.  
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Cold collisions and doped helium nanodroplets 

Marcel Mudrich 

Physikalisches Institut Universität Freiburg, Germany 
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In the first part I will present experiments on elastic and reactive collisions between 

cold molecules and ultracold atoms trapped in a magneto-optical trap. Using a counter-

rotating nozzle we produce a molecular beam with tunable velocity in the range 

100<v<1000 m/s [1]. The backward differential scattering cross section in elastic Li + 

Ar, Kr, Xe collisions shows quantum mechanical rainbow scattering features, see Fig. 1. 
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In the second part I will present recent experimental results on the spectroscopy of 

doped helium (He) nanodroplets. He nanodroplets are widely used as cold and inert 

nanometer-sized matrices for isolating and cooling single molecules and for 

synthesizing molecular complexes and clusters. He nanodroplets doped with alkali 

atoms are a special type of loosely bound system that features peculiar spectroscopic 

and photodynamical behaviour [2,3]. For example Rb atoms attached to He droplets 

which are excited on the 5s6p transition dissociate as diatomic molecules, see ion 

image in Fig. 2 b).  

 
 

[1] M. Strebel, F. Stienkemeier and M. Mudrich, Phys. Rev. A 81, 033409 (2010) 

[2] M. Mudrich, G. Droppelmann, P. Claas, C.P. Schulz, F. Stienkemeier, Phys. Rev. Lett. 

100, 023401 (2008) 

[3] L. Fechner, B. Gruener, A. Sieg, C. Callegari, F. Ancilotto, F. Stienkemeier, and M. 

Mudrich, Phys. Chem. Chem. Phys, 2012, 14, 3843 
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NMR study of the structural and chemical properties of 

highly ordered nanoporous materials 

Ilya G. Shenderovich 
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They are mechanically and chemically stable; they combine the traits of tunable 

pore size and shape with a large internal surface area; their surfaces are suitable for a 

selective anchoring of catalytically active functional groups. Mesoporous silica 

materials constitute a two-dimensionally ordered array of pores of uniform size 

disposed parallel to each other and separated by thin walls, as depicted schematically in 

the cartoon. The pore diameter is adjustable between 2 and 20 

nm and the inner surface area of the pores is of the order of 

1000 m
2
/g. These periodic materials open up intriguing new 

application possibilities in catalysis, drug delivery, size 

selective molecular separation, and are interesting as models 

for understanding self-organizing systems.  

This presentation describes the application of NMR spectroscopy for the study of 

the structure and chemical properties of these materials at the molecular level. Special 

attention has been paid to the effect of surface functionalization. Besides a detailed 

characterization of different mesoporous silica materials, the one of the main results of 

these studies is the elaboration of a research strategy that is based on a set of simple and 

robust NMR measurements. This strategy is designed to deliver a general approach that 

will enable the study at the molecular level the structural and chemical properties of 

other application relevant, surface-rich amorphous materials.  

We gratefully thank the German-Russian Interdisciplinary Science Center (G-

RISC) funded by the German Federal Foreign Office via the German Academic 

Exchange Service (DAAD) and the Russian Foundation of Basic Research (11-03-

00346) for the financial support of this studies. 

Details of the used experimental approach and the obtained results are reported in: 

1. A.A. Gurinov et al. ChemPhysChem 2012, DOI: 10.1002/cphc.201200204. 

2. A.A. Gurinov et al. Langmuir 2011, 27, 12115-12123. 

3.  B.C.K. Ip et al. Micropor. Mesopor. Mater. 2010, 134, 22-28. 

4. D. Mauder et al. J. Phys. Chem. C 2009, 113, 19185-19192. 

5. I.G. Shenderovich et al. J. Phys. Chem. B 2007, 111, 12088-12096. 

6. I.G. Shenderovich et al. J. Phys. Chem. B 2003, 107, 11924-11939. 
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A following program was proposed and implemented [1-3]. 1. It was demonstrated 

that for a number series of enzymatic reaction a linear dependence between energy 

activation take place (compensation phenomena). This phenomena was explained by a 

theory suggesting contribution of fast and reversible conformation transition and water 

molecule reorganization accompaning the enzymatic chemical steps. 2. The physical 

labeling approach (spin, fluorescence, phosphorescence, Möessbauer, radical pairs 

labeling) showed several general trends in dynamic behavior of labels incorporated in 

proteins and model systems: molecular motion of labels in the temporal range of 

seconds  and amplitude of several angstrom and the parallel low amplitude fast 

wobbling were detected at temperature about 50 K and gradually intensify as 

temperature increases, reaching nanosecond region at ambient temperatures. 3. The 

nanosecond range dynamics at ambient temperature is necessary for electron transfer 

from primary quinone acceptor to secondary one in the photosynthetic reaction center, 

for some other processes in proteins. Very fast primary electron transfer from the 

chlorophyll dimer donor to the chlorophyll acceptor can occur in condition in which 

only vibration modes are active in media. 4. Analysis of empirical dependences of 

exchange integral for the triplet-triplet electron transfer on the distances between donor 

and acceptor allowed to predict such a dependence for the spin exchange integral and, in 

turn, for resonance integral related to long-distance electron transfer in photosynthetic 

reaction center in good agreement with experimental data. 5. On the base of ESR and 

fluorescence data on the micropolarity and microviscosity in vicinity of donor and 

acceptor segments in hybrid fluorophore-nitroxide supermolecule in a protein, time 

resolved picosecond fluorescence spectroscopy the mechanisms of intermolecular 

electron transfer and light energy conversion were established and parameters of 

Marcus equation of electron transfer were estimated. 6. Criteria for effective artificial 

systems of light energy transfer were formulated. 

[1] Likhtenshtein G.I. (1976)  Spin Labeling Method in Molecular Biology. N.Y., Wiley 

Interscience. [2] Likhtenshtein G.I. (2003) New Trends in Enzyme Catalysis and 

Mimicking Chemical Reactions. N.Y. Kluwer Academic/ Plenum Publishers. [3] 

Denisov E.T., Sarkisov O.M, Likhtenshtein G.I.. (2003) Chemical Kinetics. 

Fundamentals and Recent Developments. Elsevier Science. [4] Likhtenshtein G.I. 

(2012) Solar Energy Conversion. Chemical Aspects. WILEY-VCH, Weinhem. 
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Nitroxide biradicals (NB) attract attention of researchers because of their unique 

abilities for investigating the mechanism and features of the intramolecular electron spin 

exchange (IESE) [1]. Properties of NB in different normal molecular solvents were 

discussed in detail in [2]. Recently, some unusual peculiarities of IESE in short-chain 

NB dissolved in various ionic liquids (ILs) were revealed [3, 4]. ILs of different types as 

specific ―green solvents‖ became very popular in basic research because of importance 

in practical applications during the last 20 years. The goal of this work was to compare 

peculiarities of the intramolecular dynamics of different NB dissolved in various ILs 

and molecular solvents. 

Six 1-alkyl-3-methylimidazolium ILs (omimPF6, omimBF4, omimCl, bmimBF4, 

bmimPF6, and emimBF4) were used and compared with usual molecular solvents. Here 

o means octyl, b – butyl, e – ethyl groups (ILs purity ≥ 98.5% for all ILs, Fluka). Five 

NB: R6 C C C C R6, I, R6 C C p-C6H4 C C R6, II, O=S(OR6)2, III, O2S(OR6)2, 

IV, and (H5C6)O=P(OR6)2, V, were studied. R6 is 1-oxyl-2,2,6,6-tetramethyl-4-

piperidine. 

Among all NB studied, the only one, R6 C C C C R6, performed itself, as really 

rigid. The NB II, rigid in molecular solvents, showed some intramolecular mobility in 

ILs with increasing of temperature. NB III-V, rather rigid in molecular liquids with 

various palarity (from toluene to methanol and acetonitrile), became flexible in ILs. 

Interesting that the dynamic parameters of conformational transitions in these short (III-

V) NB are described well by Arrhenius plots and by the macroscopic Debye–Stokes–

Einstein law. Activation energy values in ILs were calculated and and compared with 

those in Molecular solvents. Spatial structures of the NB studied were calculated by 

DFT method and will be presented. 

Regularities and peculiarities of the intramolecular motions of ―rigid‖ NB dissolved 

in ILs, and the effect of ILs nature on the IESE will be discussed in the paper. 

This work was supported by RFBR (project No. 12-03-00623-a). 

1. Nitroxides: Theory, Experiment, Applications. A.I. Kokorin (Ed.). Rijeka, InTech, 2012. 

2. A.I. Kokorin. Appl. Magn. Reson., 2004, v.26, No.1-2, p.253. 

3. V.A. Tran, A.I. Kokorin, et al. Appl. Magn. Reson., 2009, v.35, No.3, p.389. 

4. A.I. Kokorin, B. Mladenova, E.N. Golubeva, G. Grampp. Ibid., 2011, v.41, No.3, p.353. 
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DNA repair enzymes are faced with the difficult task of recognizing their substrates in a 

large excess of unmodified DNA. Two questions are frequently asked about these enzymes: 

how do they find the damaged sites in DNA and how do they discriminate between damaged 

and undamaged sites. It is reasonable to suggest that conformational changes in protein and 

substrate molecules are responsible for the specificity of repair enzymes. 

In our works we have used stopped-flow kinetic approach to study the conformational 

transitions in DNA repair enzymes, 8-oxoguanine-DNA-glycosylases, human hOgg1 and Fpg 

protein from E. coli, during lesion discrimination steps. These enzymes belongs to the class of 

DNA glycosylases/abasic site lyases excising several oxidatively damaged purines in the base 

excision repair pathway. The intrinsic Trp fluorescence in enzymes and 2-aminopurine (2-aPu) 

or pyrrolocytosine (pyrC) fluorescences as well as FRET for donor/acceptor pair in DNA were 

recorded.  

A series of duplex dodecameric oligonucleotide substrates and ligands that contained either 

8-oxoguanine (oxoG), abasic site (AP), tetrahydrofuran (F) or normal guanine (G) were 

designed permitting enzyme to interact with specific site without sliding. Guanine and F are not 

excised by enzymes and were used for studying the binding stages. AP is the natural aldehydic 

abasic site; 8-oxoguanine-DNA-glycosylases can recognize this substrate and can excise AP 

from the DNA strand. Besides, we have introduced 2-aPu deoxynucleotides either 5‘ or 3‘ next 

to the lesion. In the case of substrates with pyrC, this residue was placed opposite damaged 

nucleotides in DNA strand. Experiments were done under single-turnover conditions.  

Combining these approaches with the structural information available for 8-oxoguanine-

DNA-glycosylases, we have been able to describe the most likely sequence of events leading to 

the preferential recognition of oxoG:C and discrimination against other possible substrates by 

hOgg1 and Fpg. Multiple transient changes in fluorescence intensities of enzymes and DNA 

substrates indicate sequential conformational changes in both macromolecules during the 

catalytic cycles. Thermodynamic parameters of each recognition step were found by analysis of 

pyrC fluorescence traces at different temperatures demonstrating the important role of DNA 

dehydration in the few steps of lesion recognition.  
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Early-transition metal metallocenes ( -L)2MXn (n = 1–3) have been a cornerstone 

in the development of modern coordination organometallic 

chemistry and catalysis and continue to be a focus of chemical 

and structural studies giving fresh insights into reactivity, 

structural preferences, and bonding requirements and even in 

medical chemistry. Despite a number of promising 

commercial and fundamental applications, a principle relation 

―structure – properties‖, as well as patterns of reactivity of this 

important organometallic family remains unresolved.  

The emphasis of the present report will be given to redox, photophysical, 

photochemical properties, and their generalization regarding extremely rare ligand-to-

metal charge transfer (LMCT) excited states of group IV metallocenes, experimental 

quantities of the frontier molecular orbitals, a trend in the HOMO–LUMO energy gap 

upon structural variations in the complexes. The present contribution will provide an 

overview of novel experimental and theoretical data on photonics of group IV 

metallocenes with respect their prominent use in homogeneous catalysis [1-5]. We have 

developed first photophysical approach to estimate orbital nature of rare long-lived 

LMCT excited states and also coordinative interaction of basic components of catalytic 

systems for polymerization: metallocene complexes and unsaturated hydrocarbon 

substrates. In the similar way, the photophysical approach will be highlighted to enable 

studying fine intermolecular interactions in homogeneous systems with catalytic 

concentrations of metal complexes that cannot be achieved by other conventional (e.g. 

NMR) methods. 

The author acknowledges Prof. A.E. Shilov for stimulating discussion. The study 

was financially supported by the Russian Academy of Sciences and the Russian 

Foundation for Basic Research (project N 12-03-00984). 

[1] G.V. Loukova, V.A. Smirnov, Chem. Phys. Lett., 2000, 329, 437. [2] G.V. 

Loukova, S.E. Starodubova, V.A. Smirnov, J. Phys. Chem. A, 2007, 111, 10928. [3] 

G.V. Loukova, A.A. Milov, V.A. Smirnov, High Energy Chem., 2010, 44, 146. [4] G.V. 

Loukova in ―Organometallic Compounds: Preparation, Structure and Properties‖ (H.F. 

Chin, Ed.), Nova Science Publishers: New York, 2010, Chapter 4. [5] G.V. Loukova, 

W. Huhn, V.P. Vasiliev, V.A. Smirnov, J. Phys. Chem. A, 2007, 111, 4117. 
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Pyruvate carboxylase (PC) is a key enzyme responsible for the regulation of 

important metabolic pathways gluconeogenesis, adipogenesis, neurotransmitter 

synthesis and insulin release regulation. The pyruvate carboxylation reaction is 

catalysed by PC in three major reaction steps. Initially, bicarbonate is activated in the 

biotin carboxylase (BC) domain via phosphorylation by ATP to form the 

carboxyphosphate intermediate (partial reaction 1). The covalently attached biotin 

prosthetic group is then carboxylated in the BC domain to form carboxybiotin (partial 

reaction 2). Carboxybiotin is then translocated to the carboxyl transferase (CT) domain 

where the carboxyl group is transferred from carboxybiotin to pyruvate, producing the 

final product of the catalysis oxaloacetic acid (partial reaction 3). Oxaloacetic acid is 

main replenishing agent for the Krebs cycle. Each partial reactions mentioned above are 

in fact sets of multiple elementary chemical and/or physical stages and these elementary 

stages are catalysed and/or facilitated by a set of assigned amino acid residues within 

the global structure of the enzyme. At the same time these partial reactions in turn can 

be presented as a combination of smaller partial reactions consisted of smaller number 

of elementary stages. Using range of biophysical methods (Stopped-Flow, Quench-

Flow, NMR, Fluorescence and Absorbance Spectroscopy, Isothermal Calorimetry), we 

were able to measure the rates of many of these smaller partial reactions as well as some 

single-stage elementary reactions. The kinetic methods developed combined with 

Molecular Biological mutagenesis and X-Ray data enabled us to draw the details of 

events and molecular arrangements during the catalysis. 
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One of the disadvantages of NMR spectroscopy is the long characteristic time of 

the measurement, which leads to the signal averaging of rapidly interchanging species. 

This is especially limiting in the studies of short-living H-bonded complexes in solution, 

where the observation of such elementary chemical processes as proton transfers by 

NMR is quite hindered. To overcome this obstacle we present here UVNMR – a 

technique for simultaneous registration of UV-vis and NMR spectra of the same sample 

inside the magnet of an NMR spectrometer. We have studied geometries of anionic 

complexes of the type (AHX)(-) dissolved in CD2Cl2. Such H-bonds can be considered 

as snapshots of the adiabatic proton transfer pathway. The chromophore 2-chloro-4-

nitrophenol was used as acid AH and the anions of carboxylic acids and phenols as 

bases X(-). We show that in the strong H-bond regime NMR ―sees‖ only one average 

H-bond geometry, while simultaneously measured UV-vis absorption spectra indicate 

the coexistence of the geometries of the type A..H…X(-) and A(-)…H..X (see Figure). 

The geometries and the statistical weights of these tautomers change continuously when 

the basicity of X(-) is increased. Moreover, for each complex, the bandwidth of the UV-

Vis absorption suggests the co-existence of an ensemble of ―solvatomers‖ in the sample, 

which differ in their H-bond geometry. The role of the solvent ordering around the 

solute on the rate of proton transfer and the average proton position is discussed. 
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Na
+
-translocating NADH:quinone oxidoreductase (Na

+
-NQR) is a component of 

respiratory electron-transport chain of various bacteria, generating transmembrane 

electrochemical Na
+
 potential. The species producing the EPR signal in Na

+
-NQR are 

flavin mononucleotide residues (FMN) bound to the NqrB and NqrC subunits (FMNNqrB 

and FMNNqrC, respectively) and [2Fe-2S] cluster. These species are the main candidates 

for the role of the intermediates of transmembrane electron transport.   

We found that the change in Na
+
 concentration in the reaction medium has no effect 

on the thermodynamic properties of prosthetic groups of Na
+
-NQR from Vibrio harveyi, 

as was revealed by the anaerobic equilibrium redox titration of the enzyme's EPR 

spectra. On the other hand, the change in Na
+
 concentration strongly alters the EPR 

spectral properties of the radical pair formed by the two FMN residues bound to the 

NqrB and NqrC subunits [1]. At the same time, no Na
+
-dependent change in pulse 

ENDOR spectra of FMN radicals of Na
+
-NQR is detected. Therefore, no substantial 

spin density redistribution within FMN radical occurs. 

In the presence of Na
+
, the interspin distance between FMNNqrB and FMNNqrC of 

about 20.5 Å was determined from pulse X-band ELDOR [2]. The ELDOR trace 

change dramatically upon Na
+
 removal, and dipolar modulation disappears. From the 

simulation of X- and Q-band EPR spectra the distance between FMNNqrB and FMNNqrC 

15.3 Å in the absence of Na
+
 was estimated. Thus the distance between the covalently 

bound FMN residues can vary on more than 5 Å upon changes in Na
+
 concentration. 

Using these results, we proposed a scheme of the sodium potential generation by Na
+
-

NQR based on the redox- and sodium-dependent conformational changes in the 

enzyme. 

References: 
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Dithiolate transition metal complexes display photochemical activity in presence of 

electron acceptors. However, the photochemistry of these complexes remains practically 

unknown. And this applies to final products, as well as the active intermediate species. 

In the report the results on photophysics and photochemistry of flat dithiolate Cu(II) and 

Ni(II) complexes obtained by femto- and nanosecond flash photolysis will be presented. 

Femtosecond spectroscopy was used to study the ultrafast relaxation processes of the 

excited states. In halogencontaining solvents the electron transfer from the excited 

complex to ambient molecules starts to compete with the relaxation processes [1, 2]. 

and initiates the chain of photochemical changes in system. The nature, optical spectra 

and kinetic parameters of transient species in photochemistry of dithiolate complexes 

will be shown in the report. The report will show that the primary particle in the 

photochemistry dithiolate metal complexes is a radical complex ClMe(L)(L ), which in 

reaction with the initial complex forms the dimeric structure [ClMe(L)(L )Me(L)2]. The 

further reactions of the dimeric complex depend on the nature of the central metal ion 

and ligands. As the final products appear disulfides, a dimeric complexes or an 

unsoluble complexes containing chloride ions in the coordination sphere. 

The work was carried out with financial support of RFFI (grants 11-03-00268, 09-

03-00330) and Program of Integrated Projects of SB RAS (grant 70). 
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The long-range electron-transfer (ET) reaction involving tyrosyl radicals is known 

to be of great importance in proteins. A binding partner of 

tyrosyl radicals at the active sites of several enzymes and 

in model peptides is histidine. Kinetic information about 

electron transfer from tyrosine to the histidyl radical in the 

peptides histidine-tyrosine and tyrosine-histidine was 

obtained by time-resolved Chemically Induced Dynamic 

Nuclear Polarization (TR-CIDNP). This technique has the 

following advantage over the conventional pulse 

radiolysis: the histidine radical is a weak chromophore, and transient absorption 

measurements restrict observation to the tyrosyl radical, whereas TR-CIDNP technique 

allows one to follow the reactions of transient histidyl radicals using NMR detection of 

histidine signals. We have demonstrated that the oxidized peptides Tyr-His and His-Tyr 

with the radical center at the His residue undergo intramolecular ET, which leads to the 

formation of peptide radicals with the radical center at the Tyr residue. This process was 

shown unambiguously by the decay of CIDNP kinetics detected for the His residue in 

both peptides. In the present study, we were able to perform measurements of the rate of 

intramolecular electron transfer reaction in oxidized peptides composed of Tyr and His 

in pH range from 6 to 9.5. The rate of electron transfer significantly increases with the 

increasing of pH leading to drastic lowering of His CIDNP signal at pH higher than 9.5. 

In basic pH, we measured the rate of ET between the corresponding species using non-

linked N-acetyl amino acids, for which tuning of the efficiency of the reaction under 

study is possible by variation of tyrosine concentration. The pH dependence of ke was 

revealed and explained in terms of pKa of peptides or free amino acids.  

ACKNOWLEDGMENT. This work was supported by the program of the Russian 

Government P220 ―Measures to Attract Leading Scientists to Russian Educational 

Institutions‖ (grant No.11.G34.31.0045), RFBR (project No. 11-03-00296), Program of 

Division of Chemistry and Material Science RAS (project 5.1.1), the program of the 

President of Russia to support the leading scientific schools (No. NSch-7643.2010.3). 
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A large number of artificial and natural photoreactions take place through the 

participation of triplet-states, due to the long lifetime and high reactivity of this species. 

However, the S0 → Tn optical excitation in organic molecules is rarely observed due to 

the spin forbidden character of the transition. Thus, population of the triplet state takes 

place either by intramolecular intersystem crossing from an excited singlet state or by 

intermolecular energy transfer from a sensitizer donor triplet to an acceptor singlet state. 

The last process, known as Triplet-Triplet energy transfer (TET), was first described by 

A.N. Terenin and V. L. Ermolaev in their seminal study of the sensitized 

phosphorescence of frozen solutions of aromatic molecules [1]. TET can be explained 

by the exchange-resonance mechanism [2], which also predicts that the excitation 

transfer rate would highest when the energy difference between donor and acceptor 

triplet states is close to zero, as was confirmed experimentally [3]. In sharp contrast 

with this, it was first reported 50 years ago that for some donor-acceptor pairs with 

triplet energies well off-resonance, the experimental TET rate constant was much larger 

than expected [4]. This discrepancy is known as non-vertical TET and was very well 

documented using stilbene isomers as acceptor molecules [4].  Here we present a new 

interpretation of the non-vertical TET rate constant, which makes use of theoretical 

methods recently developed in our research group [5]. This interpretation is based on 

the computation of accurate potential energy surfaces of the electronic species involved 

in the process and allows the quantification of the energy and structural factors that 

control the process. Our results led to a novel mechanism of triplet quenching and to the 

full explanation of non-vertical TET in terms of molecular structure. We also propose a 

definition of reaction coordinate in a triplet-triplet energy transfer process.  

Work supported by projects CTQ2009-07120 and CTQ 2010-16457 of the Spanish 

Ministerio de Ciencia e Innovación (MICINN) and UAH2011/EXP-041 of the 

University of Alcalá. 
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1042 (1956). For a review see V. L. Ermolaev, Usp. Fiz. Nauk. 80, 3 (1963) 
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L. M. Frutos and O. Castaño, J. Chem. Phys. 123, 104108 (2005); F. Zapata, M. Marazzi, U. Sancho, O. 

Castaño, A. U. Acuña and L. M. Frutos, Submitted.  



 

L - 18 

 46 
 

Distance Determination from Lanthanide-Induced Relaxation 

Enhancement 

Maxim Yulikov, Petra Lueders, Sahand Razzaghi and Gunnar Jeschke 

Laboratory of Physical Chemistry, ETH Zurich,Wolfgang Pauli str. 10, 

8093, Zurich, Switzerland 

E-mail: maxim.yulikov@phys.chem.ethz.ch 

Nanometer range distance measurements with pulse EPR techniques have 

developed into a broadly used method in structural biology and soft matter science.
1
 

Instead of the most frequently used techniques based on the direct observation of 

magnetic dipolar couplings between paramagnetic species,
2
 an alternative way of 

obtaining information on spin-spin dipolar interactions from relaxation properties is 

available.
3,4

  

In this presentation we show an application of the relaxation-based distance 

determination approach
3,4

 on two biology-related model systems, one being a membrane 

spanning α-helical polypeptide (WALP23) and the other one being a water soluble 

protein (T4-lysozyme) with known structure. In both cases the bio-molecules under 

study are labeled with chelate complexes of Ln
3+

 ions as well as with nitroxide spin-

labels. 

We demonstrate that the interference of the lanthanide-induced relaxation 

enhancement with other relaxation channels of the nitroxide radicals can be an 

important source of distortions in distance determination.
5
 The performance of the 

relaxation-based method for a range of nitroxide-lanthanide distances is discussed and 

an analysis of frequency/field dependence of lanthanide-induced relaxation 

enhancement is presented. The work is financially supported by SNF (Grant 

No.200021_121579). 
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Traditional theory of diffusion influenced reactions based on Smoluchowski-

Waite approach can be applied to elementary irreversible reactions only, and cannot be 

generalized to the general case of more complicated physicochemical processes 

(including reversible and multistage reactions). Therefore the Encounter Theory (ET) 

of physicochemical processes in liquid solutions has been developed, that is a 

prototype of the semi-classical Collision Theory (CT) in gases. In both theories the 

reactants are primarily in free walk, and collision (encounter) of the two reactants 

takes place for short time (compared to the mean time between collisions) and 

collisions are spatially (and chemically) uncorrelated.  

But in contrast to gases the reactants motion in liquid solutions is a stochastic one, 

that affects the course of chemical conversion on the approach of reactants by virtue of 

the cage effect (reactants can make re-contact that leads to further chemical 

transformation). Thus the process that in a gas is considered as collision, in solution is 

treated as residence in the cage (encounter). 

According to gas reaction ideology, it is generally accepted that the mechanism of 

multistage reaction (a combination of successive and parallel elementary reactions) 

unambiguously specifies the form of the set of kinetic equations of formal chemical 

kinetics based on the use of the law of mass action. However in solution the situation is 

more complicated. We established that ET is equivalent to the ―Cage complex method‖ 

based on simple kinetic schemes of formal chemical kinetics with the parameters 

(determined in the framework of ET) that depend on reactivity and character of 

reactants motion (including rotation). 

The cage effect is shown to give rise to some essential effects not inherent in 

reactions in gases or reactions in solutions proceeding in the kinetic regime. Among 

such effects, the change in multistage reaction mechanism showing itself as new 

reaction channels and the corresponding transformation rate constants of reactants is 

most important. This substantially affects experimental kinetic evidence processing in 

determining rate constants of multistage reaction elementary stages. 

The authors thank Russian Foundation of Basic Research (project 12-03-00058) for 

financial support.  
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The eye lenses of mammals contain low molecular weight molecules - kynurenine 

and its derivatives - which play the role of ultraviolet filters, protecting the retina and 

the lens from UV-induced photodamage and improving visual acuity. At the same time, 

photochemical and thermal reactions of UV filter compounds may cause modification 

of the lens crystallins leading to the cataract development.  

This work analyzes photochemical properties of UV filters present in the human 

lens as well as of the products of their thermal and photochemical decomposition. It is 

shown that UV filters abundant in the young lenses protect the lens better than these 

present in the old ones, while most of the products of UV filter decomposition are good 

photosensitizers. Irradiation of UV filters in aqueous solution results in the formation of 

triplet states. In mammalian eye lenses this route may be the primary step in a sequence 

of reactions such as singlet oxygen production, formation of photochemically active 

products, and chemical modification of the lens proteins. Under physiological 

conditions UV filters also undergo slow spontaneous deamination with the formation of 

highly reactive carboxyketoalkenes (CKA), which can react with nucleophylic residues 

in proteins – cysteine, histidine, and lysine. The photochemical stability of UV filters 

attached to amino acids and to proteins is lower than that of free ones, which probably 

makes a significant contribution into the cataract development. 

We thank: RFBR projects 11-04-00143, 11-0300296, FASI state contract 

14.740.11.0758 and grant № 11.G34.31.0045, grant NSh-2429.2012.3, RAS № 21.13. 
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Investigation of solvation shell needs for understanding mechanisms of many 

chemical reactions in solutions. In particular, the hydration water influences on 

conformations of macromolecules and protein folding.   It seems, there are no principal 

problems for calculation of any properties of solvation shell if the molecular dynamic 

models of a solution is prepared. But even with the detailed microscopic structural 

information from the simulations, a proper separation of the solvation shell is delicate.   

One of the problems is definition  of the borders between the solvation shell and the 

bulk solvent. In this case (distance-based criterion)  different values of the cut-off radius 

should be investigated.  In case of calculation of the volumetric characteristics one 

should define also an ―inner‖ border  between solvation shell and the solute molecule.  

However there is an approach avoiding the border  problems. It is based on Voronoi 

tessellation.  In this case each molecule of solution is treated with volume ―assigned‖ to 

this molecule.  

Another problem is the averaging of the values over configurations of the molecular 

dynamics model. In some situations the sought for values can be calculated incorrectly  

because of unrepresentative set used for calculation of a given characteristic. The 

problem has place as for distance-based criterion to select the solvation shell as well as 

for the approach used Voronoi shells. However, in the last case there is also an 

additional problem related with a general property of a mosaic, namely there is a 

correlation between volume of the Voronoi cell and the number of its neighbors. In the 

result the mean volume of Voronoi cell calculated over the Voronoi shells  does not 

equal to the mean value defined for total system.   

We show ways for solving these problems.  Proposed methods are illustrated on 

molecular dynamic models both of a simple solution (noble gas molecule in water) and 

a complex one (aqueous solution of a peptide molecule). 



 

L - 22 

 50 
 

Human eye UV filters: the diversity of mechanisms of 

ultrafast deactivation of excited states 

Peter S. Sherin,
1
 Jakob Grilj,

2
 Yuri P. Tsentalovich,

1
 Eric Vauthey

3
 

1
International Tomography Center SB RAS, Novosibirsk, Russia 

2
 Stanford PULSE Institute, SLAC Linear Accelerator Center, Menlo Park, CA, USA 

3
University of Geneva, Geneva, Switzerland 

E-mail: sherin@tomo.nsc.ru 

The lens of human eye absorbs UV light in 300-400 nm region due to the presence 

of low weight photochemically stable molecules – kynurenine (KN) and its derivatives. 

The photophysics of these compounds has been recently investigated by means of 

optical spectroscopy with femtosecond time resolution. In protic solvents the molecules 

under study exhibit a very fast decay of S1 state population within 1-30 ps, without 

formation of any reactive species like triplet states or radicals. The driving force of this 

S1->S0 radiationless transition is a large charge transfer after the optical excitation. This 

induces strong interactions between carbonyl and amino groups of KNs from one side 

and solvent molecules from another side via hydrogen bonds, leading to the ultrafast 

dissipation of energy of electronic excitation in the surrounding media.  

Here we present results obtained with (i) KN and 3-hydroxykynurenine glycoside 

(3OHKG), (ii) a product of spontaneous deamination of KN (CKA) and (iii) 

xanthurenic acid (XAN). Each group of compounds under study exhibits different 

mechanisms of ultrafast excited state decay based on: (i) intramolecular hydrogen 

bonding interactions, (ii) inter/intra-molecular proton transfer and (iii) tautomeric 

transformations. 

 

Authors appreciate RFBR projects #11-04-00143, 11-0300296, FASI state contract 

14.740.11.0758 and grant #11.G34.31.0045, grant NSh-2429.2012.3, RAS № 21.13. 
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In dense liquids, the molecules can not move independently - around them there is 

not enough empty space. Therefore, the diffusive motion of molecules in liquids must 

contain a significant collective component. I.Z. Fisher [1] proposed to describe the 

collective motion as moving a "Lagrangian particle" of a suitable radius, consisting of 

molecules involved in this collective motion.  

Traditional single-particle correlation functions, such as the mean square 

displacement of the molecule or its velocity autocorrelator, contain almost no 

information on the collective motion of molecules. In our work we used the two-particle 

correlation functions (proposed by N.P. Malomuzh) that describe the simultaneous 

movement of a pair of particles that were initially at a fixed distance from each other. 

We have designed about a dozen types of these functions which describe the fine details 

of the collective motion of particle pairs. Some of these functions have been described 

in [2, 3]. 

Molecular-dynamics model of water containing up to 50 000 molecules were used. 

To estimate the contribution of the collective component these models were compared 

with models of randomly migrating non-interacting particles (Brownian particles) with 

the same self-diffusion coefficients as in water. As a result, we found large-scale 

correlations covering the entire volume of the water model (up to 115 Е) with the 

extremely long life time (hundreds of picoseconds). By visualization of the 

displacement field of the molecules we have found that the collective motion of 

molecules often takes the form of sections of the flat vortices.  

1. I.Z. Fisher. Hydrodynamic asymptotics of the velocity autocorrelation function of the 

molecule in the classical liquid // JETP (ЖЭТФ), v.61, N4, pp.1647-311, 1971 (in Russian). 

2. George Malenkov, Yuri Naberukhin, Vladimir Voloshin. Collective effects in diffusional 

motion of water molecules: computer simulation // Struct Chem (2011) v22, pp.459–463 

3. G.G.Malenkov, Yu.I.Naberukhin, V.P.Voloshin. Cooperative motion of molecules in 

aqueous media. Extraction of correlation from the noise. // Rus. Chem..J. (J. of the Russian 

Mendeleev Chemical Society), 2009, v.LIII, N6, pp.25-32 (in Russian) 
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We used experimental zero field splitting parameters (ZFS) as the testing 

parameters to characterize delocalization of unpaired electrons and electron spin 

distributions on ―carbenic‖ atoms in a series of highly delocalized carbenes. The ESR 

spectrum of the first representative of ―hybrid‖ ethynylvinylcarbenes - 5-methylhexa-

1,2,4-triene-1,3-diyl (1) was recorded in solid argon matrix at 15 K. The derived ZFS 

parameters (D = 0.5054±0.0006 cm
-1

, E = 0.0045±0.0002 cm
-1

) fall between those 

determined previously for parent carbenes, propargylene (2) and vinylcarbene (3). DFT 

and ab initio quantum-chemical calculations of the ZFS parameters and the spin density 

distributions were performed. These calculations indicate that multireference methods 

are needed to successfully predict ZFS parameters of delocalized carbenes such as 1-3.  

 
Figure 1. Calculated electron spin density distributions. Negative spin density shown with 

light colour.  

 The main features of electronic structures of carbenes 1-3 are as follows: 

(1.) Carbene 1 is characterized by greater extent of electronic delocalization than 

carbenes 2 and 3. (2.) Magnetic spin-spin interactions are identical in carbenes 1 and 2. 

(3) Dominant contribution to the parameter D in 1 and 2 results from the one-center 

spin–spin interactions on carbon atoms in the propynylidene group, which is subjected 

by strong spin polarization. (4) Both terminal carbons in the propargylenic group 

possess high positive electron spin density, whereas negative spin density is induced on 

the central carbon atom due to spin polarization. 

 The accurate theoretical predictions of D parameter are achieved for other types of 

highly delocalized carbenes, such as HC5H and HCCN.  

This work was supported by the Russian Foundation for Basic Research (Grant No 10-03-

00065) and the Russian Academy of Sciences (Program OX-01). 
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The ―breathing‖ crystals (polymer-chain
 
heterospin complexes of Cu(hfac)2 with 

nitronyl nitroxide radicals [1]) 
 

reveal sometimes rather unusual spin crossover 

phenomena at low temperature. Both the effective magnetic moment µeff of these 

complexes and the exchange integral of paramagnetic clusters can very sharply change 

in a narrow temperature range that is typical for solid state phase transitions. The 

cooperative phenomena can occur both in chains of two- and three-spin exchange Cu(II) 

clusters with different motifs of polymer chain. In the report we present a general 

theoretical approach [2] to treat the magnetic structural transitions in both chains of 

three-spin exchange clusters and two-spin exchange clusters. The approach is based on 

the transfer matrix technique for partition function of infinite elastic chain of exchange 

clusters obtained. The models discussed display cooperative phenomena of temperature 

spin-crossover such as exampled below at the Fig.1. 

The work was supported by the Project 10-03-00075 of Russian Foundation for 

Basic Research. 

Fig.1 Temperature 

dependence of  µeff 

and averaged 

exchange integral Jav 

of exchange clusters 

for Cu(hfac)2L· 

0.5C5H11Br 

compound. Open 

circles – 

experimental data 

[1], solid curves – 

theoretical fitting.  

 

 

[1] OvcharenkoV.I., Romanenko G.V., Maryunina K.Yu., Bogomyakov A.S. and 

Gorelik E.V., Inorg. Chem., 2008, 47, 9537. 

[2] Morozov V.A., Lukzen N.N. and Ovcharenko V.I., Phys.Chem.Chem.Phys., 2010, 

12, 13667. 
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Over the years we have been studying the working-mechanism of membrane-active 

peptide-antibiotics at the molecular level by using advanced EPR- and NMR-

spectroscopic methods. We are happy to report that our results together with those 

obtained from fluorescence data have lead to consistent and new insights into the 

peculiarities of membrane channel formation. In the present talk I will start with a brief 

overview of some of the topics we have been working on followed by a more detailed 

presentation of the newly developed "double calibration method" to investigate the 

insertion of the peptide into the membrane as well as to determine its water 

accessibility. We will show that this method can be generally applied to determine the 

topology of membrane-bound peptides and, by extension, of proteins as well.  

Peptide membrane insertion determined from different 

deuteron-nitroxide modulation amplitudes. 

This work was financially supported by the Netherlands Organization of Scientific 

Research Organization (NWO) and the Russian Foundation for Basic Research (RFBR).  
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Many mechanisms of spin hyperpolarization show a distinct dependence on the 

external magnetic field that in return can be exploited for analyzing the process and for 

obtaining information on structure and dynamics. Here, photo-CIDNP is used for such a 

study on short lived radicals that are too elusive to be observable by standard techniques 

such as EPR. By triplet quenching of a suitable photo-sensitizer radical pairs are 

generated. The NMR spectrum of their recombination products is characteristic for a 

highly polarized system reflecting the nuclear spin selective radical decay. Its variation 

as function of the external field was measured over six decades in field strength by use 

of a digitally controlled mechanical field-cycling device that shuttles the NMR probe 

between the fringe field of the spectrometer magnet and the homogeneous observation 

field, thus retaining high spectral resolution of 0.3 Hz sufficient for differentiating all 

spin positions. In combination with the technique of pulsed CIDNP that measures the 

time evolution of the polarization process with microsecond resolution it is possible to 

extract not only the g-factor and hyperfine couplings, but also the rate constants of the 

reaction. The potential of this approach is exemplified by a comparative study of the 

sulfur containing amino acids methionine and methylcysteine, in aqueous solution at 

ambient conditions and of peptides containing these acids with various co-residues. The 

influence of the peptide backbone and of neighboring residues is clearly seen. For 

studying the influence of geometric factors on the structures of the transient radical 

measurements are performed on cyclic dipeptide structures in different enantiomeric 

forms. Although the radicals are generated in all cases by electron transfer different 

types of radicals are formed as the initially produced sulfur centered radical cation is 

stabilized depending on the local structure by forming a 2-center 3-electron bond with 

lone pairs of neighboring atoms. The differences in radical structure, g-factors and 

hyperfine coupling constants of the radicals so formed and their reaction pathways will 

be discussed. 
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Magnetic resonance techniques have the advantage of in vivo applications in 

animals and humans due to sufficient depth of microwave penetration in living tissues. 

EPR-based techniques possess an unique functional sensitivity when applied in 

combination with specific paramagnetic probes due to the lack of endogenous EPR 

signals. The recent progress in the development of advanced soluble paramagnetic 

probes of two major classes, nitroxides and trityl radicals
1,2

, makes possible non-

invasive magnetic resonance monitoring of various physiologically relevant parameters, 

in vivo. The exemplified applications include concurrent monitoring of ischemia-

induced myocardial oxygen depletion and acidosis in isolated rat hearts
3
, and 

multifunctional (pH, redox, oxygen and glutathione content) monitoring of tumor tissue 

microenvironment
4
, including pH mapping of living tissues using low-field EPR 

imaging and innovative proton-electron-double-resonance imaging (PEDRI). For two 

leading causes of mortality in the United States, cancer and ischemic heart disease, 

tissue hypoxia is well documented and is accompanied by changes in glycolysis 

resulting in tissue acidosis and tissue redox changes. In regard to tumor, we 

hypothesized that low oxygen, acidic extracellular pH and high reducing capacity of 

tumor microenvironment and high intracellular GSH of cancer cells, acting in 

orchestrated way, favor cancer cells development while they are highly toxic and 

mutagenic for the normal cell types, in part resulting in changing the cell phenotype in 

favor of the malignant type. The discussed hypothesis is supported by preliminary data 

in the mouse tumor breast model using developed EPR-based multifunctional 

approaches.    

Supported by grants NIH CA132068, HL091423 and EB014542-01A1.   

 

[1] Khramtsov, VV and Zweier, J.L. 2010. In: Stable Radicals: Fundamentals and Applied Aspects of 

Odd-Electron Compounds.  R.Hicks, Ed. New York, NY: John Wiley & Sons, Ltd. 537-566. 

[2] Bobko, AA et al. 2007.  J. Am. Chem. Soc. 29: 7240-7241. 

[3] Komarov, DA et al. 2012. Magn. Reson. Med. DOI: 10.1002/mrm.23251. 

[4] Bobko, AA et al. 2012. Magn. Reson. Med. DOI: 10.1002/mrm.23197. 
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Ionic liquids are molten salts of mainly organic cations and inorganic or organic anions, 

liquid at room temperature [1]. They are of interest, not only from scientific point of view but 

also for chemical industrial productions. The ionic liquid structures, consisting of cations and 

anions, are completely different from classical organic bulk solvents. Ionic liquids are used for 

example in electrochemistry with great success since the electrochemical window is larger than 

6 volts. But only a few reports exist on ESR-spectroscopic investigations using ionic liquids as 

solvents. 

We would like to report on ESR-measurements and electrochemical measurement using the 

ionic liquids: 1-butyl-3-methylimidazolium hexafluorophosphate (bmim
+
PF6

-
), 1-butyl-3-

imidazolium fluoroborate (bmim
+
BF4

-
) and 1-ethyl-imidazolium ethylsulfate (emim

+
O3SOEt

-
). 

Electron-self exchange reactions measured by ESR-spectroscopy 

We report on the electron-self exchange rates of various organic redox-couples: MV
+
/MV

++
 

(methylviologene), EV
+
/EV

++
 (ethylviologene) TCNE

-
/TCNE (tetracyanoethylene), TCNQ

-

/TCNQ (tetracyanoquinionedimethane) TMPPD
+
/TMPPD (N,N,N‘,N‘-tetramethyl-p-

phenylenediamine) and TEMPO/TEMPO
+
. From ESR-linebroadening experiments rate 

constants corrected for diffusion vary between 8.2 x10
7 

M
-1

s
-1

 and 1.2x10
9 

M
-1

s
-1

, depending on 

the ionic liquid used [2]. The activation energies range from ∆G
*
= 27.4 – 42.1 kJ/mol. These 

results will be compared with measurements obtained in different common classical organic 

solvents [3].  The solvent dependent outer-sphere reorganization energy is discussed in the 

sense of Marcus-Theory.  

Electrochemical measurements 

Heterogeneous electron transfer rate constants, khet, of organic molecules have been 

measured with cyclic voltammetry in different room temperature ionic liquids (RTILs), like: 

emimBF4, bmimPF6
 
and bmim(CF3SO2)2N [1,2]. Various acceptor (A) and donor (D) systems: 

- .- .- -het hetk k
A + e A , D D +e  

like ferrocene, chloranil, bromanil, methylbenzoquinone, 2,6-di-tert-butylbenzoquinone, 

p-nitroanisole, tetrathiofulvalene, several p-phenylenediamines have been used. Nicholoson‘s 

method was used to extract the rate constants by varying the scan rate of the potential. The 

rates obtained in RTILs are always much smaller compared with those found in organic 

solvents, like CH3CN etc. Marcus theory is applied to compare the rate constants khet. 

Conclusions 
The main problem arising is to understand the role of the solvent reorganization energy λo. 

Whereas in Marcus theory λo describes two parts of polarization, a fast electronic and a slower 

orientational contribution both expressed by the Pekar factor γ = (1/n
2
-1/εS). The solvent is 

treated herewith as a continuum having a dielectric constant εS and a refractive index n. Such a 

concept is not applicable to the charged ions of the ionic liquids acting as solvents. 
[1]  T. Welton, Chem.Rev. 1999, 99, 2071. 

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

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



 

L - 30 

 58 
 

Generation and Oxidation of Nitroxyl Radicals by Ruthenium 

Complexes: A Novel ESR Approach to the Study of Photo-

electron Transfer 

Lev M. Weiner 

Weizmann Institute of Science, Rehovot 76 100, Israel 

E-mail: lev.weiner@weizmann.ac.il 

Novel ruthenium complexes with three bipyridyl ligands were synthesized, in 

which one of the bipyridyl moieties was modified by attachment of one or two 

hydroxamic acids groups. Photo excitation of these Ru(II) complexes with blue light 

(λmax= 477 nm) results in conversion of the hydroxamate to a long-lived nitroxyl radical 

that was detected and characterized by ESR. Quenching of the excited state of these 

complexes by oxygen can generate either singlet oxygen, 
1
O2, via energy transfer, or the 

superoxide radical, O2
-.
, via electron transfer (ET). In the latter case, the O2

-. 
is confined 

within a cage complex (vide infra). 
1
O2 is the reactive species responsible for oxidation 

of the hydroxamate group to its corresponding nitroxyl radical. This was confirmed by 

use of a specific quencher, NaN3, and by following the kinetics of nitroxyl radical 

formation in deuterated solvents. By use of either spin traps or superoxide dismutase we 

were able to remove the O2
-. 

radicals from the cage complex with concomitant 

generation of the Ru(III) - very powerful oxidant. Thus, the yield of nitroxyl radical 

formation can be increased by almost 30-fold relative to the level generated by 
1
O2. 

To study ET in biological systems, the donor/acceptor pair needs to be incorporated 

at specific loci. Stable nitroxyl radicals, SNR, and photoactive Ru (II) complexes are a 

good candidate pair. Site-directed mutagenesis now permits routine substitution of a 

Cys residue for any amino acid residue in a protein. The Cys can then be labelled with 

the SNR (site-directed spin labelling, SDSL). The Ru-complex is introduced at another 

desired site, thus allowing study of ET by both CW and time-resolved ESR. To 

establish the method, we first followed the kinetics of oxidation in different solvents 

and at different temperatures of a stable radical in solution after photo-transformation of 

Ru(II) to Ru(III), using time-resolved ESR with time resolution as high as 10
-6

 s. A 

kinetic scheme of ET in solution was proposed, and quantitative characteristics of the 

ET reactions, according to the Marcus theory, were obtained. 

To demonstrate the applicability of the proposed ESR approach to biological 

systems, the protein bacteriorhodopsin, BR, was selected. We used SDSL mutants of 

BR, viz., BR74C, BR103C, BR163C. A spin-labelled analogue of BR retinal was 

synthesized and then incorporated into the active site of the apo enzyme (BRart). The 

Ru(II)-bipyridyl complex was also attached at a well-defined locus of BR. Time-

resolved ESR show that rates of photo-stimulated ET were significantly lower for the 

buried retinal analogue in BRart than for mutants in which the spin label was located at 

external sites. The crystal structure of BR was used to interpret the rates of ET 

observed. The data obtained validate the use of the novel ESR methodology developed 

for investigation of photo-stimulated ET in biological systems. 
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An unpaired electron spin in a solid always interacts with many other spins except 

at infinite dilution when the solid lacks nuclear spins.  Effects from the dipole-dipole 

interaction between spins are frequently seen because the dipolar field from a spin 

extends a large distance, r, since it is proportional to r
-3

.  Two examples of pulsed EPR 

measurements of dipolar interactions are shown.  The first is measurement of the 

dipolar interaction from the phase memory relaxation time, TM, (similar to T2) of 

electron spins to obtain structural information.  We use the non-exponential TM decay of 

the electron spin echo to measure, at the same time, the dipolar interactions between a 

free radical and two different hemes. This allows us to locate the radical within the 

three-dimensional 

structure of the 

cytochrome bc1 protein 

complex.  

Dipolar interactions 

also affect spin-lattice 

relaxation measurements.  

They can speed up 

relaxation by supplying 

new relaxation pathways 

to the lattice or to other 

spin ‗reservoirs‘.  One 

manifestation is non-

exponential recovery of a 

saturated or inverted EPR signal because of cross relaxation to other spins, spectral 

diffusion to other parts of the spectrum or dynamic nuclear polarization.  We 

demonstrate measurement of dipolar field relaxation from dipolar echoes in diamond 

crystals and organic solids. The rates of dipolar relaxation and spin-lattice relaxation 

times can be quite different and depend on concentration, properties and distribution of 

spins in the solid. 

This work was supported by the National Institutes of Health through GM069104 and 

HL095820. 
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In NMR and MRI, the development of hyperpolarization techniques for enhancing 

sensitivity of novel applications has recently become a focus of significant attention. 

One promising approach is based on the use of parahydrogen in chemical reactions. 

Parahydrogen-induced polarization (PHIP) of nuclear spins has become an established 

spectroscopic tool for the mechanistic studies of homogeneous hydrogenations 

catalyzed by transition metal complexes in solution. More recently, PHIP-based NMR 

signal enhancement was used to produce hyperpolarized species in solution for 

advanced in vivo MRI applications. The objective of our research is to significantly 

broaden the scope of the applications of PHIP phenomenon by extending it to the 

heterogeneously (HET) catalyzed hydrogenation reactions and some other 

heterogeneous processes. HET-PHIP can be used to develop a hypersensitive NMR-

based technique for the in situ and operando studies of heterogeneous catalytic 

processes. In addition, it can be used to produce hyperpolarized gases and catalyst-free 

hyperpolarized liquids for MRI applications including the advanced in vivo studies. 

We show that, similar to their homogeneous counterparts, heterogenized transition 

metal complexes are able to produce strong NMR signal enhancements when 

parahydrogen is used in the hydrogenation reaction. Our recent results show that various 

immobilized complexes of different nature are able to produce HET-PHIP. In contrast, 

for supported metal catalysts (e.g., Pt/Al2O3), dissociative hydrogen chemisorption and 

migration of H atoms on the metal surface were expected to make the required pairwise 

hydrogen addition impossible. Nevertheless, we have demonstrated successfully that 

PHIP can in fact be observed both in liquid-solid and in gas-solid heterogeneous 

hydrogenations catalyzed by supported metal catalysts as well. The NMR signal 

enhancement was found to be sensitive to the metal nanoparticle size, the nature of the 

metal and support, and the type of substrate. Several MRI applications of HET-PHIP 

have been already demonstrated, including the MR imaging of gas flow in microfluidic 

devices and of the progress of a catalytic reaction in a model microreactor. 

Acknowledgments. Grants #11.G34.31.0045 (support of leading scientists), ##11-03-00248-a, 

11-03-93995-CSIC-а, 12-03-00403-a (RFBR), NSh-7643.2010.3 (leading scientific schools), # 

5.1.1 (RAS), ##60, 61, 57, 122 (SB RAS) are acknowledged. 
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The reversible exciplex formation followed by its reversible decomposition into ion 

pair is considered. The integral kinetic equations are derived for all state populations, 

assuming  that the spin-conversion is performed by the simplest incoherent (rate) 

mechanism. When  the forward and backward electron transfer is contact as well as all 

dissociation/association reactions of heavy particles, the kernels of integral equations 

are specified and expressed through numerous reaction constants and characteristics of 

encounter diffusion. The solutions of these equations are used to specify the quantum 

yields of the excited fluorophore and exciplex fluorescence. 

The fluorescence of the photoexcited fluorophor and the exciplex is known to be 

very sensitive  to a magnetic field, assisting the spin conversion in the resulting RIP 

(Radical Ion Pair). The relative increase of the fluorescence in the highest magnetic 

field compared to the lowest one, known as the  Magnetic Field Effect (MFE),  crucially 

depends on  the dielectric constant of the solvent.  

This phenomenon first studied experimentally is reproduced here theoretically by 

means of the so called Integral Encounter Theory (IET). It was shown to be very 

sensitive to the position of the  exciplex energy level relative to the levels of exciplex 

precursors and the charged products of its dissociation. 

The results obtained strongly depend on  the  dielectric properties of the solvents as 

well as on the exciplex and RIP formation rates. The bell-shaped dependence of MFE  

on  the dielectric constant found experimentally was well confirmed and investigated. 
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Oxidative stress plays an important role in the development of many pathological 

conditions. Clinical trials, however, did not show benefits of ascorbate and α-tocopherol 

supplementation likely due to limited cellular accumulation and side effects. Nitroxides and 

their reduced hydroxylamine form are well known scavengers of superoxide radical (O2 ).  

Development of cell permeable nitroxides and cyclic hydroxylamines can be beneficial both 

for site-specific detection of the O2  in biological systems and for pharmacological 

treatments of oxidative stress related conditions such as cardiovascular diseases, metabolic 

dysfunction and cancer. In this work we have prepared a set of cationic, anionic and neutral 

nitroxides and hydroxylamine spin probes with various lipophilicity, cell permeability and 

site-specific subcellular accumulation. We have tested new hydroxylamine spin probes for 

reaction with extracellular, intracellular and mitochondrial O2  in neutrophils, endothelial 

cells and isolated mitochondria and studied pharmacological effect of chemically stable 

nitroxide form on oxidative stress in vascular cells in vitro and in animal experiments in 

vivo. It was found that cyclic hydroxylamines rapidly react with O2  producing stable 

nitroxides which allowed site-specific O2  detection. Positively charged 1-hydroxy-2,2,6,6-

tetramethylpiperidin-4-yl-trimethylammonium (CAT1H) allowed detection  of extracellular 

O2
 only. 1-Hydroxy-3-carboxy-2,2,5,5-tetramethylpyrrolidine (CPH) and 1-hydroxy-3-

methoxycarbonyl-2,2,5,5-tetramethylpyrrolidine (CMH) detected increase in cytoplasm O2  

production upon stimulation with PMA but only CMH and mitochondria-targeted 1-

hydroxy-2,2,6,6-tetramethyl-4-(trimethylammonio)-piperidine (mTH) was suitable for 

detected of mitochondrial O2 .  Using three independent methods we have shown that 

2,2,6,6-tetramethyl-4-(trimethylammonio)-piperidin-1 oxyl (mT) inhibited O2  production 

both in cytoplasm and mitochondria. Mitochondria-targeted nitroxides attenuated 

development of hypertension while similar dose of untargeted TEMPOL did not have 

effect. Treatment of hypertensive mice with mT reduced blood pressure and improved 

endothelial function, significantly improved animal survival in atherosclerosis and reduced 

vascular O2  in diabetic mice. We have demonstrated that O2  production by cytoplasmic 

NADPH oxidase stimulates mitochondrial O2  that in turn provides redox dependent feed 

forward stimulation of NADPH oxidase. This vicious cycle can be interrupted at the 

mitochondrial site by mitochondria targeted nitroxides. These studies show that 

mitochondrial O2  is important for the development of hypertension and that mitochondria-

targeted nitroxides could have therapeutic benefit in this and possibly other diseases. 
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Spintronics is the spin based electronics using electron or nuclear spins (instead of 

charges) as information carriers [1,2]. To be perspective the semiconductor spintronics 

should has effective sources of the spin polarized current and new ideas how to create 

one. Spin filtration is the effective way to produce the spin current in nonorganic as well 

as in organic semiconductirs. Paramagnetic centers (impurities, defects, dislocations, 

etc) even being unpolarized are shown to be able to ―feel‖ the electron spin orientation 

and selectively transfer their carriers from the conductivity bond to the valence one. 

Primary process – capture of electrons by paramagnetic centers – is spin selective one 

and similar to spin processes in radical pairs [2].  

Macroscopic manifestations of spin-selective trapping of conduction-band electrons 

by paramagnetic centers with spin S = 1/2 have been studied theoretically [4]. The 

trapping was assumed to be possible from singlet exchange-coupled pairs 

―paramagnetic center-electron‖ only. The spin density matrix method is used to obtain a 

system of nonlinear algebraic equations that describe the dependences of the stationary 

densities and polarizations of the electrons and paramagnetic centers. Trapping of 

unpolarized electrons is capable to produce strong spin polarization of the paramagnetic 

centers. Spin selective electron trapping was shown can alter the photoconductivity of a 

semiconductor and influence the degree of circular polarization of luminescence. 

Peculiarities of transient and pulse regimes and manifestations of quantum Zeno effect 

in semiconductor spin dependent processes will be also discussed. 

 

1. Yu.G. Kusraev. Physics-Uspekhi. Advances in physical sciences, 53, 725 (2010). 

2. I. Zutic, J. Fabian, S. Das Sarma. Rev. Mod. Phys., 76, 323 (2003). 

3. E.G. Bobin, V.L. Berdinskiy. Semiconductors, 45, 1441 (2011).  

4. V.L. Berdinskii. Zh.Eksp.Teor.Fiz. 91, 2120 (1986)  
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Facial blushing, involuntary face reddening induced by dilation of facial skin 

vessels, is an experience familiar to almost everybody. We are blushing for shame and 

embarrassment, while giving a public talk or taking a complement. When anticipated by 

the blushing individual the feeling of embarrassment increases. Anticipated by others, 

blushing changes their behaviour towards the blushing person. Despite the wide spread 

and importance of blushing in daily life, its exact neuro-physiological mechanism still 

remains elusive. The reasons are the difficulty to induce social blush in the laboratory 

and the lack of appropriate techniques for non-invasive objective blush measurements. 

To bridge this gap we developed a novel approach which allows for detecting 

changes in the facial skin perfusion, employing two imaging modalities usually used for 

functional brain imaging: functional Magnetic Resonance Imaging (fMRI) and 

functional Near Infrared Spectroscopy (fNIRS). Both methods are capable of detecting 

subtle tissue concentration changes of oxygenated (HbO) and deoxygenated 

haemoglobin (HbR). They are sensitive to tissue blood content and blood oxygenation. 

However, their underlying physical observables differ. fMRI detects concentration 

changes of paramagnetic HbR via local changes of the transverse dephasing time T2*, 

whereas in fNIRS the concentration of HbO and HbR in the tissue is estimated from the 

attenuation of scattered infrared light. We combined both methods to access constriction 

and dilation of skin blood vessels in 20 healthy subjects. In order to induce changes in 

the skin blood flow the subject performed working memory tasks, inducing cognitive 

stress. In the first experiment a gradient Echo-Planar-Imaging  pulse sequence was used 

in a 3T MRI scanner, providing whole head coverage. We demonstrated that task-

evoked fMRI signal changes are observed in veins draining the forehead. In a second 

experiment the mechanism inducing fMRI skin vein signals was investigated by means 

of concurrent fNIRS and high-resolution multi-echo gradient echo-planar fMRI. 

Comparing fMRI transients with haemoglobin concentration changes measured by 

fNIRS the response function of the venous system could be obtained. Using these 

response functions the activity of the autonomous sympathetic system driving vessel 

constriction may be obtained by de-convolution of skin fMRI signals. 

With this novel approach we were able to demonstrate that information about both 

brain activation as well as skin blood flow changes can be obtained with fMRI. This 

opens the possibility to study social blushing with fMRI.  
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Over the last decade there has been dramatic progress in the field of molecular 

magnetism. In contrast to classic magnetic materials, molecular magnets (MM) often 

have complex 3D magnetic motifs, and this complicates significantly analysis of the 

experimental data. Thus, ab initio prediction of magnetic motifs and parameters of a 

model spin-Hamiltonian is of great value not only for the indepth understanding of MM 

properties, but also for correct analysis of the experimental results. 

Given the large number of atoms involved in such systems, DFT has become the 

unrivalled quantum chemical method within this area of chemistry. However, the 

accuracy of predictions should be tested for particular systems and application of ab 

initio procedures could be warranted. For calculation of the pair exchange interactions 

(J), we used a broken-symmetry approach at the DFT level, as well as CASSCF 

procedure. The coupled-perturbed DFT-based methods and non-perturbative explicitly 

correlated CASSCF/CASPT2 approach (both based on the relativistic Douglas-Kroll-

Hess Hamiltonian) have been applied to predict the g and D tensors.   

Recently, a new type of magnetically active RA salts, namely chalcogen-nitrogen 

heterocyclic RA salts, have been synthesized and characterized by EPR, XRD and 

magnetic susceptibility measurements [1]. To analyze magnetic properties of these RA 

salts, the J values have been calculated using spin-unrestricted broken symmetry 

approach as well as CASSCF method.  

To test the accuracy of the g and D tensor calculations, we performed quantum 

chemical study of the magnetic properties of {Ni
II
Gd

III
} cluster. The DFT calculations 

predict D value with poor accuracy, while ab initio value is in good agreement with 

experiment. At the same time, the exchange interaction between Ni(II) and Gd(III) ions 

has been predicted with reasonable accuracy at the B3LYP/def2-SVP level.   

The authors are grateful to the RFBR (project 10-03-00735) and Presidium of the 

RAS (project 8.13) for financial support.  

1. N.A. Semenov,
 
N.A. Pushkarevskii, A.V. Lonchakov et al. Inorg. Chem. 2010, 49, 

7558; S.N. Konchenko, N.P. Gritsan, A.V. Lonchakov, et al., Mendeleev Commun. 

2009, 7; N.P. Gritsan, A.V. Lonchakov, E. Lork et al. Eur. J. Inorg. Chem. 2009, 1994.  
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This report is devoted to the application of nuclear magnetic resonance methods, 

including chemical polarization (CIDNP), to solve problems of medicine. The 

investigation of mechanisms of drug‘s action and the influence of supramolecular 

containers for drug delivery - pharmaceutically acceptable triterpene glucoside 

Glycyrrhizic acid (GA), on drug‘s activity is performed by using chemical modeling. 

This approach is based on the experimental investigation of processes which can be 

models of the separate stages of ―drug – receptor‖ or ―drug – enzyme‖ interactions. The 

main problems which this report will be address to: the mechanism of antioxidant 

activity of antihyperlipidemic drug – statins and the main factors of the influence of GA 

complexes on their activities.  According to modern point of view statins not only 

decrease the cholesterol level in living systems but improve significantly the state of 

vascular walls through the antioxidant activity. Among the different ways of the 

influence of statins on free radicals level the direct scavenging is considered too. At 

present scavenging capacity of different statins towards active (peroxyl, hydroxyl) and 

stable (DPPH) radicals is well established fact but the mechanism of antioxidant activity 

is unknown yet. First part of this report is devoted to the investigation of the mechanism 

of the interaction of atorvastatin (ATR) with short –lived free radicals by using CIDNP 

methods. The free radicals were generated via the photolysis of acetophenone in 

solution and organized media. The analysis of the influence of the environment 

(solution, ―guest-host‖ complex, and micelle) on the efficiency of photoinitiated 

interaction between ATR and acetophenone shows that the reaction centers of the ATR 

molecule are carbon atoms belonging to the secondary alcohol groups of the 

dihydroxyheptane acid anion. Since all statins, except for those in the form of lactones, 

contain this fragment, they are also can react with free radicals according to this way. 

The second part of this work is connected with the investigation of the influence of 

supramolecular complexes of Glycyrrhizic acid on the activity of simvastatin. We used 

the photoinduced interaction of simvastatin with NADH as a model process, because the 

first stage of cholesterol biosynthesis, statins influence on, includes two electrons 

transfer from two molecules of NAD(P)H to HMG –CoA. The investigation of chemical 

polarization effects in the reaction between HADH and simvastatin in the presence and 

the absence of Glycyrrhizic acid let us to suggest the mechanism of the influence of 

complexation on the action of statins as a HMG –CoA reductase inhibitors. 

This work was supported by the grant of Priority Programs of RAS, No 5.6.5. 
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Design of molecule-based magnetic switches operated by external stimuli attracted 

significant attention during last two decades because of the fundamental importance and 

potential applications in nanotechnology. Molecular magnets Cu(hfac)2L
R
 exhibit 

highly-cooperative reversible switching between strongly exchange-coupled and weakly 

exchange-coupled spin states (SS and WS states) of spin triads nitroxide-copper(II)-

nitroxide induced by temperature or light. It was found recently [1] that the 

photoinduced WS spin state of these compounds is metastable on the timescale of hours 

at cryogenic temperatures, similar to the Light-Induced Excited Spin State Trapping 

(LIESST) phenomenon well-known for many spin-crossover compounds. Our previous 

studies have shown that the Electron Paramagnetic Resonance (EPR) in continuous 

wave (CW) mode allows for studying the light-induced spin state conversion and 

relaxation in Cu(hfac)2L
R
 family [1,2]. However, light-induced spin dynamics in these 

compounds has never been studied on the subsecond timescale so far. In this work we 

report the first Time-Resolved (TR) EPR study of light-induced spin state switching and 

relaxation in Cu(hfac)2L
R
 with nanosecond temporal resolution. To enhance spectral 

resolution we used high-frequency TR EPR at W-band (94 GHz). We first discuss the 

peculiarities of TR EPR application to the solid-phase compounds Cu(hfac)2L
R
 at low 

temperatures (5-20 K) and developed approaches for photoswitching/relaxation studies. 

Then we analyze the kinetics of the ground and excited spin states at T=5-21 K. It was 

found that the photoinduced spin state is formed at time delays shorter than 150 ns. It 

was also found that the observed relaxation of the excited state is exponential with the 

decay rate depending linearly on temperature. We discuss possible mechanisms of these 

processes and correlate them with previously obtained CW EPR data. This work was 

supported by RFBR (№ 11-03-00158-a), grant of the President of RF (MK-

1662.2012.3), and the Grant for the Leading Scientific Schools (NSh-2429.2012.3). 

[1] M. V. Fedin, et.al. Angew. Chem. Int. Ed. 47 (2008) 6897 and references. 

[2] M. V. Fedin, et.al. Inorg. Chem. 51 (2012) 709. 
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Electron transfer is an important elementary process which occurs in all living 

systems under photoirradiation or action of enzymes. The main products of this process 

are free radical intermediates of major biomolecules and drugs. The knowledge on the 

structures and chemical properties of these intermediates will provide new insight on 

the molecular mechanisms of drugs activity and toxicity. In addition, many 

photosensitive drugs exhibit high phototoxicity which results from the formation of 

toxic products, mainly active free radicals. Moreover, in the presence of molecular 

oxygen, free radicals can produce peroxyl radicals which cause certain types of cancer, 

atherosclerosis, age-related muscular degeneration, and other diseases.
  

This is why 

light-induced reactions in biological compounds are of exceptional interest.  

In addressing these issues Spin Chemistry has accumulated rich experience. The 

report will present a number of examples illustrating the methods of spin chemistry, 

and, above all, CIDNP (chemical induced dynamic nuclear polarization) to solve these 

problems. The study of electron transfer processes and free radical intermediates of 

some important drugs (anti-arrhythmic and hypertension drugs lappaconitine and 

dihydropyrimidinones, iron chelator – deferiprone, etc.) will be discussed. 

The second aspect which will be discussed is the widespread introduction of 

nanotechnology to the medicine. Application of nano-sized aggregates (inclusion 

complexes, micelles, liposomes) of drugs can solve a number of problems facing the 

medical chemistry and pharmacology. Namely, increasing the solubility of hydrophobic 

drugs, increasing their stability (including photostability), as well as targeted drug 

delivery. In addition, a number of examples show that complexation can affect the 

therapeutic activity of drugs. The mechanisms of this phenomenon, however, still 

remain largely a mystery. The report will show how the methods of spin chemistry 

allow investigate the reactivity of inclusion complexes of some drugs in reactions 

simulating the interaction with biological targets (ligand-receptor interaction and 

enzymatic reactions). 
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Many mechanisms utilized for hyperpolarization of nuclear spins show a strong 

dependence on the strength of the external magnetic field B. Usually the field giving 

optimum polarization efficiency does not coincide with the field that is suited best for 

detection. Therefore, field-cycling schemes have been devised that allow switching the 

field strength without sacrificing spectral resolution at detection and are successfully 

applied to improving hyperpolarization. At closer inspection, however, the situation 

becomes more complicated, especially in multi-spin systems, since strong coupling of 

spins can be the cause of efficient polarization re-distribution among them. Moreover, 

the process of field variation itself can change the population of the spin-eigenstates, in 

particular, when regions are passed where level-crossings occur as they are frequently 

seen at fields up to several Tesla even for scalar spin-spin coupling J of only a few 

Hertz. In such cases also the speed of field-cycling is of importance, because non-

adiabatic field change transforms polarization into coherence and vice versa. By 

incrementing spin evolution times an oscillatory exchange of polarization between spins 

is observable allowing efficient manipulation of polarization flow. 

 We have developed theory, which describes coherent re-distribution of 

hyperpolarization among scalar coupled spins at arbitrary magnetic field. Theoretical 

predictions are in very good agreement with the field-cycling experiments done for 

CIDNP transfer in aromatic amino acids. The field dependence of polarization has been 

studied in detail; possible applications of the transfer phenomena are discussed. 

 Financial support by RFBR (Projects No. 11-03-00296), Program of the 

Division of Chemistry and Material Science RAS (Project No. 5.1.1) and the Program 

P-220 of the Russian Government (grant No. 11.G34.31.0045)  is acknowledged. 
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Biological magnetic isotope effects are the new class of magnetic effects. The rate 

of enzymatic ATP synthesis in vitro was shown to be 2-4 times faster in presence of the 

magnetic isotopes 
25

Mg, 
67

Zn, 
43

Ca in enzyme active site comparing with non-magnetic 

isotopes [1-3]. Biological magnetic magnesium isotope effect in vivo was found firstly 

on Escherichia сoli cells growth [4-5]. The main aim of this work is to investigate 

magnesium and zinc magnetic isotope effects on E.coli growth, metabolism and cell 

survival in zero and static magnetic field.  

Experimental results which proved magnetic 
25

Mg isotope and static magnetic field 

effects on the growth and metabolism of E.coli cells were obtained. The magnetic 

isotope 
25

Mg presence in liquid nutrient media increases the growth rate constant and 

the bacteria reproducible potential comparing with effects of non-magnetic isotopes 
24,26

Mg.  Internal (due to the nuclear magnetic moment of 
25

Mg) and external static 

magnetic field are able to change metabolic processes and elements content in 

Escherichia coli.  The similar magnetic isotope effect on E.coli cells growth was 

observed for 
67

Zn isotope in zero magnetic fields. Experimental data have proved the 

sensitivity of living organisms to nuclear magnetic properties of inorganic enzyme 

cofactors.  

 

The research was supported by Russian Foundation for Basic Research, project no. 

10-04-96083 (r-Ural), and by Federal Program of Russia Ministry of Education and 

Science - Projects no. 02.740.11.0703 and no. 14.740.11.1193. 

[1] Buchachenko A. L., Magnetic isotope effects in chemistry and biochemistry – 

New York: Nova Science Publishers, Inc. – 2009. – 152 p. 

[2] Buchachenko  A. L. at. al. // Int. J. Mol. Med. Adv. Sci., 6(3): 34-37, 2010. 

[3] Buchachenko  A. L. at. al. // Am. J. Biotechnol. Mol. Sci., 2011, 1(1): 30-38. 

[4] Shevchenko U.G., Berdinskiy V.L. // Proc. of the 15th International conference 

Lomonosov - 2008. - 2008. — С. 704.  

[5] Shevchenko U. at. al. // Proc. of the 4th International conference on Magneto-

science. — 2011. — P. 50. 
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Iron and arsenic have been found to coexist in the water environment and the fate 

of arsenite in the aquatic system is greatly influenced by iron. Goethite is a form of iron 

hydroxide commonly found in soil and sediments. This work attempts to investigate the 

conversion of arsenite by natural goethite in suspended solution through photooxidation. 

The As(III) concentration variation under illumination was compared with that in the 

dark to quantify the contribution of light to the As(III) oxidation to As(V) in goethite 

suspended solution. The experiments under N2 and air atmosphere reveal the 

participation of dissolve oxygen. The photooxidation efficiency of As(III) under 

different conditions are compared to determine the effect of different environmental 

factors such as pH value, goethite dosage and humic acid concentration. 

Results showed that in the solution containing 100 μg L
-1

 arsenite and 0.1 g L
-1

 

suspended goethite at pH 3.0, nearly 80% of the As(III) was photooxidized under 

irradiation by a 250 W metal halogen lamp (λ ≥ 313 nm) after 6 hours. The optimum pH 

for photooxidation of As(III) was 3.0. The extent of photooxidation decreased with 

increasing goethite dosage and fell sharply in the presence of humic acid under 

conditions in this work. The radical scavenging experiments showed that the •OH 

radical was the predominant oxidant in this system responsible for 87.1% conversion of 

As(III) to As(V). This work has shown how arsenic is oxidized in the natural 

environment on the surface of goethite minerals. 
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Photoinduced charge transfer is the fundamental process underpinning solar energy 

conversion via the production of a local charge-separated (CS) state. Stabilization of the 

separated charges in artificial systems is of paramount importance. The current 

challenges include advancing our fundamental understanding of the role of vibrational 

excited states and specific vibrations in mediating charge recombination. Two-

dimensional IR spectroscopy, 2DIR,
1-5

 and a novel approach of transient 2DIR, T2DIR,
6
 

are the methods of choice to address these questions. These methods were used to 

investigate a prototype charge-transfer Pt(II) complex (shown below), bearing azide as 

electron donor (D) and carboxylate as electron acceptor (A). There are number of IR 

reporting groups located along the molecule, 

to probe the mode-connectivity pattern and 

its dynamics. A narrow-band IR pump (12 - 

15 cm
-1

, ~ 1.5 ps), and a broad band IR probe 

(~500 cm
-1

, ~100 fs) in the range of 1200 – 

2200 cm
-1

, along with the preceding 100 fs 

UV pump in the case of excited state studies, 

were used. These studies have revealed the 

interactions between the A- and D-localized modes separated by ~10 Å, with the cross-

peak rise time of up to 5-6 ps. The exciting result makes plausible the potential prospect 

of identifying the specific vibrations coupled to charge transfer in extended systems, 

which is important for our understanding of the dynamics of this process and for the 

predictive modeling of electron transfer rates in the framework of Marcus theory.  

We thank EPSRC, STFC, EPSRC E-Futures DTC for support. 

References: 1. P. Hamm, M. Lim, and R. M. Hochstrasser, J. Phys. Chem. B, 102, 6123 (1998); 

2. S. Mukamel, Annu. Rev. Phys. Chem., 51, 691 (2000); 3. S.-H. Shim, M. T. Zanni, Phys. 

Chem. Chem. Phys. 11, 748 (2009); 4. P. Hamm, J. Helbing, and J. Bredenbeck, Annu. Rev. 

Phys. Chem. 59, 291 (2008); 5. H. S. Chung et al., PNAS 104, 14237 (2007); F. Fournier et al. 

Acc. Chem. Res. 42, 1322 (2009); 6. J. Bredenbeck, J. Helbing, and P. Hamm, J. Chem. Phys. 

121, 5943 (2004). 
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Controlling the spin dynamics of assembled multi-spin systems is a major requirement for 

materializing molecule-based spintronics, artificial photosynthetic systems, practical solar fuels 

production by means of light energy collection, multifunctional molecular magnetic materials 

that are switchable between paramagnetic and ferromagnetic states, as well as creation of 

molecular systems to produce singlet oxygen for PDT. This is necessary the understanding of 

the spin-selective processes of generation and decay of the highly polarized and entangled spin 

states in such assemblies. The molecular electronically excited triplets coupled with the radicals 

in their ground doublet spin states represent the simplest but still enlightening spin systems 

usable to provide insight into different spin-selective processes.  

In the widest sense the collection of triplet/doublet spin systems can be divided into two 

groups comprised of triplet and doublet bound by covalent bond (bounded systems) and systems 

where triplet and doublet do not constitute the chemical bound between them. Figures A and B 

show typical TR EPR spectra from the systems of different types.  

g = 2.0052

  
A) Free system: TR X band EPR spectra obtained in the 355 nm laser photolysis of Tempo/1,4-benzoquinone 

(bold solid line), Tempo/2,6-dimethyl-1,4-benzoquinone (open circles), Tempo/2,3,5,6-tetramethyl-1,4-benzoquinone 

(thin solid line)solutions in frozen toluene glass at 60 K.B) Bounded system. Calculated (solid line) and 

experimental (dotes) TREPR spectra acquired on the spin polarized ZnTPP-3NOPy complex in a toluene glass at 40 

K.         

In the presented work, we discuss the main spectral characteristics and their differences 

between ―bounded‖ and free triplet/doublet spin systems in terms of the theoretical model 

suggested in references [1,2].  

 

1. V.F. Tarasov, I.A. Shkrob, and A.D. Trifunac J. Phys. Chem. A 106 (2002) 4838 

2. V.F.Tarasov, S.S.M.Islam, Y.Ohba, M.D.E.Forbes, and S.Yamauchi  Appl.Magn.Reson., 41 (2011) 175  
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The interest to the chemical species and assemblies that may exist in two 

thermodynamically stable states and are capable of interconversion under the action of 

various external sources, in particular light irradiation, is highly motivated by the fact 

that bistable molecules and molecular systems represent, in effect, two-bit logic 

elements of nanoscopic size and have diverse potential applications in the areas of 

molecular electronics, photonics, and computing. 

The family of photohromic  spiroheterocyclic compounds in of special interest from 

this point of view as well as due to the role they play in the transport of biochemical 

information and signal transmission across biological membranes and photochemically 

switched enzymatic systems. 

In this report we shall discuss some new aspects of photoinitiated transformations  

of the series  of  spiroheterocyclic  compounds: spiropyranes (1), spirooxazins (2), 

perimidinespirocyclohexadienones (3), and tetrahedral metal chelate complexes (4). 
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The influence of magnetic fields on chemical processes has long been the subject of 

interest to researchers. For this time numerous investigations show that commonly the 

effect of a magnetic field on chemical reactions is insignificant with impact less than 10 

percent. However, there are some papers that point to the observation of external 

magnetic field effect on chemical and biochemical systems actually having a significant 

impact on the reactions. The reason of the effect should be based on searching 

physically clear processes which mechanisms are well investigated. 

The paper theoretically deals with two models [1,2] explaining how an applied 

weak magnetic field might influence the steady state of a non-equilibrium chemical 

system. External magnetic field may be responsible for the violation of the stationary 

state stability condition, and change radically the system properties. It is similar to the 

phase transition of the first kind, and will be accompanied by intensive heating 

(cooling) of the system, and abrupt change in concentrations of reacting substances. 

The authors assume that the systems under study will be of interest for theoreticians 

as an example of a chemical system manifesting strong effects of a low magnetic field. 

The authors also hope to draw attention of experimentalists to search for real systems in 

this area. In addition, at present, the mechanism of the effect of low magnetic field on 

biochemical and biological systems is not fully clear. Since the area under study 

concerns chemical physics and spin chemistry, the authors have no claim on solving this 

problem, but think, however, that their approach will be of interest to researchers. 

 

1. А.А. Kipriyanov Jr., P.A. Purtov, Possibility of regime changing in chain 

reactions with degenerated branching under the influence of external magnetic field.  J. 

Chem. Phys., v. 134, 044518 (2011). 

2. A.A. Kipriyanov Jr., P.A. Purtov, Bifurcation transition in a photochemical 

system under low magnetic fields. J. Chem. Phys., v. 136, 174513 (2012). 
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An attractive task in photochemistry is to apply ultrafast spectroscopy to study the 

primary processes in simple systems, like hexahaloid complexes of noble metals. This 

work provides information on the photochemistry of Pt(IV) and Ir(IV) complexes in 

water and alcohols. Photoaquation is an only process for these complexes in aqueous 

solutions. It can follow two mechanisms. The first is the heterolytic metal-ligand bond 

cleavage followed by an escape of a ligand to the solution bulk. The second is the 

mechanism of Adamson‘s radical pairs, which includes redox stages. Two successive 

intermediates are formed, traditionally called primary and secondary radical pairs. 

Excitation of PtBr6
2-

 and IrCl6
2-

 complexes results in heterolytic cleavage of metal-

ligand bond. Another situation is realized in the case of PtCl6
2-

 photoaquation, which 

occurs via the mechanism of radical pairs. An intermediate with the lifetime of ca. 200 

ps was attributed to the primary radical pair. The formation of long-living intermediates 

interpreted as Pt(III) complexes was observed by means of nanosecond laser flash 

photolysis. In specific conditions, the chain mechanism of photoaquation becomes 

possible. The quantum yield of photoaquation can sufficiently exceed unity. 

For PtCl6
2-

 and IrCl6
2-

 complexes in alcohols the primary photochemical process is 

an electron transfer form the solvent molecule to the light-excited complex. As a result, 

the photoreduction of the complexes is accompanied by the formation of hydroxyalkyl 

radicals. For PtBr6
2-

 complex the redox processes were not observed, and 

photosolvation occurred, like in the case of aqueous solutions. 

Therefore, the classical mechanisms put forward in the early age of photochemistry 

were examined directly from absorption of a light quantum to the formation of final 

reaction products. 

The financial support of the Russian Foundation of Basic Research (grants №№ 11-03-

00268, 11-03-90406-UKR, 11-03-92605-KO) is gratefully acknowledged. 
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It is generally accepted that organic radical ions formed in solution from highly 

symmetric molecules like cyclohexane or benzene exhibit much shorter paramagnetic 

relaxation time as compared to that of other radicals. However, the explanation of the 

very effective relaxation mechanism remains an unresolved long-standing problem.   

Using the method of time-resolved magnetic field effect in the recombination 

fluorescence of spin-correlated radical ion pairs, we have measured the rates of spin-

lattice relaxation in the radical cations (RCs) of the cycloalkane series in solution at 

different temperatures and magnetic field strengths. Combining the experimental results 

with quantum-chemical calculations (DFT UB3LYP/6-31G*) of the adiabatic surfaces 

of the potential energy of the radical cations has reviled the correlation between the 

relaxation rate and the calculated barrier height to the pseudorotation in these RCs.  

To explain the experimental data it is assumed that vibronic states degeneracy is 

approximately kept for the states with the energy slightly above the barrier to 

pseudorotation without any relation to the symmetry properties of radical. The 

relaxation spin transitions are suggested to be caused by stochastic crossings of the 

nearly degenerate vibronic states that take place due to fluctuations of the interaction 

between the radical and the solvent. There is some evidence that this relaxation 

mechanism can be quenched by additional factors, like fast vibrational relaxation in 

radicals. 

The present work is supported by the Program of Leading Scientific Schools (grant 

NS-2272.2012.3). 
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Electron paramagnetic resonance allows study of the structure of systems 

containing paramagnetic moieties. Visualizing of the process of signal formation in 

magnetic resonance experiments provides with the better understanding of the 

possibilities to reach structural information via measurements of different signal types. 

The Bloch-type equations are the most effective visualization means which provides 

with intuitively clear picture of the evolution of a measuring quantity as 3D effective 

magnetic moment precession under the influence of some effective magnetic field 

(EMF). The other type of vector models includes construction of the vectors of effective 

magnetic fields using vectors of the expectation values of the paramagnetic center (PC) 

spin vector (effective spin vectors, ESVs) when PC is in one of its eigenstates.  

Here we consider the both types of models. Bloch equations for PCs with spin of ½ 

having significant anisotropy of g tensors (δg~g) are obtained and are applied to echo-

detected EPR spectra. Effective hyperfine and local dipole fields are constructed using 

ESVs. Several samples of Pake patterns are calculated as caused by interaction of 

isotropic PC having spin S = ½with anisotropic PC with spin ½ or 1. The spin dynamics 

of electron spin coupled to nuclei or to the other PC's spin having shifted resonance 

frequency (B-type spin) is described using EMFs. Both pulse electron-electron double 

resonance (PELDOR) signal and electron spin echo envelope modulation (ESE EM) 

signal may be presented by means of processing spin vectors of B-type electron spin or 

nuclei spins, respectively. The precession frequencies of the auxiliary vectors are 

defined by the EMF vectors. The spectral analysis of the signals provides with a key to 

the structural information. 
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The spin dynamics and electronic UHF conductivity in molecular crystals and 

polymer systems was studied. Specific effects of spin dynamics – joint multispin effects 

at molecular paramagnetic domains and at conduction electrons in multijoint systems 

were observed and investigated. In classical paramagnetics, EPR line intensity (related 

to nonsaturated line intensity) usually falls with increase of UHF power brought to 

cavity. On the contrary, in EPR spectrum of quintet state dinitrenes and Mn12 

complexes (which are molecular multispin domains), abnormal growth of relative 

intensity of a line with increasing of the UHF power was observed. This effect is 

explained as specific population change of levels of multispin system. Spins are 

oriented in order defined by Provotorov‘s reservoir. This forms quantum analogue of 

Dicke‘s effect, hence rapid increasing of observed signal.  

The fact of signal increasing at saturation can be used for indication of multispin 

component presence in substance and for its allocation from superposition of spectral 

lines. Moreover, hysteresis of a saturation curve was observed while passing increasing, 

and then reduction of microwave power for dinitrenes and Mn12 complexes.  

Research of saturation effects of EPR signals from multiwall nanotubes also 

demonstrates increasing of EPR line intensity with increasing of microwave power. The 

similar result obtained for oxidized polyaniline, allows to make the assumption about a 

«multispin collective state of conductivity electrons» in the polyconjugated systems. For 

multiwall nanotubes, the EPR signal increasing (Dyson form) with growth of 

registration temperature was observed, characterizing semi-conduction thermoactivated 

mechanism of conductivity of this polycarbon nanomaterial with 0.05-0.2 Ev gap. 

Apparently, charge carriers in nanotubes and polyaniline are in triplet state. 

The work was supported by Fundamental Research Program No.9 of Russian 

Academy of Sciences. 
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The following topics will be discussed: 

- Quantum chemistry (QM/MM approach) for understanding the elementary acts 

and molecular mechanism of protein catalysis. 

- Human molecular polymorphism of protein structure, reflection on 

characteristics of elementary acts. 

- Theory of stability of biochemical reaction, application of Lyapunov theorems. 

- Order (health) and disorders (diseases) in multi step biochemical processes. 

Three main types of instability. 

- Application: drugs and toxins, diabetes, brain disorders, biochemistry of 

collapses. 
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Blue light photo-receptor proteins, in particular cryptochromes, have received 

attention recently as the most likely magnetoreceptors in the avian magnetic compass 

and as potential mediators of biological effects of extremely low frequency 

electromagnetic fields. However, much of the evidence that supports the ‗cryptochrome 

hypothesis‘ is indirect or circumstantial. Here, we describe recent in vitro spectroscopic 

studies of the effects of applied magnetic fields on photochemically formed radicals in 

cryptochrome/photolyase family proteins. 

1)  Magnetic field effects (MFEs) on Arabidopsis thaliana cryptochrome and E. 

coli photolyase using transient absorption laser flash photolysis [1,2]. We demonstrate 

that the magnetic sensitivity of these proteins is consistent with the radical pair 

mechanism and argue that cryptochrome is fit for purpose as a chemical 

magnetoreceptor. 

2)  Development of novel cavity-based methods for measuring MFEs: cavity-

enhanced absorption spectroscopy and cavity ring-down spectroscopy [3,4]. The 

powerful capabilities of these techniques, which include sub-microsecond time-

resolution, high sensitivity and small (μL) sample volumes, have the potential to allow 

studies of the magnetic sensitivity of highly dilute samples of biomolecules..  

This work was funded in part by the EMF Biological Research Trust and DARPA. 
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Electron paramagnetic resonance (EPR) spectroscopy in combination with site-

directed spin-labeling (SDSL) makes it possible to obtain structural and dynamic 

information even for membrane proteins or proteins which cannot be crystallized. This 

information is obtained from the dynamic properties of the nitroxide side chain, its 

accessibility for paramagnetic quenchers and from the polarity in the vicinity of the 

nitroxide binding site, etc.  

For the characterization of the nitroxide binding site, for instance in terms of 

polarity and proticity, the magnetic parameters of the nitroxide such as the g, hyperfine 

(A) and quadrupole (Q) tensors have to be obtained with high precision. Moreover, the 

information about the hyperfine interactions of nitroxide unpaired electron with 

surrounding nuclei is indispensable in order to complete the overall picture. 

In this presentation the activity of our group at Max-Planck-Institut für 

Bioanorganische Chemie (Mülheim/Ruhr) in the field of nitroxide radicals investigated 

by EPR methods is highlighted. It is demonstrated that ESEEM (electron spin echo 

envelop modulation), ENDOR (electron-nuclear double resonance) and ELDOR-

detected NMR methods, especially at high magnetic fields are capable to deliver 

electron-nuclear interaction values required for the structural characterization of 

nitroxide nuclear surrounding in spin labeled macromolecular systems. 

http://www.dict.cc/?s=indispensable
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Solar fuels research aims to mimic photosynthesis and devise integrated systems 

that can capture, convert, and store solar energy in high-energy molecular bonds. 

Molecular hydrogen is generally considered an ideal solar fuel as its combustion is 

essentially pollution-free. Currently, we are designing both synthetic supramolecular 

photocatalytic systems as well as Photosystem I - catalyst biohybrids that 

photochemically produce hydrogen. Further development and improvement of these 

systems relies on understanding the inherent, fundamental mechanisms for coupling 

captured photons to fuel generation.  

To this end, we are applying advanced spectroscopic techniques such as 

multifrequency pulsed EPR to elucidate important structure-function relationships in 

our artificial and biochemical complexes. The catalysts of choice for our research are 

cobaloxime derivatives. The catalytic properties of cobaloximes depend on the local 

surrounding and on the direct ligands to the central metal ion. EPR is an excellent tool 

to assess these properties. In this work, difluoroboryl cobaloxime Co(dmgBF2)2 has 

been investigated in a variety of solvents with multi-frequency EPR spectroscopy at X-

band (9 GHz), Q-band (34 GHz), and D-band (130 GHz) microwave frequencies. The 

results obtained experimentally are compared to the first comprehensive set of DFT 

calculations on Co(dmgBF2)2 model systems with various axial ligands. Comparison 

with experimental values for the ―key‖ magnetic parameters like g-tensor and 
59

Co 

hyperfine coupling tensor allows to identify the conformation structure of the axial 

ligand(s)-Co(dmgBF2)2 complexes. The data presented here are vital for understanding 

the influence of solvent surrounding and ligand coordination on catalytic efficiency of 

cobaloximes.  

The performance 

and efficiency of our 

biohybrid assemblies 

for different molecular 

catalysts as well as 

future research 

directions are discussed 

as well. 
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State-to-state imaging studies of the interaction of small molecules including H2O, 

OH, CO and ammonia with H2 and with He will be described.  These molecules are 

prominent components of molecular interstellar matter.  In order to extract quantitative 

information on these molecules from telescope spectra, models are employed that 

depend critically on the rates of rotational energy exchange due to collisions with 

molecular hydrogen and helium.  Collision rates are currently determined by theory 

from the multidimensional Potential Energy Surface (PES) describing the interaction of 

H2O and H2[1] or He[2] and OH with H2 [3], or He.  Our velocity map imaging [4] 

measurements of state-to-state differential and relative integral cross sections of 

rotational inelastic collisions, also as a function of collision energy, are used to test 

these PESs. For the H2O/H2, He system experiment is compared with state-of-the-art 

theoretical calculations by the group of L. Wiesenfeld (Grenoble) [5]. Our studies of 

astrochemistry relevant small molecules with the collision partners He and H2 at 

collision energy relevant to that of the interstellar media should place the theoretically 

determined PESs and the collision rates extracted from the PES on a firmer basis.  
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We have recently studied the radical-radical N(
4
S) + OH(

2
) → NO(

2
) + H(

2
S) 

reaction ([1] and references therein). This reaction could be the major source of NO in 

dense interstellar clouds and, in conjunction with the N(
4
S) + NO(

2
) → N2(

1
g
+
) + 

O(
3
P) reaction, mediates the transformation from atomic to molecular nitrogen. 

Observations show that the atomic-to-molecular nitrogen abundance ratio, N/N2, in such 

environments is too high to be compatible with current gas-phase formation 

mechanisms. 

We have treated the dynamics of N + OH using accurate and approximate quantum 

methods on a new global potential energy surface (PES) for the lowest triplet electronic 

state (a
3
A‘‘) of HNO [2]. Opacity functions, product state-resolved integral cross-

sections, total reaction cross sections, state-specific and thermal rate constants, have 

been obtained by means of a time dependent wave packet method and of a time 

independent hyperspherical approach for several collision energies and temperatures. 

Quasi-classical trajectory calculations have also been performed. 

The computed rate constants are in excellent agreement with the new measurements 

[1] at all temperatures. These results provide insight into the gas-phase formation 

mechanisms of molecular nitrogen in interstellar clouds. They suggest that the N + OH 

reaction may present a less pronounced variation with temperature, yielding 

substantially smaller rate constants at low temperatures than currently predicted. It may 

therefore present a bottleneck to N2 formation in dark clouds, thereby bringing models 

more into line with observations. In addition, the excellent agreement between 

theoretically and experimentally determined rate constants for the N + OH reaction 

validates these methods and should permit the measurement and calculation of rate 

constants for a wide range of atom-radical reactions in the near future. 

[1] J. Daranlot, M. Jorfi, C. Xie, A. Bergeat, M. Costes, P. Caubet, D. Xie, H. Guo, 

P. Honvault, K.M. Hickson,  Science 334, 1538 (2011). 

[2] A. Li, C. Xie, D. Xie, H. Guo, J. Chem. Phys. 134, 194309 (2011). 
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For the modern researcher of one of the most pressing problems is the ability to 

conduct a changing environment, the study site processing. Modern diffractometers 

from Bruker AXS D8 series can measure the phase composition (structure) in a wide 

range of temp eratures and atmospheres. 

The choice of optimal conditions for an experiment made possible by the wide 

range of detectors, X-ray optical elements and the use of a heat chamber Anton Paar. 

The main problem of complex experiments can be called a reproduction of the 

conditions in which the study was carried out, Bruker AXS software solves this problem 

by means of a programmatic environment  DAVINCI (virtual goniometer). 

Ability to save and repeat the experiment up to 1000 configuration on a single 

device, simplicity and minimal labor input when you change configuration, all of this 

allows the researcher to save time and work with maximum efficiency. D8 – really is a 

versatile and advanced research tool. 
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Time-resolved FT-IR spectroscopy allows the study of time-dependent chemical 

and physical processes with nanoseconds time resolution. Time-resolved vibrational 

spectra provide detailed information on chemical reaction mechanism and dynamics. In 

order to investigate rapidly changing of chemical or physical processes mainly two 

techniques are available: Rapid-Scan and Step-Scan. 

The step-scan technique allows the monitoring of the temporal progress of very fast 

reproducible events (transients). The interferometer mirror consecutively steps to the 

separate interferogram points one by one where the experiment is restarted again. All 

VERTEX series spectrometers (Bruker Optik GmbH, Germany) utilize high quality 

interferometers with highly precise scanner control which enable them to obtain superb 

time resolved data. 

For time resolved spectroscopy of non-reproducible experiments (e.g. many 

chemical reactions) the above mentioned Step-Scan approach is not applicable anymore. 

However, also for this class of experiments time resolved data can be obtained using the 

so-called Rapid-Scan technique. In this case the interferometer mirror moves very fast 

and up to 4 spectra can be extracted from each full forward-backward interferometer 

scan.  

Since the duration of one scan does not only depend on the mirror velocity but also 

on the distance, the achievable number of spectra per second also depends on spectral 

resolution. Equipped with the Rapid-Scan option, already the VERTEX70/70v is able to 

achieve almost 60 spectra per second. Moreover the VERTEX80/80v based on the 

innovative UltraScan interferometer sets the standards, achieving more than 100 spectra 

per second! 
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EPR spectroscopy evolved very rapidly in recent years. A lot of advanced EPR 

methods appeared for the fields of physics, chemistry and industrial applications. E.g., 

Fourier Transform (FT) technique has matured to a well established tool that provides 

scientists with a unique data on molecular structure and chemical dynamics. Multi-

frequency and multi-resonance spectroscopy have also become a routine procedure, as 

well as time resolved experiments and EPR imaging. Bruker BioSpin offers two lines of 

research-class EPR spectrometer systems with outstanding performance and innovative 

software to match the demands of every modern EPR investigator. 

EMX series is the perfect choice for classical CW-EPR spectroscopy, including the 

tasks where a simple recording of EPR spectrum is not enough. EMX provides 

practically unlimited digital resolution in both the magnetic field axis and the signal 

intensity. Easy upgrade to additional microwave bands from L- to Q-band and optional 

CW-ENDOR unit are the unique features for this spectrometer class. The great variety 

of sample handling accessories and dedicated CW-resonators simplify and automate the 

wide range of most typical applications: study of aqueous solutions and single crystals, 

spin traps and labels techniques, optical excitation and detection, quantitative EPR, etc. 

ELEXSYS-II series is a modular platform with outstanding performance and 

flexibility on which all modern EPR techniques can be built. The system supports multi-

frequency EPR from 1 to 263 GHz in CW and FT modes as well as Double Electron-

Electron and Electron-Nuclear Double/Triple Resonance. ELEXSYS-II instruments are 

equipped with ultra high resolution 

field controller, SuperX microwave 

bridge for world record sensitivity 

and multi-purpose Signal Processing 

Unit. For FT-EPR: PatternJet-II pulse 

programmer delivers up to 1 ns 

resolution for pulse length, position, 

and evolution. SpecJet-II provides 

high speed acquisition with 1 ns time 

resolution and on-board digital signal 

processing. 
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The presentation concerns an experience in the application of a ―thermodynamic form‖ of 

kinetic equations for providing joint kinetic-thermodynamic analysis of a large variety of 

detailed schemes of stepwise reactions. The basis of the thermodynamic form is the substitution 

of parameter ―concentration‖ C  of a substance A  by a related value  
o

A exp C exp
RT RT

% , 

expressed via chemical potential 
o RT C  of thermalized substance A . Here 

o
 is standard value of , and  is the activity coefficient of substance A . 

It is shown that in such case the rate of any elementary chemical reaction ―ij‖ 

i jA A  

between thermalized reactants of two reaction groups i and j can be expressed in a 

pseudolinear form 

ij

ij ij i j

d
v n n

dt
% % , 

where ij is the chemical variable of the reaction ij, 

%% iii
in exp exp A

RT RT
, 

o

ijB
ij ji

k T
exp

h RT
 is a ―truncated rate 

constant‖ of the reaction. Here kB and h are the Boltzmann and Plank constants, T – 

temperature, o

ij
 – the ―standard chemical potential‖ of only the transition state for the reaction. 

The application of the above substitution allows dramatic simplification of expressions for 

the rate of stoichiometric stepwise reactions even far from their equilibria and possibility, e.g., 

to give correct quantitative thermodynamic criteria of the kinetic irreversibility of stoichiometric 

stepwise reactions as well as of their rate controlling and rate limiting (a bottle neck) steps. 

Occasionally, these steps appear to be not the same for some particular cases, e.g. for catalytic 

transformations. 

Also, the application of the thermodynamic form of kinetic equations for analyzing 

complex reactions schemes, at least for those linear in respect to reaction intermediates, allows 

to receive a simple general Horiuti-Boreskov-like expression for the  rate of the stepwise 

reaction at its steady state occurrence and to suggest both simple Lyapunov functions which are 

minimized in the stepwise reaction steady state as well as a reciprocity equations which are 

analogous to the Onsager‘ ones but valid for occurrence of the parallel stepwise reactions far 

from the reaction equilibria. Some other helpful results, especially of analyzing the schemes of 

catalytic reactions, are demonstrated too. 

Reference:  
V.N. Parmon. Thermodynamics of Non-Equilibrium Processes for Chemists with a Particular 

Application to Catalysis. Elsevier: Amsterdam, 2010. 
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Hydrogen bonds play important role in the structure and properties of various 

supramolecular systems, ranging from molecular crystals to synthetic and natural 

polymers, including peptides, DNA, RNA. They are crucial for the reversible elastic 

response of these systems to variations in the temperature or pressure conditions, as 

well as for the reversible or irreversible structural transformations. Spectroscopy and 

diffraction are traditional tools of studying hydrogen bonds. Studies at extreme 

temperature and pressure conditions open new horizons in these studies, since much 

larger changes in a system become possible, as compared to ambient conditions. 

The present contribution aims to illustrate this using several examples. The studies 

of crystalline amino acids, their salts and co-crystals, as well as of selected small-

molecule organic crystals which can be used as pharmaceutical compounds or as 

molecular materials will be considered in several aspects. Response of different types of 

H-bonds to temperature and pressure variations will be compared for different 

structures, as well as the values measured for proteins or DNA. The role of hydrogen 

bonds' elasticity in phase transformations in molecular crystals and in conformational 

transitions will be discussed, as well as the factors which can stabilize the structure with 

respect to structural changes. The properties of chiral and racemic crystals will be 

compared. Order-disorder transitions, conformational polymorphism, self-trapped states 

and microconformational transitions, kinetic factors in solid-state transformations 

belong to other important topics discussed. A special attention is paid to the role of 

liquid phase in pressure- and temperature-induced transformations.   
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Living/controlled radical polymerization, and in particular Nitroxide Mediated 

Polymerization (NMP), was developed to produce well-defined polymers and 

copolymers with mobile end groups which allow the re-initiation of the polymer chain 

[1]. The main reaction of NMP are dissociation of a dormant nitroxyl end-capped 

polymer chain with rate constant kd, the propagation of carbon-centered radicals kp, the 

cross-coupling reaction between the nitroxide and the growing polymer chain with rate 

constant kc, and the irreversible self-termination reactions of the carbon-centered 

radicals with rate constant kt. This lecture concerns the examples showing that the 

combination of spectroscopic techniques allows getting deep insight on the reactions 

involved in NMP [1-4]. TR-CIDNP and its modifications, laser flash photolysis, EPR, 

NMR techniques are used to measure rate constants of kd, kp, kc, and kt and to study the 

mechanisms of side reactions. Recently the concept of pH-switchable mediators to 

nitroxide mediated polymerization (NMP) by employing nitroxides with basic or acidic 

groups as controlling agents [5]. It was shown that the kd value under basic conditions 

are significantly (up to 15-fold) higher than in acidic solution at the same temperature, 

whereas the kc value in basic solutions decrease by a factor of 2 only. It is shown that 

the pH value crucially affects the polymerization regime, changing it from the 

controlled to the uncontrolled mode. The controlled regime of NMP of different 

hydrophilic monomers in aqueous solution under mild conditions can be achieved using 

the same alkoxyamine by the variation of the pH value. The chain length of polymers 

depends on pH value during the polymerization 
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The radical reactivity of alkoxyamines (trialkylhydroxyamines) has been 

discovered in 1974 (Kovtun et al. Izv. Akad. Nauk SSSR Ser. Khim 1974, 2197) and 

did not rise up too much interest before the seminal work of Georges et al. 

(Macromolecules 1993, 2987) in Nitroxide Mediated Polymerization.  

The kinetics as well as the effects controlling the reactivity of alkoxyamines will be 

discussed (Marque and coll. Chem. Soc. Rev. 2011, 2189). Applications of this novel 

family of radical initiators will be exemplified in organic synthesis and in 

polymerization. Last developments (Marque et coll. Org. Lett 2012, 707) will be 

presented as well as concept for potential applications for the investigation of non-

radical processes in Biological fields.  
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Several applications of electron paramagnetic resonance (EPR) methods to 

materials for organic electronic devices will be discussed. 

Continuous-wave EPR at high frequency (95 GHz, W-band) has been applied to 

demonstrate the charge separation after light excitation in donor/acceptor blends of 

organic materials. Besides several blends of a donor polymer with a fullerene derivative 

as acceptor molecule, used nowadays in bulk heterojunction organic solar cells (OSCs), 

we have recently studied combinations of the donor polymer MDMO-PPV with novel 

small dithienylthiazolo[5,4-d]thiazole (DTTzTz) molecules as acceptors [1]. The 

correlation of charge transfer efficiency with the position of the lowest unoccupied 

molecular orbital (LUMO) of the DTTzTz derivatives could be demonstrated by EPR 

combined with optical techniques. In two workhorse donor polymers for OSC 

applications as well as in a series of PPV-type oligomers the electronic structure of the 

positive charge carriers, called positive polarons, was studied by pulse EPR 

spectroscopy revealing the spin distribution over the conjugated molecular chain [2,3].  

Optical and electrical detection of magnetic resonance (ODMR and EDMR) are 

giving access to spin correlation effects between charge carriers to the formation of 

triplet states. These effects are known to be invloved in the photophysics of organic 

light-emitting diodes (OLEDs) as well as organic solar cells (OSCs) and lie at the basis 

of organic magnetoresistance (OMAR). Recently we have studied the correlation 

between the changes in the OMAR effect and in EDMR spectra of MDMO-PPV based 

OLED devices as a function of applied voltage [4]. Different regions could be 

distinguished in which hole-only and bipolar recombination currents are dominant, 

respectively. A further goal of our work is to correlate OMAR and EDMR with ODMR 

spectroscopy detected via the electroluminescence emitted under forward bias.  

[1] N. Nevil,
 
Yun Ling, S. Van Mierloo, P. Adriaensens, L. Lutsen, D. Vanderzande, W. Maes,

 
 

J. Kesters, S. Van Doorslaer,  E. Goovaerts, Phys. Chem. Chem. Phys., submitted. [2] A. 

Aguirre, P. Gast, S. Orlinskii, I. Akimoto, E. J., J., Groenen,  H. El Mkami, E. Goovaerts, S. 

Van Doorslaer, ibid., 10 (2008) p. 7129. [3] Ling Y.; Kozakiewicz P.; Blockhuys F.; Biesemans 

M.; Van Alsenoy C.; Moons H.; Goovaerts E., Willem R.; Van Doorslaer S; ibid., 13 (2011) p. 

18516. [4] B.Z. Teddla, H. Moons, F. Bloom, B. Koopmans, E. Goovaerts, to be published. 
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The practicality of photovoltaic (pv) devices has been demonstrated by the 

technological development and successful commercialization of crystalline silicon (c-

Si) solar cells. Yet, in 2010 photovoltaic (pv) energy provided less than 0.1% of world's 

electricity. In order to bridge the huge gap, between our present day pv use and its 

enormous undeveloped potential; thin film silicon solar cells (TFS) have been 

developed. The later devices can be deposited directly on inexpensive substrates like 

glass and are superior with regard to material consumption, energy payback time and 

cost effectiveness. 

However, TFS employ sophisticated design concepts, incorporate complex 

materials of varying morphology and interlaced interfaces. As a result they exhibit a 

multitude of different loss mechanisms leading to conversion efficiencies being far 

below the physical limits. Due to these facts, optimum control of the material properties 

and the mechanisms that capture and convert sun light can only be achieved with the aid 

of tailor made characterization tools capable of monitoring transport and loss 

mechanisms and thereby assist strategies to control these processes in optimized solar 

cells. Device limiting recombination and trapping mechanisms in TFS are frequently 

accompanied by stable or transient paramagnetic states, which renders electron 

paramagnetic resonance (EPR) the method choice to study these processes. Advanced 

EPR and its current detected analogue electrically detected magnetic resonance 

(EDMR) are capable of providing a multiscale picture of transport and loss mechanisms 

in TFS. The particular use of these methods in solar cell research arises from their 

capability to identify device limiting charge transport and loss mechanisms, combine 

this knowledge with structural information on transport limiting paramagnetic states 

like e.g. impurities or structural defects and finally locate the underlying processes in 

multilayer TFS devices. In order to demonstrate these capabilities we will present recent 

examples of our research on transport determining paramagnetic defects in fully 

processed TFS devices and device grade thin film silicon materials. We will show how 

pulsed multifrequency EPR may be employed to map out the local structure of dangling 

bond defects in amorphous silicon materials. Further on, we will outline, how structural 

information obtained by EPR on non crystalline silicon powder samples may be 

combined with pulsed EDMR measurements to assign transport and loss mechanisms in 

fully processed TFS devices.  
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Better understanding of combustion phenomena requires advanced combustion 

models which incorporate detailed chemical kinetics mechanisms. Combustion 

efficiency and stability, internal engine knock, emission of environmentally noxious 

substances are the problems which require detailed chemical kinetics mechanisms with 

well characterized elementary reactions over extended temperature and pressure ranges. 

Reaction conditions with high and variable pressures are encountered in practically 

important combustion processes, e.g., in internal combustion engines. Laboratory 

measurements are usually performed at "convenient" pressures (0.001 - 1 bar), 

extrapolations to higher pressures are based on theoretical foundations and introduce 

significant additional uncertainties into the model predictions. Buffer gas density affects 

the rates and branching ratios of dissociation and isomerization reaction, bimolecular 

reactions that proceed via an intermediate complex, as well as the corresponding reverse 

reactions. Dissociation and recombination of free radicals, reactions between free 

radicals and reactions with molecular oxygen are among the key reactions in the 

mechanisms of hydrocarbon oxidation. Beyond significance in the combustion 

mechanisms, these studies are important for fundamental chemical kinetics. 

The objective of the program at NJIT is a systematic fundamental study of the 

kinetics and mechanisms of unimolecular and bimolecular reactions of free radicals of 

combustion importance (such as HCO, CH3, OH, HO2, etc.) over extended temperature 

and elevated pressure ranges. The experimental approach is based on the pulsed laser 

photolysis combined with a high-pressure flow system and several sensitive transient 

absorption spectroscopy techniques. The presentation will mainly focus on the recent 

studies of self-reaction of hydroxyl radicals 1, the cross-reaction of OH and CH3 

radicals 2, as well as recombination of methyl radicals 3 (temperature range 298 - 834 

K, pressure range 0.01 – 100 bar). 

OH + OH  H2O + O    (1a) 

     H2O2      (1b) 

CH3 + OH  
1
CH2 + H2O    (2a) 

     CH3OH     (2b) 

     other channels     (2c) 

CH3 + CH3  C2H6      (3)
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Branching chain reactions are one of areas of fruitful scientific activity of V.V. 

Voevodsky, who left to us classical works also in this area of chemical kinetics.  

Now days the interest to combustion, explosion and detonation of gases 

increasingly grouses due to the expansion of areas of engineering and the industry 

where these processes play important role. Fore a long time these processes were 

studied mainly almost only from physical positions. Traditionally it was commonly 

accepted to represent chemical process as a single step reaction and, correspondingly, 

the self-hating of the reacting system was considered as the only factor determining the 

combustion and explosion. Such model was used as well in mathematical equations. 

The role of a chain avalanche was considered important only in the area of pressures by 

tens and hundreds times lower than the atmospheric pressure.  

For the present the theory of these processes is developed on the bases of modern 

experimental and computational data. In the course of development of researches it 

becomes more and more obvious that  in gas-phase combustion the branching chain 

mechanism is decisive not only at very low pressures but also at atmospheric and higher 

pressures.  Experimental data show unequivocally that the competition between 

branching and termination of reaction chains determines all the features of flame 

propagation, explosion and detonation of gases both in starting as well in developed 

stages of the process even at initial temperatures as high as 1900K. 

The leading role of chain avalanche in these processes is used in our investigations 

to control these processes by means of chemically active additives: inhibitors and 

promoters. All characteristics of ignition, flame propagation, explosion and detonation 

on the mixtures of hydrogen, methane and sinthes gas with air are controlled in wide 

area of initial temperatures and pressures. Dependence of kinetic, macrokinetik and gas 

dynamic characteristics of combustion, explosion and detonation on functional group of 

inhibitors is observed in good accordance with prediction. This dependence on the 

molecular structure of the small additives is used in our investigations to elucidate 

connection between combustion modes and  nature of the given chemical bonds as well 

as for further development of methods and efficient and ecologically safe inhibitors. 

The developed methods enable us e.g. to destroy the stationary detonation waves and 

thus show the decisive role of chain avalanche in this mode of combustion as well. 
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The C2 radical was detected by REMPI (D
1
Σ

+
u( ‘ = 0) – X

1
Σ

+
g( ‖ = 0) transitions, 

43239.44 cm
-1

) and CRD (d
3
Πg( ‘ = 0) – a

3
Πu( ‖ = 0) transition; 19306.26 cm

-1
) 

spectroscopic methods in HFCVD reactor used for diamond thin film deposition (CH4 

(0.4%) + H2 gas mixture; total pressure 20 Torr; gas flow is 100 ccm). Both measured 

spectra were simulated using spectroscopic parameters published in the literature. 

Acceptable agreement between experimental and simulated spectra was obtained. 

Measurements of CRD times for wavelength related to maximum absorption in the 

transition of interest allowed to estimate absorption coefficient of C2 radical for such 

wavelength and then calculate averaged absolute concentration of C2 radical in area 

located 2 mm down according to filament down surface and probing area is parallel 

according to the filament axis. Calculated value of the absolute C2 radical concentration 

is about 10
12

 – 10
13

 cm
-3

. Using this value all REMPI measurements were recalibrated 

to absolute C2 radical concentration. The dependences of C2 radical yield on buffer (He 

and Ne) gas pressure were measured at fixed value of total CH4 amount in the gas 

mixture. It was found that C2 yield increases with increase of buffer gas pressure. It was 

shown that the observed effect results due to trimolecular recombination of C atoms. 

Some kinetics parameters of proposed elementary processes were estimated. 

Using REMPI and CRD Spectroscopic methods the CH, CH2, C2H, CH3 radicals 

were detected for regular Diamond Thin Film (DTF) deposition conditions as well such 

radicals and HS, CS radicals and such radicals and NH2 radical were detected for S- and 

N- assisted DTF deposition conditions. 

Detailed analysis of mechanism of DTF deposition was carried out. Different 

kinetics parameter values were estimated for system of interest for conditions created in 

HFCVD reactor. 
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This paper presents a review of the main advancements and problems in modern 

organic photochromism which has a widespread application in different fields. 

Particular emphasis has been given to the study of physical processes of energy 

transformation and photoinduced chemical reactions of photochromic molecules under 

light irradiation. 

One of the important applications is the development of reversible recording media 

for two-photon three-dimensional (3D) optical memory of the super high information 

capacity. The study of photochromшс organic compounds led to the synthesis of 

thermal irreversible photochromic diarylethenes possessing two thermal stable forms 

and reversible transformations between them only under light irradiation without 

participation T-states. Owing to this mechanism, compounds of this type are 

characterized by high photostability to the irreversible photochemical reactions and, 

consequently, exhibit a high cycle of operation. The use of the Forster fluorescence 

resonance energy transfer allowed to decide a problem of nondestructive readout of 

optical information. Future trends of the improvement of these photochromic 

compounds are involved with increasing quantum yields of both forms and an 

efficiency of two-photon absorption required for the realization of 3D optical memory. 

Perspectives of this application of photochromic compounds are connected with the 

synthesis of hybrid compounds which may form several photoproduct possessing 

different optical properties depending on power and phase of the femtosecond laser 

pulse. 

Another important application of photochromic compounds is renewable 

chemosensors based on spirocompounds and chromenes forming complexes between 

molecules of the photoinduced merocyanine form and metal cations or anions. As a 

result of the study, photochromic compounds providing selective determination of metal 

cations in liquid media have been synthesized. But it is required following efforts for 

realization of photochromic chemosensors working in water bodies effectively.  

Results of studding properties of photochromic nanoparticles based on 

nanoparticles of noble metals and functionalized photochromic diarylethenes, open new 

perspectives for application of photochromic compounds, in particular, for making 

nanophotoswitches of conductivity. 
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Novosibirsk terahertz free electron laser (THz NovoFEL) operates in the 120 -250 

mkm region and generates continuous train of short (100 150 ps) coherent pulses. Mani 

molecules have strong absorption rotation lines in this region. Big energy of the laser 

pulses ( 5 – 20 J) allow to make various experiments in linear and nonlinear regime.  

We observed optical free induction decay signals (FID) at rotation lines of D2O, 

HDO, HBr and CH3OH. Optical FID is coherent radiation of dipole momentum of 

exited media created by short light pulse. It is optical is analog of well known free 

induction decay in nuclear magnetic resonance. In our experiments FID signal arise in 

sub-nanosecond time scale. Using ultrafast terahertz detectors we were able to measure 

these signals directly even in one laser shot.  

We observed various 

beats in the FID signal. 

These beats occur when 

laser pulse excite several 

absorption lines 

simultaneously. Example 

of such signal is shown. 

This signal is due to 

the excitation of 10 rotation 

lines of HBr near 67 cm
-1

. 

The splitting of 600 MHz 

between H
79

Br and H
81

Br 

is easily observed. Low 

frequency modulation is due to the quadrupole structure of each rotation line. 

Another coherent phenomenon is delay of the optical pulse in the spectral region 

near the rotation absorption line of the gas. We observed  500 ps delay between two 

absorption lined of D2O that corresponds pulse propagation in the D2O vapor 30% less 

then speed of light. 
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Figure 1. a) Schematic of the adsorption-induced 
molecular degradation process; b) AFM height images of 
brush–like macromolecules taken after spending 62 
minutes on aqueous substrates having different surface 
tensions, ; c) Kinetics of the decrease of the average 
polymer chain length (L) Inset: Plot of Ln(1/L  -1/L) vs. 
time for different  values. The slopes of the lines give the 
rate constants for the scission reaction.   
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 Spontaneous degradation of bottlebrush macromolecules consisting of a monodisperse 

poly(2–hydroxyethyl methacrylate) backbone and poly(n–butyl acrylate) (PBA) side chains on 

aqueous substrates was monitored by atomic force microscopy (Figure 1a). Scission of C-C 

covalent bonds in the brush backbone occurred due to steric repulsion between the adsorbed 

side chains, which generated bond tension on the order of several nanoNewtons (Figure 1b). 

Here we report on kinetics of this so-called ―fatal adsoprtion‖ as a function of substrate surface 

energy and temperature (Figure 1c). The rate constant for C-C bond cleavage was shown to be 

extremely sensitive to the substrate surface energy. A few 

percent increase in the surface energy led to order of 

magnitude increase of the scission rate. Interestingly, the 

cleavage reaction shows anti-Arrhenius temperature 

dependence, slowing down as the temperature increases.  

This is attributed to a decrease in the surface energy with 

temperature. The results have important implications for 

specific applications such as sensors and microfluidics, 

where control of surface–induced changes in the primary 

molecular structure is vital.   

We can also employ these molecular bottlebrushes 

as miniature tensile machines to probe the 

mechanochemistry of specific bonds. For this purpose, 

bottlebrush macromolecules with a disulfide linker in the 

middle of the backbone were synthesized by atom 

transfer radical polymerization (ATRP). Two processes, 

(i) homolytic cleavage of disulfide and (ii) scission of 

disulfide due to reduction by dithiothreitol were 

monitored by AFM. In both cases, the rate constants 

increase exponentially with mechanical tension along the disulfide bond. Moreover, the 

reduction rate at zero force is found to be significantly lower than that in bulk solution, which 

suggests an acidic composition of the water surface with pH = 3.7. This opens a new application 

of brush-like macromolecules as surface pH sensors. 
1. Sheiko, S. S.; Sun, F. C.; Randal A.; Shirvanyants, D.; Rubinstein, M.; Lee H.; Matyjaszewski, K. Nature 2006, 440, 191. 

2. Lebedeva, N. V.; Sun, F. C.; Lee H.-il; Matyjaszewski, K.; Sheiko, S.S J. Am. Chem. Soc. 2008, 130, 4228. 

3. Li,Y.; Nese, A.; Lebedeva, N.V.; Davis, T.; Matyjaszewski, K.; Sheiko, S.S. J. Am. Chem. Soc. 2011, 133, 17479. 

4. Lebedeva, N.V.; Matyjaszewski, K.; Nese, A.; Sun, F.C.; Sheiko, S.S. PNAS 2012, 109, 9276. 
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We have recently
1
 measured the differential cross sections (DCS) of the H + D2 → 

HD (v' = 4, j') + D reaction at the center-of-mass collision energy of 1.97 eV by state-

selective probing of the HD (v' = 4, j') product by means of resonance enhanced 

multiphoton ionization via the Q(j) members of the (v', 0) band of the EF 
1
Σ

+
g – X 

1
Σ

+
g 

electronic transition. To our great surprise we found that the HD (v' = 4, j') product 

becomes more back scattered as its rotational excitation increases. This is in a stark 

contrast to numerous previous studies which have confirmed the opposite behavior, i.e. 

as the rotational excitation of the HD (v', j') diatomic product increases it becomes more 

sideways scattered. The latter observation is explained by the fact that collisions with 

non-zero impact parameter are more efficient at transferring the angular momentum 

(rotational excitation) to the HD (v', j') product. As a result of such off-center impacts, 

the HD (v', j') reaction product scatters to a more sideways/forward direction as the 

impact parameter/rotational quantum number j' increases. Clearly, this argument cannot 

account for the opposite behavior. The HD (v' = 4, j') products contain upwards of 85% 

of the total available energy. As a consequence, little energy that remains is not enough 

to overcome the centrifugal barrier in the exit channel associated with high impact 

parameters. As a result, the higher j' HD (v' = 4, j') states must be populated from more 

head-on collisions between the H atom and a D2 molecule. Consequently, these highly 

internally excited HD (v' = 4, j') products scatter to a more backward direction. More 

importantly, this behavior is general. We have measured the DCS for the H + D2 → HD 

(v' = 1 and 3, j') + D reaction with similar findings: HD (v' = 1 and 3, j') product states 

that carry away at least 85% of the total available energy become more backscattered 

with increasing rotational excitation.  

J. Jankunas, R. N. Zare, F. Bouakline, S. C. Althorpe, D. Herráez-Aguilar and F. J. Aoiz Science (in 

press). 
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Catalysts based on oxides are widely used in modern catalytic technology. Usually, 

they consist of nanoparticles containing various coordinatively-unsaturated structures 

acting as active sites. Such sites are located on the surface of the nanoparticles. Their 

concentration is fairly low, and they are usually not observed directly by EPR. In the 

current presentation the following universal approaches allowing one to detect active 

sites of different types and study reactions with their participation will be discussed: 

1. Application of one-electron transfer reactions resulting in the formation of ion-

radicals for detection of surface donor and acceptor sites [1]. 

2. Formation of ion radicals in photostimulated reactions initiated by light with the 

energy in the absorption band of surface coordinatively-unsaturated structures [2].  

3. Change of the spin state of Fe-containing active sites in zeolites by adsorption of 

molecules from the gas phase forming paramagnetic complexes with half-integer spin 

detectable by EPR [2].  

In all studied systems paramagnetic complexes detected by EPR are informative 

spin probes for investigation of the active sites of studied catalysts. 

EPR spectroscopy was also shown to be informative for investigation of the 

formation of active nickel metal particles during the catalytic synthesis of carbon 

nanofibers on bulk nickel and its alloys [3].  

The study was supported by RFBR (Grant 10-03-00691).  
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The van der Waals (vdW) complex of molecular oxygen X-O2 is an ideal model for 

the study of photochemical processes in ―collisional‖ complexes of molecular oxygen 

O2 with molecules in atmosphere and for ―contact‖ complexes in condensed media. 

Recently the dramatic change in the mechanism of photodissociation of vdW complex 

X-O2 as compared with the free O2 molecule has been established [1] which reveals the 

supramolecular nature of the photoabsorption and photodissociation in complex. This 

work is devoted to the study of mechanism of the new photochemical processes in 

complexes X-O2 revealed recently which involve photogeneration of singlet oxygen in 

states g

1 a  and 1b g  as well as photogeneration of hydrogen H atom and other new 

photoprocesses.  The van der Waals complexes of oxygen X-O2 have been generated in 

the pulsed molecular beam. For the study of the photoprocesses in these complexes one 

laser and two-laser experiments have been carried out.  In the first approach exciting 

radiation was tuned to the REMPI lines of O(
3
PJ) or H atoms to provide simultaneous 

probing of O or H atoms arising in the photodissociation of the complex at the same 

wavelength. In the second approach the pumping radiation was spectrally tuned within 

spectral region of 213-277 nm. Technique of velocity map imaging of the 

photofragments was utilized for identification of the photochemical channels in X-O2 

complexes. The results of experiments have allowed us to suggest the cooperative 

excitation of complex with simultaneous change of the spin of both partners 
1
X–

3
O2 + 

h   
3
X–

1
O2  

3
X + 

1
O2 as a source of singlet oxygen O2( g

1 a ) and O2(
1b g ). 

Mechanism of other channels as well as possible application of the revealed 

photoprocesses to photochemistry of atmosphere and condensed phase are discussed. 

The authors gratefully acknowledge the financial support of this work by the 

Russian Foundation for Basic Research (Grant № 12-03-00170-а) and NWO Russia-

Netherlands Cooperative Research Grant 047.009.001. 
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One of the most interesting and unusual phenomena in the catalysis is the rate self-

oscillations. To date, approximately 70 oscillating heterogeneous catalytic systems are 

known. A typical example is the oscillations in the oxidation of CO, H2 and CH4 over 

supported and unsupported transition metals like Pt, Pd, and Ni. Here, we present the 

first results of our investigation of the mechanism of oscillations in the propane 

oxidation over nickel. Recently, it was found that the propane oxidation over nickel 

foils and wires in the mbar pressure range in oxygen-deficient reaction conditions can 

occur in an oscillation regime. In order to elucidate the reason for this unusual behavior, 

we performed kinetic measurements and characterized the catalyst (Ni foil, 99.99%) 

before and after reaction using SEM, STM, XRD, XPS, EXAFS, and Raman 

spectroscopy. In addition, we applied XPS and XANES techniques coupled with mass-

spectrometry and gas chromatography in situ, e.g. during the oscillations.  

We found that the relaxation oscillations appeared in the propane oxidation at 0.5 

mbar, at 550-650 °C and at propane/oxygen ratios from 3:1 to 15:1. Usually, the catalyst 

stayed in an inactive state for the most of the time with occasional evolutions of CO, 

CO2, H2, and H2O. The propane conversion oscillated in the range from 0.5 to 23%. 

Selectivity towards CO in active half-periods achieved 98%, whereas in inactive half-

periods it was only 40-60%. The periodical changes in the product and reactant 

concentrations were accompanied by synchronous variations of the catalyst temperature 

with amplitude of a few tens of degrees.  

According to the in situ study, the chemical state of the catalyst drastically changes 

during the oscillations. The Ni2p core-level spectra of the catalyst surface clearly 

indicate that during the active half-periods, nickel is in the metallic state, whereas 

during the inactive half-periods, the catalysis surface is covered with a layer of NiO 

with a thickness of at least 3 nm. We also found that the integral intensity of the O1s 

core-level spectra of the catalyst surface oscillates synchronously with oxygen in the gas 

phase. Hence, we conclude that the rate oscillations in the propane oxidation over nickel 

originate from the periodic oxidation and reduction of the catalyst surface. To the best 

of our knowledge, it is the first direct experimental evidence of the redox mechanism of 

the self-oscillation behaviour in the propane oxidation.  

The study was performed in the framework of Integration project No.81 supported by the 

Siberian Branch of the Russian Academy of Science. 
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The results of experimental investigation of relaxation ion motions in processes of 

light absorption and emission by crystals and molecules using visual-infrared 

femtosecond and usual VUF spectroscopy methods are presented. Such an optical 

detection permit to observe some new spectral phenomena connected with mentioned 

motions,  including subpicosecond time delays in establishment of light-induced 

absorption/bleaching bands due subnanojumps of photoexcited ions from initial 

interstitial to final site position in crystal grating as far as a polaron envelop formation 

around moving free photoelectrons. Another impressive result is introduced by short-

wave spectral shift of stimulated emission compared with the frequency of stimulating 

radiation due to intermediated electron-ion motions during acts of  light-induced 

transition from an upper binding vibration electron level of diatomic molecule to its 

repulsive foundation state. The physical evaluation of such a transition time is made 

based on a simple classic mechanical model of ion motion in process of radiative 

transition under consideration. Obtained value was about 10
-16 

s (less than a 

femtosecond!) in conclusion with well-known Heisenberg energy-time relation for 

frequency of used transition (193 nm).
 

 

 



 

L - 78 

 106 
 

New Aspects of the “Devil`s Staircase” Phenomenon in 

Incommensurate Crystals: ESR Study 

Albert M. Ziatdinov  

Institute of Chemistry, Far-Eastern Branch of the Russian Academy of Sciences.  

159, Prospekt 100-letiya, 690022 Vladivostok, Russia 

E-mail: ziatdinov@ich.dvo.ru 

 

The research results of conduction ESR (CESR) spectra of graphite intercalation 

compounds (GIC) with nitric acid (C5nHNO3) and EPR spectra of MgBF6·6H2O:Mn
2+

 (B – Si, 

Ge, Ti) crystals in their incommensurate phases are presented. 

In the liquid phase of ―guest‖ molecules layers of C5nHNO3 (T>TC≈250 K) the CESR 

linewidth does not depend on temperature (Fig. 1a). In the quasi-two-dimensional solid 

incommensurate phase of these layers (T<TC) the temperature dependence of CESR linewidth 

has a multi-break character with a ―global‖ temperature hysteresis (Fig. 1a). Irrespective of the 

sign of temperature change, the corresponding ‗breaks‘ take place near the same values of 

linewidth. The found peculiarities of linewidth temperature dependence point out the change of 

intercalate density modulation vector in a mode of the ―devil‘s staircase‖ and show the presence 

of additional interaction in this phase.  

  

Fig. 1. The temperature dependences of CESR and EPR lineshape 

parameters of C5nHNO3 (a) and MgGeF6·6H2O:Mn
2+

 (b) crystals, respectively. 

 

According to the EPR data the MgBF6·6H2O:Mn
2+

 (B – Si (a), Ge (b), Ti (c)) crystals at 

cooling of a(b)[c] at Ti1= 369(403)  1 K, Ti2 = 344(380)[366]  1 K and TC = 298(316)[300]  

1 K undergo structural phase transitions of the 2
nd

  and the 1
st
 (the last two) order. The phase 

transition at Ti1 is a 2
nd

 order transition of the paraphase-incommensurate phase type and is 

accompanied by smooth inhomogeneous broadening of the Mn
2+

 HFS lines, which are gradually 

transformed into a two-peak form. In all crystals, between Ti2 and TC, the slope of the linewidth 

temperature dependence undergoes a sequence of step-wise changes (Fig. 1b). The temperatures 

of these slope discontinuities Tin (n=2’6) depend on the direction of temperature change, but 

they, as in GIC C5nHNO3, occur at near the same values of HFS lineshape parameters. 

The similarity of the phenomena, which have been found in incommensurate phases of 

very different systems, specifies that they are caused by an previously unknown fundamental 

property of such states. Its nature is discussed in detail. 
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An optical frequency comb has been recognized as a new and unique tool for high-

resolution spectroscopic analysis of internal energy structure and dynamics as well as 

for controlling ultrafast phenomena in atomic and molecular physics [1]. Owing to its 

broadband spectrum, the frequency comb may efficiently interact with the medium 

inducing one-photon, two-photon and multi-photon resonances between finely 

structured energy levels. During last years, the investigations have been carried out on 

implementation of a femtosecond frequency comb to manipulate ultracold gases [2]. In 

these papers, the authors report on creation of ultracold KRb molecules from Feshbach 

states, the highest excited vibrational states of the ground electronic state by the pump-

dump stepwise technique that coherently accumulates population in the ground 

vibrational state. Experimentally, a dense quantum gas of ultracold KRb polar 

molecules was produced from Feshbach molecules using the stimulated Raman 

adiabatic passage (STIRAP) scheme with two picosecond pulses [3].  

Here, we demonstrate that a single, phase modulated optical frequency comb may 

be used to control dynamics in ultracold gases aiming at creation of deeply bound 

ultracold molecules from Feshbach states [4]. We investigate the KRb rovibrational 

cooling, that involves the interaction of loosely bound KRb molecules with a single 

femtosecond optical frequency comb resulting in population flow from the Feshbach 

state to the ultracold state.  The efficient Raman transitions may occur resonantly and 

also when the carrier frequency and the modulation frequency of the laser field are 

detuned off resonance with the one-photon transition frequency between electronic-

vibrational states of the molecular system. Coherent accumulation of the population in 

the cold KRb state with a negligible population of the excited state is accomplished by a 

well-defined number of sequential pulses with zero carrier-envelope phase difference 

and within the lifetime of the Feshbach KRb molecules, which is known to be about 100 

ms. The proposed technique is a viable substitute to the STIRAP scheme.  

[1] Femtosecond Optical Frequency Comb: Principle, Operation, and Applications, 

J.Ye, S.T. Cundiff, ed. (Springer, 2005).  

[2] A. Pe'er, E.A. Shapiro, M.C. Stowe, M. Shapiro, J.Ye, Phys. Rev. Lett., 98, 

113004(4) (2007); E.A. Shapiro, A. Pe'er, J. Ye, M. Shapiro, Phys. Rev. Lett., 101, 

023601 (2008). 

[3] K.-K. Ni, S. Ospelkaus, M.H.G. de Miranda, A. Pe'er, B. Neyenhuis,J.J. Zirbel, S. 

Kotochigova, P.S. Juliene, D.S. Jin, J.Ye, Science, 322, 231 (2008). 

[4] W. Shi, S. Malinovskaya, Phys. Rev. A 82, 013407 (2010). 
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One of the most intriguing properties of many catalytic materials is their ability to 

generate spontaneously organic radical cations detectable by EPR upon adsorption of 

aromatic electron donors presumably due to direct electron transfer. Of special interest 

are such materials as acid zeolites and sulfated metal oxides, which possess 

exceptionally strong one-electron acceptor sites capable of ionizing compounds with 

very high ionization potentials, such benzene (IP = 9.2 eV). The existence of weaker 

electron-acceptor sites with electron affinities ~ 7 eV in large quantities on the surface 

of many conventional oxides is no less remarkable.  

In the current communication the properties of one-electron acceptor sites of acid 

catalysts responsible for the formation of the radical cations will be explored by EPR, 

their possible structure will be analyzed using DFT, and correlations with the activity in 

acid-catalyzed catalytic reactions and solid-state reactions will be reported. 

Our DFT simulations showed that no uncharged surface sites, even oxygen-

centered radicals resulting from the removal of a hydrogen atom from a zeolite Bronsted 

acid site, have the electron affinity exceeding 6 eV. Strong electron-acceptor sites with 

electron affinity approaching the experimentally observed one could be simulated as 

superelectrophilic sites containing two adjacent protons solvated by the zeolite matrix. 

So, the existence of strong acceptor sites appears to be a test for the presence of 

superacidic protons on a catalyst surface. This fact explains the correlation of the 

activity of sulfated zirconia catalysts in n-butane isomerization requiring superacidic 

sites with the concentration of the strongest electron-acceptor sites observed by us.  

Conventional solid Bronsted acid catalysts seem to have weaker acceptor sites 

containing a single proton solvated by the oxide. Their acidity appears to be comparable 

with that of hydronium ions present in strong acids. Not surprisingly, the catalytic 

activity of oxides in ethanol dehydration, which is known to occur in sulfuric acid, was 

found to correlate with the concentration of weak acceptor sites tested using anthracene.  

Weak electron acceptor sites apparently related to positively-charged Lewis acid 

sites were found to form on the surface of MgO destructive adsorbents during their 

solid-state reactions with halocarbons. Their activity was observed to correlate with the 

concentration of such sites.  

Financial support by RFBR (Grant 12-03-00905) is acknowledged with gratitude. 
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Nitrogen-rich heterocycles and their derivatives have recently attracted 

considerable attention as promising environmental friendly energetic compounds. 

Among them, tetrazole (TZ), 5-aminotetrazole (5-ATZ), and diaminotetrazole (DAT) 

are widely used building blocks for a huge family of novel high-energy species [1-3]. 

The mutual interconversion and decomposition reactions of various tautomers of 

TZ, 5-ATZ, and DAT have been studied theoretically using various types of 

CCSD(T)/CBS procedures. The concerted double H atom transfer reactions in the H-

bonded complexes led to fast equilibration between various tautomeric forms of the TZ, 

5-ATZ, and DAT. The N-heterocyclic carbene isomer of TZ has never been considered 

before, however, it was predicted to be a key intermediate in the mechanism of thermal 

decomposition of TZ. In the case of 5-ATZ, new bimolecular reactions have been 

proposed to explain the experimentally detected formation of HN3. High-level 

computations allowed to reveal the role of tautomeric equilibria in thermal 

decomposition of TZ and 5-ATZ. The existing discrepancies in the mechanism and key 

intermediates of thermolysis of the title compounds have also been resolved. The 

calculated values of effective activation energy of TZ decomposition are in perfect 

agreement with the experimental data. 

ACKNOWLEDGEMENTS. The authors are grateful to the Russian Ministry of 

Education and Science (project No. P1475) for financial support. 
______________ 
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Molecular magnets Cu(hfac)2L
R
 based on copper hexafluoroacetylacetonates 

(Cu(hfac)2) and pyrazolyl-substituted nitronylnitroxides (L
R
) exhibit temperature-

induced structural rearrangements which lead to significant magnetic moment changes 

analogous to a spin-crossover[1]. Cu(hfac)2L
R
 are the first compounds capable to 

undergo such structural rearrangements reversibly without crystal destruction, therefore 

they have been called ―breathing crystals‖. 

Although ―breathing crystals‖ have been extensively characterized by X-ray, 

SQUID-magnetometry and EPR, the detailed mechanism of temperature-induced 

structural rearrangements on a molecular level is still unclear [2]. In the case of gradual 

phase transitions (e.g. Cu(hfac)2L
Pr

, where ∆T~150 K), X-ray shows gradual changes of 

bond lengths in nitroxide-copper(II)-nitroxide octahedrons which at certain temperature 

correspond to the flattened octahedral geometry. On the other hand, the existence of 

copper(II)-containing flattened octahedrons, which have also been previously observed 

for some dynamic Jahn-Teller complexes, is considered to be questionable and may 

relate to the temporal limitations of the technique used. In order to verify the existence 

of flattened octahedrons, another method should be used, and FT-IR combined with 

quantum chemical calculations is the choice approach for this complicated task.  

In the present work we report the results of investigation of two representative 

compounds of ―breathing crystals‖ family using far- and mid-IR Fourier Transform 

spectroscopy in a wide temperature range 4–300 K. Quantum chemistry calculations 

established correlation between temperature-dependent IR spectra and occurring 

structural changes. Taking into account these results and previously obtained X-ray and 

EPR data, the most probable mechanism of temperature-induced structural 

rearrangements in ―breathing crystals‖ is proposed. 

This work was supported by RFBR (№ 10-03-00735-a, № 11-03-00158-a and № 

12-03-01023-a), grant of the President of Russian Federation (MK-1662.2012.3 and 

MK-1165.2012.3), the Grant for the Leading Scientific Schools (NSh-2429.2012.3). 

[1] V. I. Ovcharenko, et. al.  Russ. Chem. Bull. Int. Ed. 53 (2004) 2406-2427. 

[2] S. L. Veber, et. al.    Inorg. Chem. 50 (2011) 10204-10212. 
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Recent report of the Observatory of the Earth (NASA) states that ozone 

concentration is not decreasing any longer. However, the largest ozone hole above 

Antarctica is going to heal over only in the second half of the ХХI century. So, 

investigation of the routes of chemical sinks of ozone remains urgent. Special attention 

of climatologists is now attracted to nanoparticles generated in chemical processes in 

the atmosphere; their relations with ozone are essential for atmospheric chemistry.  

In the present work, we studied chemical reactions of ozone with the analogues of 

the most significant atmospheric pollutants – halobenzenes, simple aldehydes, 

combinations of NOx with hydrocarbons. The formation of nanoparticles in these 

systems was monitored using the Diffusion Spectrometer of Aerosol (DSA) developed 

at the ISKC SB RAS [1]. The conditions of our experiments differ from those in the 

Earth‘s atmosphere but the experimental data allow predicting the major trends.  

We carried out numerical calculations of photochemical nucleation [2] using 

Szilard – Farkas scheme. A comparison of modeling results with measured kinetic data 

allows us to obtain the quantitative characteristics of nucleation process. Numerical 

modeling of the dynamics of gas-phase photochemical transformations of nucleation 

precursors was carried out by choosing the set of elementary stages allowing maximal 

approach to the photolysis and photonucleation kinetics recorded in experiments. In 

doing this, we took into account the results of physicochemical analysis, major and 

minor products [3]. A general view of the role of ozone was thus achieved. 

Investigation was supported by RFBR (94-03-08076-a; 96-03-33304-a; 02-05-

64783-a) and CRDF (RC1-2330-NO-02). 
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The present work studies a possibility to regulate the size and structure of 

magnetic associates of copper ions by varying the OH/Cu
2+

 ratio during the hydrolytic 

polycondensation of copper chloride in the zeolite pores. The redox properties and 

reactivity in N2O decomposition and NO-SCR by propane of the Cu-modified ZSM-5 

catalysts prepared by the hydrolytic polycondensation (HPC) are examined and 

compared with the properties of Cu-ZSM-5 having a close copper content (1wt.%) and 

produced by the ion exchange with water-ammonia solutions of copper chloride. 

The origin of active copper species, which are formed during hydrolytic 

polycondensation under variation of ОН/Cu and at subsequent thermal treatment, has 

been studied by ESR and UV-Vis DR spectroscopy. It was shown that an increase in 

ОН/Cu from 1-3 to 6-30 leads to the orbital ordering of Cu
2+

 ions in the weak 

associates, which shows up as a change of the symmetric signal (g0 = 2.18) from 

disordered polynuclear copper hydroxocomplexes to the rhombic signals (gz
ex,1

 = 2.18, 

gy
ex,1

 = 2.08, g
ex,1

 = 2.03 and gz
ex,2

 = 2.24, gy
ex,2

 = 2.08, gx
ex,2

= 2.03) corresponding to the 

ordered polynuclear complexes of copper ammoniate [1]. The rhombic ESR signal with 

gz
ex,1

 = 2.18 specifies to the ordered [Cu(NH3)n(OH)m(H2O)6-n-m]
(2-m)+

 units with two 

ground states: dz
2
 and dx

2
-y

2 
[1]. The 1%Cu(30)ZSM-5-HPC prepared at OH/Cu = 30 

has a higher amount of isolated tetraammine-copper complex and a lower number of 

weak associates of Cu
2+

 ions among samples of this series. Thermal treatment of 

1%Cu( )ZSM-5-HPC leads to a gradual removal of ammonia from the copper 

environment. Hence, these samples calcined at 500 C comprise the isolated Cu
2+ 

ions 

surrounded by the oxygen-containing ligands, similar to the samples prepared at OH/Cu 

equal to 0-3.  

The addition of ammonia solution to the copper-impregnated zeolite for hydrolytic 

polycondensation and variation of the ammonia to copper ratio have a favorable impact 

on the Cu-ZSM-5 activity in N2O decomposition and NO-SCR by propane.  

[1]. V.F.Anufrienko, G.A.Zenkovets, R.A.Shutilov, V.Yu.Gavrilov, N.T.Vasenin, 

A.A.Shubin, Z.R.Ismagilov, V.N.Parmon, Doklady Phys. Chem. 440 (2011) 194-197. 
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The suppression of unwanted fires is an important practical problem. Techniques 

involving different mechanisms are employed in extinguishing flames and fires.  

Improvements in techniques to control fires may aid in ameliorating fire problems. 

Improved knowledge of mechanisms by which fire extinguishing agents operate may 

help in the advancing suppression strategies. It is well known that the clue role in the 

flame propagation mechanism on hydrogen-air flames at the pressure above one 

atmosphere plays hyper equilibrium concentration atoms and radicals connecting with 

chain brunching reaction. It has been proved, that the main inhibiting effect in the flame 

is determined by decreasing of the active centers of flame (О
.
, Н

.
, ОН

.
) [1].  The 

interaction of these radicals either with inhibitor molecules or with the products of 

destruction in the high temperature region of flame leads to the significant restrain of 

the flame spreading, or in another words to inhibition. Addition a few inhibitor 

amounts, which are able to catch (scavenge) the radicals can significantly reduce 

combustion speed.  It is known that addition of halogens to flames promotes extinction 

at least partially through modification of the chemical kinetics. As far as the most of 

halons  including CF3Br have been forbidden by Montreal protocol [2] there is actual 

task for scientists to find new effective flame inhibitors. The phosphorus containing 

substances take significant place  in the scientific papers as an alternative fire 

suppressants. There are some experimental and theoretical evidences [3, 4] about fire 

suppression activity of trimethyl phosphate and dimethyl methyl phosphonate, but 

mechanism of inhibition action still no clarified.  The quantum-chemical calculations ab 

initio in the 6-31*G basis set  have been provided to research the thermochemistry of 

elementary reactions which occur during flame inhibition processes. It was shown that 

the Korobeinichev‘s mechanism [3] more energetically preferable than scheme of 

Werner and Cool [4]. 
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A sample of nanoporous carbon material (NPCM) was prepared [1] using a mixture 

of 1,2,3-benzotriazole (0.373 mol) and urea (0.748 mol) in an excess of sodium 

hydroxide (3.93 mol). The BET surface area of the sample attained 2000 m
2
/g.  

For the vacuum-treated sample, a symmetric EPR spectrum with ge = 2.004 is 

 = 3.5 Gs) at 300 and 77 K. The integrated 

intensity at 77 K exceeds ca. 8-fold the intensity of signal at 300 K, which means that 

the Curie law is not obeyed. The violation of the Curie law at a low temperature may be 

caused by the partial location of conduction electrons far from the carbon structure 

defects that produce the EPR spectra. An increase in the temperature leads to 

delocalization of electrons, which results in broadening of the spectra by the narrow 

neck mechanism. The indicated defects producing the EPR spectra are formed during 

carbonization, which is accompanied by the removal of nitrogen, oxygen or chlorine 

heteroatoms from the carbon material. On the other hand, the violation of the Curie law 

for the intensity of EPR spectra implies a change in the carbon material conductivity — 

mobility of the conduction electrons grows with temperature elevation. Indeed, it was 

found that conductivity of carbon materials, depending on temperature and 

carbonization time, can be described either by the one-dimensional or three-dimensional 

Mott law. If a carbon sample is carbonized at a temperature of 700 C, it usually has the 

EPR spectrum and possesses one-dimensional conductivity. If a carbon material is 

carbonized at a temperature of 900 C and its carbonization time is longer than 15 

minutes, such material does not produce the EPR spectrum and possesses three-

dimensional conductivity. Presumably, these materials represent two different types of 

NPCMs with different conductivity, which affects the properties of nanostructured 

carbon materials. 

1. Ch.N. Barnakov,
 
A.P. Kozlov, S.K. Seit-Ablaeva, V.B. Fenelonov, S.V. Cherepanova, Z.R. Ismagilov, 

V.N. Parmon. A new generation of porous carbon materials produced from petroleum coke and 

compounds simulating its structure. Petroleum Chemistry, 2004, No. 6, p. 436-439 
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The negatively charged nitrogen-vacancy (NV
−
) center is a unique defect in 

diamond that has many promising applications in quantum metrology and quantum 

calculations. One of the attractive features is the phenomenon of optically induced spin 

polarization of the S=1 and Sz=0 ground state. It has been proposed that the polarization 

arises due to inter-system crossing from the excited triplet state to singlet levels, and 

decay back to the ground state with an overall change of spin. Spin polarization and 

emission will be reduced whenever the spin states are mixed, and this can occur with 

the application of an external magnetic field. 

Two synthetic Ib diamond samples of different nitrogen concentrations were used. 

Both were irradiated and annealed to produce NV
− 

centers. The samples were excited 

with a 532 nm laser and the emission intensity was measured as a function of magnetic 

field along the 111  direction with lock-in amplifier. An example of magnetic field 

spectrum is shown in figure. 

The dependence of the magnetic field spectrum on polarization and intensity of 

excitation light was investigated. 
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For the dimer of Cu
2+

 ions in CaO, it was observed (Anufrienko and Maksimov, 

1976)  an unusual for copper containing oxides ferromagnetic exchange interaction, i.e. 

the main dimer state possesses spin S=1. For the neighboring Cu
2+

 ions, the main states 

are: dz
2
- and dx

2
-y

2
- (Fig. a). ESR spectra of the dimer exhibit HFS of ions Cu

2+
 with 

HFS constants as A=72 Gs (dz
2
) and A=144 Gs (dx

2
-y

2
). In 1983, Kugel and Khomskyi 

showed profitability of the formation of such orbitally ordered dimers of Cu
2+

 ions. 

 

 For crystal hydrate CuSO4 5H2O, ESR exchange spectra at 77 and 300 K are 

associated with the correlation of tetragonal distortions of ions Cu
2+

 in the crystal 

hydrate (see Fig. b). Octahedral aqua complexes of ions Cu
2+

 with the main state d y 

alternate with Cu
2+

 with the main state dz
2
. The exchange interaction is not high due to 

weak direct overlapping of the main orbitals, HFS is smoothed. The vibronic exchange 

results in the averaging of the components of g-factor, the parameters of exchange 

spectra of CuSO4 5H2O are expressed in terms of the parameters of a separate aqua 

complex Cu[H2O]6, the main state is dx
2

-y
2
-: g

ex
=2,26=(g

is
+g

is
)/2, g

ex
=2,08=g

is
. Note 

that if for isolated ions, the ratio between the components of g-factor is g
is

>g
is

, then 

the dynamic exchange of ESR spectra CuSO4 5H2O permits ratio g
ex

>g
ex

-anisotropy 

of the exchange spectra ―undergoes‖. 

Our team observed such orbital ordering of ions Cu
2+

 with abnormal ESR spectra 

for different catalytic copper oxide systems. 
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 It was found by ESR at 77K the formation of different types of Сu
2+

associates 

with specific orbital ordering in aqueous ammonia solutions of copper nitrate with the 

concentration of 10 g /L Cu. The ammonium concentration in a solution has a decisive 

effect on the type of orbital ordering Сu
2+

 ions in associates. At a concentration of 7.4 

mol/L NH
4+

, the ESR spectrum without HFS and with axial anisotropy (g|| = 2.23, g  = 

2.07) is recorded (Fig. 1, curve 2). ESR spectrum of this type is indicative of the orbital 

ordering of Cu
2+

 ions with the dх
2

-у
2
 ground state in associates with a weak exchange 

interaction between Сu
2+

 ions when the g factor axes are parallel to one another.  

   
 a b 

Fig. 1. ESR spectra of Cu
2+

 ions in aqueous ammonia solutions of copper nitrate 

with m concentration of 7.4 (1) and 0.84 mol/L NH
4+

 (2) (а); ordering structure of Cu
2+

 

ions in associates corresponding to spectrum (2) (б). 

  

At a concentration of 3-0.84 mol/L NH
4+

 the ESR spectrum with g1
ex 

= 2.18, g2
ex 

= 

2.10, g3
ex 

=2.053 is observed (Fig. 1, curve 2), that are in a good agreement with 

calculated values g||
is
 = 2.0, g

is
 = 2.2 – 2.5 for Cu

2+
 ions in an octahedral coordination 

with a strong axial contraction of dz
2
, dx

2
 or dy

2
 ground states and with g||

is
 = 2.24 – 2,26, 

g
is
 =2.1 for Cu

2+
 ions in an octahedral coordination with a strong tetragonal distortion 

and the dx
2

-y
2
, dy

2
-z

2
, dz

2
-y

2
 ground states. In all cases, copper ion ordering in associates is 

caused by the presence of bridging OH-groups in the axial or equatorial position of 

[Сu(NH3)
.
n(H2O)6 – n]

2+
 complexes (n < 6). 
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ESR has discovered the orbital ordering of d
1
-ions of Ti

3+
, for which the 

observation of degeneracy of eg-term and a decrease in the energy of the basic state are 

caused by tetragonal distortions of the tetrahedral crystalline field of the ligand 

surrounding. The size of the tetrahedral interstitials of crystal TiCl3 permits d
1
-ions of 

Ti
3+ 

to be stabilized there. For the solution of TiCl3 frozen in H2O and phase TiCl3, 

preceding the synthesis of catalyst MCK-TiCl3, everybody is familiar with the ESR 

spectrum taken at 77K g =1,993 and g =1,90 (gav=1.93), which is determined by ions 

Ti
3+

 with dz
2 

 as the main state, in a slightly 

tetragonally compressed tetrahedral 

cryslalline field of ions Cl
-
.  

For the titanium-chloride system, ESR 

spectra of ion Ti
3+

 with dx
2

-y
2  

as the main 

state are not presently known. However, 

according to the crystal field theory for 

slightly tetragonally elongated tetrahedral 

crystalline field of anions Cl
-1

, dx
2

-y
2 

 as the 

main state of ion Ti
3+

, gav.=1.93, it is 

possible to calculate parameters of the proposed spectrum: g =1,86 and g =1,967. 

For commercial ethylene polymerization catalyst MCK-TiCl3, it was detected at 77 

K an isotropic ESR spectrum with go=1.931 and H=30 Gs, which is associated with 

d
1
-ions of Ti

3+
. Parameters of the spectrum can be obtained by averaging of ESR 

spectrum parameters upon orbital ordering of slightly distorted ions Ti
3+

. These 

parameters suggest the Jahn-Teller (J-T) cooperative effect of interstitial tetrahedral ions 

Ti
3+

 in -TiCl3 (Fig. 1): g
ex

o=g
ex

┴=g
ex

|| 1,931 where g
ex

┴=(g
z2

┴+g
x2-y2

┴)/2 and 

g
ex

||=(g
z2

||+g
x2-y2

||)/2 

We suggest that the J-T effect formed in the interstitial tetrahedral ions of Ti
3+

 is 

energetically efficient/favorable and stabilizes MCK-TiCl3 particles as -TiCl3 with 

disordered cationic distribution of ions Ti
3+

 in matrix TiCl3. The partial cationic 

disordering of phase TiCl3, caused by the J-T cooperative effect of interstitial 

tetrahedral ions Ti
3+

, conforms with ferromagnetism of catalyst MCK-TiCl3, which we 

determined from the temperature dependence of magnetic susceptibility of catalyst 

MCK-TiCl3. 
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Alexander A. Shubin, Alexander M. Volodin  
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Electron transfer is an important part of a significant number of chemical and 

photochemical reactions taking place on active sites located at the surface of solids. Ion 

radicals formed in the course of reactions may be used as the spin probes for 

investigation of their stabilization sites [1,2]. In the present work, we focus on the 

interpretation of experimentally discovered by us unusual EPR spectra of anion radicals 

of 1,3,5-trinitrobenzene formed on electron donor sites at the surface of fully oxidized 

Al2O3 samples. We also discuss direct electron transfer between the cation radicals of 

benzene located in inside the ZSM-5 zeolite channels and the molecules of 1,3,5- 

trimethylbenzene located at the external surface of zeolite particles. In the latter case, 

according to the results of quantum chemical calculations, the observed EPR spectrum 

belongs to the slightly distorted (up to Cs symmetry) cation radical of 1,3,5- 

trimethylbenzene in the conformation close to the optimal in vacuum, but with the 

hindered CH3-group rotation. Experimental spectrum coincides well with the simulated 

one calculated with use of theoretically obtained g- and A-tensors along with the set 

Euler angles describing their relative orientation. Later on, experimental dependence of 

the concentration of paramagnetic NO molecules observed by EPR method is 

considered in the frames of the proposed lattice model. 

It is shown that developed theoretical approaches are effective and informative for 

the solution of a number of problems related to the interpretation of experimental results 

obtained by the means of EPR method applied to the investigation of the surface 

phenomena. 

The study was supported by RFBR (Grant 10-03-00691). 

References 
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PSI - 6 

 122 
 

The effect of ZSM-5 zeolite structural transition  

on the EPR spectra of copper ammines 

Nikolai T. Vasenin1, Svetlana A. Yashnik1, Vladimir F. Anufrienko1, 

Aleksander A. Shubin1, Zinfer R. Ismagilov 1,2 

1
Boreskov Institute of Catalysis SB RAS, Pr. Ak. Lavrentieva, 5, Novosibirsk 630090, 

Russia     
2
Institute of Coal Chemistry and Materials Science, Pr. Sovetskiy, 18, Kemerovo 

650000, Russia 

E-mail: vasenin@catalysis.ru, zri@catalysis.ru 

The EPR study revealed the effect of ZSM-5 zeolite structural transition from 

monoclinic to orthorhombic modification on the orbital ordering of Cu
2+

 ions.    

The axial EPR spectrum of isolated Cu
2+

 ions with parameters g  = 2.23, g  = 2.06 

and A  = 185 Gs is observed for 5wt.%Cu/ZSM-5 sample at 77 K (Fig.). This spectrum 

is caused by the formation of ammonia complexes with a strong covalent bonding of 

copper ions to ammonia molecules [1]. The EPR spectrum of the same sample at 300 K 

is quite unusual: there appears a weak exchange interaction that smears the hyperfine 

structure of the spectrum; therewith, the spectrum remains axial and retains the g  value 

equal to 2.23 (Fig.). Only the orbital ordering of Cu
2+

 ions with the same ground states 

22
yx

d  and parallel axes of symmetry of the ions can produce such a spectrum [2]. 

Similar changes in the EPR 

spectrum depending on the 

measurement temperature were found 

for 2wt.%Cu/ZSM-5 zeolite; however, 

the g  value at 300 K was shifted 

downward to g  = 2.19, which differs 

substantially from g  = 2.23 at 77 K. A 

possible explanation of the decrease in 

the g  value to 2.19 at 300 K is that 

some Cu
2+

 ions have the ground state 

2z
d  along with 

22
yx

d . The ground state 2z
d  at 300 K can result from a contraction of 

octahedron around Cu
2+

 ions due to structural transition of the zeolite from monoclinic 

to orthorhombic phase; this gives rise to the orbitally ordered copper structures similar 

to those observed in the frozen solutions of copper ammine with pH = 8.5-10.5 [2]. 

 

[1]. K.I. Zamaraev, N.N. Tikhomirova, J. Struct. Chem. 5 (1964), 691. 

[2]. V.F. Anufrienko, G.A. Zenkovets, R.A. Shutilov, V.Yu. Gavrilov, N.T. Vasenin, 

A.A. Shubin, Z.R. Ismagilov, V.N. Parmon, Doklady Phys. Chem. 440 (2011) 194. 
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Various experimental nuclear magnetic resonance (NMR) techniques have been 

used for studying both dark chemical exchange (DCE) and reversible photochemical 

processes (RPCP) [1]. In the report modern NMR-based methods of studying the 

kinetics (DCE in paramagnetic systems and RPCP in diamagnetic systems), 

determination of the quantum yields and mechanisms of RPCP reactions are surveyed. 

Detailed consideration of peculiar features of the experimental techniques, based on 

NMR lineshape analysis, 2D EXSY and double resonance NMR (spin saturation 

transfer and inverse fractional nuclear spin population transfer), used for the 

determination of the effective rate constants and of quantum yields of RPCP will be 

presented. Modern NMR methods are applicable to studies of the kinetics and 

mechanisms of RPCP in solutions characterized by the effective rate constants varying 

between 10
–3

 and 10
2
 s

–1
. They offer unique possibilities for studying the kinetics of 

RPCP immediately under photostationary conditions and analyzing the interconversions 

of molecular forms in degenerate systems (e.g., photoisomerization of enantiomers). 

NMR studies of RPCP are aimed at solving problems in biophysics (design of 

photosensors, etc). They can also help us to understand the mechanisms of cyclic 

chemical reactions in living organisms that involve absorption of light (e.g., sensing of 

light information or photodynamic therapy) and be useful in dose evaluation and 

location of X-ray irradiated regions. 

 

The study was carried out at support of the RFBR (grant N 11-03-00197-a). 

1. Babailov S.P., Progr. Nucl. Magn. Reson. Spectrosc., 2009, V.54, 3-4, P.183. 
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Parahydrogen-induced polarization (PHIP) is the way to enhance 
1
H NMR signal of 

the products of hydrogenation reactions when parahydrogen is used instead of normal 

hydrogen. Compared to thermal polarization, up to four orders of magnitude signal 

enhancement is possible for commonly used field strengths [1]. These enhancement 

capabilities are useful in chemical sciences for studying the location of hydrogen atoms 

supplied from the hydrogen molecule to the products of hydrogenation. This 

information is important for mechanistic studies both in homogeneous and 

heterogeneous catalysis [2]. 

In this work, the PHIP technique was applied to study the mechanisms of 1,3-

butadiene, 1- and 2-butynes hydrogenation over supported Pt, Pd, Au and Rh catalysts. 

Series of catalysts with different particle sizes supported on Al2O3, SiO2, ZrO2, TiO2, 

carbon and chitosan were examined. Mechanisms of 1,3-butadiene and 1-butyne 

hydrogenation over supported metal catalysts were suggested taking into account the 

stage of pairwise addition of hydrogen. Influence of support nature to the NMR PHIP 

signal intensity was investigated. A substantial increase in the pairwise addition 

selectivity was found for catalysts supported on TiO2 as compared to other catalyst 

series. High temperature reduction (more than 500
o
C) of Pd/TiO2 in H2 atmosphere has 

led to the loss of pairwise activity for butane production. We suppose this strong metal-

support interaction to block active sites responsible for pairwise addition of hydrogen. 

Work is supported by the RFBR 11-03-93995-CSIC_a, RFBR 11-03-00248-а, 12-

03-00403-a, RAS (5.1.1), SB RAS (160, 61, 57, 122), NSh-2429.2012.3 and program of 

the Russian Government to support leading scientists (11.G34.31.0045). 

 

1. C. R. Bowers, Sensitivity enhancement utilizing parahydrogen. In: Encyclopedia on 

nuclear magnetic resonance. New York: John Wiley & Sons, 2002, 9, 750–770 

2. K. V. Kovtunov, I. E. Beck, V. I. Bukhtiyarov, I. V. Koptyug, Angew. Chem. Int. Ed., 

2008, 47, 1492. 
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Radical anions are the key intermediates of the polyfluoroaromatics reductive 

defluorination. In case of octafluoronaphtalene only the product of β-defluorination was 

observed [1]. This contradicts with the well known prevaile location of the 

octafluoronaphtalene LUMO in α positions. ESR data for corresponding radical anion 

C10F8
-. 

, aF=22.1 (4F) and 28.5 (4F) G [2], testiffy to non-planar anion structure. Mirror 

symmetry of the out-off-plane distortions indicates the complex multihole structure of 

the radical anion potential energy surface (PES).        

We performed the detailed quantum chemical study of adiabatic PES of C10F8
-. 

radical anion in the gas phase and polar media using UB3LYP/6-31+G* calculations 

and PCM model of polarizable continuum for solvation effects.  The stationary PES 

points were located and their interrelations were established using IRC calculations. On 

this base we interpreted the ESR data and considered the mechanism and energetics of  

α- and β-defluorination. 

The PES of  C10F8
-.  

was found to be the surface of pseudorotation both in gas phase 

and polar solvent. As for fluorobenzene radical anions the pseudorotation involves non-

planar  structures. The effects of polar solvent result in the add electron location in one 

of the condensed rings. The stationary point number is doubled and the pseudurotation 

cycle is devided into the two ones. We revealed the topological relation between the 

PES structure of the benzene, hexafluorobenzene and octafluoronaphtalene anions, that 

may be modelled with the Móbius band and its successive cutting along the middle line.     

The fluoride ion elimination from β-position was found to be favoured 

energetically,   the reaction coordinate in this case includes pseudorotation. 

 

1 S.S. Laev, V.D. Shteingarts, J. Fluorine Chem., 1998, 91, 21-23. 

2 D.W. Werst, Chem. Phys.Lett., 1993, 202, 101-107. 
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Polyfluoroarylamine radical anions (RAs) are of interest as the key intermediates of 

synthetically important reactions. It is known that the process of reductive 

dehalogenation, that leads to the substitution of fluorine atom to hydrogen atom in these 

compounds occurs due to the formation of RA, followed by separation of the anion F
-
. 

The direction of these reactions is determined by the structure of the RA intermediate 

[1]. Thus, knowledge of the structure of the RA gives an indication to the further 

transformations of these particles, which is especially important for the synthesis of 

various organic compounds.  

This work is devoted to both experimental and calculated confirmation of the RA of 

4-aminononafluorobiphenyl possible formation, as well as determination of its 

hyperfine structure and particularity of its formation. 

Experiments have been performed by means optically detected ESR technique that 

allows to selective detection of short-lived radical ions in liquid solutions. The ESR 

spectrum of RA of 4-aminononafluorobiphenyl has been obtained for the first time in a 

nonpolar solvent at the room temperature. HFC values showed separation of F
-
 from the 

para-position with the greatest electron density of the preferable direction of reductive 

defluorination reaction. The resulting values of HFC constants of RA are in good 

agreement with quantum chemical calculations. The data obtained about the 

dimerization of RA of 4-aminononafluorobiphenyl demonstrate one of the few 

examples of spectroscopic registration of RA dimerization. 

Literature: 

[1] A. Reshetov, G. Selivanova, L. Politanskaya et al., Archive for Organic Chemistry. 

2011, VIII, 242-262. 
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Cysteine is a very important naturally occurring amino acid. Owing to the presence 

of thiol group in its side-chain residue, cysteine is prone to form S-H...X H-bonds and 

participates in formation of protein secondary structures. Cysteine also plays a very 

important role in stabilizing the conformation of protein active site in zinc fingers and 

iron-sulfur proteins due to high affinity of thiol group to bind with metal. In addition -

SH group can be easily oxidized providing cystine with a covalent disulfide bridge often 

found in secreted proteins like insulin and trypsin. Besides, cysteine and its derivatives 

are used as drugs. 

In crystals cysteine can adopt different conformations since its side chain may 

easily rotate along C-C bond providing three general types of its orientation 

characterized by the value of N-C-C-S torsion angle: gauche+ , gauche- and trans-. 

Investigations of L- and DL-cysteine on variation of temperature and pressure have 

revealed many phase transitions. On cooling the orthorhombic L-cysteine its side chain 

becomes ordered, in monoclinic L-cysteine a subtle phase transition is detected. 

Increasing pressure leads to series of phase transitions accompanied by changes in 

intramolecular geometry and H-bonds in both polymorphs. It is remarkable that high-

pressure phases are not the same for these two modifications of L-cysteine. DL-cysteine 

also undergoes phase transitions on cooling and increasing pressure. Even on slow 

cooling crystals split into several fragments and as recently has been shown 

fragmentation is caused by breaking the weak S-H...S H-bonds between layers in crystal 

structure. More phase transitions in DL-cysteine are observed on increasing pressure. 

Very recently we have shown that reducing or suppressing completely the mobility 

of the side chain results in the crystal structure stabilization with respect to phase 

transitions. It was found that chemical modification of H-bonded groups as well as 

introducing a potentially stronger acceptor or donor for H-bonding in the structure 

considerably increases the stability of the crystal structures with respect to phase 

transitions on increasing pressure. In the present work we report that contribution of 

weak H-bonds formed by the side-chain of cysteine in temperature- and pressure- 

induced phase transitions is crucial in such system. 
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Molecular magnets Cu(hfac)2L
R
, called ―breathing crystals‖, undergo reversible 

structural rearrangement, during which the volume of crystals change by up to 13%. In 

process of phase transition spin configuration of three-spin cluster nitroxide-copper(II)-

nitroxide switches between weakly-coupled and strongly-coupled states, which is 

reflected in EPR spectra. In this work we have studied intercluster exchange interactions 

and spin state conversion in series of ―breathing crystals‖ using X, Q-band EPR. In our 

previous work [1] we demonstrated that the intercluster exchange interactions occur 

between neighboring polymer chains due to the delocalization of electron spin density 

between two NO groups in nitronyl nitroxide, and that the direction of magnetic 

―chains‖ does not coincide with the direction of structural polymer chains. Here we 

investigated angular dependence of the linewidth of spin triad in detail and observed the 

behavior characteristic for 1D magnets. We determined the direction of magnetic chains 

with respect to the polymer chains and compared it for several compounds with 

different magnitudes of exchange interaction. Aiming at the tuning of exchange 

interactions in ―breathing crystals‖, we have studied three compounds Cu(hfac)2L
R

tert 

with modified radical ligand. The modification leads to a principal change of magnetic 

chain direction. EPR signals of one-spin copper ions and triads become exchange-

narrowed, meaning that the intercluster exchange coupling within the same polymer 

chain has dramatically increased compared to the previously studied compounds. Using 

an approach of the modified Bloch equations, we obtained satisfactory agreement of 

computational modeling with experimental spectra, and also estimated intercluster 

exchange interaction. Finally, we have observed the Light-Induced Excited Spin State 

Trapping (LIESST) phenomenon in one of these new compounds Cu(hfac)2L
Me

tert. The 

lifetime of the excited state depends on the sample preparation procedure and can reach 

hours at temperature around 60 K that is significantly higher compared to our previous 

LIESST studies. This work was supported by RFBR (No. 11-03-00158), the RF 

President‘s Grant (MK-1662.2012.3, MK-868.2011.3).  

[1] J. Amer. Chem. Soc.132 (2010) 13886. 
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Nitroxide mediated radical polymerization (NMP) is a convenient technique which 

allows for preparation of polymers with low polydispersities, defined molecular weight, 

functionalized end groups. The N-(2-methylpropyl)-N-(1-diethylphosphono-2,2-

dimethylpropyl)-N-oxyl radical (SG1) is an effective mediator for NMP of many 

styrenic and acrylic monomers. The methyl methacrylate based monomers are probably 

the last monomer family which is very hard to polymerize via NMP route. Typically the 

main reason for NMP of MMA to fail is the occurrence of side reactions which are β-

hydrogen transfer reaction. In the literature there is no common opinion about the 

occurrence of H-atom transfer reaction for SG1 and MMA-alkyl radical. 

In this contribution mechanism and kinetics of decomposition of alkoxyamines 

based on SG1 nitroxide and isobutiryl alkyl fragments in different conditions is 

investigated and possible side reactions that alter nitroxide mediated polymerization are 

evaluated. Analysis of reaction products of decomposition in the presence of alkyl 

radicals‘ scavenger/nitroxide reducing agent showed these alkoxyamines undergo 

primary NO-C bound homolysis. No products of H-atom transfer by intra-molecular 

passway were detected. Decomposition of SG1-based alkoxyamines in non-scavenging 

conditions revealed high impact of reaction with oxygen on decomposition mechanism. 

When decomposition was carried out in poorly degassed solutions nearly quantitative 

formation of oxidation product was observed. When reaction mixtures were degassed 

up to residual pressure 10
-5

 mbar it was possible to observe H-atom transfer reaction. 

Calculations of the reaction kinetics revealed the rate constant of H-transfer which was 

found to be 1.7 10
3
 M

-1
s

-1
. 

Acknowledgments: Division of Chemistry and Material Science (5.1.1), RFBR 
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Nitroxide mediated radical polymerization (NMP) is a convenient technique which 

allows for preparation of polymers with low polydispersities, defined molecular weight, 

functionalized end groups. The main limitation of NMP is the lack of control in 

polymerization of methacrylic derivatives. This is the result of the hydrogen transfer 

reaction occurring during NMP of methacrylate. According to the literature data this 

side reaction can occur via intra-molecular and radical pathways depending on the 

structure of the alkoxyamine and nitroxide.To extend the NMP technique to 

methacrylate monomer family the mechanism of this side reaction should be 

understood.  

In the present research we solve the 

mechanism of H-atom transfer reaction 

for several alkoxyamines containing 

sterically hindered nitroxyl fragment by 

means of NMR technique. The potential 

application of this alkoxyamines for 

NMP of styrene, acrylate and 

methacrylate was investigated. This 

alkoxyamines were employed as 

initiators of NMP of methacrylate. It was 

shown that it is possible to conduct the 

polymerization of MMA up to 50-60% in controlled regime at relatively low 

temperature. The polymers obtained were of low dispersity and contained high amount 

of living chains. So that block-copolymer preparation was possible. Thus sterically 

hindered alkoxyamines were found to be efficient mediators of NMP of methacrylates. 

Acknowledgments: Division of Chemistry and Material Science (5.1.1), RFBR 
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Nitroxide mediated radical polymerization (NMP) is a convenient technique which 

allows preparing polymers with low polydispersities, defined molecular weight, 

functionalized end groups. The analysis of the NMP kinetics showed that the 

polymerization efficiency depend on the homolysis rate constant kd of the dormant 

species (alkoxyamines) and recombination of nitroxyl and alkyl radicals kc. The rate 

constants kd and kc depend on monomer structure, therefore polymerization of various 

monomers requires different nitroxides to perform NMP in controlled mode. Electronic 

effects of substituents could influence the 

kinetic parameters kd and kc. Recently [1] 

we have demonstrated the influence of 

protonation on kinetic parameters of NMP 

when mediated by imidazoline-based 

alkoxyamines. Complexation leads to similar 

effects. It was shown that the complexation 

produces strong (up to 100-fold) decrease in 

kd value at the same temperature for 

deprotonated form of alkoxyamine whereas 

has no effect on the protonated form. The influence of complexation was correlated with 

the value of complexation constant. The stechiochemestry of the Zn-alkoxyamine 

complexes was evaluated by means of NMR. The ability of macroalkoxyamines to 

undergo complexation was used for the production of switchable Zn-polymer 

complexes. 

Literature [1] Mariya V. Edeleva, Igor A. Kirilyuk, Irina F. Zhurko, Dmitry A. 

Parkhomenko, Yuri P. Tsentalovich, and Elena G. Bagryanskaya J. Org. Chem., 2011, 

76 (14), pp 5558–5573 
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In this work an attempt to clarify the molecular mechanism of effect of glycyrrhizic 

acid (GA) on the properties of cell membranes was made. Glycyrrhizic acid (Fig. 1) - 

triterpene glycoside extracted from licorice root, showing a wide range of biological 

activity. GA and its derivatives are widely used in medicine for the treatment of asthma, 

eczema, dermatitis, ulcers of the stomach and duodenum. In aqueous and water-

alcoholic solutions GA is able to form 

micelles as well as inclusion complexes with 

many organic compounds. This ability offers 

the challenges for use of glycyrrhizic acid as 

a drug delivery vector. In addition, there are a 

variety of data on the effect of GA and its 

derivatives on the biosynthesis and properties 

of cholesterol, however, the molecular 

mechanism this effect, including increase the 

bioavailability of drugs, is still not clear. 

Previously, we have found that the dimer of 

glycyrrhizic acid is capable to form stable complexes with cholesterol [O.Yu. 

Gluschenko, N.E. Polyakov, T.V. Leshina, Appl. Magn. Res., 41 (2011) 283-294]. This 

fact particulary clarifies the mechanism of GA action in body, but it‘s still necessary to 

study it in more details. 

In the present work for a better understanding the mechanism of GA influence on 

the drugs bioavailability, the effects of GA on the functional properties of the 

membranes of living cells have been studied. As a model of cage membranes, we have 

selected red blood cells (RBC), as the most affordable and relatively resistant to external 

influences. The significant increase in permeability of erythrocyte membranes in the 

presence of GA was established by means of NMR relaxation techniques. This property 

of glycyrrhizic acid might contribute to its ability to increase the drugs bioavailability in 

human body. 

 

 

Fig. 1. The structure of  glycyrrhizic acid 
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A few years ago a new method of molecular motions investigation by stimulated 

spin echo (π/2-τ-π/2-T-π/2-τ-echo) technique was proposed [1]. So far, it has been used 

successfully to study nanosecond time scale stochastic librations and microsecond 

reorientations of nitroxide probes in organic glasses [2], spin-labeled lipids [1,3] and 

antimicrobial peptides [4] in lipid bilayers, using an X-band EPR spectrometer.  

G-band (180 GHz) spectrum of nitroxide spin label possesses a much higher 

anisotropy as compared with X-band, which allows one to study anisotropy of 

molecular motions. Also, a high-field EPR spectrometer has much lower ―dead time‖, 

what is extremely helpful in stimulated echo investigation of spin relaxation. 

Stimulated spin echo experiments performed at G-band are described on lipid 

bilayers containing spin-labeled lipids, and the advantages of G-band are discussed. 
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Radical forms of oxygen adsorbed on the catalyst surface are among the most 

important reactive intermediates in oxidation reactions. Superoxide radical anions can 

be generated on the surface by variety of different methods and easily detected by EPR. 

One of the most interesting methods is their formation after reaction of hydrogen 

peroxide with the surface of some oxides at moderate temperatures. Despite the 

existence of considerable data on the formation of О2
-
 radical anions under different 

conditions, there is surprisingly little information in the literature on their reactivity.  

In the current study we investigated the formation of О2
-
 radical anions from 

hydrogen peroxide on the surface of hydrated zirconia by EPR. The dependence of their 

concentration on the H2O2 concentration in solution was studied.  The reactivity of the 

generated radical anions with respect to several organic substrates was compared. 

The concentration of O2
-
 radical anions generated on the surface of hydrated ZrO2 

in a H2O2 solution was found to depend on the H2O2 concentration. It was shown that 

this method can be used for detecting H2O2 in solutions with concentration as low as 

0.01 wt.%.  

A superoxide radical anion substitutes a hydroxide group on the surface. Most 

likely, only very basic isolated OH
-
 groups that do not have a counterpart proton in the 

immediate vicinity participate in this reaction. So, the concentration of the generated 

radical anions gives information about the concentration of such basic sites.  

The radical anions were found to react with different organic molecules even at 

room temperature. The decomposition kinetics of O2
-
 radical anions was double-

exponential with two reaction rate constants. The existence of two distinct rate constants 

suggests that two types of O2
-
 radical anions with similar spectroscopic parameters but 

different reactivity are present on the surface of hydrated ZrO2. Most likely, different 

arrangement of hydroxyl groups near the radical anions accounts for the presence of the 

two types of O2
-
 with different reactivity.  

The rate constants obtained in the presence of the studied organic compounds were 

found to conform to the expected order of reactivity: toluene > benzene >> hexane. It is 

likely that the disappearance of the O2
-
 radical anions is related to their participation as 

intermediates in some oxidation reactions.  

Financial support by RFBR (Grant 10-03-00691) is acknowledged with gratitude. 
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The main idea of the proposed research was to investigate behavior of highly 

polarized nuclear spin systems at variable magnetic field. For this purpose the method 

of Para-Hydrogen Induced Polarization (PHIP) was chosen to be used in a controlled 

and reproducible way with subsequent transfer from the primarily polarized protons to 

other protons and to heteronuclei (
19

F and 
13

C). It is known that the spectrum of PHIP 

strongly depends on the external magnetic field although details of the mechanism have 

not been fully explored yet. Our measurements show for the first time the full field 

dependence of PHIP spectra in the 

field range from 0.1 mT to 7 T for the 

hydrogenation of styrene and 

phenylacetylene. Calculations were 

done by using an approach developed 

in our earlier work
1
. Correlation 

between theory and experiment is 

perfect (see figure). Now it is clear 

that the type of PHIP spectrum is 

governed by scalar spin-spin 

interactions and the transition from 

one type of spectrum to the other 

correlates with the transition from weak to strong spin-spin coupling. It was also found 

that in weak magnetic fields there is a homonuclear polarization transfer to ring protons 

of ethylbenzene. The maximum efficiency of transfer is around 80 mT. 

Transfer of polarization to 
19

F was found for fluorobenzenes at intermediate 

magnetic field from 0.1 mT to 1 T. The results of experiments with 
13

C PHIP are 

discussed. 

Support of this project by the Alexander von Humboldt Foundation (ASK and IKL), by the 

program of the Russian Government "Measures to Attract Leading Scientists to Russian 

Educational Institutions" (grant No.11.G34.31.0045), the Russian Fond for Basic Research 

(Projects No. 11-03-00296-a, 12-03-00888-а), Program of the Division of Chemistry and 

Material Science RAS (Project No. 5.1.1) and the Program of the President of Russia for the 

support of leading scientific schools (NSch-7643.2010.3) is acknowledged. 
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An actual problem of modern chemistry and physics is design of new magnetic 

materials and molecular magnets, in particular. These materials can be designed by 

using ―building blocks‖ – complexes and clusters of transitional metals with organic 

ligands. Different three-nuclear triangular complexes have been synthesized for last 

years. These complexes containing paramagnetic ions in vertices of triangle have 

approximately equal distances between them.  Some of complexes have copper ions 

(Cu
2+

) with spin S = 1/2 or nickel ions  (Ni
2+

, S = 1).  Those are very perspective as 

molecular magnets with triangular lattices and kagome-type lattices. 

Magnetic properties of these complexes have been studied theoretically. Low spin 

(LS)  high spin (HS) transitions stimulated by external magnetic field were proved to 

be possible in three-nuclear triangle clusters. Such transitions are similar to spin-

crossover behavior in three-nuclear complexes induced by magnetic field.  Unusual 

temperature dependences M(T) have been calculated: the magnetization can increase 

along with temperature rise. Ground states of complexes Cu3L3 and Ni3L3 - types (L is a 

ligand) have been investigated. The ground state of Ni3L3 was shown to be diamagnetic 

singlet one, but it can be changed by intermolecular exchange interactions.  
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Supramolecular design of new functional systems is one of the perspective fields in 

current chemistry, biology and nanotechnology. The applications of such 

supramolecular complexes can be broadened by the development of new synthetic 

approaches where the properties of well-known host molecules are enhanced by the new 

functions of molecules attached to them. One of the new directions of research in this 

field is the synthesis of CDs covalently bound to nitroxide radicals (NCDs). These 

systems can be considered as perspective reduction agents in aqueous solutions, as 

polarizing agents for DNP signal enhancement in NMR studies of proteins, or as 

efficient and selective fluorescence quenchers. 

A series of new complexes based on three-methylated cyclodextrine (CD) TRIMEB 

covalently bound to the piperidine, piroline, pirolidine, and imidazoline type nitroxide 

radicals has been synthesized and studied using pulse EPR. We have analyzed 

quantitatively the accessibility of radicals in studied complexes to solvent molecules 

using ESEEM technique. In all studied systems we observed the equilibrium between 

the complexes having nitroxide (included into or hosted by) the cavity and the one 

capping the cavity of CD. It was found that the accessibility of radical to solvent 

molecules depends on the structure and length of the linker between radical and 

TRIMEB, and does not depend on the structure of nitroxide for investigated 

compounds. Complex with the –NH-CO- linker is most perspective for the applications 

requiring close location of nitroxide to the inclusion complex of TRIMEB. Using 

continuous wave EPR we have shown that the pH-sensitive radical covalently bound to 

TRIMEB maintains its pH-sensitivity, but this complexation does not reduce radical 

reduction rate in the reaction with ascorbic acid. 

Russian Foundation for Basic Research RFBR-12-03-01042-а and RFBR-12-04-
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Electron transfer reactions are widely presented in chemistry as well as in biology. 

To present time it was established that many of processes in living systems have radical 

nature, for example, processes leads to oxidative stress, phototoxicity etc. From the 

other side the chemical reactions in solution can take place not only in homogeneous 

conditions but also in supramolecular environment. Within known supramolecular 

systems the structured which contain cyclodextrins, calixarens, paracyclophanes can 

lead to formation of inclusion (host-guest) complexes with definite stoichiometry. Such 

systems are widely used in drug industry. The existence of additional non-covalent 

weak interactions between host and guest molecules during inclusion complex 

formation can affect on the reactivity of guest molecules by the binding efficiency and 

geometry of complex. 

The present report devoted to the investigation of well-known photoinduced 

interaction of 2,2‘-dipyridyl (DP) with N-acetyl-tyrosine (Tyr) in the presence of β-

cyclodextrin (CD) and 2-hydroxypropyl-β-cyclodextrin in water with different acidity 

by CIDNP method. It was found that only DP formed inclusion complex with CD  at 

pH>10. From the other side at pH<3 Tyr forms inclusion complex whereas 

complexation of DP was not detected. Thus, in the frames one system the two different 

initial conditions was obtained: at pH>10 photoactive DP can form inclusion complex 

but Tyr is in free state; at pH<3 photoactive DP is in free state but quencher (Tyr) is in 

complex state. The time-resolved CIDNP method demonstrates that inclusion 

complexation can affects both on efficiency of photoinduced electron transfer between 

DP and Tyr, and also on relaxation characteristics of intermediate radicals involved in 

processes. 

The investigation was supported by Russian Foundation for Basic Research, grants 

08-03-00372 and 11-03-01004. 
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The effect of formation of a potential difference between ice and not frozen phase 

when freezing aqueous solutions was found in work [1] and received the name of effect 

of Workman – Reynolds WR. The size of this effect was depended on a type of ions. 

This effect was absent when melting the formed ice which was received at complete 

freezing of an initial sample of water [1, 2]. The final understanding of the nature of 

WR effect is absent now. There are only common considerations that the WR effect is 

connected with different concentration of cations and anions in ice and not frozen phase. 

In this regard obtaining new information on electric effects when freezing water is 

represented actual. 

In the real work we report about results of preliminary experiments on supervision 

of formation of a difference of potentials when defrosting the formed ice received as a 

result of incomplete freezing of an initial sample of water.  

Experiments were carried out on the selling device for preparation of the thawed 

water ―Proto‖, having working capacity in volume 1.5 liters. The part of frozen water 

made size ~ 0.7. Cooling in the device is carried out by means of Peltye's elements, 

speed of movement of the front of freezing was ~ 0.5 cm/hour. In experiments the 

distilled and technical water was used. Measurement of voltage was carried out by 

means of the standard Mastech voltmeter. Main results are as follows: 

1. At formation of ice as in technical and distilled waters potential difference 

emergence between not frozen phase and ice is established.  

2. Polarity of ice – is negative. The potential difference size between not frozen 

phase and ice reaches 350 mv. 

3. When defrosting an ingot of ice the potential difference between the thawed 

water and ice has the same polarity and size, as when freezing.  

In work two possible interpretations of observable effect are discussed. 1. 

Possibility of selective intrusion of ions in ice structure. 2. The smaller rather not frozen 

water on 2-3 orders concentration of protons in ice.  
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The quantum Zeno effect is usually formulated as the slowing of the evolution of 

quantum systems due to frequent measurements [1]. Process of spin selective 

recombination of radical pairs and other selective irreversible processes has been shown 

[2] to be similar to the process of quantum measurement. Both processes are described 

by projection operators on the elected state. The influence of the spin selectivity on the 

rate of singlet triplet conversion (quantum evolution) and the yield of the products of 

recombination was called "Chemical Zeno effect" (CZE). Moreover, CZE as can change 

the character of the spin evolution qualitatively: nonoscillating conversion appears 

together with the oscillating one. As the result CZE can affect on Chemically Induced 

Dynamic Nuclear Polarization (CIDNP) and Magnetic Isotope Effect (MIE). CZE was 

found can decrease the MIE coefficient α in reaction with high values of recombination 

constant. 
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Intramolecular electron transfer draws much attention due to the presence of this 

phenomenon in important chemical and biochemical processes. Linked systems are the 

molecules, where donor and acceptor groups are separated by molecular bridges, and 

are widely used as a model for the studying of electron transfer in photosynthetic 

systems, enzymes and other biologically relevant systems. 

Earlier we have investigated the processes of the exited state degradation of the 

dyad [S, R]-N-methyl-2-2-pyrrolidin-metyl[S]-(6-methoxy-2-naphthyl) propionate 

using spin chemistry and optical methods.  It was established that the reversible electron 

transfer occurs in the system. It was shown that exiplex is also forming during 

degradation of exited state of the dyad. Dynamic equilibrium between exiplex and ion 

biradical leads to unusual dependence of CIDNP on solvent polarity. 

Now to further study short-lived intermediates of the reaction we have registered 

the CIDNP field dependence and theoretically described it using earlier investigated 

approach modified to take into account 2 magnetic nuclei. In high polarity the 

dependence has a shape usual for the reaction with biradical formation – a curve with 

one extremum. It allows determining the exchange interaction J. The dependence in low 

polarity shows a small shift of the extremum indicating a change in biradical 

conformation and of the value of J. Also the dependence in low solvent polarity 

demonstrates an alteration of the CIDNP sign. This effect can be modeled  theoretically 

with a substantial increase of the biradical live time.  

This work was supported by: priority program of basic research of the Chemistry 

and Material Sciences division of RAS, project: 5.1.5., RFBR 11-03-01104-a. 
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It has been reliably established that O
–
 radical can be formed during illumination of 

MgO. Two types of radical species can be simultaneously observed in the presence of 

molecular oxygen: O3
–
 and O2

–
 radicals. The widely accepted mechanism of their 

formation includes light absorption followed by long-distance separation of charges 

(electron and hole) and stabilization of the radical anions. However, the possibility of 

charge separation with participation of the conductivity or valence bands seems to be 

very low for such dielectric material as MgO, with band gap 7.8 eV. A viable alternative 

for the charge separation mechanism is a ―chemical‖ mechanism ascribing the 

generation of the radicals to the formation of mobile radical species [1]. Radicals H• and 

OH• formed from the fragments of chemisorbed water H
+
 and OH

–
, respectively, are the 

most likely candidates for such mobile radical species. 
 

 Mg
2+

O
2–

  +  OH• → O
–
/Mg

2+
OH

– 

 Mg
2+

O
2–

  +  H• → ē/Mg
2+

OH
– 

 
ē/Mg

2+
OH

–
  +  O2  → O2

–
/Mg

2+
OH

– 

 
O

–
/Mg

2+
OH

–
  +  O2  → O3

–
/Mg

2+
OH

– 

 

In this study quantum-chemical models for the oxygen radical anions (O
–
, O2

–
 and 

O3
–
) are considered. All radicals are electroneutral, and thus no long-distance charge 

separation requires. Homolytic water dissociation onto H• and OH• plays role of charge 

separation. The energy for this process is estimated quantum-chemically to be 

approximately 3 eV. The particular oxygen radical structures, thermal stability and ESR 

properties are discussed. 

Financial support by RFBR (Grant 10-03-00691a) is acknowledged with gratitude. 
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Oxygen is one of the four most abundant 

biological elements and is involved in 

virtually all biological processes. Oftentimes 

water molecules play important role in such 

processes. The ability to track such water 

molecules with 
17

O solid state NMR may 

provide a source of valuable information, not 

available otherwise. However, overall poor 

sensitivity of 
17

O NMR makes this task 

extremely difficult, and one of the ways to 

improve the sensitivity is by means of 

Dynamic Nuclear Polarization (DNP). 

Here we present the initial results on 

DNP enhanced solid state NMR on 

static samples of frozen mixtures of 

17O-enriched water and glycerol 

doped with polarizing agents. Fig. 1 

shows sample static spectra obtained 

via 1H cross polarization with and 

without DNP. Large signal 

enhancement provided by DNP 

permitted recording of 2D 

experiments and probing average H-

O distance (Fig. 2). The latter agrees 

with distances found in solid water. 

-5-4-3-2-101234
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ε  = 60

 

Figure 1. DNP enhanced CP spectrum of 

frozen water. Experimental details: 

212 MHz / 140 GHz, D8-glycerol/H217O 

(17O, 75%; 60:40 v/v), 20 mM TOTAPOL, 

88 K, MW on (8 W) - 128 transients, MW 

off - 10240 transients, 4 mm sapphire rotor, 

5 sec recycle delay 
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Figure 2. DNP enhanced SEDOR dephasing curve 

and simulation. Experimental details: CP-SEDOR, 

212 MHz / 140 GHz, D8-glycerol/H217O (17O, 

75%; 60:40 v/v), 20 mM TOTAPOL, 4 mm sapphire 

rotor, 88 K, 8 W microwave power, 5 sec recycle 

delay, 40 t1 points (5 μsec), 2 μsec dwell time, 128 

transients 
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The stable semiquinone radicals was used as acid spin probes (ZH) for EPR-

spectroscopic determination of the rate constants of fast intermolecular proton exchange 

(IPE) reactions in solutions. For example: 3,6-di-tert.butyl-2-oxyphenoxyl (I), 4,6-di-

tert.butyl-3-clorine-2-oxyphenoxyl (II) and 4-triphenylmethyl-6-tert.butyl-3-clorine-2-

oxyphenoxyl (III) react with different organic OH- and NH-acids (XH) according to 

next scheme: 

 
 

Kinetic parameters of the fast IPE-reactions between radical I and different H-acids in 

toluene solutions  
 

№ H-acid kex (293K) 

l/mol
.
s 

Ea 

kJ/mol 

pKa 

1 formic (4,5 ± 0,2)
.
10

7
 7,1±0,3 3,75 

2 acetic (5,1 ± 0,7)
.
10

7
 13,4±0,4 4,75 

4 succinic (8,4 ± 0,5)
.
10

6
 11,1±0,6 4,21 

5 abietic (2,2 ± 0,1)
.
10

8
 7,7±0,3 - 

6 diethylamine (3,1 ± 0,7)
.
10

9
 4,0±0,4 10,93 

7 diocthylamine (2,3 ± 0,1)
.
10

9
 3,7±0,5 11,01 

8 ethylenediamine (6,8 ± 0,1)
.
10

9
 10,4±0,2 - 

9 hexamethylenediamine (7,2 ± 0,1)
.
10

9
 8,7±0,9 - 

10 ephedrine (3,7 ± 0,2)
.
10

9
 2,3±0,5 - 

 

The represented in table EPR-spectroscopic kinetic data show that NH-acids have 

more protolytic reactivity than carboxylic acids. The amino alcohol ephedrine exchange 

in IPE-reaction his NH-proton and produce ionic pair C1 on cooling reactive mixture. 

The ionic pair C generate in reactions radical I with more stronger H-acids. For 

investigation IPE reactions of alcohols may be used spin probes II and III. 
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The results of the study (by EPR, optical and UV spectroscopy, microcalorimetry, 

mass spectrometry)  of cryochemical unique reactions of polymers and monomers with 

molecular fluorine, chlorine and bromine without the influence of factors of high energy 

chemistry are represented. Reactions take place near the melting temperature of 

halogens (50-260 K) with the formation of high concentrations of free radicals. Stage of 

the spontaneous formation of the radicals considered in the framework of the 

mechanisms of reactions in concert multimolecular complexes formed from several 

molecules of the reactants. It is assumed that the endothermic effect of chemical bonds 

breaking in the complex is compensated by heat release from formation of new bonds in 

the intermediate and final products.  

The observed reactions of free radicals formation can be targeted to create simple 

chemical methods for the generation of radicals and to use them in the synthesis of 

fluorine-, chlorine-and bromine-containing compounds, the initiation of polymerization 

of the monomers, functionalization, grafting, modification of polymer materials, etc. It 

should be noticed the fluorine reacts with almost all types of chemical bonds.  

Fluorination reaction of polystyrene PS, polyethylene PE, copolymer of ethylene and 

CO, cellulose starts near 50 K and is accompanied by accumulation of free radicals in 

concentrations of 10
17

-10
19

 spin/g  The high reactivity of radicals is confirmed by 

oxidation of R • to form RO2 , signals are recorded in the EPR spectra even at 50-77 K. 

The molecular chlorine at low temperatures selectively reacts on olefinic double bonds.  

At molecular chlorination of polymers and monomers on double bonds and 

photochlorination ( 360 nm) of polymers on simple C-C, C-H and aromatic bonds 

(PE, polypropylene, PS) the outputs of free radicals reached 10
17

-10
19

 spin/g. The high 

activity of the radicals obtained by molecular  chlorination and bromination of vinyl and 

acetylenic monomers at 170-260K, is confirmed by their ability to initiate a radical 

chain polymerization process of monomers (p-diethynylbenzene p-DEB, acrylamide, 

etc.). In the case of molecular chlorination of p-DEB not cross-linked polymer with 

conjugated bonds (output is of 25% or more) was obtained, while other ways of 

initiation of p-DEB polymerization result in cross-linked insoluble polymers. 
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MFI framework type is represented by zeolite ZSM-5 and its Al-free analog, 

silicalite-1. The framework represents a three-dimensional channel system with the 

channel diameter of ca. 5.5 Å, there is a cavity at channel intersection site of ca. 9 Å 

diameter. ZSM-5 zeolite is widely used, in industry and for fundamental research.  

Conversion of renewable biomass-derived alcohols (including butyl alcohols) into 

gasoline, biofuels on zeolite–based catalysts attracts an increasing attention due to the 

demand to reduce society‘s dependence on fossil fuel. By this reason the ZSM-5 based 

catalysts play an important role being used for butyl alcohols carbonylation. Reactivity 

of butyl alcohols with dimensions commensurate to the size of ZSM-5 zeolite pore is 

strongly influenced by molecular diffusion and intramolecular dynamics. Therefore 

investigation of the dynamic behavior of alcohols confined in the zeolites pore is of 

crucial importance.  

The information about the motional behavior of deuterated analog of any alcohol 

adsorbed into the zeolite ZSM-5 pores can be derived with deuterium NMR. Deuterium 

solid-state NMR (
2
H NMR) has been demonstrated to be one of the most powerful tools 

to probe the dynamics of molecules confined in restricted areas: silicas, zeolites, metal-

organic frameworks, etc. The spectrum line shape and spin relaxation of 
2
H nuclei 

allows to characterize molecular dynamics over a broad time scale from 10
-4

 - 10
-6 

s to 

10
-8 

- 10
-10

 s, respectively.  

In this work, we report on the results of 
2
H NMR studies of the dynamic behavior 

of tert-butyl alcohol (TBA) inside the MFI framework type
1
: H-ZSM-5 zeolite and 

silicalite-1, in a broad temperature range of 113–453 K. TBA is easily dehydrated on H-

ZSM-5 already at room temperature, so the dynamics of the alcohol on H-ZSM-5 was 

analyzed only at temperature below 273 K.  To ensure a broader picture on the TBA 

dynamics two selectively deuterated alcohols were used: one with deuterated methyl groups 

(TBA-d9) and the second one, deuterated in the hydroxyl group (TBA-d1). The molecular 

dynamics information was derived by analyzing the temperature evolution of both 
2
H 

NMR spectra line shape and the spin-lattice relaxation time T1. 

[1] A. Nishchenko, D. Kolokolov, A. Gabrienko, A. Stepanov, J. Phys. Chem. C, 

2012, 116 (16), pp 8956–8963. 
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Nitroxide free radicals are used as spin labels in variety of molecular systems to 

study their structural and dynamic properties. These radicals are employed in different 

EPR studies due to the chemical stability of the unpaired electron in the nitroxyl group. 

Also, nitroxide spin labels are often used to study orientational molecular motions in 

wide frequency and temperature ranges in disordered media by EPR. 

In the present work the temperature dependences of principal hyperfine interaction 

(hfi) values of nitrogen XXA , YYA  and ZZA  were studied with high accuracy for the 
15

N-

substituted nitroxide radical 3-carbamoyl-2,2,5,5-tetramethyl-3-pyrrolin-1-oxyl in wide 

temperature range 10-210 K. The liquid crystal 4-pentyl-4'-cyanobiphenyl (5CB) was 

used as solvent. Both pulse EPR and ENDOR methods were used. This liquid crystal 

can be considered as a model for lipid membranes, because both systems form oriented 

two-dimensional layers and partly orient guest molecules. Due to such orientation the 

signal of 
15

N-ENDOR increases in oriented samples. The Q-band pulse 
15

N-ENDOR 

experiments shown that XX YYA A  for the studied radical with very good accuracy. 

Furthermore, in present work the largest principal hfi value of this nitroxide ZZA  was 

measured by CW EPR at helium temperatures. In order to avoid of microwave power 

saturation, which may distort the EPR lineshape, fast-relaxing paramagnetic holmium 

complex Ho(Dbm)3Bpy was used.  

The nonlinear temperature dependences of hfi values were explained by librational 

motions of nitroxide around all its molecular axes. Low-temperature feature of these 

dependences is ascribed to quantum effects in the librations (―freezing‖ of the 

oscillations). The librational frequency was obtained from these dependences. It is close 

to the mean frequency of phonons in 5CB calculated from its Raman spectra. 
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The interaction of excited triplet states of aromatic carbonyl compounds or aza-

aromatic compounds with amino acids and theirs derivatives is of great interest since 

several years, because it can provide information about the migration of charge over 

long distance through peptide chains and proteins. Before, it was generally accepted that 

a single amino acid residue exhibits a similar reactivity towards triplet excited dye 

molecule as the amino acid residues in peptide. Recently, it has been shown that the 

reactivity of peptide residues differs from that for free amino acids and depends on the 

arrangement of amino acids in the peptide chain and either the presence or absence of 

charge on the amino group. In present study we investigate the interactions between 

aromatic ketone (3,3´,4,4´-benzophenone tetracarboxylic acid, TCBP) with histidine 

(His) and its N-acetylated derivative (N-Ac His) in the wide range (from 2 to 14) pH of 

aqueous solutions, in particular, to clarify the effect of positive charge of the amino 

group of amino acid on the efficiency of radical formation. Quenching reaction between 

triplet TCBP by His was investigated by optical spectroscopy to monitor transient triplet 

and radical intermediates. The time-resolved CIDNP was applied to get the 

complementary information on transient reaction intermediates on the geminate stage of 

the reaction. Our study revealed the significant difference in reactivity of L-histidine 

and its N-acetyl derivative: at pH values above the pKa of the histidine terminal amino 

group the decrease of geminate CIDNP signals was observed, whereas in the case of N-

acetyl histidine the geminate CIDNP intensity was pH independent in this pH range 

from 8 to 12. Moreover, from our data we expected electron transfer coupled with 

hydrogen transfer in the system ―
T
TCBP

*
–His‖ and hydrogen atom transfer in 

―
T
TCBP

*
–N-Ac His‖. At pH values from 12 to 14 the decrease of geminate CIDNP 

signals of His and N-Ac His both was observed, that means that there is no quenching 

of TCBP triplets by fully deprotonated His or N-Ac His. 

ACKNOWLEDGMENT. This work was supported by the program of the Russian 

Government ―Measures to Attract Leading Scientists to Russian Educational 

Institutions‖ (grant No.11.G34.31.0045), RFBR (project No. 11-03-00296), Program of 

Division of Chemistry and Material Science RAS (project 5.1.1), the program of the 

President of Russia to support the leading scientific schools (No. NSch-7643.2010.3). 
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Tris-8-oxyquinolinates of Al, Ga and In have drawn much attention recently, as 

they are typical electroluminescent and electron transport agents for OLEDs. The 

control of their luminescent properties and the possible ways of manipulating them is 

important for raising emission efficiency in these devices. However, the devices 

themselves are rather complex and multicomponent, and the relation of their overall 

properties to the microscopic properties of their chemical constituents is not so direct. In 

particular, until now there is no full clarity on the mechanism of their magnetic 

sensitivity. In this work we create and study isolated radical ions of Al, Ga and In 

oxyquinolinates, as through this species electron transfer and luminescence are realized. 

We use a spin-chemistry method called Magnetically Affected Reaction Yield 

(MARY) spectroscopy that allows detecting radical ions with lifetimes as short as 

several nanoseconds and studying their reactions. The experiments are carried out in 

benzene. When irradiating the sample with X-rays we get radical ion pairs - solvent 

holes and electrons, and it is important that these pairs are spin-correlated. After that an 

additional component (electron acceptor and/or donor) can capture the electron and/or 

the hole, with the spins remaining correlated in this process. As a rule the additional 

component is a luminophor, and the recombination of the pairs in singlet state leads to 

fluorescence. With magnetic field we can control spin state of the pair and produce 

MARY spectra – the dependencies of fluorescence intensity on magnetic field. 

We synthesized oxyquinolinates of Al, Ga and In and compared their fluorescence 

under photo- and X-irradiation in benzene solution. The spectra are similar for the two 

generation methods, and photogenerated luminescence agrees with literature data. The 

complexes thus produce exited states and luminescence under X-irradiation with 

relative yields of 1:0.3:0.15 for Al, Ga and In, respectively. Next we obtained MARY 

spectra for solutions of Al, Ga and In tris-8-oxyquinolinates, which differ from each 

other, and demonstrated that radical anions of the complexes are detected. The 

experimental spectra were reproduced with a model taking into account nuclear spins of 

the central ion of the radical anion. The second moments of the ESR spectra for these 

complexes were estimated from fitting, and hyperfine coupling constants with the 

central ion were found to be 0.45, 0.8. and 0.6 mT for Al, Ga and In, respectively. 



PSI - 34 

 150 
 

Investigation of Free Radical Intermediates at Radiolysis and 

Photolysis of Poly-Carbohydrates 

Irina A. Shilova, Svetlana I. Kuzina, Alfa I. Mikhaylov 

Institute of Problens of Chemical Physics RAS, Prospekt Semenova,  1, 142432, 

Chernogolovka Moscow Region, Russia 

E-mail:ishil@icp.ac.ru 

Chemical and radiation-chemical radical reactions in lignocellulose materials were 

explored by 3-cm and 2-mm ESR spectroscopy. Background (intrinsic) singlet signals 

at g = 2.003 from wood pulp and lignin and those arising during reaction of 

lignocellulose materials with acids and chlorine were attributed to radicals with 

conjugated C–C bonds. 

The 2-mm ESR signal with 3D anisotropy of g-factor from o-semiquinone radical 

ions formed in reaction of lignin with NaOH was recorded for the first time. The singlet 

signals derived from cellulose -irradiated at 77 K and marked out during post-thermal 

reactions were assigned to radicals with conjugated bonds. In wetted cellulose, a triplet 

signal with H   2.7 mT and imposed quadruplet structure (0.5–0.7 mT) from three -

protons was detected at 300 K and attributed to С4-radicals. The triplet signals derived 

from С2- and С3-radicals exhibited higher values of H  (3.0–3.2 mT) and lower thermal 

stability (up to 250 K). 

In radiolyzed cotton pulp, detected were ESR signals derived from formyl radicals 

formed upon rupture of the С5–С6 bond in pyranose cycles. Heating up irradiated 

samples under О2 was accompanied by formation of peroxide radicals. Photoinduced 

recombination of trapped electrons with С1-radicals was found to proceed as a chain 

reaction with a kinetic length of about 25 units. Photolysis (   360 nm) of radiolyzed 

cellulose enhanced the disclosure of pyranose cycles and, as a result, the evolution of 

CO2 by a factor of 2–2.5.  

The work was supported by Fundamental Research Program No.9 of Russian 

Academy of Sciences. 

 

 

 

 

 



PSI - 35 

 151 
 

O

AcHN

O

OMe
OMe

OH

OH

OMe

N

Lappaconitine (Lap)

2'
3'

4'

5'

4 6

17

19

21

22

Lappaconitine and Aminoacids Interaction in an 

Organized Media 

A.A. Shlotgauer, N.E. Polyakov, T.V. Leshina  

Institute of Chemical Kinetics and Combustion SB RAS, Institutskaya street, house no 3, 

630090, Novosibirsk, Russian Federation 

E-mail: schlotgauer@kinetics.nsc.ru 

Alkaloid lappaconitine (Lap), extracted from the root of 

a native perennial plant aconite (Aconitum Septentrionale 

Koelle), possesses the expressed anti-arrhythmic activity. 

The application of Lap in the form of associate (complex, 

micelle) with thriterpene glycoside - glycyrrhizic acid (GA) 

let decrease therapeutic dose. The present report is devoted 

to attempt to trace the nature of GA influence on the Lap 

efficacy with the help of the model process. The photoinduced reaction of Lap with 

aminoacids (tyrosine and tryptophan) was chosen as a model, because of those 

aminoacids residues are in the active site of receptor, which Lap is addressed to (sodium 

channels).  

In the present work GA and β-cyclodextrin (β-CD) influence on the efficacy of the 

photoinitiated Lap and aminoacids (tyrosine and tryptophan) interaction was studied by 

the CIDNP method. It is shown that at GA concentrations greater than 0.5 mM (area of 

micelle formation), the reaction is 

completely suppressed (Fig. 1).  Under 

the experimental conditions a micelle 

contains only one agent - Lap. The 

received result is one of the few 

examples of the organized media 

influence on the bimolecular reaction. 

Comparing these results with the 

previously studied influence of the 

organized media on the 

phototransformation of Lap itself, 

shows approximately the same effect 

on the bimolecular and monomolecular processes. Apparently, in both cases the reason 

is the restoration of the intramolecular hydrogen bond between the amino-acyl group 

proton and the carboxyl residual oxygen in the anthranilic fragment of Lap.  

This work was supported by the grant 11-03-01104 of Russian Foundation of Basic 

Research, and the grant of Priority Programs of RAS, No 5.6.5. 
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The surface magnetic resonance sounding (MRS) is a relatively new method used 

for searching groundwater. The main idea of this method is using the Earth magnetic 

field as the static magnetic field for the nuclear magnetic resonance (NMR) study from 

the surface ground. The frequency of NMR is very low in this case and a large coil 

(about 100 m in diameter) needs to be used to get sufficient NMR signal from protons 

of groundwater. The same coil is generally used for excitation as well receiving NMR 

signal. The maximum depth of sounding is about diameter of the coil.  

The amplitude of NMR signal from underground water, other conditions being 

equal, depends on the amplitude and duration of excitation pulse. Thus distribution of 

groundwater versus depth can be found in principle by solving inverse problem using 

the dependence of the initial amplitude of NMR signal on the area under the excitation 

pulse. This idea of searching groundwater was first realized in equipment named 

―Hydroscope‖ in the Institute of Chemical Kinetics and Combustion SB RAS.  

The main advantage of MRS method is detection of the resonance signal directly 

from groundwater molecules. Despite obvious advantages, it has some essential 

limitations, the main of these is very high susceptibility to electromagnetic interference.  

In this presentation advantages, restrictions and ways of development of the MRS 

method are demonstrated. The equipment for this method and the specific properties for 

its use are described. Approaches to reduce electromagnetic interference are discussed. 

Some examples of study of groundwater by MRS are presented.  
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 The special case of a weak field rotating around the strong field is usually used in the 

magnetic resonance applications. Bloch and Siegert [1] studied more general case of the 

magnetic resonance with elliptic polarization of the radiofrequency field in particular the 

commonly used case of simple linear oscillation. The Earth‘s magnetic field is of the order of 

5∙10
-5

 T. The RF-field produced by the surface antenna is linearly polarized and can be 

compatible with the geomagnetic field. The using of RF pulses at Larmor frequency leads to 

appearance of the mean resonance offset in rotating frame, 
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Here  is angle between static Earth B0 and linearly polarized B1 RF magnetic fields in lab 

frame, 0= B0 is Larmor frequency, 1= B1. Eq.(1) gives value for Bloch-Siegert shift [1] with 

one order higher accuracy than usual. The magnetic-resonance sounding (MRS) has been 

measured using 100m diameter antenna. The Ob reservoir near Novosibirsk has been used to 

make measurements. Fig. 1 exemplifies a good agreement between measured and calculated 

data taking into account the Bloch-Siegert and the next-order effects. 
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Fig. 1: MRS amplitude vs. pulse moment (amplitude times duration) at 40 and 80ms pulse 

durations calculated and measured. Dashed line is the signal calculated without the Bloch-

Siegert effect. 

1. Bloch F., Siegert A., Phys.Rev. 57 (1940) p. 522-527. 
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The detection of oil accidentally spilled under ice has been a technical challenge 

since exploration and production of hydrocarbon resources began in the Arctic. There 

have been numerous attempts to detect oil under ice using acoustics, optical/UV 

excitation, and ground penetrating radar. Many of these techniques have shown some 

success; however, they have not been used routinely in the field. The methods proposed 

to date have a limited range of applicability and many require direct contact with the ice 

surface. 

Nuclear magnetic resonance (NMR) is a tool used to characterize the molecular 

composition of liquids and solids. NMR works by placing a sample in a static magnetic 

field to align the magnetic moments of atomic nuclei with the field. The magnetic 

moments are then perturbed using one or more radio-frequency (RF) excitation pulses. 

The electromagnetic energy released as these magnetic moments return to equilibrium is 

monitored by a receiver. Characteristics of the RF response allow identification of 

hydrocarbons. 

NMR has been used to characterize ground-water aquifers, for well logging and 

reservoir rock core analysis in the oil industry, and for many other analytical 

applications in chemistry, materials science, physics and biology. For applications in oil 

spill detection, a very important aspect of NMR is that the signals from ice and snow are 

not normally detected under the experimental conditions used to detect signals from oil 

or liquid water. Thus, the presence of snow or ice does not create the interference 

problems that are inherent in other detection methods. Furthermore, the NMR signals 

from oil and water can be differentiated based on the inherent differences in the NMR 

signal responses from these fluid types. Also, in analogy to the detection of ground-

water in aquifers, the method can utilize the Earth‘s magnetic field as the static 

magnetic field and thereby eliminate the complexity and cost of generating an 

independent magnetic field. 
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Magnetically Affected Reaction Yield, or MARY, spectroscopy is a spin-chemistry 

method that allows detecting radical ions with lifetimes as short as several nanoseconds 

and studying their reactions. In the authors‘ implementation the experiments are carried 

out in warm nonpolar solutions. Irradiation of the sample with X-rays produces primary 

radical ion pairs of solvent holes and electrons that inherit initial singlet spin correlation 

of unpaired electrons from the parent molecule. The additional electron acceptor and/or 

donor present in the solution captures the electron and/or the hole to produce the target 

secondary pair, with the spins remaining correlated in this process. The additional 

component is commonly a luminophor, and the recombination of the pairs in singlet 

state leads to observable fluorescence. Applied magnetic field modulates the spin state 

of the pair and thus the fluorescence signal to produce magnetic field effect (MFE) – the 

dependence of steady-state fluorescence intensity on magnetic field. In the region of 

weak magnetic fields, and especially in the vicinity of zero field, these MFE curves can 

show sharp lines related to level crossings in the spin system of the radical pair. Such 

enriched MFE curves are referred to as MARY spectra and bear structural and kinetic 

information on the recombining radical ions on the nanosecond time scale. 

Two aspects that lend MARY spectroscopy its utility are optical detection and low 

magnetic fields. The former determines very high concentration sensitivity, with steady-

state concentrations of 100 pairs being sufficient for detection. The latter gives MARY 

its sensitivity to short-lived radical ions, as in the region of low magnetic fields spin 

evolution conveyed in observable fluorescence can be driven by much stronger internal 

hyperfine interactions rather than resonance MW pumping. However, both these aspects 

require specialized setup features to be fully realized. In this contribution a specialized 

MARY spectrometer with iron-free magnetic system and an optical registration system 

with spectral resolution will be presented. The magnetic system is optimized for clean 

passage through the zero of the field and uses current rather than field stabilization that 

circumvents difficulties with measuring low magnetic fields and nonlinearities of 

ferromagnetic materials. The optical system uses a monochromator for taking 

fluorescence spectra under X-ray or optical excitation and full light for taking MARY 

spectra. First fluorescence and MARY spectra taken on the new setup will be presented.  



PSI - 40 

 156 
 

EPR Study of 2,5-spirocyclohexyl-substituted Nitroxides as 

Spin Labels 
 

R. K. Strizhakov
1
, O. A. Krumkacheva

1
, I. A. Kirilyuk

2
, Y. F. Polienko

2
, Y. V. Gatilov

2
, 

I. A. Grigoriev
2
, E. G. Bagryanskaya

1,2
 

1
International Tomography Center, Institutskaya str., 3a, 630090, Novosibirsk, Russia 

2
N. N. Vorozhtsov Novosibirsk Institute of Organic Chemistry, Lavrentieva av., 9, 630090, 

Novosibirsk, Russia 

E-mail: rodion@tomo.nsc.ru 

 

The nitroxyl radicals — nitroxides — are widely used as spin labels for distance 

measurements in biomacromolecues by Pulsed Electron Double Resonance spectrosco-

py (PELDOR) [1]. Relaxation properties of currently available spin labels allow 

PELDOR measurements in liquid helium temperature range. In 2007 Eaton et al. 

proposed piperidine 2,6-spirocyclohexyl-substituted nitroxides as spin labels, because 

their relaxation properties allow PELDOR measurements in liquid nitrogen temperature 

range thereby making them cheaper [2]. 

 

 
 

It is known that pyrroline and pyrrolidine nitroxides are more stable than piperidine 

ones. So recently we synthesized series of ten new pyrroline and pyrrolidine 2,5-

spirocyclohexyl-substituted nitroxides. In this study their functional properties were 

investigated. The nitroxides‘ high stability against ascorbic acid due to steric hindering 

of N–O moiety by bulky cyclohexyl substituents was demonstrated. As we measured, 

the nitroxides also possess long relaxation times. All these properties will allow using 

them as spin labels for PELDOR protein distance measurements in liquid nitrogen 

temperature range. 

This work is supported by Russian Foundation for Basic Research (projects 12-03-

00737-а and 12-04-01435-а). 
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Nitronyl nitroxides (NNs) react with nitric oxide yielding imino nitroxides (INs) 

with comparatively high rate constant (~10
3
 M

–1
∙s

–1
 [1,2]). Since EPR spectra of NN 

and IN differ significantly, the reaction is used in numerous biological applications for 

nitric oxide detection using EPR. However they are limited by fast biogenous reduction 

of NNs, and especially INs, into EPR-silent products. Recently novel water-soluble and 

non-toxic NNs, NN1 and NN2, were designed in ITC and proposed as contrast agents 

for magnetic resonance imaging because of their low toxicity [3,4]. In this study NN1 

and NN2 stabilities towards ascorbic acid and in rat blood were investigated. We 

employed EPR-imaging technique for investigation of the NNs distribution in living 

mice. It is cleared if the NNs can be used as specific NO probes in vivo. 

 

This work is supported by Russian Foundation for Basic Research (project 12-04-

01435-а). 
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The lipopeptaibol trichogin GA IV is a 10-amino acid residue peptide antibiotic of 

fungal origin, characterized by remarkable membrane-modifying properties.
1,2

 Since, 

the mechanism by which the peptide changes the membrane permeability is still 

unknown, we present a new approach to obtain molecular details on the dynamics, 

aggregation and location of this membrane-associated peptide in model membranes.
3,4

 

Advanced electron paramagnetic resonance (EPR) techniques were used combined with 

site-specific electron spin (TOAC) labeling. Two different peptide-to-lipid (P/L) molar 

ratios were chosen to mimic the conditions for the antibiotic and toxic properties of the 

peptide, i.e. 0.5 and 5% of peptide/POPC lipid, respectively.  

At P/L molar ratio of 0.5%, the trichogin GA IV molecules are found located nearer 

to the membrane exterior and non-aggregated, while increasing the local peptide 

concentration to 5% leads a deeply membrane buried N-terminus of the peptide. The 

membrane insertion is accompanied by self-aggregation in an N-to-N associated 

manner. Because the TOAC spin label is rigidly attached to the peptide backbone, it is 

justified to undertake a detailed analysis of its rotational dynamics from Electron Spin 

Echo (ESE) data obtained at different temperatures.
4
 At 0.5% P/L only nanosecond 

restricted motions were observed. Upon increasing 

the peptide concentration to 5% also millisecond 

unrestricted rotations were found. We propose that 

at this toxic concentration the molecules are 

rotating around the peptide helix-axes.
4
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Lipoxygenase signaling cascade is a source of oxylipins playing important roles in 

plant development and defense. Key enzymes of this cascade are cytochromes CYP74 

(P-450 superfamily). There is no one point of view on catalytic mechanisms of these 

enzymes. There are only two tertiary structures of CYP74s obtained by X-ray analysis 

in literature, and there is no enough data to provide high-fidelity modeling of active 

centre and substrate interaction. The main reason of insufficient structural information 

for CYP74s is their large size and difficulty of obtaining of crystal forms. Solution of 

this problem is rational design of mini-enzymes modeling active centre of native full-

size enzyme followed by study by NMR. We obtained mini-enzyme (25 kDa) based on 

active centre of tomato allene oxide synthase LeAOS3 (CYP74C3). Molecular weight 

of native enzyme is 56 kDa. Mini-enzyme kept the capability to bind haem and 

metabolize hydroperoxides of fatty acids. However, catalytic mechanism has changed. 

We observed the similar pattern of products after incubation of substrate with mutant 

forms of CYP74s obtained by site-directed mutagenesis. The next stage of the work was 

analysis of mini-enzyme and its complex with substrate by FTIR, NMR and docking. 

This work was supported in part by grants 11-04-01601-а from the Russian 

Foundation for Basic Research, MK-1439.2011.4 and SS-825.2012.4 of the President of 

Russian Federation for young scientists, 16.740.11.0197 from the Federal Target 

Program and the program ―Molecular and Cell Biology‖ of RAS. 
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The well known examples of perspective materials for active layers of organic solar 

cells are the composites consisted of [6,6]-Phenyl C61 butyric acid methyl ester (PCBM) 

and poly(3-hexylthiophene) (P3TH). Under light illumination the charge transfer occurs 

at this material leading to formation of polaron pairs PCBM  /P3HT .  

In this work the spin-polarized 

echo-detected (ED) EPR spectra of 

the polaron pairs PCBM  /P3HT  

were obtained for the first time. 

Each curve was obtained by 

subtraction of ED EPR spectrum 

obtained after laser flash and the 

same spectrum obtained without 

light excitation. The ED EPR 

spectra at small delay after flash 

(DAF) values have emissive and 

absorptive component. This ED 

EPR lineshape is characteristic for 

spin-correlated polaron pairs [1]. 

The polarization decay time of 

ED EPR spectra low-field part is 9 s, which is close to T1 of quasi-equilibrium 

polarons in PCBM:P3HT obtained in inversion-recovery experiment with continuous light 

illumination. The decay of light-induced ESE with DAF increase on that timescale of 

hundreds s probably reflects polaron recombination. 

The T2 value of spin-correlated polaron pair PCBM  /P3HT  is 1 s, which is 

slightly smaller than that of quasi-equilibrium polarons (in order of 1.5 s). The 

difference of T2 is possibly caused by higher polaron mobility at the initial stage of 

polaron pair evolution. 

The work was supported by RFBR grant №12-03-00238-a and program of 

Presidium of RAS № 23/24.48 ―Nanodynamics of disordered media‖. 

[1] Behrends J., Sperlich A., Schnegg A., et al. Phys. Rev. B. 85, 125206 (2012). 

 

Fig.1. X-band light-induced ED EPR spectra of 

spin-correlated polaron pairs in PCBM:P3HT 

obtained at 77 K with various DAF values. 
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Optically Detected ESR (ODESR) spectroscopy is one of the powerful and 

informative methods to study mechanisms of chemical reactions, since most of them 

proceed through radical ion stage. Investigations using ODESR allowed obtaining much 

new information about liquid phase reaction with radical ions involved in, but more wide 

application of the method has been restrained by relatively low spectral resolution (typical 

line-width is about 0.3 mT) for ODESR signals of radical ions. 

Such resolution is probably limited by the phase paramagnetic relaxation in dense 

radiation tracks under X-rays. To avoid this one can use photochemical method of pair 

generation. One such method is vacuum ultraviolet radiation (VUV). Here, the energy of 

the quantum is slightly more than the ionization potential of the solvent molecule (typical 

value is about 10 eV for alkanes), and each quantum generates only one radical pair and can 

be very perspective for registration of ODESR spectra. 

 The set up for observation of ODESR spectra of radical ions under VUV was 

created. A modification to operating ODESR spectrometer, which allows changing 

irradiation source from X-ray tube to deuterium lamp Hamamatsu L7293-50 on-the-fly was 

designed and implemented. The VUV source radiates in the range from 115 to 400 nm 

(quantum energy from 10.7 to 3 eV). Sample cell placed into the microwave cavity of 

spectrometer. Two versions of the cells were developed: with MgF2 window and without 

window at all depends on solution. In this work we used the interference filter with 

maximum of transmission at 119 nm (10.4 eV) and bandwidth 10 nm. Light from the lamp 

was focused onto the sample by the MgF2 lens. 

 ODESR and MARY spectra for squalane solutions of 10-3 M PTP-d14 under VUV 

and X-ray irradiation at room temperature were obtained. ODESR signals are non-resolved 

curves with widths about 0.5 mT in both cases, which determined by hyperfine splitting in 

radical ions of PTP-d14. Signals intensity under VUV and X-ray were approximately equal. 

At the same time, the amplitudes of the signals of MARY lines in zero field are much 

different (in the VUV case is about 4 times higher than in the X-ray). This result confirms 

the above assumption about additional paramagnetic relaxation in the dense X-ray tracks 

that suppresses MARY line. The experimental results are compared with calculations. 

The work was supported by Foundation for Basic Research (grant 11-03-00550-a). 
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Owing to the wide nanotechnologies development and elaboration in all fields of 

science, techniques and industry, the studying on chemical methods of metallic 

nanoparticles preparation, which permit to control their dispersity, stability and 

mechanical, electrical, optical and other properties, is rather urgent. 

In the general case [1] the metal reduction in solution occurs with acceleration and 

there are three regions: induction period, acceleration and attenuation regions on once-

through conversion (on reduced product) dependence on reaction time. Induction period 

is accompanied by formation of single metallic atoms or clusters (~1 nm) and steady 

nucleation center of new phase (10-15 nm). Sharp increasing of reaction rate after 

completion of induction period is explained by simultaneously running processes of 

appearance of new metallic particles and growing of generated earlier ones.  

At present work different factors influence on kinetics of metal (copper, nickel, 

cobalt, silver and palladium) salts reduction process with hydrazine and on properties of 

prepared metallic nanopowders has been investigated. Reaction behavior has been 

observed on generation of gaseous products (by volumetric method).  

It was revealed kinetic curves character differs in dependence on metal nature. The 

contribution of different reaction of hydrazine decomposition (with formation of 

hydrogen or ammonia) and its oxidation to general kinetics of reduction process has 

been estimated too. 

It‘s established that introduction of sodium hydroxide and complexing agents 

during copper sulphate reduction with hydrazine results in retarding of the first stage 

(the formation of copper (I) oxide), decreasing or practically full disappearance of 

induction period at the time of creation of metallic copper and enhancing of hydrazine 

decomposition. Prepared nanopowders have been characterized by various 

physicochemical methods. The comparison of reaction conditions and kinetics of 

metallic salts hydrazine reduction with properties of obtained nanoparticles has been 

carried out.   

Literature: 

1. Chemical deposition of metals from solutions / Dir. by V. V. Sviridov. – Moscow: Publishing 

company « University », 1987. – 270 p. (in Russian) 
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The properties of strong hydrogen bonds are widely discussed in recent literature. 

This interest is related to the role of these bonds in the processes of enzymatic catalysis, 

in the interactions between drugs and biological molecules, and in determining the 

properties of molecular materials for non-linear optics. Besides, the formation of 

hydrogen bonds determines the secondary structure of proteins, the structure of 

molecular crystals, and can account for delivery of drugs to the desired area of the cell, 

using the mechanisms of molecular recognition. 

Strong hydrogen bonds are present in many of the crystalline amino-acid salts. 

From this class of compounds, for the present study we have selected bis(DL serinium) 

oxalate dihydrate and DL alaninium semioxalate hydrate. Geometry of hydrogen bonds 

(D-A distance and angles of the bonds) was studied using single-crystal X-ray 

diffraction in the temperature range 100-300 K. Considering this data, polarized Raman 

spectra with polarization along crystallographic axes have been measured for the single 

crystals  in the temperature range 5-300 K. A combination of the polarized Raman 

spectra and single-crystal X-ray diffraction data allowed us to correlate the geometry 

and the energy for the selected hydrogen bonds. 

This work was supported by grants from RFBR (09-03-00451), BRHE (RUX0-008-

NO-06), by the Integration Projects No. 13 and 109 of the Siberian Branch of RAS 

(2009-2011), and a FASI Grant P2529. 
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The studies of molecular crystals at non-ambient conditions help to understand 

intermolecular interactions and their role in crystal structure formation and in their 

response to external actions. Crystals of amino acids and their salts are of special 

interest in this respect because the structure-forming units in these crystals are similar to 

those in the biopolymers and can be used as biomimetics.  

The main aim of this study was to study the effect of increasing pressure on crystal 

structures of individual amino acid DL-serine and it‘s salt bis(DL-serinium) oxalate 

dihydrate. Single-crystal X-ray diffraction at high pressure in situ was combined with 

polarized Raman spectroscopy measurements.  

For DL-serine investigations of anisotropy of lattice strain on cooling and 

increasing pressure has been carried earlier, bis(DL-serinium) oxalate dihydrate has 

been described at non-ambient conditions only in the present work. Single-crystal X-ray 

diffraction and polarized Raman spectroscopy were used as methods. Geometry of the 

bonds, pressure dependencies of wavenumbers for some vibrations, and anisotropy of 

lattice strain were analyzed.  

The interesting fact is that there are no phase transitions in individual DL serine (at 

least before 8.6 GPa). At the same time, as has been shown in the present contribution, 

the lengths of intermolecular hydrogen bonds linking amino-groups and serine side 

chains in the crystal structure depend non-linearly and non-monotonically on pressure; 

the carboxylic groups of serine rotate as pressure increases. In the corresponding salt, a 

phase transition was observed at ~4 GPa. This phase transition gives a phase with 

disordered orientation of molecular fragments, as is evidenced by Raman spectroscopy 

and X-ray diffuse scattering. 

This work was supported by grants from RFBR (09-03-00451), BRHE (RUX0-008-

NO-06), by the Integration Projects No. 13 and 109 of the Siberian Branch of RAS 

(2009-2011), a FASI Grants P2529 and 16.740.11.0166. 
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Models of solid-state energy chain-branching reactions, with electronic excitations 

of the crystal lattice acting as chain carriers, were developed for the experimental results 

on the initiation of the explosive decomposition of heavy metal azides by pulsed 

radiation interpretation. Meanwhile the nature of the reaction stages is still under 

discussion. One believes that the chain carriers are generated as a result of the excited 

products reaction (nitrogen molecules) deactivation. Thus it is necessary to understand 

the deactivation process for the chain branching probability evaluation. The aim of the 

present work is to estimate the rate constants of excited nitrogen molecules deactivation 

in the bulk of silver azide.  

The rate constants of excited nitrogen molecules deactivation were estimated in 

terms of perturbation theory. The model of the electron-excited nitrogen molecule 

dipole interaction with electrons was considered. The transition moments were 

estimated with oscillator strength. For estimation of oscillator strength and states 

densities the experimental coefficient of light absorbance was used. The constant 

magnitude for the deactivation with electron-hole pair generation obtained is ~ 10
9
 s

-1
. 

Similarly the rate constant of energy transfer from the electron-excited molecule to the 

electron hole was estimated as 10
-12

 cm
3
s

-1
.  

The quadrupole interaction of the vibration-excited nitrogen molecule with free 

charge carriers was investigated. The estimated rate constant is ~ 10
-12

 cm
3
s

-1
. The 

interaction of vibration-excited molecule with the electron hole localized on a defect 

formed in reaction was considered. The maximum magnitude of the constant 

(~ 4∙10
14

 s
-1

) is observed for the one phonon coupling. When the energy demanded for 

the electron hole delocalization increases the constant value decreases. Deactivation of 

the vibration-excited molecule linked with a sequence of the capture and the 

delocalization processes of electron on excited state of the positively charged defect was 

scrutinized. The capture is very fast and in that case deactivation constant is equal to the 

delocalization coefficient. The kinetics of silver azide explosive decomposition 

calculated with estimated constants is in fair agreement with the experimental data.  

This work was supported by the Russian Foundation for Basic Research, project 

no. 11-03-00897. 
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The aim of the present work is kinetic analysis of the model of energetic materials 

thermal decomposition, estimation of reaction rate and reagents concentrations in the 

quasistationary mode, determination of reaction kinetic regimes of transition to 

quasistationary state at different crystal temperatures. The model includes processes of 

electron-hole pairs generation by incident irradiation, chemical reaction energy and the 

crystal lattice thermal oscillations; decomposition of anion sublattice due to a 

consecutive localization of two holes on an anion vacancy, complex N6 formation and 

its following dissociation with the substantial energy evolution; electron-holes‘ 

recombination centers growing in terms of Mitchels mechanism.  

The model analysis allowed us to determine the areas of quasistationary, oscillating 

and self-accelerated modes of decomposition. A set of analytical expressions describing 

concentrations of all of the reagents (18 species) and decomposition rate in the 

quasistationary regime was obtained. The damped oscillating reaction mode that is 

observed after an incident influence was investigated. The oscillations‘ period and 

amplitude dependencies on the model parameters were calculated. The reaction rates of 

anion and cation sublattices decomposition time dependencies at different temperatures 

were calculated. The temperature dependencies of the sublattices decomposition rates at 

process times 1 second, 15 seconds, 15 minutes, 1 hour, 3 hours were plotted. It is 

shown that the effective activation energy of the reaction changes with time from 0.33 

to 1.91 eV. At small process times reaction rates and effective activation energies of 

cation and anion sublattices are different, and then the velocities and their activation 

energies asymptotically tend to each other. The maximum reaction rate temperature 

dependence is observed in the vicinity of 15 minutes of decomposition time. 

This work was supported by the Russian Foundation for Basic Research, project 

no. 11-03-00897. 
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Estimation of the charged carriers capture cross-section on repulsive centers (σ) was made 

in work [1]. The dependence of σ on the temperature was got. It was thought that the screening 

of the center could be neglected and that the carriers tunneled through the coulomb barrier [1]. 

At the same time strong pulse action irradiation of the sample can cause considerable screening‘ 

influence on the σ value. The main goal of this work is to estimate the charged carriers capture 

cross-section on repulsive centers, considering screening, and to get the σ value dependence on 

the temperature and the charged carriers‘ concentration. 

The capture cross-section on repulsive centers could be estimated using equation (1). 

drmvrUmv 2)(2
2

exp 2

0

 

(1) 

where v – hole velocity, m – hole‘s effective mass, 0 – capture cross-section on neutral center. 

Drr
r

e
rU exp)(

2

 – interaction potential, considering screening, 
2

4 pe

kT
rD

 – Debye 

length, ε –sample‘s inductive capacity, р –charged carriers‘ concentration, T – temperature, k – 

Boltzmann constant, е – electron‘s charge. 

Calculations of the charge carriers‘ capture cross-section on a screening repulsive centre 

were made for the different temperature and charged carriers values. It was shown that 

the cross-section value depended mainly on the distance where the repulsive potential 

becomes an attractive one because of the benefit from the bond formation. Approximate 

analytical equations describing the potential barrier‘s width, cross-section and capture 

constant values were got. It was shown that the growth of the charged carriers‘ 

concentration caused the capture cross-section value growth, and the elementary stage 

got fractional reaction order which exceeded the value of captured charges. It was also 

shown that the charged carriers‘ concentration caused attenuation of the capture 

constant temperature dependence. According to the research the Debye length could be 

less than 35 
o

A , and the potential barrier decreased in two times. Estimated value of the 

capturing reaction‘s constant for the repulsive center approved of this reaction 

possibility if the holes‘ concentration is high enough (p > 10
18

 см
-3

), that is true in case 

of silver azide pulse initiation. This work was supported by the Russian Foundation 

for Basic Research, project no. 11-03-00897. 
1. Bonch-Bruevich V.L. Recombination coefficients in a case of coulomb barrier // In ―Physics 

of solids‖, collected articles. Leningrad: Izd. AN SSSR, 1959, pp. 182-186. (in Russian).
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This work is devoted to photo-orientation of azobenzene-containing liquid-

crystalline polymer, i.e. the reorientation of liquid crystal director perpendicular to 

irradiating light polarization.  

The prevalent mechanism of photo-orientation in the literature assumes 

orientational redistribution of absorbing azobenzene molecules due to repeated cycles of 

trans-cis-trans photoisomerizations during irradiation. This mechanism, however, is 

unable to account for a number of experimentally observed features of photo-

orientation, namely, the alignment of non-photoresponsive mesogenic units of the 

matrix together with azobenzene units, the enhancement of photo-induced alignment 

during annealing in liquid-crystalline phase in the dark. 

In the current work, photo-orientational behaviour of nematic copolymer PAAzo6 

[1] is considered. A combination of polarized optical spectroscopy and microscopy with 

the spin-probe technique was exploited to obtain detailed information about the domain 

structure and orientational distribution of liquid-crystalline director in the course of 

photo-orientation.  

Optical measurements indicate that the process of photo-orientation involves the 

rearrangement of domain structure of the material. Depending on the coherence and 

polarization of irradiating light, growth or diminishing of LC domains is observed.  

By numerical simulation of ESR spectrum angular dependence of a spin probe 

introduced in the studied polymer [2], the evolution of macroscopic orientational 

distribution function of LC director in the course of photo-orientation and photo-

reorientation has been measured. 

On the basis of the experimental findings an alternative mechanism of photo-

orientation is proposed. It is suggested that the observed domain rearrangement is 

driven by destabilization of liquid-crystalline phase in light absorbing domains due to 

formation of non-mesogenic cis-azobenzene units.  

 

 [1] A. Bobrovsky, A. Ryabchun, A. Medvedev, V. Shibaev, J. Photochem. Photobiol. A: Chem. 

206, 46 (2009). 

[2] A. Kh. Vorobiev, N. A. Chumakova, “Simulation of Rigid-Limit and Slow-Motion EPR Spectra 

for Extraction of Quantitative Dynamic and Orientational Information”, in "Nitroxides - Theory, 

Experiment and Applications", ed. by A. I. Kokorin, ISBN 979-953-307-1090-0. 
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Deactivation of excited phenanthrene by mobile molecular oxygen is utilized to 

probe structural heterogeneity of a typical van der Waals glass former, propylene 

carbonate (4-methyl-1,3-diaxolan-2-one, C4O3H6; Tg = 158 K). Oxygen mobility is 

highly sensitive to the matrix density, therefore we assign the structural heterogeneities 

probed by the oxygen diffusion to the spatial fluctuations in density.  

The phenanthrene deactivation kinetics is controlled by oxygen diffusion. Oxygen 

diffuses due to thermally activated jumps from one interstitial space to another. The 

jumps are decoupled from the structural relaxation of the matrix. The structural 

heterogeneity manifests itself as spatial fluctuations of deactivation rate constant. To 

describe the deactivation kinetics, we use a model of supercooled liquid as a 

heterogeneous medium where oxygen jump rates are spatially correlated. The length of 

spatial correlation for the jump rates is taken as heterogeneity size. Using the model, the 

value of 1.5 nm was obtained for the size of structural heterogeneities. This size exceeds 

the jump length of oxygen by a factor of three. The dispersion of barriers for oxygen 

jumps is estimated to be 4 kJ/mole and the average barrier energy is found to be 45 

kJ/mole. The heterogeneities differ in density by 0.8%. 

We demonstrate that, as temperature increases, the changes of deactivation rate 

constants with time can be revealed: the static heterogeneities ―convert‖ into the 

dynamical ones. Values from 0.2 to 30 s have been obtained for the lifetime of the 

regions over a temperature range from Tg – 1 to Tg + 4 K. The heterogeneity lifetime is 

in close agreement with the structural relaxation time of propylene carbonate 

determined by dielectric spectroscopy. This result argues in favor of the statement that 

the heterogeneous cooperative dynamics of host molecules (so-called dynamical 

heterogeneity) is of structural origin. 

This work was supported by the Russian Foundation for Basic Research, project No 

08-03-00550-a. 
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Oxidative coupling (oxidative dehydrodimerization) of terminal acetylenes is an 

important modern method for preparing highly unsaturated dimeric, polymeric, and 

macrocyclic structures.
1
 

The detailed study of the oxidative coupling kinetics of a series of various 

acetylenes in a buffer solution (amine, НОАс in pyridine) shows the reaction to be 

second orders with respect to reagents, zero order with respect to Cu(I), and inverse 

second order with respect to acetic acid.
2,3

 It has been established that the reactivity of 

acetylenes increases with increasing their acidity. From the data obtained the reaction 

mechanism is proposed whose final stage involves synchronous oxidation of two 

acetylide anions with the simultaneous formation of the C-C bond. Propynol oxidation  

under the same conditions obeys quite different kinetic rules.
4,5

 Thus, e.g., for the 

[Сu(I)]/[Сu(II)]  5, the reaction has zero order with respect to Сu(II) and the first one 

respect with to Сu(I). In addition, we have revealed the surprising thing that the reaction 

rate increases with increasing [HOAc] at constant [OAc ].
5
 This fact served a basis for 

interpreting the ‗anomalous‘ kinetics of the oxidative coupling of propynol. We assume 

that the presence of hydroxyl group in a molecule results in two consequences. On the 

one hand, the dissociation of its proton decreases the ethynyl hydrogen mobility, but the 

acid, present in solution, shifts dissociation equilibrium to the left. On the other hand, 

the sterically free hydroxyl group participates in the complexation with copper ions to 

facilitate the dimer complex formation on the final stage of the synchronous transfer of 

electrons. The scheme proposed is in fair agreement with experimental data.
6
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In the presented work, we investigated the possible mechanisms of the generation 

of NO in haemolymph of Galleria mellonella. For measurement of NO in the cells, we 

used the fluorescence probe, DAF-FM diacetate. The experiments were performed on 

the cell suspension to detect the native generation of NO (control group), activated with 

LPS (immune activator) and after addition of arginine (substrate of NOS). All 

experimental data didn‘t reveal the reliable generation of NO. The estimation of upper 

limit gave the value of 100-200 pM/min of generation rate of nitric oxide in 

haemocytes. However, the evidence the existence of nitric oxide is a presence of nitrite 

in heamolymph, implying that the source of nitrites is oxidation of NO. We proposed 

that in the haemolymph the nitrites are the sources of NO. To test it, the measurements 

were performed with addition of nitrites to cells. The intracellular nitrite of 500 µM 

resulted in significant increasing of NO generation of 1-2 nM/min. The native 

concentration of nitrites in the haemocytes is about 5 µM that allows to estimate the 

native generation of NO from nitrites as 10-20 pM/min. 

In the lymph, the fluorescence method was not applicable because of the presence 

of antioxidants, such as ascorbic acid and thiols, which inhibit the formation of 

fluorescence product from DAF-FM. We applied the spin probe, Fe
2+

-MGD, which 

directly reacts with NO producing the spin product stable in biological system. This 

method was applied for detection of NO in the lysat of cells and lymph at 4 mM of 

nitrites added. We found that the rate of formation of NO in lysat was about one order 

of magnitude more then in the lymph. 

Obtained data confirmed our hypothesis that the dominant mechanism of formation 

of NO in the haemolymph is a reduction of nitrites as a result of actions both enzyme 

and chemical reductants. 

Work is supported by grants of RFBR and Academy of science. 
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Deprotonation of the radical cation (RC) is very probable pathway for the 

transformation of organic molecule after its ionization in condensed media. In 

particular, it was typically believed that in the case of ethers the proton transfer from the 

radical cation to neutral molecule in liquid ether proceeds within picosecond time 

domain.  

We have observed the magnetosensitive delayed fluorescence from irradiated 

solutions of para-terpheny-d14 in simple ethers within nanosecond time domain. Using 

the methods of time-resolved magnetic field effect in recombination fluorescence of 

spin-correlated radical ion pairs we have shown that the positive charge carriers in 

irradiated ethers are neither radical cations of aromatic solute nor radical cations of the 

ether. Hyperfine coupling constants in these charge carriers nearly correspond to those 

in neutral radical formed by RC deprotonation. Using quantum chemical calculations 

(DFT B3LYP) we have found that radical cations of tetrahydrofuran (THF) and 2-

methyltetrahydrofuran (Me-THF) form complexes with neutral ether molecules. 

According to the quantum chemical calculations, in these complexes proton from alpha-

position to oxygen in the radical cation coordinates to oxygen atoms of a neutral 

molecule. Within subnanosecond time domain the proton is shifted to occupy the 

position between oxygen atoms. These complexes are of distonic character, and they are 

stabilized due to hydrogen bonds with the energy of ~5 kcal/mol. The lifetime of the 

observed RC/molecule complexes of THF and Me-THF exceed several tens of 

nanoseconds in liquid solution at room temperature. It is very probable that similar 

complexes are formed in the cases of dibutyl ether and diethyl ether, too. 

The present work is supported by RFBR (grant 11-03-01003-а) and the Program of 

Leading Scientific Schools (grant NS-2272.2012.3). 
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The manifestation of spin statistical factor in the reaction between doublet reagents 

by an example of electron transfer to a series of nitroxyl radicals R
 

e +R   R       (1) 

in liquid alkanes was studied by applying the method of "pre-recombinational" 

quenching (Borovkov and Ivanishko. Radiat. Phys. Chem. 80, 540(2011)). The 

scavenging rate was determined from the effect of the addition of R  on the delayed 

fluorescence decay from irradiated alkane solutions of teteramethyl-para-

phenylenediamine (TMPD). The diffusion coefficient (De) of excess electrons was 

determined by the method of time-resolved electric field effect (Borovkov et al., Radiat. 

Phys. Chem. 67, 639(2003)). 

The experimental effective radius (Re=k/4πDe) of reaction (1) has been related to 

the calculated energy, ET, of formation of the triplet state of anion biradical(
3
R

–
). ET was 

obtained with DFT/B3LYP/6-31+G* calculations within the GAMESS program. It was 

revealed that the effective scavenging radius Re at ET<0 was reduced by a factor 4 as 

compared to the scavenging radii typical for molecular electron acceptors. 

This correlation has shown that the expected spin factor (¼) in reaction (1) can not 

be observed if the formation of triplet state
3
R

–
  is possible. It has been found also that 

for radicals with at ET 0 the scavenging radius can be changed by a factor 4 within 

comparatively narrow temperature range due to temperature change of solvated electron 

energy in alkanes. 

The present work is supported by RFBR (grant 11-03-01003-а) and the Program of 

Leading Scientific Schools (grant NS-2272.2012.3). 
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Magnetic field effect, interpreted by spin dynamic in the radical pair of nitric oxide 

NO and superoxide anion O2
.-
, was obtained in chemical system of 

3-morpholinosydnonimine (SIN-1). These species are involved in many biologically 

significant processes such as oxidation stress, immune response, neural signaling, etc. 

Investigation of the influence of magnetic field can shed light on the mechanisms of 

processes involving such species in living organisms and also touch upon the question 

of magnetic field effects in systems with non zero orbital momentum and strong spin-

orbit coupling.  

As a source of the radical pair, we used SIN-1. The process of SIN-1 decomposition 

and formation of free NO and O2
.-
 radicals is shown in figure below. The radicals 

recombine with diffusion-controlled rate to produce a diamagnetic product, 

peroxynitrite ONOO
-
. The yield of peroxinitrite is quantified by measuring optical 

absorption of rhodamine (RH) formed in the reaction between ONOO
-
 and 

dihydrorhodamine-123 (DHR).  
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In a magnetic field, the yield of RH is shown to increase linearly, the MFE reaching 

a value of 5.5% at 18 T. This effect is rationalized in terms of a magnetic-field induced 

enhancement of the recombination rate constant of NO with O2
.-
. A theoretical 

simulation based on the g-mechanism is presented. 
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Lappaconitine (LC0, Fig. 1) - natural alkaloid extracted from Aconitum Septentrionale 

Koelle, refers to the widely studied esters of anthranilic acid, having a practical application. 

Namely, some of these esters are the basis of UV filters, and the LC0 itself is an effective 

antiarrhythmic drug. However, its practical use is severely limited by phototoxicity, which 

is associated with the formation of free radical species. Phototransformation of LC0 was 

studied in detail in the Laboratory of Magnetic phenomena, the Institute of chemical 

kinetics & combustion SB RAS. In particular, it was found that photoexcitation of 

lappaconitine in solution and organized media results in formation of ion-biradicals and 

neutral radical pairs, which demonstrate the effects of chemically induced dynamic nuclear 

polarization (CIDNP) on the reaction products.  

In the present study a new class of acetylenic derivatives of the LC0 were synthesized 

(Fig. 1).  
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Fig. 1. The lappaconitine derivatives under study (LC0 - natural lappaconitine).  

 

The influence of substituents on the processes of intramolecular electron transfer (ET) 

and photoinduced ET from the amino acid N-acetyl-tyrosine were studied by NMR, 

CIDNP, and optical techniques. Also of the effect of substituents on the photostability of 

lappaconitine has been investigated. It was found that the introduction of substituents in the 

anthranilic fragment significantly increases the photostability of LC0. In addition, for the 

first time it was shown that the CIDNP effects in these systems are formed as a result of 

intramolecular electron transfer in ion-biradical, as well as in the process of bimolecular 

quenching of the excited state of lappaconitine, and the cleavage of ether bond can occur 

both in the neutral radical, and its radical cation. 

This work was supported by grant RFBR 11-03-01104.  
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Superoxide (O2 ) has been implicated in the pathogenesis of many human diseases 

including hypertension. However, commonly used antioxidants have proven ineffective in 

clinical trials. We have previously reported that mitochondria-targeted superoxide 

scavenger 2,2,6,6-tetramethyl-4-(2-(triphenylphosphonio)acetamido)-piperidin-1-oxyl 

(mitoTEMPO) have decreased vascular O2 , improved endothelial-dependent relaxation and 

reduced blood pressure in hypertension. The structure-functional relationships in 

antihypertensive effect of mitochondria-targeted nitroxides however remain unclear. The 

nitroxides of pyrrolidine series (proxyls) are weaker oxidants as compared to TEMPO 

derivatives, and they demonstrate much higher stability in biological samples. Since 

biological effect of nitroxides is associated with their RedOx reaction with O2 , the 

difference in antihypertensive activity is expected. In this work we have designed and 

studied two new pyrrolidine mitochondria targeted nitroxides. 3-[2-

(Triphenyphosphonio)acetamido]- and 3-[2-(triphenyphosphonio) acetamidomethyl]-

2,2,5,5-tetramethylpyrrolidine-1-oxyl (mCP2) and (mCP1), correspondingly, were 

synthesized from 3-amino- and 3-aminomethyl-proxyls  via chloroacetylation and treatment 

with triphenylphosphine. While these new mitochondria targeted compounds have nitroxide 

group similar to mitoTEMPO it is important to note that mCP1 and mCP2 have reduced 

oxidative potential and lower lipophilicity compared with mitoTEMPO. The 

antihypertensive properties of mCP1 and mCP2 were tested by treatment of angiotensin II 

infused mice after onset of hypertension. Following 9 days of 0.7 mg/kg/day of angiotensin 

II systolic blood pressure was increased from 100±4 mm Hg to 152±4 mm Hg. Infusion of 

mCP1 and mCP2 (1.4 mg/kg/day) significantly reduced blood pressure to 133±5 mm Hg 

and 129±6 mm Hg correspondingly while blood pressure in mice infused with saline 

(vehicle) have continued to rise and reached 163±5 mm Hg at day 14. Treatment of 

hypertensive mice with mCP1 and mCP2 inhibited the increase in vascular O2  and 

prevented the decrease of endothelial nitric oxide which indicates improved endothelial 

function. Both mCP1 and mCP2 reduced vascular superoxide and blood pressure similar to 

mitoTEMPO. These data show that mitoTEMPO is not the only nitroxide exhibiting 

antihypertensive effect and studies of nitroxide analogs such as mCP1 and mCP2 may help 

in optimization of chemical structure of mitochondria-targeted nitroxides for improved 

efficacy and pharmacokinetics of these drugs. These studies confirmed an important role of 

mitochondrial O2  in the hypertension and demonstrated that mitochondria-targeted 

nitroxides could have therapeutic benefit in treatment of hypertension. 
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The aim of this work was to investigate influence of the phospholipid membrane 

composition on its hydrophobic barrier by using electron paramagnetic resonance (EPR) 

spin-labeling methods. The membranes of fiber-cell eye-lenses are main object of our 

research as a part of investigations of mechanisms protect lens from cataract disease [1]. 

We used a similar phospholipid composition as from real membranes of fiber-cell 

of eye-lens from three animal species but without cholesterol content and we found high 

effect of hydrophobicity - hydrophobic barrier for these mixtures. This effect seems like 

hydrophobic barrier but not rectangular shape when cholesterol are present [2]. We 

supposed that this effect may be a result of influence of phospholipid compositions or 

only one of these phospholipids. We investigated a successively influence of each lipid 

on a hydrophobicity of membranes.  

The conventional EPR spectroscopy and using phospholipid analog spin labels 

which can be easy incorporated to phospholipid membranes can provide unique 

information about structure of membranes such as hydrophobicity, order parameter, 

oxygen transport and other parameters. For preparing of membranes we used 

phospholipids: phosphocholine (POPC), phosphoethanolamine (POPE), phosphoserine 

(POPS) and sphingomyelin (SM) phospolipids. The hydrophobicity parameter of 

membranes was defined from parameters of hyperfine splitting of EPR spectra from 

freeze and heating methods. 

POPE is dominant in creating a high hydrophobic barrier at the center of 

membranes. Effect of other phospholipids on membrane hydrophobicity is as follow: 

SM<PC<<PS=PE. Membranes containing POPE are slightly more ordered. The major 

contribution to the hydrophobicity of membranes made of phospholipid mixtures comes 

due to from the phospholipid with higher hydrophobicity in single component 

membranes. Polar heads are responsible for creating the hydrophobic barrier in the 

hydrocarbon membrane center. 

This work was supported by grants EY015526, EB002052, and EB001980 from the National 

Institutes of Health. 

1. W. K. Subczynski, J. Widomska, M. Raguz, L. Mainali, A. Konovalov. Journal of Membrane 

Biology: V. 245, 1 (2012), 51-68. 

2. Subczynski, W.K., Wisniewska, A., Yin, J.J., Hyde, J.S. &Kusumi, A. Biochemistry 33, 7670-

7681 (1994). 
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Cellular DNA is affected by ionizing irradiation, oxidizing, and alkylating agents. 

This attack leads to formation of diverse DNA damages, abundant apurinic/apyrimidinic 

(AP) sites. AP-sites are very mutagenic and genotoxic. They are repaired mainly by AP-

endonucleases in a base excision repair pathway. AP endonuclease 1 from 

Saccharomyces cerevisiae (Apn1) is known to possess the major apurinic/apyrimidinic 

activity incising phosphodiester backbone 5′ at the AP site. Up to date the spatial 

structure of Apn1 and its complex with DNA is not obtained. 

In the present study the conformational dynamics of DNA substrates during Apn1 

catalytic cycles were investigated by measurements of 2-aminopurine (2-aPu) and 

pyrrolocytosine (PyrC) fluorescence. The fluorophores were incorporated in different 

strands of DNA to detect conformational changes of both strands. The 12-bp DNA 

duplexes containing either normal dG residue or lesion (natural AP site or its 

tetrahydrofuran analogue) were used as a non-specific ligand and specific Apn1 

substrates, respectively. Pre-steady-state kinetics of the repair process was studied by 

stopped-flow method and rate constants of each elementary step were calculated by 

global non-linear fitting. 

The analysis of experimental data led to the conclusion that S. cerevisiae Apn1 

cleaved AP-sites in DNA during multi-stage process. Kinetic traces of 2-aPu and PyrC 

fluorescence revealed that the conformational changes of DNA-substrate took place in 

the course of specific complex formation. When interacting with Apn1, both DNA 

strands are involved in the recognition process. The initial conformation of double-

stranded nucleic acid is very important for the formation of the appropriate enzyme-

substrate complex. In contrast to human AP-endonuclease (Ape1) catalysis (see 

Kanazhevskaya, L. Yu. et al., Biochemistry, 2012; Kanazhevskaya, L. Yu. et al., 

Biochemistry, 2010) the location of 2-aPu relative to the damaged site was shown to 

have no influence on substrate cleavage stage by Apn1. The great significance of 

upstream DNA region to the lesion for the specific recognition of both Apn1 and Ape1 

was found out. 

The work is supported by grants from the Russian Foundation for Basic Research 

(RFBR 10-04-00070 and 12-03-93180), and the Russian Ministry of Education and 

Science (SS-64.2012.4). 
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 Methionine γ-lyase (EC 4.4.1.11, MGL) is a pyridoxal 5'-phosphate dependent 

enzyme found in some bacteria, Archaea, and primitive protozoa. MGL catalyzes the 

irreversible -elimination of L-methionine to give methanethiol, α-ketobutyrate and 

ammonia. The enzyme also catalyzes β-elimination reaction of L-cysteine and S-

substituted L-cysteines and γ- and β-replacement reactions of L-methionine and L-

cysteine and their analogs. The absence of this enzyme in mammals allows to consider 

it as a biochemical target for a design of new antipathogenic agents. For this purpose, 

elucidation of MGL mechanism is crucial. Many its features remain poorly explained 

despite the availability of structural information on some enzyme‘s complexes. 

In this study, we analyzed the MGL 

catalytic mechanism of -elimination 

reaction using stopped-flow kinetics with 

single-wavelength absorbance detection 

of transient intermediates. The 

interaction of MGL with L-methionine 

(Met), L-vinylglycine (Gly(vinyl)), L-

methionine sulfoxide (MetO), L-

methionine sulfone (MetO2) and O-

acety-L-homoserine (Hse-OAc) have 

been studied using registration of 

absorbance at 420, 320 and 480 nm. The absorbance time-course curves were different 

for all substrates (Fig. 1, as an example, the absorbance at 420 nm is presented). The 

kinetic scheme was proposed and the intrinsic rate constants of main steps of γ-

elimination reaction were determined using a global fitting procedure. The obtained data 

are important for understanding characteristics of elementary stages of γ-elimination 

reaction. This work was supported by the Russian Foundation for Basic Research 

(Grant 11-04-00220-a) and President Grant for leading scientific schools (SS-

64.2012.4). 

 

Fig. 1. The absorbance time-course curves at 

420 nm of interaction of MGL with substrates. 
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The goal of this study was to identify the structural perturbation of the DNA in the 

sites of lesion location and to realize how these features are crucial for enzyme binding. 

For this purpose, structure of DNA duplexes with two spin labels containing damaged 

(8-oxoguanine or uncleavable abasic site analogue tetrahydrofuran) and undamaged 

nucleotides were examined by PELDOR spectroscopy and molecular dynamics 

simulations. The model duplexes (13-mer and 17-mer) were used to reveal structural 

changes of free damaged DNA and complexes with DNA repair enzyme, 

formamidopyrimidine-DNA-glycosylase Fpg protein from E.coli, in comparison with 

undamaged duplexes. To minimize the influence of 4-amino-2,2,6,6-

tetramethylpiperidine-1-oxyl residuals on enzyme binding, the 3'-end and 5'-end 

phosphate groups of oligonucleotide were selected for spin labeling. 

For damaged 8-oxoG/C13 and 8-oxoG/C17 duplexes differences in the distance 

between two spin labels were not detected, as compared with the undamaged G/C13 and 

G/C17 duplexes. This result was confirmed by molecular dynamics simulations. 

PELDOR data indicate on decrease of the distance between the two spin labels in 

damaged DNA F/C13 and F/C17, which was interpreted as a result of the bending of the 

DNA duplex induced by the lesions. In studies of E.coli Fpg protein enzyme binding to 

DNA, a noticeable decrease of the distance was found for the enzyme-bound damaged 

F/C13/Fpg and F/C17/Fpg duplexes, as compared with enzyme-bound undamaged 

G/C13/Fpg and G/C17/Fpg duplexes, respectively. The data indicate that this 

interaction leads to a further significant decrease of the distance between spin labels, 

which evidences the enzyme-induced extra bending of the DNA duplex. DNA distortion 

by enzyme binding may result from extensive contacts of protein with DNA helix 

around the damaged site. The results may appear to be useful for studying mechanisms 

of fast searching and initial recognition of damaged sites by DNA repair enzymes.  

This work was supported by grants from the RFBR (10-04-00070, 12-03-93180), Russian 

Ministry of Education and Sciences, and President Grant for leading scientific schools (SS-

64.2012.04). 
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DNA damage constantly occurs in living cells due to environmental factors and 

normal metabolic processes. The main mechanism for repair of damaged DNA is base 

excision repair pathway (BER). Human 8-oxoguanine DNA glycosylase hOgg1 takes 

participation in BER and interacts with double-stranded DNA 8-oxoguanine and other 

lesions. 

Amino acid Сys-253 of hOgg1 molecule participates in coordination 8-oxoguanine 

after its extrusion from DNA helix to the base-binding pocket. The flipped-out damaged 

base is sandwiched between the aromatic system of Phe319 and the thiol-group of 

Cys253. In order to clarify the role of this base coordination and to reveal its place in 

the overall enzymatic process we have constructed mutants replacing the Cys253 

residue with either isoleucine or leucine. Conformational transitions occurring both in 

an enzyme mutant forms C253I and C253L and in DNA were studied to reveal the 

mechanism of damage recognition and removal. The conformational dynamics was 

investigated using stopped-flow technique. DNA substrates contained damaged bases or 

abasic sites. Conformational transitions in the protein molecule were followed by 

registration of changes in the fluorescence intensity of Trp residues as well as by FRET 

(Fluorescence Resonance Energy Transfer) using Cy3/Cy5 labels in DNA substrate 

molecules. Multiple transient changes in fluorescence intensities of enzymes and DNA 

substrates were observed. They indicate sequential conformational transitions in both 

macromolecules (protein and DNA) during the catalytic cycle. The quantitative analysis 

of fluorescent data obtained in single-turnover conditions has shown that the rates of 

both N-glycosylase and AP-lyase reactions catalyzed by hOgg1 mutant forms are 

decreased significantly in comparison with wild type hOgg1. 

Kinetic analysis of fluorescent traces provides the new insight into the mechanisms 

of DNA lesion recognition and conversion by repair enzymes. 

This research was supported by the Program of Presidium of the Russian Academy 

of Sciences (6.14) and by Russian Foundation for Basic Research (10-04-00070 and 11-

04-00807), President grant for leading scientists (SS-64.2012.4) and grants from 

Russian Ministry of Education and Science. 

http://en.wikipedia.org/wiki/Metabolism


PSII - 15 

 185 
 

FTIR AND UV SPECTROSCOPY IN REAL-TIME 

MONITORING OF S. CEREVISIAE CELL CULTURE 

Vladimir I. Makarov
1
 & Igor Khmelinskii

2 

 
1
Department of Chemistry, University of Puerto Rico, San Juan, Puerto Rico, 

2
Universidade do Algarve, FCT, DQF, Faro, Portugal 

 

A combination of FTIR and UV spectroscopy is proposed as a novel technique for 

integrated realtime monitoring of metabolic activity and growth rates of cell cultures, 

required for systematic studies of cellular low-frequency (LF) electric and magnetic 

field (EMF) effects. As an example, we investigated simultaneous influence of periodic 

LF 3D EMFs on a culture of Saccharomyces cerevisiae (baker‘s yeast) cells. 

Amplitudes, frequencies and phases of the field components were the variable 

parameters. Electromagnetic fields were found to efficiently control the activity of the 

yeast cells, with the resulting CO2 production rates, as monitored by FTIR spectroscopy, 

varying by at least one order of magnitude due to the field action. Additionally, 

population dynamics of the yeast cells was monitored by UV absorption of the yeast 

culture at lprob  = 320 nm, and compared to the CO2 production rates. The detected 

physiologically active frequencies are all below 1 kHz, namely, 800 Hz excitation was 

effective in reducing the metabolic rates and arresting cell proliferation, whereas 200 Hz 

excitation was active in accelerating both cell proliferation and overall metabolic rates. 

The proposed methods produce objective, reliable and quantitative real-time results 

within minutes and may be used in various tasks that could benefit from a rapid 

feedback they provide in the form of metabolic and growth rates. Amplitude and 

frequency dependences of the LF EMF effects from individual field components with 

different polarizations were recorded and qualitatively interpreted based on a simple 

model, describing ion diffusion through a membrane channel. 

 

 



PSII - 16 

 186 
 

Reactive oxygen species generation and antioxidant status in 

haemolymph of insects during immune response 

Irina A. Slepneva, Alexandra D. Semenova, Denis A. Komarov,  

Ivan M. Dubovskiy*, Ekaterina V. Grizanova*, Yana L. Vorontsova* and 

Viktor V. Glupov* 

 

Institute of Chemical Kinetics and Combustion, Novosibirsk, 630090, Russia. 

*Institute of Systematic and Ecology of Animals, Novosibirsk, 630091, Russia. 

E-mail: slepneva@kinetics.nsc.ru 

 

The distinctive feature of insect
‘
s immune response is the encapsulation of the 

invader followed by melanization. The key enzyme of melanization, phenoloxidase, 

converts monophenols and diphenols, such as dihydroxyphenylalanine (DOPA), to 

quinones that subsequently followed by the formation of polymer melanin. Our 

previous studies revealed that during melanization potentially cytotoxic reactive oxygen 

species including DOPA-semiquinone (Slepneva et al., 2003), hydrogen peroxide 

(Komarov et al., 2006) and hydroxyl radical (Komarov et al., 2009) are generated. 

These reactive molecules can both take part in the melanization and destruction of the 

parasite. It‘s to be noted that the cytotoxic ROS can affect both parasite and the host 

cells and tissues. Therefore, the body of insects, like of many other animals, contains a 

complex of antioxidants whose action is directed to the ROS elimination. In 

haemolymph plasma of insects, the most important components of the antioxidant 

system are ascorbic acid and thiols. 

The purpose of the present study was to test the ROS generation and state of non-

enzymatic antioxidant system components of haemolymph at development of the 

process of encapsulation of nylon implant (―neutral antigen‖) in insect body. 

It has been established that as soon as 15 min after piercing of larvae cuticle with 

the implant the capsule is formed on its surface. Active melanization of the capsule has 

been shown at last for 4 h. A two-fold rise of the ROS generation in haemolymph was 

found by EPR method within 15 - 30 min encapsulation response. Analysis of hydrogen 

peroxide production in haemolymph plasma during of capsule formation revealed the 

same tendency. Simultaneously, using the EPR of spin probes method, we found the 

increase in the thiols ratio (RSSR/RSH) and increase in the ascorbate concentration in 

haemolymph plasma during early stage of encapsulation. We suggest that non-enzyme 

antioxidants of haemolymph plasma play the key role in maintenance of redox balance 

during encapsulation response.  

This study was supported by the Russian Foundation for Basic Research and the 

Program ―Integration‖ of the Siberian Branch of the Russian Academy of Sciences. 
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Peroxide species are key intermediates in the development of oxidative stress, 

which accompanies many pathological processes including inflammation, but peroxy 

species are also involved in the immune response to pathogens. It is often impossible to 

quantify this kind of attack/protection by means of direct physicochemical methods due 

to their inadequate sensitivity. Indirect methods appear more helpful, but in order to 

obtain reliable results, a set of indirect methods supplementing and checking each other 

is necessary. Spin trapping technique provides a convenient possibility to detect free 

radical intermediates, but the possibility of successful in vivo applications will be 

strongly dependent on the choice of sensitive, efficient and readily interpretable 

compounds as spin traps. Preliminary results obtained for in vitro systems with peroxy 

radicals suggest that spin trapping accompanied by chromatographic examination can be 

a useful tool to evaluate the activity of various antioxidants by measuring the kinetics 

and dynamics of peroxy species in the presence of antioxidant additives.  

Spin traps for the examination were chosen by testing the cyclic nitrones: 

dihydropyrazine di-N-oxide derivatives and substituted imidazoline oxides - in model 

systems with photochemical generation of peroxy radicals (HO2
*
, RO2

*
). The 

compounds tested as antioxidants included alpha-tocopherol, ascorbic acid, selenium-

containing xanthene, and aldehydes for reference. The quantitative EPR measurements 

were performed using an external standard of intensity, which was diphenyl picryl 

hydrazyl. Chromatographic examination was performed by means of HPLC.  

It was demonstrated that not only antioxidant species (A) and oxygenated free 

radicals (ROx) are to be taken into account as the major components of the system. It is 

also important to evaluate the oxidative potential of the species formed in the oxidation 

of A and reduction of ROx because the redox properties of these additional components 

in some cases exceeded by 20-90 % the range outlining the corresponding 

characteristics of the major components. This happened even for common and widely 

used antioxidants tocopherol and ascorbic acid. So, therapeutic applications of 

antioxidants should rely on preliminary evaluation of the oxidative potential of species 

formed in their reaction with peroxy radicals, to avoid the danger of the in vivo 

generation of highly oxidative species.  

Thus, spin trapping technique proved to be a helpful tool for the evaluation of the 

reactivity of antioxidants and the products of their interaction with peroxy radicals in 

model systems. Perspectives for the application of this method for the purposes of 

diagnostics (to evaluate the current oxidative status) are outlined.  
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Damage to DNA caused by ionoizing radiation leads to different life-degrading 

phenomena. A hole, formed in DNA upon formation in DNA, migrates over a long 

distance finally ending on a base with lowest oxidation potential – guanine. The 

electronic vacancies in oxidized guanyl bases may be refilled rather fast via electron 

transfer from the surrounding protein pool. This mechanism termed ―chemical way‖ of 

DNA reductive repair efficiently competes with the formation of modified sites that are 

targets for enzymatic repair. 

In the present work, time-resolved CIDNP was applied to study the reaction 

modeling ―chemical way‖ of DNA repair - the reduction of guanosyl radical by N-

acetyl derivatives of tryptophan and tyrosine, cysteine, cysteine-glycine peptide and 

peptides containing tryptophan and tyrosine as terminal residues. Guanosyl radicals 

were generated in the reaction of triplet excited 2,2 -dipyridyl with guanosine-5 -

monophosphate. The spin-sorting nature of S-T0 mechanism of CIDNP formation, 

which results in polarization of opposite signs for geminate product and radicals that 

escaped geminate termination, opens the possibility to study the reduction of radicals in 

the bulk: this reaction manifests itself as the decay of CIDNP kinetics in the products of 

corresponding radicals, which is a result of cancellation of geminate CIDNP by the 

polarization of the opposite sign during radical reduction in the bulk. The CIDNP 

kinetics observed is highly sensitive to the reductive electron transfer rate which allows 

for a quantitative study of this reaction. The rate constants of the reduction of guanosyl 

radical by the above mentioned species were obtained. For the peptides containing 

tryptophan and tyrosine, it was possible to extract partial rate constants for the reduction 

of guanosyl radical by electron transfer from tryptophan and tyrosine residues. 

ACKNOWLEDGMENT. This work was supported by the program of the Russian 

Government ―Measures to Attract Leading Scientists to Russian Educational 

Institutions‖ (grant No.11.G34.31.0045), RFBR (project No. 11-03-00296), Program of 

Division of Chemistry and Material Science RAS (project 5.1.1), the program of the 

President of Russia to support the leading scientific schools (No. NSch-7643.2010.3). 
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The excitation quenching by reversible exciplex formation, combined with parallel 

irreversible but distant electron transfer, is considered by means of the integral 

encounter theory (IET). Assuming that the quenchers are in great excess, the set of IET 

equations for the excitations, free ions and exciplexes is derived. Solving these 

equations the Laplace images of all these populations are obtained and are used to 

specify the quantum yields of the corresponding reaction products. It appears that 

diffusion facilitates the exciplex production, retarding the electron transfer. On the other 

hand the stronger the electron transfer is the weaker is the exciplex production: the 

distant quenching of excitations prevents their reaching the contact where they can turn 

into exciplexes. This is a screening effect which is the most pronounced at slow 

diffusion when the distant quenching prevails. 

 

 

 

 

 

 

 

 

 

 

 

The account of the space dependence of the irreversible ionization rate in 

multistage reaction is the major advantage of the present work compared to its 

precursors, where the electron transfer was considered as a contact one. The difference 

between distant and contact electron transfer is especially pronounced when it is under 

diffusion control.  
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A variety of optically active nanoscale objects show extremely long correlations in 

the fluctuations of fluorescence intensity (blinking). Fluctuations on the timescales 

longer than seconds were observed in the emission of colloidal [1-3] and self-assembled 

[4,5] quantum dots, nanorods [6,7], nanowires [8,9] and some organic dyes [10]. The 

striking similarity in the optical properties of these nanoscale systems allows us to 

suggest a universal physical mechanism underlying the blinking phenomenon [11]. Here 

we show that the features of this universal mechanism can be captured 

phenomenologically by the multiple recombination center model (MRC) suggested 

recently for explaining single colloidal QD intermittency [12,13]. Within the framework 

of the MRCs we qualitatively explain all the important features of fluorescence intensity 

fluctuations for a broad spectrum of nanoscale emitters.  
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The kinetic theory of reactions in solutions is commonly based on the concepts of 

the Encounter Theory (ET). It has been constructed by analogy with the Collision 

Theory in gases based on the concept of independent pairs, and gives differential (rate) 

kinetic equations corresponding to the independent pair encounters. The specific feature 

of reactions in liquid solutions as compared to reactions in gases is cage effect that 

results in long-range space-time correlations. Moreover, the force interactions between 

reactants (and products) and the decay of non-stable reactants may give rise to 

additional correlations that affect the reactions course. From this point of view, the 

notion of independent pair encounters borrowed from the Collision theory in gases and 

so the applicability of the Encounter Theory concepts are questionable, and at least 

needs substantiation. 

Such substantiation was performed using a modern many-particle method for the 

derivation of non-Markovian binary kinetic equations. Widely known diffusion assisted 

irreversible bulk reactions A+A  Product, A+B  Product in dilute solutions were 

considered. The influence of the force interaction and the decay of non-stable reactants 

on the time behavior of the macroscopic correlations have been taken into account. 

It was shown, that the final step of the method in use leading to the Modified 

Encounter Theory (MET) allows transforming the integro-differential kinetic equations 

to the Regular Form. It both extends the time range of the applicability of ET, and gives 

the equation of the Generalized Encounter Theory (GET) that differs from the ET 

equations by additional inhomogeneous term. In full agreement with physical 

considerations, this term is responsible for correlations induced by the reactant 

encounters in solution. Account of the force interactions between reactants do not 

change the character of time dependence of additional sources responsible for the 

macroscopic correlations accumulation and refines the macroscopic steady-state 

parameters only. The decay of non-stable reactants does not affect the initial stage of the 

accumulation of macroscopic correlations, but manifests itself only on macroscopic 

time scale leading to additional exponential decay. 

The authors thank Russian Foundation of Basic Research (project 12-03-00058) for 

financial support. 
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The Encounter Theory is the most useful approach to the description of a wide class 

of physicochemical processes in liquid solutions. It is based on the consideration of a 

dilute solution as a gas of reactants in neutral medium. Since this theory is the analog of 

semi-classical Collision Theory in gases, therefore, it includes the notions of 

independent pair encounters of reactants. However, there is the difference between the 

encounter and collision, namely, the presence of the cage effect that is why the above 

mentioned concepts need substantiation. 

Besides, in liquid solutions (unlike a gas in the absence of stabilization processes) 

associative-dissociative reactions are considered that proceed with the formation of 

bound states which cannot be described in the framework of traditional Encounter 

Theory. The above problems were solved on the basis of many-particle consideration of 

reacting systems, and this is the subject of the present contribution. 

A many-particle approach developed by authors made it possible to derive binary 

kinetic equations of basic elementary reactions. It is shown that in irreversible reactions 

A+B→Product and A+A→Product correlations between pair encounters of reactants are 

formed on mesotimes. This gives rise to an inhomogeneous source in their kinetic 

equations and restricts the Encounter Theory applicability. The same is the case with 

reversible reaction A+B↔C+B. The inhomogeneous source determined by pair 

encounter correlations transforms exponential kinetics of equilibrium attainment into a 

power one. 

In reversible associative-dissociative reaction, long-term correlations of reactants 

caused by the cage effect lead to correlation of reaction channels in appropriate kinetic 

equations. 

The authors thank Russian Foundation of Basic Research (project 12-03-00058) for 

financial support. 
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Spin-selective reactions of radical pairs (RP) have been often modeled by using 

phenomenological equation for the spin density matrix. For example, according to 

exponential model, the evolution of the spin density matrix of a RP obeys the equation: 

€, ( ) ( )
2 2

S T
S S T T

K Ki
H Q Q Q Q

t h
. 

However in recent papers Hore and Kominis [1,2] state that the main equation of 

spin chemistry should be transformed. Authors suggest modifying the structure of 

equation by adding additional terms: 

€, ( 2 ) ( 2 )
2 2

S T

S S S S T T T T

K Ki
H Q Q Q Q Q Q Q Q

t h
. 

But P.A. Purtov [3] with use of exactly solvable model showed that this 

transformation leads to an incorrect answer for population of a RP. Thus there is no 

reason to modify phenomenological equation in this way, but maybe it requires 

modification of reaction operator.   

Here we show how reaction operator can be generalized by increasing the 

dimension of its matrix. Besides, using of Green function method allowed us to obtain 

general formula for probability of finding the system in the singlet state at arbitrary 

moment of time on condition that at the initial moment of time the system was in the 

singlet state and the frequency of the singlet-triplet conversion is negligible. Moreover, 

this approach made it possible to reduce our problem to a two-level.  
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In the framework of quantum-chemical methods (RHF, MP2 and DFT) we study 

the reaction of photoinduced isomerization of biological molecules - retinal in 

rhodopsin (Rh) and bacteriorhodopsin (BRh) - the key intermediates in the vision 

process. The charge transfer in the retinal chromophore of these biological molecules as 

the mechanism of the photoinduced isomerization is investigated. The results of the 

Mulliken, Lowdin, Natural Bond, and ESP population analyses are compared and 

validated. We demonstrate that the isomerization reaction is accompanied by the 

substantial charge relocation within the isomerization region with the electron 

localization on C11 for the retinal in Rh and C14 for the retinal in BRh. 

 

 

B. Corn, S. A. Malinovskaya, ``An ab initio analysis of charge redistribution upon 

isomerization of retinal in rhodopsin and bacteriorhodopsin'', Int. J. Quant. Chem. 109, 

3131 (2009). 
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Spin-dependent processes occur frequently in physics and chemistry. Paramagnetic 

defect states in organic semiconductors can be involved in spin-dependent 

recombination or transport processes. Spin degrees of freedom affect the performance of 

photo-voltaic cells and leads to organic magneto-resistance phenomena. Many chemical 

reactions also sense external magnetic fields as they involve pairs of free radicals. 

RYDMR methods for detecting transient radical pairs (RP) are particularly useful 

due to their high sensitivity as compared to the standard EPR techniques. The idea of 

such methods is monitoring the fraction of singlet RP, SS(t), by measuring the reaction 

yield and affecting it by applying static or oscillating magnetic fields. By means of such 

techniques one can detect short-lived radicals at room temperature and probe their 

magnetic interactions. It is possible to indirectly detect the EPR of RP not only by 

optical methods but using other observables, for instance, detecting magnetic fields 

induced changes in photo-current.  

In this work we investigated theoretically a possibility of extending the potential of 

the reaction yield detected EPR by applying short pulses of the microwave field. Pulsed 

methods in standard EPR of RP are nowadays well-developed; however, in the case of 

RYDMR the observable is not spin magnetization, which is the case for EPR, but SS(t). 

For this reason theoretical treatment is required to fully exploit the potential of the 

pulsed techniques. We have studied the formation of ―spin echo‖, i.e., the possibility of 

refocusing the initial singlet state of the RP by applying different pulse sequences. We 

confirmed the known result of Salikhov and Molin (J. Phys. Chem., 97, 13259 (1993)) 

and obtained that SS can be completely refocused by a single non-selective 180-degree 

pulse. In addition, we studied the possibility of observing modulations of such SS-echo 

caused by inter-radical and intra-radical interactions in the RP. For this purpose 

somewhat more elaborate pulse sequences are required, which resemble the pulsed 

ELDOR and ENDOR sequences. Our preliminary results show that SS(t) observable 

allows one to probe magnetic interactions in the short-lived RP. 

Acknowledgements.. Financial supported by RFBR (projects No. 11-03-00356, 

11-03-00296, 12-03-00238), Program of the Presidium of RAS (grant No. 23/24.48) and 

the Program P-220 of the Russian Government (grant No. 11.G34.31.0045). 
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Conformation changes induced in globular proteins, in particular bovine serum 

albumin (BSA), under the action of the electromagnetic radiation of submillimeter 

wavelength range, are potentially a strong but yet poorly studied key to assess the 

biological effects of radiation and to develop diagnostic tools based on the 

determination of protein response to the external action. We used the spin probing 

technique to study conformation changes in the thin film preparations of BSA irradiated 

with a submillimeter laser. A special dihydropyrazine derivative used as a precursor of 

spin probe was extremely sensitive to the oxidative status of the protein. It was 

discovered that preliminary irradiation caused changes in the geometry of sites suitable 

for oxygen adsorption on BSA. The functional groups of BSA as possible sites for the 

adsorption of molecular oxygen were determined by means of quantum chemical 

modeling of the adsorption interaction. It was detected that oxygen adsorption on 

nitrogen- and sulphur-containing groups may be responsible for the changes of 

oxidative status of BSA induced by irradiation. These sites include amino group and 

pyrrolidine ring, as well as disulphide bridges. These groups participate in the formation 

of hydrogen bonds in protein molecules, so the effect of radiation-induced conformation 

changes on oxygen adsorption seems quite expectable.     

The pyrrolidine ring is a suitable candidate for the target group affected by 

irradiation because it was shows previously that proline, amino acid containing the 

pyrrolidine ring is responsible for sharp bending of the alpha helix in proteins. 

Therefore, radiation-caused conformation changes may involve not only changes in the 

number of alpha helix regions of the macromolecule but also partial elimination of 

steric hindrance for oxygen adsorption on BSA chain. Thus, conformation changes 

revealed in the spin probe studies are to be considered further on at the level of detailed 

modeling of the molecular structure.  
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Nitroxide mediated polymerization (NMP) allows preparation of well defined 

polymers with complex structure and functional end-groups. It‘s well known that 

efficiency of NMP process depends on the rate constant kd of the dormant species 

(alkoxyamines) homolysis and on the rate constant of nitroxyl and alkyl radicals 

recombination kc The rate constants kd and kc depend on the monomer structure, 

therefore the polymerization of various monomers requires different conditions to 

perform NMP in the controlled mode. In the recent work [1] we have shown, that 

protonation of the controlling agent leads to a significant change in the kd, whereas the 

rate constant kc varies weakly. It allows us to conclude, that only changes in kd due to 

the protonation of alkoxyamine affect the NMP process.  

To get deeper insight into mechanism of protonation reaction influence on the 

homolysis rate constant kd, we performed calculations of Gibbs free energies )( 0

rxnG  

of homolysis reaction for different protonated states of alkoxyamines by methods of 

density functional theory (DFT). The changes of calculated values of )( 0

rxnG  due to 

protonation of alkoxyamine are in a good agreement with trends experimentally 

observed earlier. It was found, that protonation destabilizes nitroxides and, inversely, 

stabilizes alkyl radicals, generated in homolysis process. That leads to the increase of 

)( 0

rxnG  of homolysis reaction for protonated form of alkoxyamine in comparison with 

deprotonated one. 
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The photochemistry of Fe(III) ions with natural aromatic acids can contribute 

substantially to the balance of organic compounds in aqueous systems and could 

influence on photo-Fenton and Fenton-like processes both in nature and in water 

treatment. This contribution presents the study of photochemistry of Fe(III) complexes 

with different salicylic acid derivatives (SAD, salicylic (SA), 4-hydroxySA (4-HSA), 6-

hydroxySA (6-HSA), 5-nitroSA (5-NSA) and 4-nitroSA (4-NSA) acids) by optical 

spectroscopy, steady-state and flash photolysis methods. SAD refers to aromatic 

oxyacids and can serve as model compound for investigating the photochemical 

properties of natural fulvic and humic acids and their complexes with Fe(III) ions. 

Table 1. Spectral, stability and photochemical properties of Fe(III)-SAD complexes 

Compounds max, nm εmax, M
-1

cm
-1

 pKst
 

φ365nm 
SAD 

10
5
 φ365nm

FeSAD 
10

3 

SA 526 1600 15.4 - 8.5 

4-HSA 520 1350 12.5 - 9.0 

6-HSA 557 1500 12.2 - 4.2 

5-SSA 505 1700 14 - 2.7 

4-NSA 495 1500 13.8 5 1.9 

5-NSA 495 1900 13.4 1
 

0.9
 

 

All SAD form stable 1:1 complexes with Fe(III) exhibiting CT band in the visible 

region (Table 1). In flash experiments only very weak bleaching in CT band of 

complexes was observed without formation any long-lived intermediates that is in a 

good agreement with photochemistry of early investigated Fe(III)-5-sulfosalicylic acid 

complexes [1]. Photolysis quantum yield of both SAD and Fe(III)-SAD complexes is 

rather low (Table 1) that allows one to conclude that direct sunlight photolysis could not 

be an effective way for degradation of SAD in natural water systems.  

This work has the support of RFBR (grants 11-03-00268, 12-03-00482, 12-03-

91153-GFEN). 
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Antibiotics and their derivatives, which are considered as micro-pollutants in 

aqueous environment (usually in the level of μg/L to mg/L), are raising public concerns 

recently. Antibiotics have become a new kind of pollutants as they get into environment 

constantly because of their widely usage, and this made them become a threat to 

ecological environment and human health. Therefore, it is important to figure out how 

to effectively treat water containing antibiotics, and minimize their harm to human 

beings and the environment. 

In this research, 250W high pressure mercury lamp was used as light source and 

sulfamethoxazole (SMX) was used as the representation of antibiotics. 

Photodegradation of sulfamethoxazole was studied under the condition of 

Fe(III)/oxalate/UV system. Box-Behnken design and response surface methodology 

(RSM) were used to design and analyze the experiment. The influences of experimental 

factors, including pH of solutions, concentrations of Fe
3+

, C2O4
2-

/Fe
3+

 ratio, and initial 

concentrations of SMX, were examined. The photodegradation rate was calculated by 

its degradation percentage per minutes and the interaction between each factor was 

analyzed by RSM. 

The results show negative correlation between initial concentrations of SMX and 

photodegradation rate, meanwhile, other factor like pH, concentrations of Fe
3+

 and 

C2O4
2-

/Fe
3+

 ratio show positive correlation to photodegradation rate. According to 

estimated coefficient, the influence ability decreases in the order: pH > [Fe
3+

] > C0-

SMX > [Ox
2-

]/[Fe
3+

] ratio. Of these interaction factors, pH and [Fe
3+

], [Fe
3+

] and [Ox
2-

]/[Fe
3+

] ratio show more obvious interaction effect than other interaction factors. 

Optimization condition is also obtained by RSM: pH=4.24, C0-SMX=5.00mg/L, 

[Fe
3+

]=59.43, Ox/Fe
3+

 ratio=15.26 and under the optimization condition the 

photodegradation rate is 0.2993%. 
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2,4,5 trichlorophenoxyacetic acid (2,4,5-T) is one of the widely used herbicides in 

agricultural field and its world production exceeds tens of thousands tons per year. 

2,4,5-T is a toxic contaminant and its introducing into the water systems leads to 

deterioration of drinking water. Photochemical technique is one of perspective approach 

of water purification. The report presents obtained data of initial stages of 2,4,5-T 

photodegradation by stationary and nanosecond laser (266 nm) flash photolysis. 

 

 
Figure 1. (а) – Transient absorption spectra recorded 0.05 (1), 0.4 (2), 1.6 (3), 4 (4) and 48 (5) s 

after flash excitation of 2,4,5-T. (b) - kinetic curves at 500 (1) and 720 (2) nm. 

UV-excitation 2,4,5-Т leads to its photoionization with generation of hydrated 

electron – cation-radical pair (Figure 1), that is typical feature of photochemistry of 

chlorophenols. Former intermediate is characterized by absorption band with maximum 

at 720 nm, cation-radical demonstrates absorption band with maximum at 490 nm. In 

deoxygenated solutions the main decay channels of hydrated electron are capture by 

2,4,5-Т (ke  7 10
9
 М

-1
s

-1
) and recombination with cation-radical. Cation-radical of 

2,4,5-Т undergoes hydrolysis by water molecule (kh  1.4 10
5
 М

-1
s

-1
) with generation 

of long-lived phenoxyl radical. The latter decays apparently in recombination reaction 

with formation of final photolysis products. 
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The use of herbicides in agriculture is accompanied by the rise of a wide range of 

environmental problems connected with their intake from soil into ground and surface 

waters. One of the most worldwide used herbicides is 2,4-dichlorophenoxyacetic acid 

(2,4-D). The application of a combination of physical-chemical methods and 

biodegradation is an advanced technology for destruction of organic compounds. Since 

the degradation processes of organic compounds can lead to the formation of substances 

with similar or greater toxicity than the original matters, the need arises in search of 

more effective processes of transformation of pollutants into non-toxic matters or their 

mineralization. 

The effectiveness and content of phototransformation products of aqueous solutions 

of 2,4-dichlorophenoxyacetic acid (C = 0,002 M) when exposed to UV radiation KrCl 

(λ ~ 222 nm) and XeBr (λ ~ 283 nm) excimer lamps have been studied [2]. The main 

products of phototransformation of herbicide were defined using gas chromatography-

mass spectrometry. The dynamics of changes in the concentration of chloride ion and 

the total content of quinones depending on time and wavelength of radiation were 

studied. Toxicity assessment of aqueous solutions of 2,4-D after exposure was 

conducted. The stability of the obtained photoproducts for further biodegradation was 

also studied. 

Thus, the impact of UV-radiation of exciplex lamps on 2,4-D led to the degradation 

of the herbicide itself and the formation of photoproducts and the main among them is 

2,4-dichlorophenol. The solutions after UV irradiation did not have high toxicity 

(according to the bioluminescence index) that makes the combination of photochemical 

and biological methods of cleaning possible. 
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Intramolecular hydrogen bond (IHB) can significantly affect the photoisomerization 

reaction of diarylethylenes. Since the formation of IHB is possible in monoprotonated 

form of diarylethylenes bearing two six-membered aza-heterocyclic substituents, 

protonation can be applied for control of the photoisomerization reaction. We suggested 

the effect of proton-driven photoisomerization would be observed for 1-(2-pyridyl)-2-

(2-quinolyl)ethylene (2P2Q).  

B3LYP/31-6G* calculations predict a dramatic increase in stability of 

monoprotonated forms of cis-2P2Q in comparison with corresponding trans-isomers. 

This unusual stability is due to the absence of steric interactions in plain structure and 

formation of IHB.  
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The experimental research confirms that protonation and IHB formation effect does 

appear in spectral and photochemical properties of 2P2Q. Quantum yield of trans to cis 

photoisomerization (φtc) in neutral form of 2P2Q is found to be 0.033. In 

monoprotonated form, φtc increases by more than one order compared to neutral form 

reaching a value of 0.42. When diprotonated form is formed, φtc decreases down to 

0.027 because of the destruction of IHB by second protonation.  
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The photochemical transformations associated with photochromic compounds can 

be exploited to switch the emission of complementary fluorophores under the influence 

of optical stimulations. On the other hand macrocyclic compounds, which are capable of 

binding metal cations selectively and emit light in the visible region, can be used as 

reagents for luminescent determination of metal cations and as elements of 

photoswitchable molecular systems. 

In current work we investigated photochemical properties and binding ability of 

photochromic styrylsubstituted naphthopyran containing N-phenilaza-15-crown-5 

fragment. 

Naphthopyran studied upon UV irradiation yields colored open form. After 

cessation of irradiation during the thermal reverse process open form turns into initial 

colorless closed form. Closed form fluoresces in the visible region with maximum at 

530 nm, while open form does not emit electromagnetic radiation. For this reason 

formation of the open form leads to the disappearance of fluorescence. After cessation 

of irradiation in the course of thermal reaction fluorescence restores. 

Crown-containing naphthopyran investigated form stable host-guest complexes 

with Mg
2+

, and Ba
2+

 cations. The presence of metal cations in the solution was found to 

decrease dramatically the fluorescence quantum yield of the closed form. Therefore this 

compound can be applied in the construction of fluorosensors. 

This work was supported by the Russian Foundation of Basic Research (grants 

№11-03-00268a and №10-03-93105_НЦНИЛ_a) and by International Grant SB RAS 

№88, 2012-2014. 
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Dithiophosphate complexes (dtp ≡ S2P(OEt)2, ) are widely used in chemistry as 

analytic reagents. Dithiophosphoric  acid can form complexes with 35 different 

elements from the periodic table in different oxidation states and so can be employed in 

extraction separation methods
1
. In paper

2
 it is shown, that dithiophosphate complex of 

nickel (II) can demonstrate photochromic properties. 

Information obtained with the help time-resolved techniques and stationary 

photolysis has allowed us to propose a mechanism of photochemical transformations 

described according to the scheme below: 

1) Ni
II
(dtp)2 + CCl4

h  Ni
II
(dtp)(dtp )

+
 + CCl4

-
 

2) CCl4
-
 → Cl

-
 + CCl3  

3) Ni
II
(dtp)(dtp )

+
 + Cl

-
 → Ni

II
(dtp)(dtp )Cl     (A)  

4) Ni
II
(dtp)(dtp )Cl + Ni

II
(dtp)2 → [Ni

II
(dtp)(dtp )ClNi

II
(dtp)2]  (D) 

5) D + D → 2 Ni
II
(dtp)2 + 2 Ni

II
(dtp)Cl + (S2P(OEt)2)2 

6) 2 Ni
II
(dtp)Cl → Ni

II
(dtp)2 + Ni

II
Cl2 

Thus, it was demonstrated that photochemistry of the Ni(S2P(OEt)2)2 complex in 

CCl4 is determined by fast electron transfer from the exited complex to a solvent 

molecule with formation of the radical complex (A), then dimer (D) which finally 

vanishes in the reaction of recombination giving final products. 

The information obtained in this work has deep fundamental value as it makes a 

significant contribution into understanding of fast processes involving a wide class of 

sulfur-containing transition metal complexes. 

The work was supported by the RFFR (grant 11-03-00268-а). 
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Dithiolate complexes of transition metals are of great interest, since they are used in 

many industrial processes (e. g., production of coordination polymers) and in medicine. 

Reversible coordination of these complexes with sulfur-containing radicals is used in 

development of new photochromic systems. The purpose of this research is to develop 

quantum chemistry methods for calculation of structures and spectral characteristics of 

dithiolate transition metal complexes and intermediates of photochemical reactions of 

these particle. 

In the present work we calculated diethyldithiocarbamate complex of copper(II), 

disulfides, and sulfur-containing radicals.  The density functional theory method (DFT) 

is used for calculating geometries. The electonic spectra were calculated by means of 

time-dependent DFT method (TD-DFT). All calculations were carried out in the 

programs Gaussian03 or Gaussian09 with B3LYP approximation using different basis 

sets of wave functions. Used methods of quantum-chemical calculations (DFT and TD-

DFT) based on the assumption that the electron wave function is functional of the 

electron density distribution. This allows us to significantly accelerate quantum-

chemical calculations. Therefore, these methods are used widely for complexes of 

transition metal. 

In this work we calculated geometries and electronic spectra for thiophenyl radical, 

diperfluoronaphthyl and diphenyl disulfides in different basis sets. The 6-31+G, 6-

31+G(d), 6-31+G(d,p) and 6-31+G* were used for these calculation. The results of 

calculations were compared with experimental spectra. 

Calculations of the structure of the diethyldithiocarbamate complex of copper (II) 

were carried out in the aug-cc-pVDZ basis set for all atoms. Calculated geometry was 

used to compute its spectrum in the 6-31+G(d) basis set. The resulting geometry and the 

electronic spectrum are in a good agreement with experimental data of X-ray analysis 

and the electronic absorption spectrum. 

The results obtained will be used in determining the nature of intermediate particles 

in the photochemistry of ditiolate complexes of transition metals. 
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The salicylic acid and its derivatives (SAD) are part of the humic acids, are used as 

drugs, xerographic tenors, and etc. The wide practical using of these compounds is not 

determined fading interest in their photochemical and photochemical properties already for 

more than 100 years [1]. Academic interest in the SAD is associated with a variety of forms 

of existence of these molecules, depending on the polarity of the solvent and the pH of the 

aqueous solution (monoanion, zwitter ions, dianions, and etc.) and, accordingly, the study 

of their physico-chemical properties. One of the important questions about the properties of 

the derivatives of salicylic acid is the question of the efficiency of complexation of these 

molecules with other molecules and, in particular, with the metal ions. The study of this 

issue is related to the definition of complex formation constants Kc, which can be carried 

out by spectroscopic methods (absorption, fluorescence and etc.). Information on the 

complexation constants of the SAD molecules with metal ions is currently very limited and 

requires a significant expansion. 

In this paper, using the fluorescence quenching constants Kq determined for the 

quenching of sodium salicylate monoanion (I), 5-sulfosalicylic acid (II) and 5-

aminosalicylic acid (III) in aqueous solution of Cu2+ ion. The choice is due to the copper 

ion as one from very importment of the pollutants in the environment and the presence of 

these ions in the blood. The Kq values were obtained 1830 M-1, 285 M-1 and 628 M-1 for I, 

II and III, respectively. The calculated rate constants of quenching (in the fluorescence 

lifetimes τ0~ 5ns) was 3.7*1011 M-1s-1, 5,7*1010 M-1s-1, 1.25*1011 M-1s-1 for I, II and III, 

respectively. These rate constants of quenching markedly superior to the diffusion (Kq ~ 

1010 M-1s-1), which means that the concentration quenching, i.e, formation of complexes 

takes place in dark conditions [2]. Thus, the quenching constants can be regarded as 

constants of complex formation (Kq = Kc).  

Experiments were conducted on the fluorescence of a laser strobe - fluorimeter with 

exciting wavelength 337.1 nm. The absorption spectra were recorded on spectrophotometer 

"Hewlett Packard".  

1. H.Ley, K.V.Englehardt, Z.phys.Chem.1910. V.74. P.1-6. 

2. D.Lakovich. The Basics of Fluorescence Spectroscopy, Mir, Moscow, 1986, P.496. 
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The study of photoinduced intramolecular electron transfer (PET) in the linked 

systems is actual, due to the presence of this phenomenon in important chemical and 

biochemical processes such as photosynthesis, the reaction of certain enzymes 

(oxygenases, dioxygenase, etc.), thermal and phototransformation of organic 

compounds. Linked systems – these are molecules, which contain both donor and 

acceptor groups connected with rigid or flexible bridges, used as a model of electron 

transfer.  

The object of our study was dyad [S, R]-N-methyl-2-2-pyrrolidinmetyl [S] - (6-

methoxy-2-naphthyl) propionate. The first step of this study was establishing the 

mechanism of the photoinitiated reaction using the CIDNP method, which is well 

recommended for studying the mechanisms of radical reactions. Analysis of 

polarization on the polarity has shown that in the system a reversible electron transfer is 

carried out. This dependence has shown the presence of several ways of degradation of 

the S1 exited state. So it was suggested that another way is transition to the exciplex. 

Methods of optical spectroscopy confirmed the formation of exciplex dyad in 

environments of different polarity. 

We have proposed a mechanism for quenching of the excited state of the dyad 

naproxen-pyrrolidine, which includes PET, transition from S1 exited state to the 

exciplex and dynamic balance between ion-radical pair and exciplex. Rate constants of 

these processes are changing with solvent polarity. 

This work was supported by: priority program of basic research Chemistry and 

Material Sciences division of RAS project: 5.1.5., RFBR 11-03-01104-a. 
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In this work we begin a series of 

studies of multichannel chemical 

reactions involving fluorine atoms. Here, 

we proposed a new source of the 

fluorine atoms – VF5. Some of its 

properties make it the best candidate for 

ours studies. The photolysis of vanadium 

fluoride (V) creates the fluorine atom 

and the molecule VF4, which is almost 

stable molecule that often allows us to exclude it from further consideration, greatly 

simplifying the analysis of the studied processes.  The absorption cross section of VF5 

on 248 nm exceeds by more than an order of magnitude compared with previously used 

molecules XeF2 (see figure), and the vapor pressure of VF5  (230 Torr) at room 

temperature is 60 times greater than that of the same XeF2 (3.8 Torr). We have recorded 

the UV spectrum of VF5, which perfectly coincides with the previously measured one 

[1] (see figure).  

In this work we have used time-resolved laser magnetic resonance (LMR) method 

in combination with pulsed photolysis at 248 nm. The new rate constants of 

disappearance of the fluorine atom in the following multichannel reactions F + SOCl2, 

S2Cl2 were extracted from the time of occurrence of chlorine atoms in these processes, 

and the probability of channels with Cl atoms formation was determined by the relative 

amplitudes of the LMR signal of chlorine atoms to the amplitudes measured in the 

reactions of   F + HCl  Cl + HF as well as obtained directly in the process of 

photolysis, SOCl2, S2Cl2 + hv  Cl + ... It was found that the main channels are F + 

SOCl2, S2Cl2   Cl+ SOFCl, S2FCl. 

 We also studied the unknown in literature processes O(
1
D) + SOCl2, S2Cl2, and 

VF5. Deactivation rate constants of the excited atoms O(
1
D) were determined from the 

amplitudes of the LMR signals of the chlorine atoms and the FO radical. The reference 

reaction was well-known reaction of O(
1
D) + O3. We have defined that the part of 

reaction in the process O(
1
D) + VF5 is ~ (20±10)%, and in the processes O(

1
D) + 

SOCl2, S2Cl2 are < 10%. The accuracy of our method was checked by measurements of 

the already known literature rate constants of reactions Cl + HCl, Cl
*
 + HCl, Cl + S2Cl2. 

[1] Petrov N.Kh., Chebotarev N.F., Pshezhetzkiy S.Ya., Quantum electronics, 4, №10, 1977. (in Russian)  
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It is known that in a single oxygen molecule all transitions within IR and UV are 

symmetry and/or spin forbidden. However, when oxygen interacts with molecular 

environment, symmetry of oxygen molecule is perturbed and spin rules are applied to 

the system as a whole. A good model for the experimental study of the effect of weakly 

bound environment on photoprocesses in oxygen is van der Waals complex of oxygen 

X-O2. Recently the study of photoinitiated processes in complexes X-O2 revealed 

dramatic effect of the environment resulting in appearance of the new photochemical 

channels [1]. One of them is process giving rise to singlet oxygen which was interpreted 

to be due to transition with simultaneous change of the spin of complex partners [2] 

 
1
X–

3
O2 + h   

3
X– 

1
O2(a

1
Δg)  

3
X + O2(a

1
Δg).    (1) 

Earlier in the experiments with photoexcitation of molecules in liquids saturated by 

oxygen the formation of singlet oxygen was attributed to direct excitation of the charge 

transfer state (CT) of ―contact complex‖ X-O2, where X is molecule of solvent [3]: 

 
3
(
1
X-

3
O2) 

h 3
(X•+-O2

•-)→
1
(X•+-O2

•-)→
1
X + 

1
O2(a

1
Δg).  (2) 

In presented work the formation of singlet oxygen was revealed under UV-

excitation of van der Waals complex of ethylene with oxygen C2H4-O2. In this 

investigation the technique of velocity map imaging of the photofragments was applied. 

Singlet oxygen was revealed by detection of O atoms with kinetic energy and angular 

distribution corresponding to photodissociation of singlet oxygen O2(a
1
Δg) by the same 

laser pulse. The CT state of this complex is not accessible in our excitation conditions 

( 226 nm, h 5.5 eV) as we conclude on the basis of results of quantum-chemical 

calculations. At the same time the energy of the quantum used is sufficient for 

simultaneous transition (1). So, the formation of singlet oxygen from the complex C2H4-

O2 in these experiments allows us to make choice in favor of mechanism (1) and to 

deduce that direct excitation of the charge transfer state is not necessary for 

photogeneration of singlet oxygen from weakly bound pair X-O2.  

The authors gratefully acknowledge the financial support of this work by the 

Russian Foundation for Basic Research (Grant № 12-03-00170-а). 
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2. K.V. Vidma, P.W.J.M. Frederix, D.H. Parker, A.V. Baklanov, ―Photodissociation of van der Waals 

clusters C5H8-O2 in the wavelength range of 213-277 nm‖, submitted for publication. 

3. R. D. Scurlock, P. R. Ogilby, J. Phys. Chem. 93, 5493 (1989). 
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The molecular environment of oxygen in gas or condensed phase provides the 

collision-induced enhancement of UV-radiation absorption by oxygen. This 

enhancement is governed by encounter complexes X-O2 which dramatically change the 

oxygen photochemistry. Recent investigations revealed a new channel of reactive 

singlet oxygen species O2(
1

g) formation via UV-photoexcitation of oxygen encounter 

complexes O2-O2 [1]. In present work the main attention is paid to the qualitative and 

quantitative description of the mechanism of this new photochemical process passing 

via UV-photoexcitation of O2-O2, nitrogen-oxygen N2-O2 and isoprene-oxygen C5H8-O2 

encounter complexes in the gas phase. In the experiments the pure oxygen or oxygen 

mixture where oxygen pressure was elevated up to 150 bar have been excited by laser 

radiation within 238-285 nm spectral range. Singlet oxygen O2(
1

g) observed and 

detected by its IR-luminescence centered at 1.27 m was found to be generated via two 

processes due to absorption by individual O2 molecules and encounter complexes X-O2 

respectively. The quantum yield of O2(
1

g) molecules photogenerated by the encounter 

complexes O2-O2 has been measured in the overall investigated spectral region 238-

285 nm and was found to possess rather high values close to 2 at the maximum of the 

spectral curve at 262.6 nm. The analysis of the colliding O2-O2 pair potential energy 

surface revealed that the UV-absorption by O2-O2 pair gives rise to oxygen in Herzberg 

III state O2(A′ 
3

u) which is assumed to be responsible for singlet oxygen production in 

the relaxation process O2(A′ 
3
Δu)+O2(X

3
g
-
) 2 O2({a

1
g},{b

1
g
+
}) with further 

collisional relaxation of b to a state. The quantum yield of O2(
1

g) formation from 

nitrogen-oxygen encounter complex N2-O2 measured at =266 nm was found to be the 

same as for O2-O2. 

The authors gratefully acknowledge the financial support of this work by the 

Russian Foundation for Basic Research (Grant № 12-03-00170-а), and Trushina A.P. is 

grateful for support from OPTEC company. 
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Search for renewable resources to replace conventional petroleum-derived liquid fuels 

and current concerns to reduce net CO2 emissions have been driving significant interest to 

biofuel. This kind of fuels, which is typically derived from plant oils and animal fats by 

transesterification with methanol (or ethanol), represents as a rule a complex mixture of 

saturated and unsaturated methyl (or ethyl) esters of long carbon chain fatty acids (more than 

15 carbon atoms in the alkyl chain). To predict combustion performances and emission 

characteristics of biofuels, it is important to know the chemical kinetic of combustion of their 

different possible components. Methyl pentanoate (5 carbon atoms in the alkyl chain) can be 

considered as a model biofuel, and investigation of its combustion mechanism is an important 

step toward understanding of a larger methyl esters oxidation processes.  

The goal of this work is to develop a chemical kinetic mechanism of methyl 

pentanoate (C4H9C(O)OCH3, MP) combustion and to validate it against a broad range 

of experimental data on structure and burning velocity of premixed flames. 

Two MP/O2/Ar flames with equivalence ratio of 1.0 and 1.5 were stabilized on a Botha-

Spalding flat burner at atmospheric pressure. Species mole fractions in these flames as a 

function of height above the burner were measured using molecular beam mass spectrometry 

(MBMS) with soft electron ionization. Flame samples taken from different heights were also 

analyzed using chromatography-mass spectrometry to facilitate an identification of some 

large stable organic intermediate species formed from MP oxidation. Flame speeds in MP/air 

mixtures within the range of equivalence ratios from 0.7 to 1.5 were measured using a 

Mache–Hebra nozzle burner and the total flame area method. 

Mole fraction profiles of different components in stoichiometric and fuel-rich flames as 

also flame burning velocities are measured and compared to those obtained by numerical 

simulation. Performances and deficiencies of the kinetic mechanism proposed with respect to 

predicting the experimental data on flame speed and flame structure are discussed. 

This study was supported by the Russian Foundation of Basic Research and US Civilian 

Research and Development Foundation by the grant number RUC2-7027-NO-11 (CRDF), 

11-03-92503 (RFBR). 
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Aldehydes and nitrogen oxides are emitted into the atmosphere from combustion 

processes, in particular from vehicle exhaust. Aldehydes are the products of partial 

oxidation of organic compounds comprising gasoline; NO2 is formed in the atmospheric 

reactions of NO (originating from combustion processes). When high concentrations of 

organic compounds and NO2 are present together in the atmosphere, suitable conditions 

for the formation of photochemical smog may be achieved. The latter is quite dangerous 

for human health, plants and rubber materials, because of oxidative gases arising in 

atmosphere (the principle oxidizing agents are O3, NO2 and peroxyacyl nitrates (PANs) 

and aerosol particles of the breathable size fraction. 

It was shown in the previous studies in our laboratory that some aldehydes can form 

aerosol particles under irradiation [1, 2]. Thus aldehydes can take part in the formation 

of photochemical smog. In this work we investigate the mechanisms of reactions taking 

place in the mixtures of aldehydes and NO2 under photolysis. 

Reaction mixtures of aldehydes (acetaldehyde, benzaldehyde, salicylic aldehyde) 

with NO2 were photolysed in a flow reactor; the gaseous and aerosol products were 

studied by means of UV spectroscopy, gas chromatography - mass spectrometry, high-

performance liquid chromatography. In addition, free radical stages were tracked with 

the help of spin trapping followed by the EPR investigation of spin adducts. In order to 

evaluate the mechanism of photonucleation in detail, computer modeling at the level of 

elementary stages was used. The failure to detect PANs among the gas-phase products 

allows us to suppose that these compounds are directly transformed into the aerosol. 

The active surface of freshly formed aerosol particles may be thus considered as the 

reactive participant of photonucleation for atmospheric organics. 

 

References: 
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Gas-to-particle conversion under atmospheric conditions is usually considered as a 

minor process with much lower yields than those of gaseous reactions. However, 

diverse environmental and health effects of particulate matter in the atmosphere on a 

global scale cannot be ignored. The formation of nanometer-sized particles under 

sunlight is a known route for atmospheric photooxidation of organics, either in clean air 

or in heavily polluted urban atmosphere. Photolytically generated free radicals are 

inevitable participants of atmospheric photonucleation. In the present work we studied 

free radical intermediates of photonucleation processes under laboratory conditions. In 

view of low radical concentrations which are far below the limit for direct detection, we 

applied spin trapping technique to concentrate and identify free radicals participating in 

photonucleation of the organics representing the kinds of atmospheric pollutants of 

anthropogenic origin: aliphatic and aromatic aldehydes, amines, halogenated aromatics.  

Special procedures were developed to provide spin trapping from the gas phase. A 

solution of spin trap was deposited onto a support in a tube at the outlet of the 

photochemical reactor. Spin adducts formed during trapping were washed off the 

support and examined by means of EPR. The list of identified free radicals includes 

formyl, methoxyl, hydroxymethyl, phenyl, some nitrogen-containing radicals. To prove 

the structure of spin adducts, the expected radicals were also generated using alternative 

methods. To evaluate the effect of radicals on photonucleation rate and yield, 

concentration dependencies were recorded. It was demonstrated that hydroxyl radical 

forms mainly gaseous products while hydroperoxy, alkoxy and other oxygenated 

radicals take part in gas-to-particle conversion. The question concerning the reactivity 

of freshly formed surface of aerosol particles in these systems remains open.  

In order to confirm the assumed mechanisms of gas-to-particle conversion, process 

modeling at the level of elementary stages was performed. The importance of clustering 

(e.g. with water vapour) in the gas phase prior to reactions with photolytically generated 

free radicals was demonstrated [1]. Thus, the role of free radicals in photonucleation 

was evaluated with the help of the integrated approach.  

Reference: 

[1] Dultseva G.G., Dubtsov S.N., Dultsev F.N. J. Phys. Chem. A, 112 (2008) 5264–5268. 
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Ionic conductivity of solid rubidium nitrate is significantly increased in its cubic 

modification with orientationally disordered anions (so called phase III), Figure a. 

Understanding the reason for this jump in conductivity could help in the search for new 

ionic conductors based on phases with orientational disorder. 

To study the molecular mechanism of ion transport and the role of the orientational 

disorder, we performed molecular dynamics simulation of the rubidium nitrate in 

different crystalline modifications using classical force fields. The known crystalline 

phases of RbNO3 (from VI to I) were qualitatively reproduced with their structural 

parameters including the orientational disorder of anionic subsystem in the phase III. 

Figure b demonstrates a drastic decrease of the correlation time for anion reorientation 

in the phase III. It points to the 

activation of the rotation of the anions. 

On the other hand, the classical force 

fields cannot predict quantitatively the 

temperatures of phase transitions 

between the crystalline modifications, 

compare Figures a and b. However, as 

we have seen, it has a minor effect on 

the structure of crystalline 

modifications. 

The energies of point defect 

formation and cation vacancy 

migration barriers were estimated for 

the phase III and for lower-

conductivity phases IV and II. As a 

result, it was found that the crucial factor for conductivity changes of rubidium nitrate is 

the energy of defect formation, rather than a mechanism of ion migration. Thus, the 

acceleration of ion diffusion in orientationally disordered phase via "paddle wheel" 

mechanism discussed in the literature plays minor role in this system. 
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The problems of structure of liquid water and interpretation of its vibration spectra 

are of more than century history. Mixture models represent water as a mix of various 

species with invariable presence of broken hydrogen bonds. Their fraction depends on 

an experimental method and treatment of results. In the continuum model the three-

dimensional network of H-bonds is continuous; but they differ by their geometrical 

parameters (RO … O, цH-O … H), energies E, and frequencies of vibrations of OH groups, 

нОН. Therefore the statistical distribution P (нОН) and its temperature evolution reflect 

redistribution of water H-bonds inside the uniform statistical ensemble P (E), instead of 

presence of different species. At the same time, Raman spectra of water are obviously 

bimodal, and well-known Walrafen‘s shoulder in the region of ≈3650 cm
-1

 is assigned 

to broken hydrogen bonds by the adherents of mixture models. On the basis of empirical 

potential of H-bonding [1] we have separately calculated the contribution of "strong" 

and "weak" hydrogen bonds to a total spectrum upon their different definitions (for 

example, RO … O ≤ or> 2.85Е, see Figures for T=283K and 363K). Comparison of the 

calculated spectra (circles) with experiments (solid lines) for temperatures from 10
о
С to 

200
о
С shows that the two-structural mixture model is the obvious simplification of the 

continuum one. It arbitrarily assigns different OH groups to various unique species 

using the discrete criterion of the strength of the H-bond in which they are involved.  

    

 [1] Yu.Ya.Efimov, J. Struct. Chemistry (Engl. transl.), 50, 4, pp. 702-711, 2009 
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The potential of the H-bond expresses its energy E in terms of geometrical 

parameters of the hydrogen bridge: its length R(O…O) and angle ц  between OH and 

O…O directions. Dependence of the OH stretching vibration frequency нOH and further 

of E on (R, ц) have been found [1] by the approximate solution of a reverse problem of 

the нOH band shape formation in the frames of the fluctuation theory of hydrogen 

bonding [2]. Using these dependences, the distributions of OH frequencies of HOD 

molecules (diluted in D2O) have been calculated theoretically (symbols) in good 

agreement with experimental isotropic Raman spectra (solid lines) for 10 (left), 90 

(middle) and 200 °C 

(right). Distributions of 

angles P(ц, T) and 

energies P(E,T) are 

calculated too. The same 

distributions are 

independently calculated 

by applying the above 

dependence нOH(R, ц) to 

the set of geometrical 

parameters (R, ц) for 

hydrogen bridges found 

in molecular dynamics 

models of water [3]. The 

shapes of the spectral 

contours and their temperature evolution calculated for computer models also agree 

with experimental ones. This fact proves the reliability of our potential of the H-bond 

and supports the continuum model of liquid water structure. 

[1] Yu.Ya.Efimov, J. Struct. Chemistry (Engl. transl.), 50, 4, pp. 702-711, 2009 

[2] Yu.Ya. Efimov, Yu.I.Naberukhin, Faraday Discuss. Chem. Soc. 85, 117–123, 1988  

[3] Yu.Ya.Efimov, Yu.I.Naberukhin, Spectrochim. Acta, Part A, 78, pp.617-623, 2011. 
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We performed molecular dynamics simulation of hexaethylene glycol monooctyl 

ether (C8E6) in aqueous solution at ambient pressure condition and temperature range 

from 250 K to 400 K. C8E6 is represented by the united atoms force field proposed in 

paper [1], tip4p-Ew water model is used as a solvent. Twenty nanosecond production 

runs were produced for each temperature. 

The solvation shell was selected via distance criterion, and the shell volume was 

calculated as sum of Voronoi region volumes of all atoms in the shell. Apparent and 

intrinsic volumes of C8E6 molecule were calculated. Voronoi volume of C8E6 molecule 

was used as intrinsic volume of the solute. The contribution of the hydration water into 

apparent volume (ΔV) is calculated as difference between apparent and intrinsic 

volumes. 

It was shown, that ΔV value is negative in cold water but increases with 

temperature and changes its sign at about 350 K (Fig. 1, left). It means that the 

surrounding water is more dense at low temperatures and less dense at higher 

temperatures in comparison with corresponding bulk water. 

Hydrophobicity of C8E6 was estimated by different methods (Widom method with 

neon as inserted test particle and Bennet method in combination with thermodynamic 

integration). The correlation between temperature behavior of ΔV and hydrophobicity of 

C8E6 molecule is observed.  

[1] Fischer, J., Paschek, D., Geiger, A., Sadowski, G. //J. Phys. Chem. B. - 2008, - 112. 

- P. 2388-2398.  
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Molecular dynamic models of aqueous solution of noble gas molecules (Ne, Ar, Kr, 

Xe, Rn) and methane are generated using Gromacs software package. Each model 

contains a single solute molecule inside 4000 water molecules in NVT ensemble at 

ambient temperature and pressure.  For some molecules the models were also generated 

for different temperatures, from 225K (suppercooled) to 375K.  

Volumetric characteristics of the solutions (apparent volume of the solute molecule, 

intrinsic volume of the solute molecule, and the contribution of water into apparent 

volume (∆V)) are calculated.  To get these values with appropriate accuracy, one need a 

reliable averaging. We use long time runs  (more than 10 nc) for every model.  It was 

shown that neon molecule, which size is close to size of water molecule, has no 

influence on the surrounding water (in this case the contribution of water ∆V is 

negligible).  The value of ∆V grows smoothly with  size of the solute molecule (from 

Ne to Rn) without any peculiarities at the size of methane molecule which is favorable 

to form clathrate structures. It suggests that the capability of a molecule to form 

clathrates does not manifest itself in liquid phase. 

At low temperature the value ∆V decreases for all noble gas and methane 

molecules, and becomes negative for supercooled water.  It means that water in 

solvation shell becomes more dense than in bulk at the same temperature. Whereas in 

warm solutions the surrounding water density is lower than in bulk.  To investigate 

structure changing in solvation shell, we calculate radial distribution of the mean 

number of hydrogen bonds on water molecule around the solutes for different 

temperatures.  We see decrease of the number of hydrating bounds for the closest water 

molecules for all solutes and for all temperatures. It seems an obvious result, however at 

the intermediate distances the situation is different.  For lower temperature the number 

of hydrogen bonds increase in compare with bulk molecules. It means ―structuring‖ of 

the surrounding water. For higher temperatures (more than 350K) the structuring is 

negligible.  This observation is also confirmed by the analysis of radial distribution of 

measure T (tetrahedrisity  of local surrounding  of water molecules). Financial support 

from Humboldt Foundation and RFFI grant 12-03-00654 is gratefully acknowledged. 
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Investigation of mechanisms of chemical reactions needs understanding dynamical 

processes on molecular level.  Classical approaches of the theory of diffusion developed 

for Brownian particle are used successfully for atoms and molecules in liquids up to 

very short times. They are confirmed for diffusion of atoms in equilibrium liquid, to 

describe stationary mass transfer, migration under applied force.  The theory of 

diffusion, in particular, the Smoluchowski equation,  can describe also non-stationary 

processes in assumption of continuous underlying system.  However, if we deals with 

atomic liquid, there is a limit for application of the diffusion formulas. Now this 

problem becomes important because of appearance of femtosecond experiments in pulse 

radiolysis.  Initiation of cation - anion pairs turn on forces between these particles.  Can 

the following dynamic of the particles be described by the classical way on a short time 

interval? What is a time limit for it application?  

Using molecular dynamic simulation we investigated the behavior of atom in liquid 

after momentary switched permanent force acting on a given atom.  Our models consist 

of 1000 Lenard-Jones atoms in model box with periodic boundary conditions.  10000 

independent runs were performed for every model (at different density and 

temperature). It large calculation was necessary to get an  acceptable statistic.  

A transient process on a few picoseconds (depends on liquid density) was observed  

after switching  force. Then a stationary drift motion was settled. All predictions of 

theory of diffusion are satisfied on this time.  However, Smoluchowski equation does 

not work before the drift velocity access to the stationary value.  What is more 

unexpected, the theoretically predicted distribution of the density probability to find a 

particle calculated on the stationary time,  demonstrates  a shift in compare with the 

distribution calculated in molecular dynamic experiment. This shift stems from the fact 

that  there is a finite time before the atom reaches the stationary drift motion.  All this 

results should be taken into account in application of the diffusion approach for 

describing atomic motion in liquids. 
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Geometrical Voronoi-Delaunay methods provide a very effective tool to analyzing 

the structure of computer models of molecular systems. The advantage of these methods 

is in the possibility of separation space of the model into simple geometrical objects in 

mathematically strong and unambiguous way. One of these objects – the Delaunay 

simplex describes space between the atoms. Size of interstitial spheres, volume, form, 

and arrangement of the Delaunay simplices makes it possible to describe the structure of 

empty interatomic space. In this work we calculated all possible simplexes and their 

characteristics in ice Ic and ice Ih. 

Each simplex is an elementary atomic configuration around the empty space. The 

union of simplicial atomic configurations with overlapping interstitial empty spheres 

allows us to build more complex atomic configurations. Ice Ic and Ih have a lot of 

completely overlapping interstitial spheres.  

In the ice Ic there are many rings in chair form. Sites of the ring are vertices of 

some polyhedron which we name ―chair ring polyhedron‖ and consider as the first 

structural element of this ice. The remaining space of ice Ic consists of the isolated void 

atom configuration in the form of perfect tetrahedron. This is the second structural 

element of ice Ic – ―tetrahedral basket‖. Ice Ih has rings in the shape of the chair and 

boat. Thus, in addition to ―chair ring polyhedron‖ we have a ―boat ring polyhedron‖ as 

second structural element of ice Ih. The space remaining after the removal of these two 

ring polyhedra is divided into another isolated void polyhedron in the form of a 

triangular prism. It is the third structural element of ice Ih – ―triangular prism basket‖. 

So, ice Ic consists of the two types of void atomic configuration (structural 

elements), and ice Ih of the three ones. The atoms of each of these elements represent a 

local void consisting of one (tetrahedral basket) or more Delaunay simplexes. Space of 

both ices can be divided into its structural elements without gaps and overlapping. 

1. Medvedev, N.N. (2000). Voronoi-Delaunay Method in Studying the Structure of 

Noncrystal Systems. (In Russian). Novosibirsk. 

2. Yu.I. Naberukhin, V.P. Voloshin. // Acta Crystallographica. Section A, 2011, 

v.67, №6, pp.507-511
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