
ISSN 2542-2049

Saint-Petersburg State University 

16 International School-Conference

Magnetic resonance 
and its applications

proceedings

Spinus
31 March -  5 April 2019 

Saint-Petersburg, Russia





SAINT PETERSBURG STATE UNIVERSITY 

Department of Nuclear Physics Research Methods

16th International School-Conference 

MAGNETIC RESONANCE AND ITS APPLICATIONS

Proceedings

March 31 -  April 5, 2019 
Saint Petersburg, Russia



Magnetic Resonance and its Applications. Spinus-2019.
Proceedings. Saint Petersburg State University, 2019. 304 pp. 
ISSN 2542-2049



Schola Spinus



16th International School-Conference 

MAGNETIC RESONANCE AND ITS APPLICATIONS
SPINUS-2019

ORGANIZING COMMITTEE

Chairman Dr. Sci. Denis Markelov, professor, SPSU

Vice-chairman M. Sc. Alexander Ievlev, researcher, SPSU

Committee members Dr. Andrey Egorov, associate professor, SPSU

Layout of 
proceedings

Dr. Marina Shelyapina, associate professor, SPSU 
Dr. Pavel Kupriyanov, engineer, SPSU 
Dr. Konstantin Tyutyukin, senior teacher, SPSU 
M. Sc. Timofey Popov, SPSU

Aleksandr Levantovskii

CONTACTS

1, Ulyanovskay st., Peterhof, 198504, St. Petersburg, Russia 
Department of Nuclear Physics Research Methods 
St. Petersburg State University

Tel.
Fax
E-mail
Website

+7-953-350-0640 
+7-812-428-7240 
spinus@spinus. spb.ru 
http://spinus.spb.ru/

The SPINUS-2019 was financially supported by the Russian Foundation for 
Basic Research, project No. 19-02-20041.

http://spinus.spb.ru/


PROGRAM COMMITTEE

SCIENTIFIC ADVISER
OF THE SCHOOL-CONFERENCE

Vladimir Chizhik Honored scientist of Russia, 
Professor Emeritus, SPSU

ADVISORY BOARD

Balevicius V. Professor, Vilnius, Lithuania

Cabal C. Professor, Havana University, Cuba

Chizhik V. I. Professor, St. Petersburg State University, Russia

Dvinskikh S. V. Professor, Royal Institute of Technology, Stockholm, 
Sweden

Fraissard J. Professor, University Pierre and Marie Curie, Paris, 
France

Grunin L. Yu. Associate Professor, CEO, Resonance Systems, Russia

Lahderanta E. Professor, Lappeenranta Technical University, Finland

Michel D. Professor, Leipzig University, Germany

Rameev B. Professor, Gebze Technical University, Turkey

Skrynnikov N. R. Professor, St. Petersburg University, Russia, Purdue 
University, USA

Tagirov M. S. Professor, Kazan Federal University, Russia

Varela L. M. Professor, University Santiago de Compostela, Spain

Vasiliev S. Professor, University of Turku, Finland





Г Х П
BRUKER

RFBR

RUSSIAN 
FOUNDATION 
FOR BASIC 
RESEARCH

Bruker Corporation 
bruker.com

rfbr.ru

Mestrelab Research
chemistry software solutions

mestrelab.com

RESONANCE
SYSTEMS

Resonance systems Ltd. 
nmr-design.com

LUT
University

Lappeenranta-Lahti University of Technology 
www.lut.fi

^  I%gicPlot
Magicplot Systems, LLC 

magicplot.com SciJob.ru

Careers in 
Science & 
Technology

http://www.lut.fi




Contents

Contents
SCHEDULE................................................................................... 21
WELCOME TO THE SCHOOL-CONFERENCE "SPINUS".................... 35
LECTURES....................................................................................37

E. V. Charnaya, S. V. Baryshnikov
NMR studies of bulk and nanostructured ferroelectrics...................... 38

Yury Bunkov
Supermagnonics at room temperature............................................ 40

Carlos Cabal Mirabal
MRI Synopsis of the Physical and Hardware bases............................ 41

Uwe Eichhoff
The human brain: development and aging explored by MRI..............43

Jacques Fraissard
Xe NMR technique: various applications.......................................... 44

Vladimir I. Chizhik, Pavel A. Kupriyanov
Peculiarities, possibilities, and areas of applications of quantitative 
analysis by NMR in magnetic field of the Earth.................................45

Dieter Michel, Marko Bertmer, and Jurgen Haase 
EPR and NMR study of nitric oxide - an interesting molecule for bio
medical applications..................................................................... 46

Vladimir V. Matveev, Alexandr V. Ievlev, Konstantin V. Tyutyukin,
Luis M. Varela
Comparison of ionic liquids and highly concentrated electrolyte 
solutions: similarity and differences in structure and in dynamics......47

T. Meersmann
Hyperpolarized (hp) 83Kr and hp 129Xe as MRI contrast agents...........48

G. V. Mozzhukhin, G. S. Kupriyanova, S. Sh. Mamadazizov,
B. Z. Rameev
Low field 14N NMR as a tool for estimation of quadrupole coupling 
constants and correlation times in liquids........................................50

A. F. Privalov, L. B. Gulina, M. Weigler, M. Vogel, I. V. Murin
Fluorine dynamics in nanosized superionic conductors as seen by
NMR diffusometry........................................................................53

9



Contents

0. N. Rogacheva, S. A. Izmailov, D. A. Luzik, S. O. Rabdano,
1. S. Podkorytov, L. V. Slipchenko, M. A. Indeykina,
T. F. Cunningham, Z. Hasanbasri, S. Saxena, N. R. Skrynnikov
When Molecular Dynamics met NMR (and various other
experimental methods)................................................................56

Anna Semisalova, Craig Barton, Rantej Bali, Aisuluu Aitkulova,
Kay Potzger, Roman Bottger, Kilian Lenz, Jurgen Fassbender,
Thomas Thomson, Jurgen Lindner
From ESR to FMR - a powerful tool to investigate novel
ferromagnets, illustrated with the study of tunable magnetic
properties of thin metallic FeRh films.............................................57

E. Yu. Tupikina, P. M. Tolstoy, V. V. Mulloyarova, I. S. Giba,
G. S. Denisov
How to estimate hydrogen bond energies from NMR spectra.............60

ORAL REPORTS...........................................................................63
Ramadan Atta, Andrey A. Zolotarev, Maria E. Dmitrenko,
Anastasia V. Penkova
Preparation and pervaporation performance of polyphenylene 
isophthalamide membranes modified by fullerene derivatives...........64

Dahiana Avila, Dmitrii Bogdanov, Delia Brauer
Mechanism of hydrolysis of cobalt oxide-doped bioactive phosphate
glasses: 31P MAS NMR, 31P NMR and ESR........................................65

Valeriia Baranauskaite, Olga Pestova
Dynamical characteristics of the ternary systems (Chlorides of Li,
Mg, and Cs) in wide temperature and concentration ranges by NMR 
method......................................................................................67

Manuel Becher, Elisa Steinrucken, Michael Vogel
Dynamics of Room Temperature Ionic Liquids: Structural Relaxation
Probed by 1H and 19F NMR............................................................68

Sergei Bystrov, V. I. Chizhik
Molecular mobility in a set of imidazolium-based ionic liquids............70

Jing Dai, Boris B. Kharkov, Sergey V. Dvinskikh
Multinuclear dipolar NMR spectroscopy in ionic liquid crystals............72

S. V. Efimov, Yu. O. Zgadzay, A. V. Slivka, S. Darwish,
P. P. Kobchikova
Various NMR approaches in studies of polypeptides: Application to
insulins and cyclosporins..............................................................73

Viacheslav Frolov, Konstantin Tyutyukin
Magnetic Resonance Imaging in Low Magnetic Field.........................76

10



Contents

Leonid Grunin
Up-to-Date Industrial Applications of Time-Domain NMR...................77

Maria S. Ivanova, Leonid Yu. Grunin
Development of a technique for determination of total fat content in 
food products by NMR-relaxation...................................................78

Jarno Jarvinen, Denis Zvezdov, Janne Ahokas, Sergey Vasiliev,
Yutaka Fujii and Leonid Vlasenko
Dynamic nuclear polarization of doped silicon at high fields and low 
temperatures.............................................................................. 80

Alexandr A. Khrapichev
LiverMultiScan - a diagnostic aid for liver disease.............................81

Andrei V. Komolkin, Irina A. Silanteva
Visualization of the DNA environment from the molecular dynamics 
simulation................................................................................... 82

Lidia V. Konopleva, Oleg V. Nedopekin, Marco Reisert,
Kamil A. Il'yasov
Optimization of based on DW MRI fiber tracking results. Simulated 
phantom results.......................................................................... 85

Denis D. Kosenkov, Yuriy I. Neronov, Aleksey N. Zolotov 
Registration of NMR signals in magnetic fields of 0.13 and 2.1 T for 
estimation of the age-related changes in living tissues.....................88

Benjamin Kresse, Mark Hofler, Alexei F. Privalov, and Michael Vogel 
Spatially Resolved NMR with Micrometer Resolution in Static Field 
Gradients.................................................................................... 91

Tatiana P. Kulagina, Grigorii E. Karnaukh, Irina Yu. Golubeva 
Evolution of polarization of three spin groups and their contribution 
to line shape and solid-echo NMR................................................... 93

Galina S. Kupriyanova, George Mozzhukhin,
Sultonazar Mamadazizov
14N NQR relaxation in 5 aminotetrazole.............................................96

Manuel Arsenio Lores Guevara, Carlos Alberto Cabal Mirabal,
Robert Muller, Sophie Laurent, Yulianela Mengana Torres,
Juan Carlos Garcia Naranjo
NMRD study of the Bound water rotational correlation time
in protein solutions ...................................................................... 98

11



Contents

Irina Lushpinskaya, Marina Shelyapina, Sergei Kurnosenko,
Oleg Silyukov, Irina Zvereva
Multinuclear NMR study of hybrid organic-inorganic composites:
layer perovskite-like oxides H2La2Ti3Oi0 with methanol,
methylamine and butylamine molecules.........................................99

Yulianela Mengana Torres, Manuel Arsenio Lores Guevara,
Juan C. Garcia Naranjo, Beatriz T. Ricardo Ferro,
Edalis Guerrero Pina, Carlos Alberto Cabal Mirabal, Lidia C. Suarez 
Beyrio, Maria A. Marichal Felue, Teresa Simon Brada,
Inocente C. Rodriguez Reyes, Jan Philippe
Evaluation of protein viscosity in Sickle Cell Disease......................100

G. S. Musabirova, A. V. Aganov, I. A. Latfullin, V. V. Klochkov 
Interaction of statins with cell membrane by NMR spectroscopy......101

C. Okay, A. Mara$li, G. Mozzhukhin, B. Rameev
XH NMR relaxation times of alcohol-water mixtures........................103

Yanina A. Pankratova, Alexander A. Pavlov
Application of paramagnetic NMR to the magnetic properties
investigation of cobalt(II) pseudotetrahedral single-molecule
magnet..................................................................................... 106

Alexander A. Pavlov and Valentin V. Novikov
NMR spectroscopy of paramagnetic transition metal complexes:
theory and application examples.................................................. 109

Melanie Reuhl, Max Weigler, Nail Karabas and Michael Vogel 
Broadband dielectric and nuclear magnetic resonance spectroscopy 
study on dynamics of water DMSO mixtures, glycerol, and ethylene 
glycol in mesoporous silica .........................................................  1 1 1

Ago Samoson
H-MAS..................................................................................... 113

Sarah Schneider, Christoph Sackel, Michael Vogel
Ion and molecule transport in aqueous salt solutions in bulk and in
nanopores - a NMR study............................................................ 114

Daria Shurtakova, B. Yavkin, M. Gafurov, G. Mamin, S. Orlinskii,
L. Kuznetsova, S. Bakhteev, I. Ignatyev, I. Smirnov, A. Fedotov,
V. Komlev
Study of calcium phosphate by EPR methods................................. 115

Alexey V. Soloninin, Alexander V. Skripov, Roman V. Skoryunov,
Olga A. Babanova, Jacob Grinderslev, Torben R. Jensen 
Atomic motion in the bimetallic borohydrides LiLa(BH4)3X, X=Cl,
Br, I: NMR study ....................................................................... 117

12



Contents

Vadim Zorin, Leandro Gil-Silva, Maruxa Sordo Touza, Esther Vaz,
Felipe Seoane, Irakusne Lopez, Armando Navarro-Vaquez,
Roberto R. Gil, Carlos Cobas
StereoFitter and 3D Computer-Assisted Structure Elucidation..........120

POSTER SESSION .....................................................................123

Ilgiz Abdullin, Alexandr Voronin, Konstantin Tyutyukin,
Andrei Komolkin, Viacheslav Frolov
Progressive saturation technique in ultralow field...........................125

Dmitry Aleshin, Yulia V. Nelyubina, Igor Nikovskiy,
Alexander V. Polezhaev, Nikolay N. Efimov, Alexander A. Pavlov 
Spin state of 2,6-di(pyrazol-3-yl)pyridine complexes of iron(II) and 
cobalt(II) in solution by paramagnetic NMR method.......................127

N. A. Antonova, A. M. Ryzhkov, A. V. Komolkin
Computer simulation of micelle formation in magnesium hexanoate 
solution.....................................................................................130

Irina A. Avilova, Ekaterina A. Dolgikh, Olga A. Kraevaya,
Aleksandr V. Zhilenkov, George A. Saratov, Yuliia V. Soldatova,
Raisa A. Kotelnikova, Pavel A. Troshin, Vitaliy I. Volkov 
Interaction of fullerene derivative with biomembranes - studied by 
pulsed field gradient NMR technique..............................................133

O. Bavrina, M. Shelyapina, K. Klyukin, A. Livshits
Hydrogen solubility and diffusion in V-Pd substitution alloys studied 
by DFT......................................................................................136

Yu. V. Bogachev, A. V. Nikitina
Simulation and optimization of pulse RF sequences for contrast 
enhancement of MR images in the presence of magnetic 
nanoparticles.............................................................................139

Dmitrii Bogdanov, Stanislav Sukharzhevskii, Marina Shelyapina,
Yurii Zhukov, Inocente Rodriguez-Iznaga, Vitalii Petranovskii
EPR study of copper complexes in mordenite channels....................142

Inna G. Borodkina, Gennadii S. Borodkin, Igor S. Vasilchenko,
Pavel B. Chepurnoy, Natalya V. Stankevich
Multinuclear NMR investigation of structure of coupling products of 
salycilaldehydes and 2-aminobenzamid.........................................144

Armando Consiglio, Andrei V. Komolkin, Tobias Cramer
Computer Simulations of PEDOT:PSS/solid interface.......................147

S. Darwish, S. V. Efimov, A. A. Balandina, V. V. Klochkov
Behavior of cyclosporine C in solvents of different polarity...............150

13



Contents

Nina Djapic
Free colours tetrapyrroles: yellow................................................153

Mariia E. Dmitrenko, Ramadan R. Atta, Anastasia V. Penkova 
Development and study of novel pervaporation membranes based 
on polyphenylene isophthalamide, modified by Pluronic F127..........155

Alexander K. Dmitriev, Anton K. Vershovskii
Two-quantum optically detected resonances in NV centers in
diamond in zero magnetic field....................................................156

Aleksandra A. Efimova, Anton S. Mazur, Lyudmila Y. Yakovleva,
Peter M. Tolstoy
MRI study of magnetic field distortions generated by cellulose 
microbeads labelled with iron oxide nanoparticles in phantom 
samples.................................................................................... 159

Maria I. Egorova, Andrei V. Egorov, Vladimir I. Chizhik 
Fluctuations of local electric fields at Li+, Cl-, and NO3- ions 
in aqueous solution studied by Car-Parrinello molecular dynamics 
simulations................................................................................ 161

Verena Fella, Yang Yao, George Floudas, Michael Vogel 
Crystallisation and Dynamics of Water Confined to MCM-41............. 162

V. V. Frolov, P. A. Kupriyanov, A. E. Shilov
Zonal harmonics calculation to compensate the magnetic field
heterogeneity in a magnet gap....................................................164

Elena Galitskaya, Alexei Privalov, Max Weigler, Michael Vogel,
Alexei Kashin, Ivan Ryzhkin, Vitaly Sinitsyn
NMR studies of various perflouorosulfonated membranes in wide
temperature range..................................................................... 167

Irina Yu. Golubeva, Grigorii E. Karnaukh, Tatiana P. Kulagina 
Solid-echo signal in a three-spin system with arbitrary dipole-dipole 
interaction constants.................................................................. 170

Stanislav O. Garkavyi, Ecaterina V. Schmidt, Vadim L. Matukhin,
Rustem R. Khusnutdinov, Georgy V. Mozzhukhin,
Nicolay K. Andreev
Spin lattice relaxation of nuclei in magnetic semiconductor 
compound CuFeS2...................................................................... 173

Roman V. Haponchik, Alexey B. Ustinov
Investigation of the nonlinear frequency shift of a ferromagnetic
film resonator............................................................................ 176

14



Contents

Viacheslav A. Ivanov, Anna A. Hurshkainen, Georgiy A. Solomakha, 
Mikhail A. Zubkov
Adjustable tuning range RF-coil for heteronudear MRI....................179

0. Karatas, S. Guler, C. Okay, S. Kazan, R. Khaibullin, B. Rameev 
Textured growth of magnetic nanoparticles in implanted TiO2 and
ZnO single crystals as revealed by FMR........................................181

K. Kass, A. V. Ievlev, E. Sorokina
The study of ionic liquids using NMR.............................................184

Dilorom N. Khamidova, Emil I. Fatullaev, Sofia E. Mikhtaniuk,
Igor M. Neelov
Interaction of dendrigraft of second generation with molecules of 
LVFFAE peptide. Molecular dynamics simulation..............................185

M. A. Khasanov, A. V. Ievlev
Temperature dependences of NMR spectra of ionic liquid EAN with 
addition of inorganic nitrates........................................................188

Rustem R. Khusnutdinov, Vasiliy V. Ogloblichev, Vadim L. Matukhin,
Irina Yu. Arapova, Stanislav V. Shmidt
Nuclear spin-lattice relaxation 63Cu in semiconductor compound 
CuAlO2 ......................................................................................190

Naira R. Khusnutdinova, Aidar R. Yulmetov
Modeling of dynamics and calculation of relaxation parameters for 
monomer of bovine insulin...........................................................192

1. A. Kiselev, V. A. Ryzhov, V. V. Deriglazov
Magnetic resonance study of the peculiarities of the paramagnetic- 
ferromagnetic transition in manganites on the example of 
La0.78Ca0.22MnO3.........................................................................195

V. V. Klochkov
Investigation of the spatial structure of different drugs, proteins & 
oligopeptides, and their complexes with models of cell membrane in 
solution by modern NMR spectroscopy...........................................196

Edda Klotz, Stefan Spannenberger, Marc Duchardt,
Bernhard Roling, and Michael Vogel
NMR studies on ion dynamics in solid electrolytes for batteries........198

P. P. Kobchikova, S. V. Efimov, I. A. Khodov, V. V. Klochkov 
Studying of Cyclosporin D by High Resolution NMR: Obtaining 
Information on the Spatial Structure.............................................199

15



Contents

V. A. Konovalov, A. V. Egorov, V. I. Chizhik
Microstructure and dynamics of ions in mixtures of imidazolium-
based ionic liquids with water. A molecular dynamics simulation
study ....................................................................................... 202

Pavel Kupriyanov, Vladimir I. Chizhik
Influence of fast fluctuation of Earth magnetic field on NMR-spectra . 203

Anna I. Kuzminova, Anastasia V. Penkova, Maria E. Dmitrenko 
Development and investigation of mixed-matrix membranes based
on PVA modified by various organic nanoparticles.........................204

Nikolai A. Kuznetsov, Alexey B. Ustinov
Investigation of a nonlinear phase shifter based on spin waves.......205

Thai Ly, Richard Yong, John E. Daniels, David Miljak
Single Pulse NQR for Broad Resonance Lines.................................208

Veronika V. Mamontova, Andrei V. Komolkin, Irina A. Silanteva
Micelle formation of azobenzene-containing surfactant:
investigation by molecular dynamics method................................211

S. E. Miktaniuk, V. V. Bezrodnyi, E. I. Fatullaev, A. A. Marchenko,
E. I. Bychkova, I. M. Neelov
Investigation of complex of lysine dendrimer of 2nd generation with 
8 molecules of therapeutic vezugen peptide by computer simulation . 213

Anastasia V. Nam, Alina S. Koneva, Peter M. Tolstoy
Partitioning of solutes between micelles and water studied by
diffusion NMR and micellar liquid chromatography.........................216

A. S. Ostras, P. M. Tolstoy
Phosphine oxides as probes in study of halogen bonds: quantum 
chemistry approach...................................................................218

Vladislav Panov, Oleg Dmitriev, Konstantin Tyutyukin,
Viacheslav Frolov
Projection reconstruction in ultralow field MRI...............................220

Vladimir I. Petrov, Anatoly S. Pazgalev and Anton K. Vershovskii 
Isotopic shift of Xe nuclei precession frequencies caused by spatial 
inhomogeneity of optically oriented alkali atoms............................222

Evgeny Pestov, Dmitry Pestov, Alla Besedina, Sergei Ermak and 
Roman Lozov
On the realization of an extremely small TFC value at a magnetic 
resonance frequency 6.834 GHz in rubidium atomic clocks on 87Rb 
absorption cell with two anti-relaxation components (coating + 
buffer gas)...............................................................................224

16



Contents

Alina A. Pichugina, Larisa V. Tsyro
Electronic spin resonance in the study of the processes of
association of gallstones.............................................................227

Yu. A. Popova, S. L. Shestakov, A. Yu. Kozhevnikov,
D. S. Kosyakov, A. V. Faleva
Application of solid-state NMR to the study of water sorption with 
hydrolysis lignin........................................................................230

E. A. Razina, A. S. Ovsyannikov, S. E. Solovieva, I. S. Antipin,
A. I. Konovalov, G. V. Mamin, M. R. Gafurov, M. S. Tagirov,
S. B. Orlinskii
EPR of calixarenes doped by Lu3+, La3+, Tb3+, Gd3+, Yb3+, Er3+, Dy3+ 
ions..........................................................................................234

A. M. Ryzhkov, N. A. Antonova, A. V. Komolkin
Analyzing the parameters of atom-atom interactions for Molecular
dynamics simulations of micelle formation.....................................237

V. A. Salikov, I. S. Podkorytov, B. B. Kharkov and N. R. Skrynnikov 
Protein unfolding (denaturation) as monitored by PFG NMR 
measurements of translational diffusion.........................................241

A. A. Selivanov, A. V. Ievlev
Temperature dependence of NMR-relaxation rate in IL BmimAc........242

Oleg V. Shavykin, Valeriy V. Bezrodniy, Sofia E. Miktaniuk,
Igor M. Neelov, Denis A. Markelov
Computer simulation of orientational dynamics in alpha- and 
epsilon-lysine peptides................................................................245

Oleg V. Shavykin, Maxim Yu. Ilyash, Emil I. Fatullaev,
Igor M. Neelov, Denis A. Markelov
Molecular dynamics simulation of global and local dynamics in 
dendrigraft of second generation..................................................248

M. G. Shelyapina, E. A. Krylova, Yu. Zhelezniak, V. Petranovskii,
R. Yocupicio-Gaxiola, J. Antunez-Garcia, S. Fuentes
Multinuclear NMR for structural study of lamellar mordenite and 
ZSM-5 zeolites...........................................................................251

V. Ya. Shifrin, D. I. Belyakov, D. D. Kosenkov, and A. E. Shilov 
Precise definition of у 133Cs with resolved structure in magnetic 
fields higher than 0.8 mT.............................................................252

S. A. Shubin, V. V. Frolov, K. V. Tyutyukin
Experimental results of an impact of the spin echo pulse sequence 
on a J-coupled two-spin system....................................................255

17



Contents

P. I. Simeshchenko, V. M. Cheremisin, I. G. Kamyshanskaya,
M. Yu. Podgornyak, V. V. Prits
Multiparameter MRI protocol for evaluating the results of surgical 
treatment of brain gliomas.........................................................258

A. Sklyarova, V. I. Popkov, I. V. Pleshakov, V. V. Matveev, and
H. Stёpankova
Influence of morphology on the magnetic behavior in nano-EuFeO3 :
NMR study................................................................................261

A. V. Slivka, S. V. Efimov, O. V. Aganova, V. V. Klochkov
NMR characterization of structure of cyclosporin B.........................262

Janez Stepisnik, Carlos Mattea, Siegfried Stapf and Ales Mohoric 
Measurements of molecular velocity auto-correlation of water in 
mixtures with glycerol by NMR MGSE method...............................265

K. T. Smolyarov, A. N. Matsulev, A. A. Kondrasenko 
Investigation of Re-Pt vinylidene complex Cp(CO)2RePt(j- 
C=CHPh)(PPh3)2 by solid-state NMR............................................268

Larisa V. Tsyro, Alina A. Pichugina
Analysis of the kerns of the Yuzhno-Cheremshansky field
by the method of electron spin resonance....................................271

Milosh Ubovich, Sergei A. Izmailov, Andrei V. Egorov
Conformational dynamics of the two-domain Pax5 protein in
aqueous solution. A molecular dynamics simulation study..............274

E. I. Uskova, I. H. Fatkhutdinov, M. M. Dorogynitskii, V. D. Skirda 
NMR method for assessing the inhibitory properties of drilling fluids . 276

N. I. Uskova, D. Yu. Podorozhkin, E. V. Charnaya, D. Yu. Nefedov,
S. V. Baryshnikov
NMR studies of nanocomposite based on the organic ferroelectric 
DIPAB.......................................................................................279

S. Vasiliev, J. Ahokas, J. Jarvinen, S. Sheludiakov, V. V. Khmelenko 
and D. M. Lee
Magnetic resonance studies of atomic hydrogen in porous Ne at 
ultra-low temperatures............................................................... 281

Siqi Wang, Alexander S. Filatov, Alexander V. Stepakov,
Stanislav I. Selivanov
Synthesis and NMR study of adducts of ninhydrin-derived 
azomethine ylide with cyclopropenes............................................ 282

18



Contents

Radik R. Zaynullin, Stanislav O. Garkavyi, Ekaterina V. Shmidt,
Stanislav V. Shmidt, Vadim L. Matukhin, Nikolay K. Andreev,
Erika Dutkova
NMR and EPR in mechanochemically synthesisized chalcopyrite 
nanocrystals...............................................................................285

Aleksey N. Zolotov, Yuriy I. Neronov, Denis D. Kosenkov
Some capabilities of the NMR relaxometer for evaluation of the age-
related changes in muscle tissue................................................... 289

POEMS ABOUT SCHOOL............................................................. 293
AUTHOR INDEX.......................................................................... 297

19





Schedule of Spinus-2019

31.03.19 01.04.19 02.04.19 03.04.19 04.04.19 05.04.19 06.04.19
Sunday Monday Tuesday Wednesday Thursday Friday Saturday

08:45 -  10:00 BREAKFAST
9:10-10:30
BREAKFAST BREAKFAST

10:00 -  11:30

R e g is t r a t io n  30  

O p e n in g  10 T o ls t o y  4 0 C a b a l  4 0
M a tv e e v  3 0

Departure
C h iz h ik  3 0 Jarv inen  15 

Baranauska ite  15
Lores II 15 

M usab irova 15

Bystrov 15 
Khrap ichev 15

G RO U P PH O TO  20

11:30 -  12:00 C O F F E E  B R E A K C O F F E E  B R E A K

12:00 -  14:00

P r iv a lo v  4 0

Schne ider 15 
Kresse 15 
Reuhi 15 

Lushp inskaya 15 
Solon in in  20

F ra is s a r d  4 0  

M e e r s m a n n  4 0

Sam oson 20 
Dv inskikh 20

Excurs ion

E ic h h o f f  4 0

Efim ov 15 
S k r y n n ik o v  4 0

Kom olkin  25

M ic h e l 4 0  

S e m is a lo v a  4 0

Shurtakova 15 
Avila 15 

Neronov 15

14:00 -  15:30 L U N C H D a y L U N C H

15:30 -  17:00

Registration

C h a r n a y a  4 0

Pavlov 20 
Pankratova 15 
Lahderanta 15

Atta 15

Oral b litz reports 
o f young sc ien tists 

(5m in x 15)

Konopleva 15

Oral b litz reports 
of young sc ien tists 

(5m in x 15)

B u n k o v  4 0

Kupriyanova 20 
M o z z h u k h in  4 0

17:00 -  17:30 C O F F E E  B R E A K C O F F E E  B R E A K

17:30 -  19:00

of participants
B e c h e r15 

Kulagina 20 
Ram eev 20 
Ivanova 15

P O S T E R  
S E S S I O N  I

P O S T E R  

S E S S I O N  II

A w a r d in g

C lo s in g

Grunin 20

19:00 -  20:00 DINNER DINNER

20.00 Welcome Cultural and sporting activities CONFERENCE
DINNER



Schedule

Schedule

16-th International School-Conference 

«Magnetic Resonance and its Applications. Spinus-2019»

March 31 -  April 05, 2019  

St. Petersburg
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MONDAY -  01  April 2 0 1 9

0 8 :4 5  -  10 :0 0 BREAKFAST

1 0 :0 0  -  10 :3 0 Registration

1 0 :3 0  -  10 :4 0 Opening

1 0 :4 0  -  11 :1 0 Vladimir I. Chizhik (Saint-Petersburg, Russia)
Lecture: P o s s ib i l i t ie s ,  P e c u l ia r i t ie s  a n d  A re a s  o f  A p p lic a tio n s  o f  
Q u a n t ita tiv e  A n a ly s is  b y  N M R  in  M a g n e tic  F ie ld  o f  th e  E a r th

1 1 :1 0  -  11 :3 0 G R O U P P H O T O

1 1 :3 0  -  12 :0 0 COFFEE BREAK

1 2 :0 0  -  12 :4 0 Alexei Privalov (D arm stadt Germany)
Lecture: Fluorine dynamics in nanosized superionic conductors 
as seen by NMR diffusometry

1 2 :4 0  -  12 :55 S a r a h  S c h n e id e r  (D a r m s ta d t ,  G e rm a n y )
O ral r e p o r t :  Io n  a n d  M o le c u le  T r a n s p o r t  in  A q u e o u s  S a lt  S o lu t io n s  in  
B u lk  a n d  in  N a n o p o re s  - a  N M R  s tu d y

1 2 :5 5  -  13 :1 0 B e n ja m in  K r e s s e  (D a r m s ta d t ,  G e rm a n y )
O ral r e p o r t :  S p a t ia lly  R e s o lv e d  N M R  w ith  M ic r o m e te r  R e s o lu t io n  in  
S ta t ic  F ie ld  G r a d ie n ts

1 3 :1 0  -  13 :25 M e la n ie  P ia  R e u h l (D a r m s ta d t ,  G e rm a n y )
O ral r e p o r t :  B r o a d b a n d  D ie le c tr ic  a n d  N u c le a r  M a g n e tic  R e s o n a n c e  
S p e c t r o s c o p y  S tu d y  o n  D y n a m ic s  o f  W a te r  D M SO  M ix tu re s , G ly ce ro l, 
a n d  E th y le n e  G ly co l in  M e s o p o r o u s  S ilica

1 3 :2 5  -  13 :4 0 Ir in a  L u s h p in s k a y a  (S a in t - P e te r s b u r g ,  R u s s ia )
O ral r e p o r t :  M u lt in u c le a r  N M R  s tu d y  o f  h y b r id  o r g a n ic - in o r g a n ic  
c o m p o s ite s :  la y e r  p e r o v s k ite - l ik e  o x id e s  H 2 L a 2 T i3 O 1 0  w ith  
m e th a n o l ,  m e th y la m in e  a n d  b u ty la m in e  m o le c u le s

1 3 :4 0  -  14 :0 0 A le x e y  S o lo n in in  (E k a te r in b u r g , R u s s ia )
O ral r e p o r t :  A to m ic  M o tio n  in  th e  B im e ta l lic  B o r o h y d r id e s  
L iL a (B H 4 ) 3X  X =C l, B r , I: N M R  S tu d y

1 4 :0 0  -  15 :3 0 LUNCH

1 5 :3 0  -  16 :1 0 Elena Charnaya (Saint-Petersburg, Russia)
Lecture: N M R  s tu d ie s  o f  b u lk  a n d  n a n o s t r u c tu r e d  fe r r o e le c t r ic s

1 6 :1 0 -  16 :3 0 A le x a n d e r  P a v lo v  (M o s c o w , R u s s ia )

O ral r e p o r t :  N M R  S p e c t r o s c o p y  o f  P a r a m a g n e tic  T r a n s i t io n  M e ta l 
C o m p le x e s : T h e o r y  a n d  A p p lic a tio n  E x a m p le s

1 6 :3 0 -  16 :45 Y a n in a  P a n k r a to v a  (M o s c o w , R u s s ia )

O ral r e p o r t :  A p p lic a tio n  o f  P a r a m a g n e tic  N M R  to  th e  M a g n e tic  
P r o p e r t ie s  In v e s t ig a t io n  o f  C o b a lt( I I )  P s e u d o te t r a h e d r a l  S in g le 
M o le c u le  M a g n e t

1 6 :4 5 -  17 :0 0 E rk k i L a h d e r a n ta  (L a p p e e n r a n ta ,  F in la n d )

O ral r e p o r t :  M a s te r s  D e g r e e  P r o g r a m m e  in  L a p p e e n r a n ta
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1 7 :0 0  -  17 :3 0 COFFEE BREAK

1 7 :3 0  -  17 :45 M a n u e l B e c h e r  (D a r m s ta d t ,  G e rm a n y )

O ra l r e p o r t :  D y n a m ic s  o f  R o o m  T e m p e r a t u r e  Io n ic  L iq u id s : 
S t r u c tu r a l  R e la x a t io n  P r o b e d  b y  Щ  a n d  19F  N M R

17 :4 5  -  18 :05 T a t ia n a  K u la g in a  (C h e r n o g o lo v k a , R u s s ia )
O ra l r e p o r t :  E v o lu tio n  o f  p o la r iz a t io n  o f  th r e e  s p in  g r o u p s  a n d  th e ir  
c o n t r ib u t io n  to  l in e  s h a p e  a n d  s o lid -e c h o  N M R

18 :0 5  -  18 :25 R a m e e v  (G e b z e , T u rk e y )

1H N M R  r e la x a t io n  t im e s  o f  a lc o h o l-w a te r  m ix tu r e s

18 :2 5  -  18 :4 0 M a ria  Iv a n o v a  (Y o s h k a r -O la , R u s s ia )

O ra l r e p o r t :  D e v e lo p m e n t  o f  a  t e c h n iq u e  fo r  d e te r m in a t io n  o f  to ta l  
f a t  c o n t e n t  in  fo o d  p r o d u c ts  b y  N M R -re la x a tio n

1 8 :4 0  -  19 :0 0 L e o n id  G ru n in  (Y o s h k a r -O la , R u s s ia )

O ra l r e p o r t :  U p -to -D a te  In d u s tr ia l  A p p lic a tio n s  o f  T im e -D o m a in  N M R

19 :0 5  -  2 0 :0 0 DINNER

2 0 :0 0  - CULTURAL AND SPORTING ACTIVITIES
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TUESDAY -  02  April 2 0 1 9

0 8 :4 5  -  09 :4 5 BREAKFAST

1 0 :0 0  -  10 :4 0 Petr Tolstoy (Saint-Petersburg, Russia)
Lecture: H o w  to  e s t im a t e  h y d r o g e n  b o n d  e n e r g ie s  fr o m  N M R  
s p e c t r a

1 0 :4 0  -  11 :0 0 V a d im  Z o rin  (S a n t ia g o  d e  C o m p o s te la , S p a in )

O ral r e p o r t :  S t e r e o F i t t e r  a n d  3D  C o m p u te r -A s s is te d  S t r u c tu r e  
E lu c id a tio n

1 1 :0 0  -  11 :15 Ja r n o  Ja r v in e n  (T u r k u , F in la n d )

O ral r e p o r t :  D y n a m ic  N u c le a r  P o la r iz a t io n  o f  D o p e d  S ilic o n  a t  H igh 
F ie ld s  a n d  L o w  T e m p e r a t u r e s

1 1 :1 5  -  11 :3 0 V a le r i ia  B a r a n a u s k a ite  (S a in t -P e te r s b u r g , R u s s ia )

O ral r e p o r t :  D y n a m ic a l C h a r a c te r is t ic s  o f  th e  T e r n a r y  S y s te m s  
(C h lo r id e s  o f  Li, M g, a n d  C s) in  W id e  T  e m p e r a tu r e  a n d  C o n c e n tr a t io n  
R a n g e s  b y  N M R  M e th o d .

1 1 :3 0  -  12 :0 0 COFFEE BREAK

1 2 :0 0  -  12 :4 0 lacques Friassard (Paris, France)
Lecture: X e  N M R  T e c h n iq u e : V a r io u s  A p p lic a tio n s

1 2 :4 0  -  13 :2 0 Thomas Meersmann (Nottingham, United Kingdom) 
Lecture: H y p e rp o la r iz e d  (h p ) 83K r a n d  h p  129X e  a s  M R I C o n tr a s t  
A g e n ts

1 3 :2 0  -  13 :4 0 A go S a m o s o n  (T a ll in n , E s to n ia )  

O ra l r e p o r t :  H -M A S

1 3 :4 0  -  14 :0 0 S e r g e y  D v in sk ik h  (S to c k h o lm , S w e d e n )

O ral r e p o r t :  M u lt in u c le a r  D ip o la r  N M R  S p e c t r o s c o p y  in  Io n ic  L iq u id  
C ry sta ls

1 4 :0 0  -  15 :3 0 LUNCH

1 5 :3 0  -  15 :45 R a m a d a n  A tta  (D a m ie tta ,  E g y p t)

O ral r e p o r t :  P r e p a r a t io n  a n d  P e r v a p o r a t io n  P e r fo r m a n c e  o f  
P o ly p h e n y le n e  I s o p h th a la m id e  M e m b r a n e s  M o d ifie d  b y  F u lle r e n e  
D e r iv a tiv e s

1 5 :4 5 -1 7 :0 0 O ral b litz  r e p o r ts  o f  y o u n g  s c ie n t is ts  (5 m in  x 1 5 ) ;  s e e  s p e a k e r s  b e lo w  
in  th e  l i s t  o f  POSTER SESSION I

1 7 :0 0  -  17 :3 0 COFFEE BREAK

1 7 :3 0  -  19 :0 0 POSTER SESSION I

1 9 :0 0  -  2 0 :0 0 DINNER

2 0 :0 0  - CULTURAL AND SPORTING ACTIVITIES
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WEDNESDAY -  03  April 2 0 1 9

0 8 :4 5  -  09 :4 5 BREAKFAST

EXCURSION DAY

1 9 :0 0  -  2 0 :0 0 DINNER

2 0 :0 0  -
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THURSDAY -  04  April 2 0 1 9

0 8 :4 5  -  09 :4 5 BREAKFAST

1 0 :0 0  -  10 :4 0 C. Cabal Mirabal (Havana, Cuba)
Lecture : M R I S y n o p s is  o f  th e  P h y s ic a l a n d  H a r d w a r e  b a s e s .

1 0 :4 0  -  11 :0 0 G u zel M u s a b ir o v a  (K a z a n , R u s s ia )

O ral r e p o r t :  I n te r a c t io n  o f  S ta t in s  w ith  C ell M e m b r a n e  b y  N M R  
S p e c t r o s c o p y

1 1 :0 0  -  11 :15 M a n u e l A r s e n io  L o r e s  G u e v a ra  (S a n t ia g o  d e  C u ba, C u b a)

O ral r e p o r t :  E v a lu a tio n  o f  P r o te in  V is c o s ity  in  S ic k le  C ell D is e a s e

1 1 :1 5  -  11 :3 0 M a n u e l A r s e n io  L o r e s  G u e v a ra  (S a n t ia g o  d e  C u ba, C u b a)

O ral r e p o r t :  N M RD  s tu d y  o f  th e  B o u n d  w a t e r  r o t a t io n a l  c o r r e la t io n  
t im e  in  p r o te in  s o lu t io n s

1 1 :3 0  -  12 :0 0 COFFEE BREAK

1 2 :0 0  -  12 :4 0 Uwe Eichhoff (Rheinstetten, Germany)
Lecture: T h e  h u m a n  b r a in : d e v e lo p m e n t  a n d  a g in g  e x p lo r e d  b y  M RI.

1 2 :4 0  -  12 :55 S e r g e y  E f im o v  (K a z a n , R u s s ia )

O ral r e p o r t :  V a r io u s  N M R  A p p r o a c h e s  in  S tu d ie s  o f  P o ly p e p tid e s : 
A p p lic a tio n  to  In s u lin s  a n d  C y c lo s p o r in s

1 2 :5 5  -  13 :35 Nikolai R. Skrynnikov (W est Lafayette, USA)
Lecture: When Molecular Dynamics m et NMR (and various other 
experim ental methods)

1 3 :3 5  -  14 :0 0 A n d re i K o m o lk in  (S a in t -P e te r s b u r g ,  R u s s ia )

O ral r e p o r t :  V is u a liz a t io n  o f  th e  DNA E n v ir o n m e n t  fr o m  th e  
M o le c u la r  D y n a m ic s  S im u la tio n

1 4 :0 0  -  15 :3 0 LUNCH

1 5 :3 0  -  15 :5 0 L id ia  K o n o p le v a  (K a z a n , R u s s ia )

O ral r e p o r t :  O p tim iz a t io n  o f  b a s e d  o n  D W  M R I f ib e r  tr a c k in g  r e s u lts .  
S im u la te d  p h a n to m  r e s u lts

1 5 :5 0  -  17 :0 0 O ral b litz  r e p o r ts  o f  y o u n g  s c ie n t is ts  (5 m in  x 1 4 ) ;  s e e  s p e a k e r s  b e lo w  
in  th e  l i s t  o f  POSTER SESSION II

1 7 :0 0  -  17 :3 0 COFFEE BREAK

1 7 :3 0  -  19 :0 0 POSTER SESSION II

2 0 :0 0  - CONFERENCE DINNER

FRIDAY -  05 April 2 0 1 9
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0 9 :1 0  -  10 :3 0 BREAKFAST

1 0 :3 0  -  11 :0 0 Vladimir Matveev (Saint-Petersburg, Russia)
Lecture: Comparison of Ionic Liquids and Highly Concentrated  
Electrolyte Solutions: Similarity and Differences in Structure 
and in Dynamics

1 1 :0 0  -  11 :15 S e r g e i  B y s tr o v  (S a in t - P e te r s b u r g ,  R u s s ia )

O ra l r e p o r t :  M o le c u la r  M o b ility  in  a  S e t  o f  Im id a z o liu m -b a s e d  Io n ic  
L iq u id s

1 1 :1 5 -  1 1 :3 0 A le x a n d r  K h r a p ic h e v  (O x fo rd , U n ite d  K in g d o m )

O ra l r e p o r t :  L iv e rM u lt iS c a n  -  a  d ia g n o s t ic  a id  fo r  l iv e r  d is e a s e

1 1 :3 0  -  12 :0 0 COFFEE BREAK

1 2 :0 0  -  1 2 :4 0  Dieter Michel (Leipzig, Germany)
Lecture: EPR and NMR Study of Nitric Oxide - an Interesting  
Molecule for Bio-Medical Applications

1 2 :4 0  -  13 :2 0 Anna Semisalova (Dresden, Germany)
Lecture: From ESR to FMR -  a Powerful Tool to Investigate Novel 
Ferrom agnets, Illustrated with the Study of Tunable Magnetic 
Properties of Thin Metallic FeRh Films

1 3 :2 0  -  13 :35 D a ria  S h u r ta k o v a  (K a z a n , R u s s ia )

O ra l r e p o r t :  S tu d y  o f  C a lc iu m  P h o s p h a te  b y  E P R  M e th o d s

1 3 :3 5 -  1 3 :5 0 D a h ia n a  A v ila  (Je n a , G e rm a n y )

O ra l r e p o r t :  M e c h a n is m  o f  H y d ro ly s is  o f  C o b a lt  O x id e -D o p e d  
B io a c t iv e  P h o s p h a te  G la s s e s : P -3 1  M A S N M R, P -3 1  N M R  a n d  E S R

1 3 :5 0 -  14 :0 5 Y u r iy  N e r o n o v  (S a in t - P e te r s b u r g ,  R u s s ia )

R e g is t r a t io n  o f  N M R  S ig n a ls  in  M a g n e tic  F ie ld s  o f  0 .1 3  a n d  2 .1  T  fo r  
E s t im a tio n  o f  th e  A g e -R e la te d  C h a n g e s  in  L iv in g  T is s u e s

1 4 :0 5 -  1 5 :3 0 LUNCH

1 5 :3 0  -  16 :1 0 Yury Bunkov (Kazan, Russia)
Lecture: Spin Superfluidity at room  tem perature

1 6 :1 0 -  1 6 :3 0 G a lin a  K u p riy a n o v a  (K a lin in g ra d , R u s s ia )

O ra l r e p o r t :  14N N Q R  r e la x a t io n  in  5 A m in o te tr a z o le

1 6 :3 0 -  1 7 :1 0 Georgy Mozzhukhin (Gebze, Turkey)
Lecture: Low field 14N NMR as a tool for estimation of 
quadrupole coupling constants and correlation times in liquids

1 7 :1 0  -  17 :3 0 COFFEE BREAK

1 7 :3 0  -  18 :0 0 AWARDING CLOSING

1 9 :0 0  -  2 0 :0 0 DINNER
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SATURDAY -  06  April 2 0 1 9

0 8 :4 5  -  09 :4 5 BREAKFAST

DEPARTURE
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POSTER SESSION I (Tuesday, 1 7 :3 0  -  19 :0 0 )

1 V la d im ir  P e tr o v
I s o to p ic  s h if t  o f  X e  n u c le i  p r e c e s s io n  fr e q u e n c ie s  
c a u s e d  b y  s p a t ia l  in h o m o g e n e ity  o f  o p t ic a l ly  
o r ie n te d  a lk a li  a to m s .

2 M ilo sh  U b o v ich
C o n fo rm a t io n a l  d y n a m ic s  o f  th e  tw o -d o m a in  P a x 5  
p r o te in  in  a q u e o u s  s o lu t io n . A m o le c u la r  d y n a m ic s  
s im u la t io n  stu d y .

3 A lin a  P ic h u g in a
E le c t r o n  s p in  r e s o n a n c e  in  th e  s tu d y  o f  a s s o c ia t io n  
p r o c e s s e s  o f  g a l ls to n e s

4 V ia c h e s la v  F r o lo v
Z o n a l h a r m o n ic s  c a lc u la t io n  to  c o m p e n s a te  a 
m a g n e tic  f ie ld  h e te r o g e n e i t y  in  a  m a g n e t  g ap

5 D m itr ii  B o g d a n o v
E P R  s tu d y  o f  c o p p e r  c o m p le x e s  in  m o r d e n ite  
c h a n n e ls

6 P o lin a  K o b c h ik o v a
S tu d y in g  o f  C y c lo s p o r in  D b y  H igh R e s o lu t io n  N M R: 
O b ta in in g  In fo r m a tio n  o n  th e  S p a t ia l  S t r u c tu r e

7 I r in a  A v ilo v a
I n te r a c t io n  o f  fu l le r e n e  d e r iv a t iv e  w ith  
b io m e m b r a n e s  - s tu d ie d  b y  p u ls e d  fie ld  g r a d ie n t  
N M R  te c h n iq u e

8 M a riia  D m itre n k o
D e v e lo p m e n t  a n d  s tu d y  o f  n o v e l p e r v a p o r a t io n  
m e m b r a n e s  b a s e d  o n  p o ly p h e n y le n e  
is o p h th a la m id e , m o d ifie d  b y  P lu r o n ic  F 1 2 7

9 T h a i Ly S in g le  P u ls e  N Q R fo r  B r o a d  R e s o n a n c e  L in e s

1 0 K s e n ia  K a ss T h e  s tu d y  o f  io n ic  liq u id s  u s in g  N M R.

1 1 E le n a  R a z in a
E P R  o f  C a lix a re n e s  D o p p ed  b y  L u , L a , T b , G d , Y b , Er, 
D y  Io n s

1 2 M a rk u s  R o s e n s t ih l
D A M A R IS -  A n o p e n  s o u r c e  N M R  in s tr u m e n ta t io n  
s o f tw a r e

1 3 V e r e n a  F e lla
C r y s ta l l is a t io n  a n d  D y n a m ic s  o f  W a te r  C o n fin e d  to  
M e s o p o r o u s  S ilic a

1 4 E d d a  K lo tz
N M R  s tu d ie s  o n  io n  d y n a m ic s  in  s o lid  e le c t r o ly te s  
fo r  L i- io n  b a t t e r ie s

1 5 S iq i W a n g
S y n th e s is  a n d  N M R  s tu d y  o f  a d d u c ts  o f  n in h y d r in -  
d e r iv e d  a z o m e th in e  y l id e  w ith  c y c lo p r o p e n e s .

1 6 A rm a n d o  C o n sig lio
C o m p u te r  S im u la t io n s  o f  P E D O T :P S S / so lid  
in t e r fa c e

1 7 A n to n  R y z h k o v
A n a ly z in g  th e  p a r a m e te r s  o f  a to m -a to m  
i n t e r a c t io n s  fo r  M o le c u la r  d y n a m ic s  s im u la t io n s  o f  
m ic e lle  fo r m a t io n .

1 8 A le x a n d e r  S e liv a n o v
N M R  R e la x a t io n  in  io n ic  liq u id  B m im -A C , 
c o m p a r is o n  o n  d if fe r e n t  fr e q u e n c y

1 9 A le x a n d r a  S liv k a N M R  c h a r a c te r iz a t io n  o f  s t r u c tu r e  o f  c y c lo s p o r in  B

2 0 S h a z a  D a rw is h
B e h a v io r  o f  c y c lo s p o r in e  C in  s o lv e n ts  o f  d if fe r e n t  
p o la r i ty

2 1 Ir in a  G o lu b e v a
S o lid -e c h o  s ig n a l in  a  th r e e -s p in  s y s te m  w ith  
a r b i t r a r y  d ip o le -d ip o le  in t e r a c t io n  c o n s ta n ts

2 2 N a ta ly a  U sk o v a
N M R  s tu d ie s  o f  n a n o c o m p o s ite  b a s e d  o n  th e  
o r g a n ic  f e r r o e le c t r ic  D IP A B
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2 3 A n n a  K u z m in o v a
D e v e lo p m e n t  a n d  in v e s t ig a t io n  o f  m ix e d -m a tr ix  
m e m b r a n e s  b a s e d  o n  PVA m o d ifie d  b y  v a r io u s  
o rg a n ic  n a n o p a r t ic le s

2 4 E le n a  G a lits k a y a
N M R  S T U D IE S  O F V A R IO U S
P E R FL O U O R O SU L F O N A T E D  M E M B R A N E S IN W ID E  
T E M P E R A T U R E  RAN GE

2 5 E le n a  U sk o v a
N M R  m e th o d  fo r  a s s e s s in g  th e  in h ib i to r y  p r o p e r t ie s  
o f  d r ill in g  flu id s

2 6 N a d e z h d a  A n to n o v a
C o m p u te r  s im u la t io n  o f  m ic e lle  fo r m a t io n  in  
m a g n e s iu m  h e x a n o a te  s o lu t io n

2 7 R o m a n  H a p o n c h ik
In v e s t ig a t io n  o f  th e  n o n l in e a r  f r e q u e n c y  s h if t  o f  a  
f e r r o m a g n e t ic  film  r e s o n a t o r

2 8 N ik o la y  K u z n e ts o v
In v e s t ig a t io n  o f  a  n o n l in e a r  p h a s e  s h i f te r  b a s e d  o n  
s p in  w a v e s

2 9 M a g o m e d  K h a s a n o v
T e m p e r a t u r e  d e p e n d e n c e s  o f  N M R  s p e c t r a  o f  io n ic  
liq u id  EAN  w ith  a d d it io n  o f  in o r g a n ic  n it r a te s

3 0
Ju lia  P o p o v a  

A n n a  F a le v a

A p p lic a tio n  o f  s o l id -s ta te  N M R  to  th e  s tu d y  o f  w a t e r  
s o r p t io n  w ith  h y d r o ly s is  lig n in

3 1 O zgu l K a r a ta s
T e x tu r e d  g r o w th  o f  m a g n e tic  n a n o p a r t ic le s  in  
im p la n te d  T iO 2 a n d  ZnO s in g le  c r y s ta ls  a s  r e v e a le d  
b y  F M R

3 2 Ilg iz  A b d u llin P r o g r e s s iv e  s a tu r a t io n  te c h n iq u e  in  u lt r a lo w  fie ld
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POSTER SESSION II (Thursday, 1 7 :3 0  -  19 :0 0 )

1 V e r o n ik a  M a m o n to v a
M ic e lle  fo r m a t io n  o f  a z o b e n z e n e -c o n ta in in g  
s u r fa c ta n t :  in v e s t ig a t io n  b y  m o le c u la r  d y n a m ic s  
m e th o d

2 P a v e l K u p riy a n o v
In f lu e n c e  o f  fa s t  f lu c tu a t io n  o f  E a r th  m a g n e tic  fie ld  
o n  N M R -s p e c tra

3 N in a  D ja p ic F r e e  c o lo u r s  t e t r a p y r r o le s :  y e llo w

4 Ig o r  k is e le v
M a g n e tic  r e s o n a n c e  s tu d y  o f  th e  p e c u lia r it ie s  o f  
th e  p a r a m a g n e t ic - fe r r o m a g n e t ic  t r a n s it io n  in  
m a n g a n ite s  o n  th e  e x a m p le  o f  L a 0 .7 8 С а 0 .2 2 M n O 3

5 A n a s ta s ia  K o z le n k o
S tu d y  o f  a  n e w  s a l t  s p ir o p y r a n  s t r u c tu r e  
c o n ta in in g  c a r b o m e th o x y  g r o u p  in  th e  6 '-p o s it io n  
o f  2 H -c h r o m e n e  m o ie ty

6 K o n s ta n t in  S m o ly a ro v
In v e s t ig a t io n  o f  R e -P t  v in y lid e n e  c o m p le x  
C p (C O )2 R e P t(^ -C = C H P h )(P P h 3 )2  b y  s o l id -s ta te  
N M R

7 A n a s ta s ia  N ik itin a
S im u la tio n  a n d  o p t im iz a t io n  o f  p u ls e  R F  
s e q u e n c e s  fo r  c o n t r a s t  e n h a n c e m e n t  o f  M R  im a g e s  
in  th e  p r e s e n c e  o f  m a g n e tic  n a n o p a r t ic le s

8 O lga B a v r in a
H y d ro g e n  s o lu b il i ty  a n d  d if fu s io n  in  V -P d  
s u b s t i tu t io n  a llo y s  s tu d ie d  b y  D F T

9 D m itry  A le s h in
S p in  s t a te  o f  2 ,6 -d i (p y r a z o l-3 -y l )p y r id in e  
c o m p le x e s  o f  i r o n ( I I )  a n d  c o b a lt ( I I )  in  s o lu t io n  b y  
p a r a m a g n e t ic  N M R  m e th o d

1 0 A le k s a n d r a  E f im o v a
M RI s tu d y  o f  m a g n e tic  fie ld  d is to r t io n s  g e n e r a te d  
b y  c e l lu lo s e  m ic r o b e a d s  la b e lle d  w ith  i r o n  o x id e  
n a n o p a r t ic le s  in  p h a n to m  s a m p le s

1 1 O leg  S h a v y k in
C o m p u te r  s im u la t io n  o f  o r ie n ta t io n a l  d y n a m ic s  in  
a lp h a -  a n d  e p s ilo n - ly s in e  p e p tid e s

1 2 A lin a  P ic h u g in a
A n a ly s is  o f  th e  k e r n s  o f  th e  Y u z h n o - 
C h e r e m s h a n s k y  f ie ld  b y  th e  m e th o d  o f  e le c t r o n  
sp in  r e s o n a n c e

1 3 E k a te r in a  K ry lo v a
M u lt in u c le a r  N M R  fo r  s t r u c tu r a l  s tu d y  o f  la m e l la r  
m o r d e n ite  a n d  Z S M -5  z e o li te s

1 4 A le x a n d e r  D m itr ie v
T w o -q u a n tu m  o p t ic a l ly  d e te c te d  r e s o n a n c e s  in  NV 
c e n te r s  in  d ia m o n d  in  z e r o  m a g n e tic  fie ld .

1 5 R o m a n  L o z o v

On th e  r e a l iz a t io n  o f  th e  e x t r e m e ly  s m a ll  v a lu e  o f  a  
T FC  a t  th e  fr e q u e n c y  6 .8 3 4  GHz o f  a to m ic  
m a g n e tic  r e s o n a n c e  in  q u a n tu m  fr e q u e n c y  
s ta n d a r d s  o n  8 7 R b -a b s o r p t io n  c e l ls  c o n ta in in g  
tw o  a n t i - r e la x a t io n  c o m p o n e n ts  ( c o a t in g  + in e r t  

g a s )

1 6 O leg  S h a v y k in
M o le c u la r  d y n a m ic s  s im u la t io n  o f  g lo b a l a n d  lo c a l  
d y n a m ic s  in  d e n d r ig r a f t  o f  s e c o n d  g e n e r a t io n

1 7 E m il F a tu lla e v
I n te r a c t io n  o f  d e n d r ig r a f t  o f  s e c o n d  g e n e r a t io n  
w ith  m o le c u le s  o f  LV F FA E  p e p tid e . M o le c u la r  
d y n a m ic s  s im u la tio n
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1 8 S o fia  M ik h ta n iu k
In v e s t ig a t io n  o f  c o m p le x  o f  ly s in e  d e n d r im e r  o f  
2 n d  g e n e r a t io n  w ith  8  m o le c u le s  o f  th e r a p e u t ic  
v e z u g e n  p e p tid e  b y  c o m p u te r  s im u la tio n

1 9 A le x e y  O s tra s
P h o s p h in e  O x id es  a s  P r o b e s  In  S tu d y  o f  H a lo g e n  
B o n d s : Q u a n tu m  C h e m is tr y  A p p r o a c h

2 0 M a ria  E g o ro v a
F lu c tu a t io n s  o f  lo c a l  e le c t r ic  f ie ld s  a t  L i+ , C l- ,  a n d  
N O 3 -  io n s  in  a q u e o u s  s o lu t io n  s tu d ie d  b y  C ar- 
P a r r in e l lo  m o le c u la r  d y n a m ic s  s im u la t io n s

2 1 A n a s ta s ia  N am
P a r t i t io n in g  o f  s o lu te s  b e tw e e n  m ic e lle s  a n d  w a t e r  
s tu d ie d  b y  d if fu s io n  N M R  a n d  m ic e l la r  liq u id  
c h r o m a to g r a p h y

2 2 R a d ik  Z a y n u llin
N M R  a n d  E P R  in  m e c h a n o c h e m ic a lly  s y n th e s is iz e d  
c h a lc o p y r ite  n a n o c r y s ta ls

2 3 V la d is la v  K o n o v a lo v
M ic r o s tr u c tu r e  a n d  d y n a m ic s  o f  io n s  in  m ix tu r e s  
o f  im id a z o liu m -b a s e d  io n ic  l iq u id s  w ith  w a te r .  A 
m o le c u la r  d y n a m ic s  s im u la t io n  stu d y .

2 4 S ta n is la v  G a rk a v y i
N u c le a r  s p in - la t t ic e  r e la x a t io n  6 3 C u  in  
s e m ic o n d u c to r  c o m p o u n d  CuA lO 2

2 5 P a v e l S im e s h c h e n k o
M u lt ip a r a m e te r  M R I p r o to c o l  fo r  e v a lu a t in g  th e  
r e s u lts  o f  s u r g ic a l  t r e a t m e n t  o f  b r a in  g lio m a s

2 6 R u s te m  K h u s n u td in o v
S p in -L a tt ic e  R e la x a t io n  o f  n u c le a r  s p in s  in  
m a g n e tic  s e m ic o n d u c to r  C u F e S 2

2 7 V ia c h e s la v  Iv a n o v
A d ju s ta b le  tu n in g  r a n g e  R F -c o il  fo r  h e te r o n u c le a r  
M RI

2 8 N a ira  K h u s n u td in o v a
M o d e lin g  o f  d y n a m ic s  a n d  c a lc u la t io n  o f  r e la x a t io n  
p a r a m e te r s  fo r  m o n o m e r  o f  b o v in e  in s u lin

2 9 V la d is la v  S a lik o v
P r o te in  u n fo ld in g  (d e n a tu r a t io n )  a s  m o n ito r e d  b y  
P FG  N M R  m e a s u r e m e n ts  o f  t r a n s la t io n a l  d if fu s io n

3 0 S e r g e y  S h u b in
E x p e r im e n ta l  r e s u lts  o f  a n  im p a c t  o f  th e  s p in  e c h o  
p u ls e  s e q u e n c e  o n  a  (-c o u p le d  tw o -s p in  s y s te m

3 1 V la d is la v  P a n o v M RI p r o je c to n  te c h n iq u e  in  lo w  m a g n e tic  fie ld

3 2 A n a s ta s ia  S k ly a ro v a
In f lu e n c e  o f  m o r p h o lo g y  o n  th e  m a g n e tic  b e h a v io r  
in  n a n o -E u F e O 3 : N M R  s tu d y
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Welcome to the School-Conference "Spinus" 
of Saint Petersburg State University

Spinus

T h e  St. P etersb u rg  S ta te  U n iv e rs ity  (S P S U )  h o ld s In tern atio n al S c h o o l-C o n fe re n c e  
“M a g n e tic  re so n a n ce  and its  ap p lica tio n ” S p in u s -2 0 1 9  in  th e 16 th tim e . “ Sp in u s” is  o rg an ized  
in  a cco rd in g  to  th e  su b je c ts  o f  re se a rch e s  and m a ste r ’ s d eg ree p rog ram s, w h ich  are d ev elop ed  
and im p lem en ted  in  th e  S P S U . In  m o d ern  p h y sics , th e  term  “ m ag n etic  re so n a n ce ” re fers  to  a 
set o f  p h en o m en a a cco m p a n ied  w ith  th e  em iss io n  o r  a b so rp tio n  o f  e le c tro m a g n e tic  w av es o f  
th e rad io freq u en cy  d iap aso n  b y  quantu m  sy stem s (n u c le i, e lec tro n s , a to m s, m o le cu le s , e tc .) . 
T h e se  p h en om en a, th e p h y sica l n ature o f  w h ich  is  o f  in d ep en d en t in terest, p rov ided  th e  b a sis  
o f  ra d io sp ec tro sco p ic  m eth o d s fo r  studyin g th e  structu re o f  m atter and p h y s ica l-ch e m ica l 
p ro ce s se s  in  it. T h e y  are a lso  u sed  fo r  th e c rea tio n  o f  quantu m  gen erato rs, a m p lifie rs , and 
m ag n eto m eters . F o r  th e d e v elo p m en t o f  id e as and ap p lica tio n s  o f  m a g n etic  re so n an ce  s ix  N o b el 
P riz es  w ere aw arded  in  th e  a re as  o f  p h y sics , ch e m istry , b io lo g y , p h y sio lo g y  and m ed ic in e  (the 
la tter w as in  2 0 0 3 ) .

P rim arily , m a g n etic  re so n an ce  m eth o d s are:

• N u c le a r  M a g n e tic  R e s o n a n c e  (N M R )

• E le c tro n  P aram ag n etic  R e so n a n c e  (E P R )

• N u c le a r  Q u ad ru p ole R e so n a n c e  (N Q R )
T h e se  m eth od s, b e in g  co n ta ctle ss , do n o t d estroy  an o b je c t  un d er a  study, th a t m ak es  

th em  un ique and in  dem an d n o t o n ly  in  p h y sics  and ch em istry , bu t a lso  in  m ed ic in e , g eo lo g y , 
b io lo g y , a rch e o lo g y . N o w , an y  m ed ica l ce n te r  w ith  h ig h  rep u tatio n  h as a  m a g n etic  re so n an ce  
im ag in g  (M R I) .  In  R u ssia , N M R  is  u sed  in  o il w ell lo g g in g , la b o ra to ry  an a ly sis  o f  th e 
p ro d u ctiv ity  o f  o il-b e a rin g  re serv o irs , a n a ly sis  o f  o il co n ten t and m o istu re  o f  seed s; E P R  
te ch n iq u e  is  u sed  fo r  g e o lo g ic a l research , n o n -d estru ctiv e  co n tro l o f  p recio u s s ton es, as w ell as 
fo r  th e dating  o f  p a le o n to lo g ica l a rt ifa c ts ; th ere  are N Q R  ap p lica tio n s  fo r  rem o te  d e tectio n  o f  
so lid  e x p lo s iv e s  and n a rco tics . M a g n eto m e try  m eth od s b ased  o n  m ag n etic  re so n an ce  are 
in d isp en sab le  fo r  carry in g  o u t a rc h a e o lo g ic a l research es .

T h e  d esig n atio n  “ s c h o o l-co n fe re n ce ” m ean s th at, on  th e  o n e  hand, th e  org an izers 
in clu d e in  th e p rog ram  th e  lec tu res, w h ich  re fle c t  th e  b a s ic s  o f  m ag n etic  re so n an ce  and cu rren t 
state o f  k n o w led g e and ex p e rie n ce  in  th is  fie ld , and, on  th e  o th er hand, as  w ell a s  at an y  
co n fe re n c e  it  is  ex p e cte d  to  d iscu ss  n ew  resu lts, o b ta in ed  b y  y ou n g sc ien tis ts , usin g m ag n etic  
re so n an ce  te ch n iq u es . I t  sh ould  b e  em p h asized  th a t ou r sc h o o l-co n fe re n ce  a im s n o t o n ly  to  
re search ers  sp e c ia liz in g  in  th e  fie ld  o f  m a g n etic  re so n an ce , bu t a lso  to  re p rese n ta tiv e s o f  o th er 
sc ie n ce s , w h ere th ese  m eth o d s can  be su c c e ss fu lly  applied .

E a r lie r  th e  sch o o l o rg an izers  w o rk ed  a t th e  D ep artm en t o f  quantu m  m ag n etic  
p h en o m en a (Q M P h ) o f  th e  S t. P etersb u rg  S ta te  U n iv ers ity , w h ich  w as fou n d ed  in  1 9 9 3  on  th e 
in itia tiv e  o f  P ro fe ss o r  V . I. C h iz h ik  on  th e b a s is  o f  th e  lab o ra to ry , c rea ted  in  th e 5 0 s  o f  th e last 
cen tu ry  b y  F . I. S k rip o v  at th e  D ep artm en t o f  R ad io  P h y s ic s  (th e  b ran ch  “Q u antum  
R a d io p h y s ics” ). O n  Ja n u a ry  1, 2 0 1 4 ,  th e D ep artm en t o f  Q M P h  jo in e d  th e un ited  D ep artm en t 
o f  n u c le a r-p h y sics  re sea rch  m eth o d s (H ead  o f  th e D ep artm en t is  C o rresp o n d in g  M e m b e r o f  th e 
R u ssia n  A ca d e m y  o f  S c ie n c e s , P ro fe s s o r  M ik h a il K o v a lch u k ). T h e  Q M P h  c o lle c t iv e  h as a 
n u m b er o f  p rio rity  w o rk s in  th e fie ld  o f  n u c lea r m a g n etic  re so n an ce . O n e  o f  th e  m o st s ig n ifica n t 
a c h iev em en ts  w as th e firs t in  th e w orld  im p lem en ta tio n  (in  1 9 5 8 )  o f  th e  F o u rie r  tran sfo rm  o f  a  
free  in d u ctio n  sign al in  ord er to  o b ta in  a  N M R  sp ectru m . C o n cu rren tly  w ith  th e re search  
activ ity , th e  s ta f f  o f  th e d ep artm en t are a c tiv e ly  in v o lv ed  in  th e d ev elo p m en t o f  p ractica l 
ap p lica tio n s  o f  m a g n etic  re so n an ce . T h e  d ep artm en t grad u ates w o rk  n o t o n ly  in  R u s s ia  and th e 
C IS , bu t a lso  in  S w ed en , U S A , N e w  Z ea lan d , E n g lan d , C u ba, G erm an y , F ra n ce , Ita ly , 
o ccu p y in g  p o sitio n s  from  a  h ig h ly  ad v an ced  o p era to r o f  rad io sp ectro m e ters to  a  p ro fesso r.
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T h e  m ain  re sea rch  areas d e v elo p in g  in  th e  team  o f  quantu m  m ag n etic  p h en om ena:

• N u c le a r  m a g n etic  re la x a tio n  in  liqu id s;

• N u c le a r  m a g n etic  re so n a n ce  in  so lid s, in clu d in g  m a g n e tica lly  ord ered  m ateria ls ;

• N M R  in liqu id  cry sta ls ;

• N M R  in h ete ro g en eo u s system s;

• M R I  in  w e a k  m ag n etic  fie ld s ;

• E le c tro n  p aram ag n etic  re so n an ce ;

• N u c le a r  m a g n etic  re so n a n ce  in  th e m a g n etic  fie ld  o f  th e  E arth ;

• T h e  quantu m  m ag n eto m etry  in  arch eo lo g y .

It is  ev id en t from  th e ab o v e  th a t th e  sco p e  o f  o u r re sea rch  in terests  is  q u ite  w id e. W e  are 
a lw ay s o p en  fo r  th e  co lla b o ra tio n  w ith  re sea rch ers  fro m  v ario u s fie ld s  o f  sc ie n ce .

O u r team  h as p u blish ed  a  series  o f  m o n o g rap h s, te x tb o o k s  and tra in in g  m an u als  on  
M a g n e tic  R e so n a n c e . F o r  ex am p le :

1. V la d im ir  I. C h izh ik , Y u ri S . C h ern y sh ev , A le x e y  V . D o n e ts , V ia tc h e s la v  F ro lo v , 
A n d rei K o m o lk in , M a rin a  G . Sh ely ap in a . M a g n e tic  R e so n a n c e  and  Its  
A p p lica tio n s . 2 0 1 4 ,  S p r in g e r-V e rla g . 7 8 2  pp. (N ow  a b o u t 2 7 8 0 0  dow nloads).

2 . К в а н т о в а я  ради оф и зи ка: м агн и тн ы й  р езо н ан с и его  п р и л о ж ен и я. У ч е б . 
п о со б и е . 2 -е  и зд ., п ер ер аб . П о д  р ед . В .  И . Ч и ж и ка. -  С П б .: И зд -в о  С .-П ете р б . 
у н -т а , 2 0 0 9 .  7 0 0  с.

3 . В .  И. Ч и ж и к . Я д ер н а я  м агн и тн ая р ел ак сац и я . У ч е б . п о со б и е . 3 -е  и зд . -  С П б .: 
И зд -в о  С .-П е т е р б . у н -т а , 2 0 0 4 .  3 8 8  с.

4 . П р акти ку м  п о м а гн и тн о м у  р езо н ан су . У ч е б н о е  п о со б и е . П о д  ред.
В . И. Ч и ж и ка. -  С П б .: И зд -в о  С .-П ете р б . у н -та , 2 0 0 3 .  1 8 4  с.

D r. S ci., P ro fe ss o r , S P S U , D e n is  A . M a rk e lo v  
C h a irm a n  o f  O rg a n iz in g  co m m ittee  o f  the 1 6 th S c h o o l- c o n fe r e n c e  

“M a g n e t ic  r e s o n a n c e  a n d  its a p p lica tio n s  ” S p in u s - 2 0 1 9
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Lectures

NMR studies of bulk and nanostructured ferroelectrics
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Introduction
W e  p resen t in  th is  lec tu re  a  sh ort re v iew  o f  ou r la s t stu d ies o f  fe rro e le c tr ic  m ateria ls  

u sin g  N u c le a r  m ag n etic  re so n an ce  (N M R ). T h e  m ain  a tten tio n  is  fo cu se d  on  th e im p a ct o f  size 
red u ctio n  on  th e  tem p era tu res o f  structu ral p h ase tran s itio n s  in  fe rro e le c tr ic  n an o p artic les  
em bed d ed  into  n an op orou s m a tr ices  (p o ro u s g la sse s , m o le cu la r  s iev es, p orou s alu m ina, and 
o p a ls). R e c e n t  resu lts  on  n ew  o rg an ic  b u lk  and n an ostru ctu red  fe rro e le c tr ic s  are a lso  reported.

Samples and experiment
T h e  sam p les under study are th e sodiu m  n itrite  (N a N O 2) n an o p artic les  em bed d ed  into  

m eso p o ro u s s ie v e s  and  p orou s a lu m in a  as  w ell as th o se  o f  its  a llo y s , th e R o c h e lle  sa lt 
n an o p artic les  co n fin ed  to  th e  s im ila r  p orou s m atrices , b u lk  and n an ostru ctu red  K D P  and D K D P  
(w ith  tw o d iffere n t le v e ls  o f  deu teration , 8 0 %  and m o re  th an  9 5 % ) , and n ew ly  d isco v e red  
o rg an ic  fe rro e le c tr ic s  d iiso p ro p y lam m o n iu m  ch lo rid e  (D IP A C ), d iiso p ro p y lam m o n iu m  
b ro m id e (D IP A B ), an d  th e ir  n an o p artic les  w ith in  s il ic a  op al m atrices.

T h e  m easu rem en ts w ere p erfo rm ed  u sin g  p u lse B ru k e r  A v a n c e  4 0 0  N M R  sp ectro m ete rs  
in  th e tem p eratu re ran g es w h ich  co v ered  th e  fe rro e le c tr ic  p h ase tran sitio n s. T h e  tem p eratu re 
v a ria tio n s  o f  th e N M R  lin esh ap e, lin e  p o sitio n s  (c h e m ica l sh ifts ) , and n u c lea r sp in -la ttice  
re la x a tio n  rate w ere o b serv ed . T h e  structu ral p h ase tran s itio n s  w ere d e tecte d  b y  a lte ra tio n s  in  
th e N M R  ch a ra c te ris t ic s  m en tio n ed  ab o v e . F o r  th e o rg an ic  fe rro e le c tr ic  m a ter ia ls  w e u sed  a 
standard 13C  c ro ss-p o la r iz a tio n  M A S  pu lse seq u en ce.

Results
It w as sh ow n  th a t co n fin ed  N a N O 2 and N N O 2-K N O 3 m ix tu res  w ith in  th e M C M -4 a  

m o le cu la r  s ie v e s  b e lo w  th e  b u lk  m eltin g  p o in t co n siste d  o f  tw o  parts w ith  re la x a tio n  tim e s 
w h ich  d if fe r  b y  tw o o rd ers in  m agn itu d e [1 ] . A  fra ctio n  under c o n fin e m e n t ex h ib ite d  b u lk -lik e  
p ro p erties  w ith  th e  fe rro e le c tr ic  p h ase tran s itio n  tem p eratu re s lig h tly  lo w er th an  th e  b u lk  
tran sitio n  tem p eratu re . T h is  fra ctio n  p rev ailed  b e lo w  and n ear th e  fe rro e le c tr ic  ph ase tran sitio n  
and its  am o u n t d e creased  stro n g ly  w h en  in crea sin g  tem p eratu re . F a s t  n u c lea r re la x a tio n  in  
an o th er fra c tio n  re v ea led  v e ry  h ig h  m o le cu la r  m o b ility . It d o m in ates ab o v e  5 1 0  K . It w as 
su g g ested  th a t fa s t re la x a tio n  co rresp o n d s to  m elted  o r p re -m elte d  state cau sed  b y  co n fin em en t. 
T h e  co rre la tio n  tim e  o f  e le c tr ic  fie ld  g rad ien t flu ctu a tio n s  w as fo u n d  fo r  th is  p art to  b e  sim ila r 
to  th o se  in  v isc o u s  liqu id s and th e  ac tiv a tio n  en erg y  w as evalu ated . T h e  s im ila r ity  o f  
fe rro e le c tr ic  p ro p erties  in  co n fin e d  and b u lk  w as d iscu ssed  and ascrib ed  to  th e  in flu en ce  o f  
lo n g -d ista n ce  in terp artic le  e le c tr ic  co u p lin g . In  co n trast, th e  fe rro e le c tr ic  ph ase tran sitio n  
tem p eratu re fo r  N a N O 2 em ved d ed  into  p o ro u s a lu m in a  in creased  co m p ared  to  b u lk  [2 ].

23N a  M A S  and M Q  M A S  N M R  sp e ctra  rev ea led  a  c o m p le x  structu re o f  R o c h e lle  salt 
w ith in  m o le cu la r  s ie v e s  [3 ]. T h e  m a jo r  part o f  p artic le s  w ith in  m o le cu la r  s ie v e s  had a  structu re 
s im ila r to  th a t o f  b u lk  R o c h e lle  sa lt w ith  p h ase tra n s itio n s  s lig h tly  sh ifte d  to  lo w  tem p eratu res. 
T h e  lo w e r tran s itio n  tem p eratu re in creased  fo r  R o c h e lle  sa lt em bed d ed  into  p orou s alu m ina. 
T h e  upper ph ase tran s itio n  w ith in  p orou s a lu m in a  sh ifted  to  h ig h  tem p eratu res ab o v e the 
d e co m p o sitio n  range.

T h e  fe rro e le c tr ic  ph ase tran sitio n  in  b u lk  K D P  w as fo u n d  to  co rre la te  w ith  th e  step -lik e  
ch an g e s  in  th e  c h e m ica l sh ift and lin esh ap e [4 ]. N o  ch a n g e s  co rresp o n d ed  to  th e fe rro e le ctr ic
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tran s itio n  w ere  see n  fo r  K D P  w ith in  p orou s g la sse s  [5 ]. S im ila r  resu lts  w ere  ob ta in ed  fo r  the 
b u lk  d euterated  sam p les.

T h e  ch an g e s  o f  31P  N M R  lin e  shape and lin e  p o sitio n  due to  th e  fe rro e le c tr ic  p h ase 
tran s itio n  w ere  o b serv ed  fo r  tw o k in d s o f  d euterated  n an o p artic les  em b ed d ed  into  opals. T h e  
p aram eters o f  th e  ch e m ica l sh ift ten so rs  w ere  ca lcu la ted  o n  th e b asis  o f  th e o b ta in ed  resu lts. 
T h e  p h ase tran s itio n  tem p eratu res w ere  fou nd  to  d e crease  co m p ared  to  b u lk  (F ig . 1).

F i g u r e  1. T em p era tu re  d e p e n d e n c e  o f  the 31P  c h e m ic a l shift a n iso tro p y  f o r  two 
d e u te ra te d  D K D P  sa m p les, b u lk  a n d  e m b e d d e d  into o p als

T h e  13C  C P -M A S  N M R  sp ectra  o f  D IP A C , b u lk  and em bed d ed  into  op al m a tr ices  
d em on stra ted  sig n a ls  fro m  fiv e  n o n e q u iv a len t c a rb o n  p o sitio n s  b e lo w  th e  p h ase tran s itio n  and 
th ree n o n e q u iv a len t ca rb o n  p o sitio n s  ab o v e th e p h ase tran sitio n . T h e  c le a r  sh ift o f  th e ph ase 
tran s itio n  tem p eratu re in  th e n a n o co m p o site  co m p ared  to  b u lk  w as n o t d e tected . H o w ev er, th e 
resu lts  sh ow ed  th at stru ctu ral ch an g e s in  b u lk  and n a n o co n fin e d  D IP A C  are m ore co m p lica te d  
th an  p rev io u sly  th ought.

T h e  N M R  studies re v ea led  c o m p le x  sp ectra  o f  D IP A B  due to  th e  c o e x is te n c e  o f  tw o 
d iffere n t c ry sta llin e  stru ctu res at ro o m  tem p eratu re . O n ly  tw o  lin e s  w ere  o b serv ed  ab o v e  th e 
tem p eratu re o f  th e fe rro e le c tr ic  p h ase tran s itio n  fo r  b o th  sam p les w h ich  co rresp o n d  to  tw o 
n o n e q u iv a len t ca rb o n  groups.

In  co n c lu s io n , our studies d em on strated  th at N M R  is a  p ow erfu l p ro b e to  g e t 
in fo rm atio n  o n  n an ostru ctu red  fe rro e le c tr ic  m a ter ia ls  and to  re v ea l ch a n g e s  co m p ared  to  b u lk  
ind u ced  b y  size  red u ctio n  and in flu en ce  o f  co n fin em en t.
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Supermagnonics at room temperature
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R u ss ia n  Q u antum  C en ter , M o sco w , R u ss ia  
Institut N eel, G ren o b le , F r a n c e  
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T h e  E le c tro n ic s  is  th e fie ld  o f  sc ie n ce  w h ich  d e scr ib e s  th e  n o n -lin e a r  b e h a v io r  o f  e le c tr ic  
curren t. It w as d ev elo p ed  fo r  a  cen tu ry . L a te r  th ere w as o b serv ed  th e  p h en o m en o n  o f  
su p ercu rren t -  th e  co h e ren t tran sp o rt o f  e le c tro n s  w ith o u t fr ic tio n . T h is  e f fe c t  fo rm s th e  b asis  
o f  n ew  ty p es  o f  e le c tro n ic s  -  Su p ere le ctro n ics . T h e  m ain  e le m e n t o f  S u p e re le ctro n ics  is  the 
Jo se p h s o n  co n n e c tio n  -  th e  in ter fere n ce  b etw ee n  th e co h e ren t w av e fu n c tio n  o f  e le c tro n s  on  
a  tw o sid es o f  w e ek  co n n e c tio n . T h is  e f fe c t  lead s to  a  c o n stru ctio n  o f  S Q U ID , th e 
su p ersen sitiv e  d ev ise  w h ich  can  m easu re  o f  a  qu an t o f  m a g n etic  fie ld . T h e  c irc u its  w ith  S Q U ID  
m ay  b e  u sed  as  an e le m e n t o f  quantu m  m em ory .

L a te r  th e n ew  ty p es  o f  n o n -lin e a r  p h en o m en a  w ere d ev elo p ed  -  S p in tro n ics  and 
M ag n o n ics . In  th e firs t ca se  th e  m ag n etic  m o m en t o f  e le c tro n s  ta k es  in  to  a cco u n t. Ind eed , th e 
Su p ersp in tro n ics  d o es n o t e x is t  b eca u se  th e  e le c tro n  C o o p e r pairs h as a  zero  m a g n etic  m om en t. 
T h e  M a g n o n ic s  ca se  re fe rs  to  in fo rm a tio n  tran sp o rt and sig n a ls  p ro cessin g  b y  sp in  w av es. 
A  m ag n on  cu rren t h as ad v an tag es as co m p ared  to  a  co n v en tio n a l sp in -p o larized  e lec tro n  
curren t. It d o es n o t in v o lv e  th e m o tio n  o f  e le c tro n s  and, th us, it  is  free  o f  Jo u le  h ea t d issip atio n . 
In  lo w -d am p in g  m a g n etic  d ie le c tr ic s  ( fo r  ex am p le , y ttriu m -iro n -g arn et, Y I G )  m ag n o n s can  
prop agate o v e r  m illim e te rs  d istan ces  w h ereas an e le c tro n -ca rrie d  sp in  cu rren t is  lim ited  b y  th e 
spin  d iffu sin g  len gth , w h ich  d o es n o t e x c e e d  on e m icro m e tre .

In d eed  th e co h e ren t m ag n o n  tran sp o rt w as o b serv ed  ab o u t 3 0  y e ars  ago  in  K a p itz a  
Institu t. In  d iffere n t w ith  a  sim p le  m a g n o n ics , th e m a g n etiza tio n  tran sp o rt b y  S u p erm ag n o n ics  
d e scrib ed  b y  a  c o h e re n t state o f  m ag n o n s -  th e m ag n o n s B o s e  C o n d en sa te . Its  g rad ien t lead s 
to  a  S p in  Su p ercu rren t. T h e re  w as o b serv ed  th e  Jo se p h s o n  E f fe c t , th e  m ain  n o n lin ear e f fe c t  o f  
Su p erm ag n o n ics. T h e  S u p erm ag n o n ics  w as o b serv ed  in  su p erflu id  3H e -B . M a g n e tic  su p erflu id  
3H e -B  is  a  3  su b la ttice  a n tife rro m ag n etic . T h e  o th er e x am p les , w h ere th e m ag n o n s B E C  w as 
o b serv ed  are su p erflu id  3H e-A , n u c le a r-e le c tro n  p re ce ss io n  in  a n tife rro m ag n ets  (М пС О з, 
C s M n F 3). R e c e n tly  th e  co n v en tio n a l m ag n o n  B E C  o f  m ag n o n s w ith  k = 0  w as o b serv ed  in  Y I G  
at room  tem p eratu re . T h e  p h en o m en o n  o f  Su p erm a g n o n ics  and Jo se p h s o n  E f fe c t  in  Y I G  w ill 
be p resen ted  in  th e lectu re.
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MRI Synopsis of the Physical and Hardware bases
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A  d id actic  g en era l o v e rv ie w  o f  th e M a g n e tic  R e so n a n c e  Im ag in g  (M R I)  is  p resen ted . 
T h e  ro le  o f  d iffe re n t e le c tro m a g n e tic  fie ld s  in  th e im a g e s  fo rm atio n . S im ila r ly , th e re la tio n sh ip  
b etw een  th ese  fie ld s  are d iscu ssed  [1 -8 ] :

• In ten sity , s ta b ility  and h o m o g en eo u s o f  ex tern a l h o m o g en eo u s M a g n e tic  fie ld  (B o ) ,

• T h e  pu lse shape, s ta b ility  and in te n sity  o f  G rad ien t o f  th e  M a g n e tic  F ie ld

• T h e  in ten sity , m o d u la tio n ’s law  an d p u lse d u ration  o f  R a d io fre q u e n cy  fie ld  ( R F B 1 )  
T h e  req u irem en ts an d  ch a ra c te ris t ic s  o f  th ese  fie ld s  in  o rd er to  m ak e p o ssib le  th e  M R

im ag in g  are em p h asiz in g . P h ase  and fre q u e n cy  c o d ific a tio n  a s  a  b ase  o f  th e  F o u rie r  im a g es  are 
p resen ted . T h e  P h ase  sp ace  are d efined . T h e  2 D  and 3 D  S p in  E c h o  ( S E )  and G rad ien t E c h o  
(G E )  pu lse seq u en ces  are d e lib erated  [1 -8 ] .

T h e  co n n e c tio n  b etw een  th e  G rad ien ts  ch a ra cte ris t ics , F ie ld  o f  V ie w  (F O V ), Sp a tia l and 
S p e ctra l re so lu tio n s, th e  m a tr ix  d im en sio n  and Im a g es  T im e  is  co n sid era te .

T h e  P h ase  sp ace  ch a ra c te ris t ic s  fo r  d iffere n t pu lse seq u en ces  and its  co n n e c tio n  w ith  
th e im a g e ’ s ch a ra c te ris t ic s  are d iscu ssed . T h e  re la tio n sh ip  b e tw ee n  th e  Im a g e s  C on trast, 
C o n trast N o is e  ra tio , S ig n a l N o ise  ratio  an d  Im a g es  T im e  o f  th e im a g e s  are b r ie f ly  evalu ated . 
S im ila r ly , th e  im a g e ’ s d isto rtio n s  and a rtifa c ts  ev alu ate  [1 -8 ] .

T h e  p o ss ib ilitie s  and ch a lle n g e s  o f  th e  M R I  fo cu s in g  in  th e  p h y sica l and te ch n o lo g ica l 
op p o rtu n ities  and re stric tio n s , are  p resen ted . U n d es ira b le  situ atio n s re la ted  to  fie ld s  in tera ctio n s  
and ed dy cu rren ts  it  is  ex am in ed . S o m e m eth o d s to o v e rco m e th ese  un w an ted  co n d itio n s  are 
d eliberated .

D iffe re n t a lte rn a tiv es  to  d e crease  th e  Im a g e s  T im e  k eep in g  and ev en  im p ro v in g  th e 
im ag es  ch a ra cte ris t ics  are ex p o sed : d iv erse  pu lse seq u en ces , th e  array  o f  R F  c o ils  and th e 
p ara llel im ag in g  in c lu d in g  th e  use o f  lo ca liz e d  g rad ien ts  b y  no lin e a r  g rad ien ts  [3 -9 ] .

T h e  o rig in a l, sim p le  and u se fu l ca se  o f  th e S in g le -s id e  N M R  is c o n c is e ly  
co m m en ted  [1 0 ] .

C u b a n 's  e x p e rie n ce s  c o n ce rn in g  to  th e  ca lcu la tio n , design , co n stru ctio n  and v a lid a tio n  
M a g n e tic  R e so n a n c e  (M R )  te ch n o lo g y  and in tro d u ctio n  in  th e  c lin ic a l p ra c tice  are m en tion . 
C u ban  M R  T e c h n o lo g y  in c lu d es  M R  re lax o m e ter , M a g n eto m e ters  and M R I  w h o le  b o d y  
m ach in es.
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The human brain: development and aging explored by MRI
U w e E i c h h o f f

B r u k e r  B io S p in  G m b H  (retired )
E - m a il: b a rb a ra .u w e @ t-o n lin e .d e

C o n tin u o u s hardw are d e v elo p m en t and n ew  ad v an ced  M R I  m eth o d s p lay  an  im p o rtan t 
ro le  in  ex p lo r in g  f in e s t a n a to m ica l d e ta ils  as w ell as o rg an iza tio n  o f  th e hum an  b ra in  and 
co n trib u te  to  th e  un derstand in g  o f  m en ta l p ro ce s se s . T h e  fo rm a tio n  and d e v elo p m en t o f  the 
brain  in  ea r ly  ch ild h o o d  can  be fo llo w e d  as w ell a s  th e  d e clin e  o f  co g n itiv e  a b ilit ie s  in  age.

T h e  w h o le en tity  o f  M R I  co n trast m ech a n ism s lik e  spin  density , T 2 , T 2 , T 2 * ,  m ag n etic  
su sce p tib ility , stru ctu ral an iso tro p y  a llo w  seg m en ta tio n  o f  b ra in  im ag es  in to  th e p articu lar brain  
an a to m ica l su bstru ctu res. B a s e d  on  th is  seg m e n ta tio n  D iffu s io n  T e n so r  Im ag in g  (D T I) , M R  
tracto g rap h y  and restin g  state fu n ctio n a l M R I  ( r s - fM R I)  a llo w  to  e lu c id a te  structu ral (D T I)  and 
fu n ctio n a l co n n e c tiv it ie s  ( f M R I )  b etw een  th e  v ario u s  brain  a re as  and c o m p le m e n t an a to m ica l 
fin d in gs.

T h e se  m eth o d s v isu a liz e  fu n ctio n a l co n n e c tiv it ie s  th rou gh  in  th e  B lo o d  O x y g e n  L e v e l 
D ep en d en t (B O L D  M R I  sig n a l). E v e n  in  co m p le te  re st th e  b ra in  is  a c tiv e  and o x y g e n  is  
ex tracted  fro m  b lo o d  and fresh  b lo o d  is  supplied. T h e  d e tec tio n  o f  th e  sm all sign al ch an g e s  
n eed s h ig h e st sen s itiv ity  and th e M R I  scan s m u st b e  rep eated  as fast as p o ssib le . S ta tis tica l 
ev a lu a tio n  an d  c ro ss -co rre la tio n  o f  th e  s ig n a ls  in  all v o x e ls  sh ow  sy n ch ro n y  o f  s ig n al lev e l 
flu ctu a tio n s  ev en  in  rem o te  b ra in  areas. T h is  a llo w s to  e s ta b lish  fu n ctio n a l n etw o rk s in  the 
brain .

T h e  m o st im p o rtan t n etw o rk s are th e D e fa u lt M o d e N e tw o rk  (D M N ), th e  S a lie n c e  
N etw o rk  (S N ) and th e  C en tra l E x e cu tiv e  N etw o rk  (C E N ). A n a to m ica l lo ca tio n s  w ith in  th e 
brain  sh arin g  tw o o r th ree  o f  th ese  n etw o rk s d eterm in e  o u r re la tio n  to  ex tern a l stim u li, our 
em o tio n a l re a ctio n  and a c tiv it ie s . A p p lica tio n s  to  au tism  b eg in n in g  in  e a r ly  ch ild h o o d  and 
d e clin e  o f  co g n itiv e  a b ilit ie s  in  ag e , su ch  as m ild  co g n itiv e  im p airm en t, A lz h e im e r d ise ase  w ill 
be d iscu ssed .

D eep  B ra in  S tim u la tio n  ( D B S )  h as b e co m e  n ow  a  w ell a cce p te d  th erap y  in  P ark in so n  
d isease . Its  a p p lica tio n  in  A lz h e im e r and d e p ressio n  is  still co n tro v e rsia l F u n ctio n a l M R I  a llo w s 
to  v isu a liz e  th e a re as o f  stim u la tio n  and to  fin d  th e op tim al lo ca tio n  fo r  th e  stim u latio n  
e lectro d es .
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Xe NMR technique: various applications
J a c q u e s  F r a is s a r d

S o rb o n n e  U niversities, 4  P la c e  Ju s s ieu , P a r is  
E S P C I , L P E M , 1 0  r u e  V a u q u elin , P a r is

T h e  129X e  N M R  te ch n iq u e  w as in it ia lly  in tro d u ced  in  1 9 8 0  [1 ] fo r  th e ch a ra cteriz a tio n  
o f  th e free  sp ace  o f  z e o lite s . T h e  ad sorb ed  129X e n o n  d etected  b y  N M R  is  an  e x c e lle n t probe 
to  d eterm in e m icro p o ro u s so lid  p ro p erties  d if ficu lt to  d e tec t b y  c la s s ic a l p h y s ico -ch e m ica l 
te ch n iq u es . In d eed  th e  v e ry  la rg e  and e x tre m e ly  p o larisab le  e lec tro n  c lo u d  o f  x e n o n  m ak es  th is  
a tom  p articu larly  sen sitiv e  to  its  im m ed iate  en v iro n m en t. S m a ll v a ria tio n s  in  th e p h y sica l 
in teractio n s  w ith  th e la tter cau se  m arked  pertu rb atio n s o f  th e  e le c tro n  c lo u d  w h ich  are 
tran sm itted  d irec tly  to  th e  x e n o n  n u cleu s and g rea tly  a f fe c t  th e N M R  c h e m ic a l sh ift.

S in ce  2 0 0 0 ,  th is  te ch n iq u e  h as ta k en  a  n ew  turn  w ith  th e ad v en t o f  h y p erp o larized  
x e n o n  [2 ] (H P -X e )  in  th e  ch a ra cteriz a tio n  o f  m a ter ia ls  and org an ism s. T h e  u se o f  H P -X e  
in cre a se s  th e se n sitiv ity  fo r  th e d e tectio n  o f  x e n o n  b y  sev era l o rd ers o f  m agn itu d e. T h e  ran ge 
o f  its  ap p lica tio n s  b e c o m e s  w id er e a ch  day.

T h is  te ch n iq u e  a llo w s th e d e term in atio n  o f  p ore size , lo ca tio n  and  ch arg e  o f  
co m p en sa tin g  ca tio n s , structu ral d e fec ts , d istrib u tio n  o f  ad sorbed  sp e cies , e tc . I t is  ap p lied  now  
fo r  th e ch a ra cteriz a tio n  o f  a  lo t o f  so lid s: m eso p o ro u s s ilica , c lay s, liqu id  cry sta ls , m eta l-o rg a n ic  
fram e w o rk  com p ou n d s (m a in ly  th e ir  e la s tic ity ), ca rb o n s, so lid  p o ly m ers, d iffu sio n  in  porou s 
stru ctu res and ev en  in  a rch a eo lo g y .

E n ca g e d  in  a  cry p to p h an e ca g e  b earin g  a  ligan d , x e n o n  is  a  v e ry  sen sitiv e  sen so r fo r  
d e tectin g  b io -m e d ic a lly  re le v an t p ro tein  ta rg e ts  o r  m eta l ca tio n s  in v o lv ed  in  m an y  p a th o lo g ica l 
and p h y sio lo g ica l p ro cesses . M e d ic a l ap p lica tio n s  in crease  e a ch  day, su ch  as: x e n o n  d isso lv ed  
in  th e b lo o d  fo r  th e m easu rem en t o f  th e  rate o f  b lo o d  in  arteries  and v e in s, x e n o n  im ag in g  in  
brain  o r hum an  lu n g s c o lle c te d  in  vivo  [3 ].

W e  w ill g iv e  so m e ap p lica tio n s  o f  th is  u n iv ersa l p ro b e in  th e  d o m ain s o f  m ateria ls , 
b io lo g y  and m ed icin e .
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Peculiarities, possibilities, and areas of applications 
of quantitative analysis by NMR in magnetic field of the Earth

V la d im ir  I. Chizhik, P a v e l  A . K u p riy a n o v

F a c u lty  o f  P h y sics , S a in t-P e te rsb u rg  Sta te  U niversity, U liano vskaya 1, 1 9 8 5 0 4 ,  
S a in t-P etersb u rg , R u ss ia  
E - m a il: v .c h iz h ik @ s p b u .ru

In  th e  S a in t-P etersb u rg  S ta te  U n iv ers ity , th e  fu n d am en tal re se a rch e s  in  th e a re a  o f  
n u clear m a g n etic  re so n an ce  (N M R ) h av e b een  carry in g  o u t s in ce  th e b eg in n in g  o f  th e  5 0 - ie s  
o f  th e la s t cen tu ry . B a s in g  on  th em , a  n u m b er o f  p ractica l ap p lica tio n s  h av e b een  d ev elop ed  
(se e , fo r  ex a m p le  [1 ] ) ,  and in  th e rep ort th e resu lts, o b ta in in g  in  th e  a re a  o f  N M R  in  th e m ag n etic  
fie ld  o f  th e  E arth , are p resen ted . T h e  N M R  se n sitiv ity  s tro n g ly  dep en d s o n  th e  m agn itu d e o f  a  
sta tic  m ag n etic  fie ld  B 0, bu t th e ex p e rie n ce  sh o w s th a t th e  reg istra tio n  o f  N M R  sig n a ls  is  
p o ssib le  ev en  in  th e E a rth  m ag n etic  fie ld  ( - 0 ,5 - 1 0 - 4  T l) .

F irst, th e  g en era l p ro b lem s o f  q u an tita tiv e  an a ly sis  u sin g  N M R  (ad v an tag es and 
d isad v an tag es) are  b r ie f ly  d escrib ed . T h e n , th e  n ew  o rig in a l d ev elo p m en ts o f  N M R  in  the 
m ag n etic  fie ld  o f  th e E a rth  are p resen ted :

( i )  T h e  p re -p o lariza tio n  o f  n u cle i u sin g  th e  a lte rn a tin g  m a g n etic  fie ld  o f  lo w  freq u en cy  
can  p rov id e th e  in crea se  in  se n sitiv ity  o f  th e  m eth od  and/or d e crea se  in  p o w er co n su m p tio n  
o f  a  sp ectro m eter. T h e  d e scrip tio n  o f  th e  p ro ce ss  can  b e  carried  o u t o n  th e  b a s is  o f  th e  B lo c h  
eq u atio n  u sin g  th e “ sw in g in g ” co o rd in a te  system .

( i i )  T h e  n eu tra liza tio n  o f  th e e f fe c t  o f  flu ctu a tio n s  o f  th e  E arth 's  m a g n etic  fie ld  g iv es  
th e p o ss ib ility  to  re a liz e  n e c e ssa ry  a ccu m u la tio n  o f  N M R  sig n a ls  fo r  th e  d e tectio n  o f  w e ak  
sa te llites  in  spectra .

T h e  m eth od  co n sid ere d  a llo w s  th e  a n a ly sis  o f  liqu id s en c lo s e d  in  sea led  co n ta in e rs  
(in clu d in g  b o ttle s ) o f  v a r io u s  v o lu m e s and sh ap es. B e s id e s , it  is  p o ssib le  to  an a ly ze  liq u id s  in  
co n ta in e rs  (c a n s), th e  sh e lls  o f  w h ich  are m ad e fro m  th in  n o n -m ag n e tic  m eta ls  bu t in  th is  case  
th e th ick n e ss  o f  sh ell w a lls  m u st be m u ch  le ss  th an  a  sk in -la y e r  fo r  e le c tro m a g n e tic  w av es in  a 
m eta l. T h e  N M R  fre q u e n cy  fo r  'H  n u cle i in  th e  E a r th ’ s m a g n etic  fie ld  is  ab o u t 2  kH z and th e 
sk in -la y e r  fo r  co p p er and alu m inu m  is  ap p ro x im ate ly  o f  2  m m .
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EPR and NMR study of nitric oxide - an interesting molecule 
for bio-medical applications

D ie t e r  M ic h e l, M a rk o  B ertm e r , a n d  J u r g e n  H a a s e

L e ip z ig  U niversity, F a c u lty  o f  P h y s ic s  a n d  E a rt h  S c ie n c e s ,
L in n e -S tra s s e  5, D - 0 4 1 0 3  L e ip z ig

N O  m o le c u le s  are o f  p articu lar in terest b eca u se  o f  th e ir  bro ad  b io lo g ica l-m e d ica l 
ap p lica tio n s. F ro m  th e p h y sica l p o in t o f  v iew , N O  m o le c u le s  are v e ry  in terestin g  b eca u se  th ey  
p o sse ss  an  unpaired  e lec tro n , and th e y  rev eal in terestin g  co u p lin g  p h en o m e n a  b e tw ee n  the 
e lec tro n  spin, th e o rb ita l an g u lar m o m en tu m , and th e an g u lar m om en tu m  due to  th e  free  ro ta tio n  
o f  th e  N O  m o le cu le s . In  th e  liqu id  ph ase th e N O  m o le cu le s  sh ow  th e  te n d en cy  to  fo rm  N O -N O  
d im ers.

T h e  in terestin g  p ro p erties  o fN O  m o le c u le s  are a c c e s s ib le  o n  th e  b a s is  o f  E P R  und N M R  
studies. D eta iled  stu d ies o f  th e  b eh av io u r o f  N O  m o le c u le s  ab o v e  th e b o ilin g  p o in t are carried  
o u t b y  m ean s o f  E P R  m easu rem en ts w h ich  are run o v e r  a  broad  ran ge o f  tem p eratu res. 
15N  N M R  m easu rem en ts o f  h ig h ly  15N  en rich ed  N O  m o le cu le s  can  b e  o n ly  carried  o u t in  the 
liqu id  p h ase o f  N O  (an d, in  p rin cip le , a lso  fo r  so lid  N O ) and th ey  are v e ry  su itab le  to  understand 
th e eq u ilib riu m  b etw ee n  N O  and d im ers o f  N O  in  th e liqu id  ph ase. M o re o v er, th e  ad sorp tion  
b eh av io u r o f  N O  m o le cu le s  in  p orou s m ed ia  (m a in ly  in  z e o lite s  o f  ty p e N a A ) w as in v estig ated . 
A t lo w  tem p eratu res th e N O  m o le c u le s  w ere fou nd  to  be co o rd in ated  to  th e sod iu m  io n  (in  the 
z e o lite  fra m e w o rk ) in  a  b en t c o m p le x  structu re. T h e  E P R  sp e ctra  are su b jec ted  to  m o tio n al 
av erag in g  b y  a  tw o -s ite  ju m p  p ro cess  b etw ee n  tw o c h e m ic a lly  id e n tica l c o m p le x  stru ctu res at 
T  >  3 0  K . D eso rp tio n  p ro ce s se s  o f  th e  N O  m o le c u le s  fro m  th e L e w is  a c id  cen tre s  m a n ife st 
th e m se lv es  in  h o m o g en eo u s lin e  b ro ad en in g  e f fe c ts  in  th e E P R  sp e ctra  fo r  N a + -N O  ad sorp tion  
c o m p le x  a t h ig h e r tem p eratu res. In  th is  m od el, th e h o m o g en eo u s lin ew id th s are d e term in ed  by  
th e life t im e  o f  th e  ad sorp tio n  c o m p le x  and prov id e a  d irect m easu re o f  th e  ad sorp tion  en erg y  
o f  N O  at th e sodiu m  ca tio n  sites . F u rth erm ore, d e so rp tio n  o f  th e  n itric  o x id e  fro m  th e  z e o lite  
can  b e  m o n ito red  sim u ltan eo u sly  b y  th e  E P R  sign al b eca u se  free  N O  m o le c u le s  in  th e  g as ph ase 
lead  to  q u ite  ty p ica l E P R  spectra.

T h e  a u th o rs  a r e  v e ry  g r a te fu l  to D r . T h o m a s R u d o l f  R esu lts  o f  E P R  a n d  15N  N M R  
m e a su rem en ts  w ill b e  p r e s e n t e d fo r  N O  m o le cu le s  in  th e  g a seo u s , liq u id  a n d  a d s o rb e d  state f o r  
its v a lu a b le  co n trib u tio n s  by m e a n s  o f  E P R  s p e ctro s co p y  a n d  to A ra fa t  K a h n  f o r  its N M R  work. 
M o reo v e r, the p e r m a n e n t  su p p o rt  o f  P ro f. A n d r e a s  P o e p p l  is g rea tly  a ck n o w led ged .
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Comparison of ionic liquids and highly concentrated 
electrolyte solutions: similarity and differences 

in structure and in dynamics
V la d im ir  V. M a tv eev 1, A le x a n d r  V. Iev lev 1, K o n sta n tin  V. Tyutyukin1, L u is  M . V a rela 2

d e p a r t m e n t  o f  N u c le a r  P h y s ic s  R e s e a r c h  M eth o d s , S a in t P e t e r s b u r g  Sta te  University,
1 9 9 0 3 4 , 7 /9  U n iversitetskay a n a b ., S a in t  P e t e rs b u r g , R u ss ia
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C o n d en sa d a , U n iv ersid a d e  d e  S a n tia g o  d e  C o m p o stela , C a m p u s  V id a  s /n  E - 1 5 7 8 2 ,  S a n tia g o
d e  C om p o stela , S p a in
E - m a il: v .m a tv e e v @ s p b u .ru

Io n ic  liq u id s  (IL ) , i.e . sa lts  w ith  an o rg an ic  ca tio n  an d  a  lo w  m eltin g  point, are in  re ce n t 
d ecad es th e  m o st actu al liq u id  sy stem s. T h is  is  due to  th e ir  un ique p h y s ico ch e m ica l p rop erties 
and a p p lica tio n  p ro sp ects  in  v ario u s  fie ld s  o f  sc ie n ce  and te ch n o lo g y . IL s  are w id ely  studied 
u sin g  v ario u s ex p erim en ta l te ch n iq u e s  and co m p u te r sim u la tio n  m eth ods.

N u c le a r  m a g n etic  re so n an ce  (N M R ) is  o n e  o f  th e m o st e f fe c tiv e  m eth o d s o f  studying 
liqu id  sy stem s. Io n ic  liqu id s re p resen t a  fa v o ra b le  ta rg e t o f  all th ree  o f  th e  m ain  v a r ie tie s  o f  
N M R  te ch n iq u e  - -  sp ectra , re lax a tio n , d iffu so m etry  -  to  o b ta in  ex te n s iv e  and, in  m an y  ca se s , 
un ique in fo rm a tio n  b o th  on  th e  lo ca l structu re and on  th e  tran sla tio n a l an d  o rien ta tio n  d y n am ics 
in  th ese  system s.

In  th e  firs t part o f  th e  rep ort th e m ain  re su lts  reach ed  b y  N M R  fo r  IL s  o f  v ario u s  ty p es 
are b r ie f ly  an aly zed . T h e  ad d ition al o p p o rtu n ities  o f  th e  te ch n iq u e  in  su ch  sy stem s are 
d em on stra ted  in  co m p ariso n  w ith  n orm al liqu id s and so lu tio n s o f  in o rg an ic  sa lts. C h a ra c te ris tic  
e x a m p les  o f  tem p eratu re d e p en d en ces o f  sp in -la ttice  N M R  re la x a tio n  o f  13C  and 'H  n u c le i fo r 
so m e im id azo liu m -b ased  IL s  are show n. T h e se  d e p en d en ces a llo w  on e to  o b ta in  in fo rm atio n  
co n cern in g  th e o rien ta tio n  m o b ility  o f  th e ca tio n  fu n ctio n a l grou p s a s  w ell as o f  io n s  m o b ility  
as a  w h o le  [1 , 2 ] . A ls o  w e d em on stra te  so m e erro rs in  in terp reta tio n  o f  th e  ex p erim en ta l 
re la x a tio n  d ata  w h ich  w ere u sed  in  e a r lie r  p u blish ed  a rtic les .

B e s id e s  w e co n sid ere d  ach ie v e m e n ts  o f  N M R  sp e ctro sco p y  in  th e  te stin g  o f  e lec tro ly te s , 
w h ich  are p ro m isin g  fo r  use in  su p ercap acito rs an d  o th er e le c tro ch e m ic a l d e v ice s  o f  n ew  
g en eratio n s. F o r  ex am p le , so lu tion s o f  in o rg an ic  sa lts  in  s o -c a lle d  “p ro tic” IL s  sh ow  th e 
e f fe c tiv e n e s s  o f  th e  u se o f  N M R  to  study th e ir  lo ca l co m p o sitio n  and structu re [3 ].

In  th e  seco n d  part o f  th e rep ort cu rren t id eas are d iscu ssed  ab o u t th e  h e te ro g en eo u s 
structu re o f  so m e io n ic  liq u id s  and IL -b a s e d  liqu id  system s. W e  h av e an a ly zed  th e  ex is tin g  data 
on  p o ssib le  h e te ro g en e ity  w h ich  w ere o b ta in ed  b y  v ario u s te ch n iq u es , in c lu d in g  N M R .

Acknowledgements
T h e  w o rk  w as p a rtly  s u p p o rt e d  by R F B R , g r a n t  # 1 7 - 0 3 - 0 0 0 5  7. T h e  N M R  m ea su rem en ts  

h a v e  b e e n  c a r r i e d  ou t p a rtia lly  in  th e  C e n t e r  f o r  M a g n e t ic  R e s o n a n c e  o f  R e s e a r c h  P a r k  o f  St. 
P e t e r s b u r g  S ta te  U niversity.

References
1. V .V . M atv eev  et al. P C C P . 2 0 1 4 ,  1 6 . 1 0 4 8 0 -1 0 4 8 4 .
2 . V .V . M atv eev  et al. M ag n . R e so n . C h em ., 2 0 1 8 ,  5 6 . 1 4 0 -1 4 3 .
3 . V .V . M atv eev  et al., J .  M o l. L iq ., V o l. 2 7 8 ,  2 0 1 9 ,  pp. 2 3 9 -2 4 6 .

47

mailto:v.matveev@spbu.ru


Lectures

Hyperpolarized (hp) 83Kr and hp 129Xe as MRI contrast agents
T. M e e r s m a n n

S i r  P e t e r  M a n s fie ld  I m a g in g  C en tre , D iv isio n  o f  R esp ira to ry  M e d ic in e , S c h o o l  o f  M ed ic in e , 
U niversity  o f  N ottingha m , N ottingha m , N G 7  2R D , U n ite d  K in g d o m
D e p a rtm e n t  o f  E le c t r i c a l  a n d  E le c t ro n ic  E n g in e e r in g , U niversity  o f  N ottingha m , N in g b o , P R  
C h in a

T h e  d e v e lo p m en t o f  m ag n etic  re so n an ce  im ag in g  (M R I)  w ith  h y p erp o larized  n o b le  
g ase s  h as resu lted  in  a  n u m b er o f  e x c e lle n t p ro to co ls  to  p robe d iffe re n t structu ral and fu n ctio n al 
a sp e cts  o f  lu n g s in  h ea lth  and d ise ase . T e c h n o lo g ic a l im p ro v em en ts h av e  en ab led  p u lm on ary  
h y p erp o larized  (h p ) 129X e  M R I  a t h ig h  spatia l reso lu tio n , in  p articu lar to  prov id e fu n ctio n a l 
m ap s o f  lung v e n tila tio n . Fu rth erm ore , tissu e  so lu b ility , larg e  ch e m ica l sh ift ran ge, and 
in teractio n  w ith  s p e c ific  sen so r m o le c u le s  a llo w s fo r  a  v a r ie ty  o f  b io m e d ica l hp 129X e  
ap p lica tio n  and so m e re ce n t d ev elo p m en ts w ill b e  d iscu ssed  [1 , 2 ] .

(a) (b)

F i g u r e  1. (a) 83K r  s u r fa c e  q u a d ru p o la r  rela xa tio n  (S Q U A R E ) Ti m a p  o f  a  co n tro l ra t  lu n g  
(left) a n d  o f  a n  em p h y sem a  m o d e l lu n g  (right. T h e  b lu e  c o lo r  in d ica tes  fa s t  rela xa tio n  (a bo ut  

1 -  1 .2  s ) w h ile  g r e e n  c o lo r  in d ica tes  s lo w er  rela xa tio n  d u e  to r e d u c e d  s u r fa c e  to v o lu m e  
ra tio n s in  the em p h y sem a  m o del. T h e  h isto g ra m s (below ) show  the m a g n itu d e  o f  the effect. 
(b ) C atalytic co m b u stio n  o f  the H 2 b u ffe r  g a s  in  the p r e s e n c e  o f  O 2 lea v in g  p u r e  H p  K r  ga s . 

T h e  m a jo r  co m b u stio n  ev en t  is  la rg e ly  c o m p le te d  w ithin the s h o rt  tim e sp a n  o f  1 0  m s a n d  
lea v es  the h y p e rp o la r iz e d  sta te fu l ly  p r e s e r v e d

S u cc e s s fu l im p lem en ta tio n  o f  hp M R I  ty p ica lly  requ ires g rea t ca re  to  red u ce re la x a tio n  
o f  th e p re cio u s h y p erp o larized  spin  state  and th e a sso c ia te d  sign al lo ss . H o w ev er, ou r g roup  h as 
m ade s ig n ifica n t p ro g ress w ith  hp 83K r, a  stab le , n u c lea r  sp in  I =  9/2 iso to p e  th a t a cco rd in g  to  
‘co m m o n  w isd o m ’ w as an  u n lik e ly  can d id ate fo r  hp M R I  a p p lica tio n s  b eca u se  o f  its  fast 
q uad rupolar re la x a tio n . T h e  ap p aren t d isad v an tag e ca n  be tu rn ed  in to  a  u sefu l p robe fo r
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su rfaces, as quad rupolar re la x a tio n  requ ires th e  p re sen ce  o f  flu ctu a tin g  e le c tr ic  fie ld  grad ien ts 
(E F G s )  th a t are p re d o m in ate ly  g en erated  during ad sorp tion  on  su rfaces. W e  h ave d em on strated  
83K r  su rface  qu ad ru p olar re la x a tio n  (S Q U A R E )  T 1 m aps o f  an e m p h y se m a m o d el in  e x c is e d  
rod en t lu n g s [3 ] -  see F ig . 1a.

H o w ev er, th e  d istin c t p h y sica l p ro p erties  o f  83K r  th a t en ab le  u n ique M R I  co n trast a lso  
co m p lica te  th e p rod u ction  o f  hp 83K r. B y  a lterin g  th e b u ffe r  gas, used  in  sp in  e x ch a n g e  o p tica l 
pu m pin g (S E O P ), fro m  m o le cu la r  n itro g en  to  m o le cu la r  h yd rogen , w e p re sen t a  ra d ica lly  n ew  
ap p roach  fo r  th e  p ro d u ctio n  o f  h y p erp o larized  co n tra st ag en ts [4 ]. T h is  a llo w s fo r  th e  firs t tim e, 
th e p ro d u ctio n  o f  h ig h ly  co n cen tra ted  h y p erp o larized  83K r  th rou gh  th e  use o f  ca ta ly tic  
co m b u stio n  to  re a c tiv e ly  p u rify  th e n o b le  g as (s e e  F ig . 1b ).
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Low field 14N NMR as a tool for estimation of quadrupole 
coupling constants and correlation times in liquids

d e p a r t m e n t  o f  P h y sics , G e b z e  T e c h n ic a l  U niversity, 4 1 4 0 0  G eb z e/K o ca e li , T u rk ey  
2I. K a n t  B a ltic  F e d e r a l  U niversity, 2 3 6 0 4 1  K a lin in g ra d , R u ss ia n  F e d e r a t io n  
3E . Z avoisky P h y s ic a l-T ec h n ic a l Institute, F R C  K a z a n  S c ien tific  C e n t e r  o f  R A S, 4 2 0 0 2 9  
K a za n /T a ta rsta n , R u ss ia n  F e d e r a t io n  
E - m a il: m g e o r g e @ y a n d e x . ru

Introduction
It is  w ell k n ow n  th a t a  n u m b er o f  e n erg etic  and e x p lo s iv e  liqu id  su b stan ce s  co n ta in  

n itro g en  in  th e ir  structu re. F o r  th is  reason , th e  d e tec tio n  o f  14N  N M R  sign al h as b een  p rop osed  
b y  P . P rado e t  al. as an  im p o rtan t c r ite r ia  o f  th e ir  d isc rim in a tio n  [1 , 2 ] .  A n  ad v an tage o f  14N  
N M R  is  a  fa s t d e tec tio n  p roced u re due to  ra th er sh o rt re la x a tio n  tim es. B e s id e s , a lread y  th e fa c t 
o f  d e tec tio n  o f  14N  N M R  sign al a la rm s a  secu r ity  th reat. H o w ev er, th e  14N  N M R  d e tec tio n  o f  
e n erg etic  su b stan ce s  is  a  c h a llen g in g  te ch n ica l ta s k  due to  a  v e ry  sm all S N R  fo r  n itro g en  N M R  
sig n al. In  th is  w ork, the co rre la tio n  tim e s  o f  th e  m o le cu la r  m o tio n  v ersu s the n u c lea r  quad rupole 
co u p lin g  co n sta n ts  o f  a  n u m b er o f  n itro g en -co n ta in in g  su b stan ce s  w ere estim ated  from  
exp erim en ta l data.

Experimental details and samples
T h ree  groups o f  n itro g en  liq u id s  w ere studied  b y  lo w  fie ld  14N  N M R . T h e  firs t group 

w as th e  liq u id s w ith  n itro  (N O 2 ) group: n itro m eth an e, n itro eth an e, n itro b en zen e and sodium  
n itrite  w ater so lu tion s. T h e  seco n d  group w ere n itra tes w ith  th e  N O 3 group: w ater so lu tio n s  o f  
n itric  acid , am m on iu m  n itrate , p o tassiu m  n itrate , lead  n itrate , an d  m ag n esiu m  nitrate 
h exah y d rate . T h e  th ird  group w ere so m e to x ic  and fla m m a b le  m ateria ls : a ce to n itr ile , 
tr ie th an o lam in e, d im eth y lfo rm am id e and d im eth y lacetam id e.

L o w  fie ld  14N  N M R  setup w as assem b led  fo r  th e stu d ies o f  th ese  su b stan ces, co n sistin g  
o f  th e  p erm an en t m a g n et sy stem  w ith  a  m ag n etic  fie ld  o f  0 .5 7 5  T , a  h o m e-m ad e R F  probe , 
T e c m a g  A p o llo  N M R  co n so le  and 5 0 0  W  T o m co  p o w er am p lifie r. T h e  re su lts  o f  the 
m easu rem en ts o f  re la x a tio n  p aram eters o f  th e se  su b stan ce s  and d iscu s sio n  o f  th e  re ce iv ed  
resu lts  in  re la tio n  to  th e p ro sp ects  o f  14N  N M R  fo r  th e  d e tec tio n  o f  d an g ero u s su b stan ce s  h ave 
b een  a lread y  p resen ted  in  [3 ] . In th is  w ork, w e p resen ts th e ca lcu la tio n s  o f  q uad rupole co u p lin g  
co n stan t v a lu es  o f  th ese  su b stan ces as  w ell a s  co m p ared  th e  d iffere n t m eth o d s o f  th eir 
ca lcu la tio n s .

Calculation of quadrupole coupling constants
F o r  n u c le i w ith  sp in  I >  1/2, th e  m ain  in tera ctio n  is th e  quad rupole in teractio n , i.e . th e 

in tera ctio n  o f  n u cleu s q uad rupole m o m e n t w ith  th e e le c tr ic  fie ld  g rad ien t (E F G )  o f  surrounding 
e lec tro n s . In  liqu id s, th e  co m p o n en ts  o f  th e  quad rupole in tera ctio n  te n so r  flu ctu a te  ran d o m ly  
w ith  tim e  p rov id in g  th e  quad rupole m ech a n ism  as  th e  m ain  re la x a tio n  m ech an ism  [ 4 ] .T h e  
p aram eters o f  sp in  la tt ic e  (lo n g itu d in a l) an d  sp in -sp in  (tra n sv e rse ) re la x a tio n  in  th is  ca se  are 
fo llo w in g :

w h ere (T 1) q and ( T2) q are lon g itu d in al and tran sv erse  re la x a tio n  tim e s  co rresp o n d en tly , eqzz 

is  th e p rin cip al co m p o n en t o f  e le c tr ic  fie ld  g rad ien t (E F G )  ten so r, n  =  (Vxx-Vyy)/Vzz is  
asy m m etry  p aram eter E F G , Vu are th e p rin cip al co m p o n en ts  o f  E F G  ten so r, Q  is  quad rupole 
m o m en t o f  n u clear, an d  h  is  P la n c k  con stan t.

G. V. M o zzh u k h in 1, G. S. K u p riy a n o v a 2, S. Sh . M a m a d a zizo v 12, B . Z. R a m e e v 13

(1 )
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U sin g  th e lo n g itu d in al re la x a tio n  tim e s  g iv en  in  [3 ] and a cce p tin g  quad rupole 
m ech an ism  as d o m in atin g  ch an n el in  th e re lax a tio n , it  is  p o ssib le  to  estim ate  th e co rre la tio n  
tim e  o f  m o le cu la r  m o tio n , i f  th e quad rupole co u p lin g  co n sta n t (Q C C ):

e 2 QqZzc q
h

(2 )

and a sy m m etry  p aram eter n  are k n ow n . O n  th e  o th er hand, it  is  p o ssib le  to  e x tra c t in fo rm atio n  
on  th e  q uad rupole c o n sta n t i f  th e co rre la tio n  tim e  o f  m o le cu la r  m o tio n  is  k n ow n . It is  e a s y  to  

sh ow  th a t th e e f fe c t  o f  th e  asy m m etry  p aram e ter in  th e E q . 1 is  v e ry  sm all (n e g le c tin g  n  resu lts 
in  3 %  erro r in  ca lcu la tio n s  a t m o st) fo r  a ll studied  co m p o u n d s, th ereb y  w e ex c lu d ed  it  fro m  the 
fu rth er co n sid era tion .

U sin g  D e b y e  m od el [5 ] th e co rre la tio n  tim e  o f  ro ta tio n a l m o tio n  o f  sp h eroid  m o le cu le s  
in  so lu tion  in  d iffu sio n  lim it is  d e fin ed  b y  m o le cu la r  v o lu m e Vmol, v is c o s ity  an d  tem p eratu re o f  
so lu tion  as  fo llo w s:

T C
Ana1
3kT

a  = a ,
kT

(3 )

w h ere a  is  rad ius o f  sp h eroid  m o le cu le  o f  v o lu m e Vmol, о  is  a  v isco s ity , к  is  a  B o ltz m a n n  
co n stan t, T  is  a  tem p eratu re . It is  sup posed  th a t a  m o le cu la r  m o tio n  is  an iso tro p ic  m o lecu la r  
m o tio n . T h e re fo re , u sin g  ou r T 1 re la x a tio n  d ata  an d  E q . 1 w e can  ca lcu la te  co rre la tio n  tim e s  as 
a  fu n c tio n  o f  in v erse  p rod u ct o f  square Q C C  v alu e w ith  T 1 fo r  th e  m easu red  co m p o u n d s and 
co m p are  th em  w ith  th e litera tu re  d ata  [6 -8 ] .  I t sh ou ld  b e  n oted  th a t th e Q C C  v a lu es, o b ta in ed  
in  d iffe re n t w orks, re v ea ls  e sse n tia l spread. T h e re fo re , ou r e stim a tio n s  can  a lso  co n trib u te  to  
c la r ify in g  th e  C q valu es.

T h e  ca lcu la tio n s  o f  co rre la tio n  tim e s  fo r  p lan ar m o le cu le s  w ere carried  o u t based  o n  tw o 
ap p ro ach es. T h e  fir s t  m od el assu m e s th a t th e m o le c u le s  h av e a  so lid  sphere under th e 
reo rien ta tio n  in  a  v isc o u s  m ed ia  and th e co rre la tio n  tim e  is  d e term in ed  u sin g o f  th e  S to k e s- 
D e b a y  fo rm u la  [5 ] . V is c o s ity  c o e ff ic ie n ts  are ta k en  n ear room  tem p eratu re fro m  litera tu re. T h e  
d im en sio n s  o f  m o le c u le s  w ere estim ated  in  th e ap p ro x im atio n  o f  h ex ag o n a l c lo s e  p ack ed  so lid  
sphere [8 ] ,

4 n a 3 

' 3 N
(4 )

w h ere Vmol is  a  m o lar v o lu m e, No is  A v o g a d ro ’s n um ber.
T h e  seco n d  ap p ro ach  ta k es  in to  a c co u n t th a t th e in v estig a ted  m o le c u le s  can  be 

co n sid ered  as  p lan ar o n es. In  th is  ca se , th e L a m b  m od el can  b e  used  fo r  ca lcu la tin g  th e  e ffe c tiv e  
m o le cu la r  v o lu m e [9 ]. L a m b  sh ow ed  th a t (e d g e -to -e d g e ) th e  m o tio n  o f  an  in fin ite ly  th in  c ircu la r  
d isk  o f  rad iu s z  th rou gh  a  v isc o u s  flu id  co llid e  w ith  th e  sam e fr ic tio n a l re s is ta n ce  as th e sphere 
o f  rad ius r g iv en  b y  th e  fo rm u la  r =  0 .5 6 6  z . T h e  e f fe c tiv e  v o lu m e is  fo llo w in g :

4 n 3 = 0 .7 6  z 3 (5 )VQ = - 3
E ffe c tiv e  m o le cu la r  v o lu m e s and th e co rre la tio n  tim e s fo r  sod iu m  n itrite , n itrom eth an e 

and n itro eth an e w ere estim ated  b y  th e  fo rm u las  (3 )  and  (5 ) . C o m p ara tiv e  d ata  on  th e co rre la tio n  
tim e s  o b ta in ed  u sin g  th e  a b o v e -m en tio n e d  ap p ro ach es are p resen ted  in  th e  F ig . 1 (a , b ). I t can  
be seen  th a t th e resu lts  o b ta in ed  usin g th e L a m b  m od el are c lo s e  to  th e  co rre la tio n  tim e s 
o b ta in ed  fro m  th e ex p erim en ta l re la x a tio n  tim e  T 1, w h ereas th e co rre la tio n  tim e s  ca lcu la ted  
fro m  th e D e b y e  m od el d if fe r  from  th e ex p erim en ta l o n es b y  sev era l tim es.
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1/(QCC)'

a b
F i g u r e  1. T h e d e p e n d e n c e s  o f  the co rre la tio n  tim es f r o m  (1 /(T 1 C q 2)  c a lc u la te d  

by the u se  o f  L a m b  (left) a n d  D e b a y  (righ t) m o d els  a n d  ex p erim en ta l data

Conclusions
T h e  ob ta in ed  ex p erim en ta l data [3 ] m ad e p o ss ib le  estim a tio n  o f  th e c o rre la tio n  tim e s o f  

th e  m o le cu la r  m o tio n  (o r  v ic e  v e rsa , th e  q uad rupole co u p lin g  co n stan ts  i f  th e  co rre la tio n  tim e 
is  k n o w n ). T h e  re su lts  re ce iv e d  fo r  th e c o rre la tio n  tim e s  as a  fu n c tio n  o f  ( 1 /(T1 Q 2) )  w ere 
co m p ared  w ith  p rev io u s w o rk s and  re v ea led  sa tis fa cto ry  co rre la tio n  w ith  th e L a m b  m o d el. T h e  
re ce iv e d  data  a llo w ed  u s to  estim ate  th e  quad rupole co n stan t fo r  p re v io u sly  u n ex p lo red  
com p o u n d s, su ch  as: Cq (P b (N O 3) 2)  =  0 .8 4  M H z  and Cq (M g  (N O 3)2 6H 2O )=  0 .5 6  M H z. 
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Fluorine dynamics in nanosized superionic conductors 
as seen by NMR diffusometry

A. F .  P riv a lo v 1, L . B . G u lin a 2, M . W eig ler1, M . V o g e l1, I. V. M u r in 2

1Institut f u r  F estk o rp erp h y sik , T U  D arm stadt, H o c h s c h u lstr  6. 6 4 2 8 9  D a rm sta d t G erm a n y  
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Introduction
It is  k n o w n  th at d y n am ics in  th e  so lid  state  can  b e  s ig n ifica n tly  ch an g ed  i f  th e  size  o f  

p a rtic le s  ten d s in  to  th e  n ano ran ge. W e  in v estig a te d  th e  in flu e n ce  o f  th e  size  o f  n an o -p artic les  
on  th e  m o b ility  o f  th e  flu o rin e  io n s  in  th e  su p erio n ic  co n d u cto r L a F 3 u sin g  19F  N M R  
d iffu so m etry  in  a tem p eratu re ran g e up to  8 0 0  K .

Sample preparation
T h e  sam p les h av e  b e e n  prepared  u sin g  n o v el sy n th esis  at th e  g a s-so lu tio n  in ter fa ce , 

d ev elop ed  in  re ce n t y ears [1 ]. T h is  m eth od  a llo w s fo r  th e  syn th esis  o f  n an o -stru ctu res w ith  n o n 
tr iv ia l m o rp h o lo g y  lik e  1D  o r 2 D  m ateria ls . In  our ca se  b y  p ro cessin g  a so lu tion  o f  lanth anu m  
sa lt w ith  g aseo u s H F , a th in  la y er o f  lanth anu m  flu o rid e  is  fo rm ed  on  th e  su rface  [2 ]. T h is  lay er 
c o n sists  o f  2 D  n a n o -cry sta ls  orien ted  p erp en d icu lar to  th e  la y e r  su rfa ce  as sh ow n  in  F ig . 1. T h e  

d im en sio n  su rface  size  o f  th e  cry sta ls  is  in  цш  ran ge w h ile  th e  th ick n e ss  is  in  nm  range.

F i g u r e  1. S E M  im a g e  o f  2 D  L a F 3 cry stals

T h e  ad v an tage o f  th is  m eth o d  is  th e  p o ss ib ility  to  v ary  th e  th ick n e ss  o f  th e  n a n o -cry sta ls  
b y  th e  co n cen tra tio n  and pH  o f  th e  re ag en t so lu tion . In  th is  w ay  w e h av e su cceed ed  to  prepare 
sev eral n an o sized  sam p les w ith  n a n o -cry sta ls  th ick n e ss  fro m  6  nm  to  18 nm .

Method: NMR diffusometry
In  o rd er to  q u an tify  th e  in flu e n c e  o f  th e  n a n o -sh e et th ick n e ss  on  th e  d y n am ic prop erties, 

th e  se lf-d iffu s io n  c o e ff ic ie n ts  o f  th e  flu o rin e  io n s  w ere  m easu red  u sin g  19F  S ta tic  F ie ld  G rad ien t 
N M R  d iffu so m etry  [3 ]. F o r  th e se  m easu rem en ts th e  th ree  p u lse  stim u lated  e ch o  seq u en ce  w as 
used  w h ich  p rov id es an ech o  am p litu d e d ecay  th at is  m ain ly  g o v ern ed  b y  sp in  re la x a tio n  and 
io n ic  d iffu sio n . T o  e lim in a te  th e  d e cay  due to  sp in  re la x a tio n , w e p erfo rm  id en tica l 
m easu rem en ts at tw o  d iffere n t m a g n etic  fie ld  g rad ien ts, g 1 = 1 0 7  T/m and g 2 = 6 4  T/m, b u t at th e 
sam e re so n a n ce  freq u en cy  and d iv id e th e  resu lts. S in ce  th e  re la x a tio n  e f fe c ts  are in d ep en d en t
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o f  th e  fie ld  gradient, th ey  c a n c e le  o u t ant, th us, th e d e ca y  o f  th e d iv id ed  d ata  re fle c ts  o n ly  
d iffu sio n  in  an  e f fe c tiv e  m a g n etic  fie ld  g rad ien t (g i2- g 22):

S  { t m T .g j ) 

S  (tm T ,g 2  )
S 0 • e x p ( y r f  (g 12 -  g 22 ) |  l3 T + tm 1 ° (2 )

w h ere D  is  th e s e lf-d iffu s io n  c o e ff ic ie n t, у is  th e 19F  g y ro m ag n etic  ratio , т is  an  in terval 
b etw een  th e firs t tw o R F  p u lse s in  s tim u la ted -ech o  seq u en ce  an d  tm is  th e  in terv al b e tw ee n  th e 
seco n d  and th e th ird  p u lse s in  th is  seq u en ce .

S u ch  m easu rem en ts can  be p erfo rm ed  o n ly  w h en  u sin g  a  m ag n etic  sy stem  w ith  an an ti- 
H elm h o ltz  arran g em en t o f  su p erco n d u ctin g  c o ils , w h ere up to  4  p o sitio n s  w ith  th e  sam e L a rm o r 
freq u en cy , bu t tw o d iffere n t g rad ien ts  are av a ila b le  b y  p ro p erly  ad ju stin g  th e  p ro b e head 
lo ca tio n  a lo n g  th e  m ag n et ax is .

Results and conclusion: Influence of morphology on dynamic 
properties

T h e  resu lts  are p resen ted  in  F ig . 2 . D a ta  fo r  b u lk  L aF 3 are in clu d ed  fo r  co m p ariso n .

800 K 650 K

1000/T (K-1)

F i g u r e  2. D iffu s io n  co e ffic ien ts  in n a n o -cry sta llin e  L a F 3  sa m p les  
with the in d ic a ted  n a n o -sh ee t  th ick n esses

T h e  tem p eratu re d ep en d en ce o f  th e  d iffu sio n  c o e ff ic ie n t can  b e  d e scrib ed  b y  th e 
A rrh en iu s m od el fo r  a ll co n sid ere d  sam p les. T h e  flu o rin e  d iffu sio n  in  2 D  m ateria ls  is  
s ig n ific a n tly  fa s te r  as co m p ared  to  th a t in  b u lk  L aF 3 and is  stro n g ly  d ep en d en t on  th e n an o 
c ry sta llin e  sh eet th ick n ess . A  d e crease  fro m  18  nm  to  6  nm  lead s to  an in crease  o f  m o b ility  by  
a lm o st tw o ord ers o f  m agn itud e, e sp e c ia lly  at lo w  tem p eratu res, resu ltin g  in  an  o v era ll m o b ility  
e n h an cem en t o f  m ore th an  th ree  ord ers o f  m agn itu d e co m p ared  to  m o n o -cry sta llin e  L a F 3. 
M o re o v er, th e  a c tiv a tio n  en erg y  is  red u ced  fro m  1 .2  e V  fo r  m o n o -cry s ta ls  to  0 .2 3  e V  fo r  6  nm  
th in  n an o -cry sta ls .

T h u s ou r study co n firm s  th e  strong  in flu en ce  o f  p artic le  s ize  o n  io n ic  d y n am ics i f  the 
p artic le  size is  in  nm  ran ge [4 ].
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When Molecular Dynamics met NMR 
(and various other experimental methods)
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In  th is  rep ort, w e p rov id e an  o v e rv ie w  o f  sev era l p ro je c ts  e x p lo itin g  th e  sy n erg y  
betw een , o n  th e o n e  hand, M D  m o d elin g  and q u an tu m -ch em ica l co m p u ta tio n s  and, o n  th e o th er 
hand, m ag n etic  re so n a n ce  (N M R  and E S R )  e x p erim en ts  as  w ell as structu ral in fo rm a tio n  from  
th e P ro te in  D atab an k . In  th e firs t p ro je c t, w e h av e id e n tified  a  recu rrin g  stru ctu ral m o tif  th at 
appears in  th ou san d s o f  p rotein  stru ctu res. T h is  m o tif  in v o lv es  ca rb o n y l o x y g e n  in  lin e a r 
arran g em en t w ith  ly s in e  s id e -ch a in  e-am m o n iu m  group. O f  in terest, su ch  lin e a r  in teractio n  
in v o lv in g  co n se rv e d  ly sin e  is  c o n s is te n tly  fou n d  in  th e  P -lo o p  o f  n u m ero u s N T P a s e  d om ain s, 
in clu d in g  th e n o to rio u s o n co g en e  p rod u ct R a s . W e  h av e co m p re h e n siv e ly  ch a ra cteriz e d  th is  
in tera ctio n  b y  m ean s o f  P D B  an a ly ses  and D F T  c a lcu la tio n s . In  th e seco n d  p ro je c t, w e 
in v estig a ted  th e fo rm atio n  o f  co v a le n t c o m p le x  b etw ee n  th e  activ a ted  S o s l-d e r iv e d  pep tide and 
N -term in a l S H 3 -d o m a in  o f  ad ap ter p rotein  G rb 2 . T h e  pep tide h as b een  m o d ified  b y  adding to  
its seq u en ce  a  n o n -n a tiv e  re a ctiv e  resid u e (c h lo ro a ce ty l ly s in e ). T h e  pep tid e in it ia lly  b in d s to  
its ta rg e t n o n -co v a le n tly  b e fo re  re a ctin g  w ith  th e p ro x im a l c y ste in e  on  th e su rfa ce  o f  th e p rotein . 
T h e  fo rm atio n  o f  c o v a le n t c o m p le x  h as b een  co n firm ed  u sin g  S D S -P A G E , h e te ro n u clear 
2D /3D  N M R  sp e ctro sco p y  and L C -M S / M S . T h e  c o lle c te d  d ata  a llo w ed  us to  d eterm in e th e  rate 
co n stan t o f  th e re actio n  and its  pH d ep en d en ce. W e  h ave fu rth er d esig n ed  and im p lem en ted  an 
M D -b a se d  a lg o rith m  to  m od el fo rm atio n  o f  S o s 1 G r b 2 -S H 3  c o v a le n t c o m p le x  in  s ilico . T h e  
resu ltin g  h ig h -reso lu tio n  m od el o f  th e c o m p le x  h as b een  v a lid a ted  v ia  th e co m p a riso n  o f  th e 
p red icted  and ex p erim en ta l c h e m ic a l sh ifts . F in a lly , in  th e  th ird  p ro je c t w e h av e fo cu se d  o n  the 
use o f  th e E S R  sp in  la b e l (2 ,2 ,5 ,5 -te tr a m e th y l-1 -o x y l-3 -m e th y l m eth an eth io su lfo n ate , M T S L )  
as a  p ro b e o f  lo ca l p ro te in  en v iro n m en t and d y n am ics. T o w ard  th is  end, w e h av e reco rd ed  s ix  
2 0 -^ s -lo n g  M D  tra je c to r ie s  o f  d iffe re n t M T S L - la b e le d  v arian ts  o f  th e B 1  d o m ain  o f  
s ta p h y lo co cca l p rotein  G  (G B 1 ) .  B a s e d  on  th e  M D  tra je c to rie s , re sp ectiv e  E S R  sp e ctra  w ere 
sim u lated  u sin g  tw o m eth od s: ( i )  d ire c t p ro p ag atio n  m eth o d  b ased  o n  n u m erica l in teg ra tio n  o f  
th e L io u v ille  -  v o n  N eu m an n  eq u atio n  and ( i i )  R e d fie ld -th e o ry  treatm en t. W e  h av e a lso  
m an u factu red  s ix  re co m b in a n t sam p les o f  s in g le -cy s te in e  m u tants o f  G B 1  and reco rd ed  th e ir  
E S R  sp ectra . T h e  exp erim en ta l sp e ctra  prov ed  to  be e x c e lle n t a g reem en t w ith  th e  M D -b a se d  
p red ictio n s. F u rth er a n a ly se s  led  us to  co n clu d e  th a t th e  shape o f  E S R  sp e ctra  is  d icta ted  b y  th e 
d egree o f  steric  c o n fin e m e n t e x p erien ced  b y  an M T S L  tag  in  th e p rotein  m o lecu le .
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From ESR to FMR - a powerful tool to investigate novel 
ferromagnets, illustrated with the study of tunable 

magnetic properties of thin metallic FeRh films
A n n a  S em isa lo v a 1$. C r a ig  B a rto n 2, R a n te j B a li1, A isu lu u  A itkulova3, K a y  P o t z g e r 1, 

R o m a n  B o ttg e r1, K ilia n  L e n z 1, J u r g e n  F a s s b e n d e r 1, T h o m a s T h o m so n 2, J u r g e n  L in d n e r 1

1H elm h o ltz-Z en tru m  D r e s d e n  -  R o ssen d o rf, Institute o f  I o n  B e a m  P h y s ic s  a n d  M a teria ls  
R e se a rc h , D r e s d e n , G erm a n y
2S c h o o l o f  C o m p u te r  S c ie n c e , T h e  U niversity  o f  M a n c h e s te r , M a n c h e s te r , U K  
M o s c o w  Institute o f  P h y sics  a n d  T ech n o lo gy , D o lg o p ru d n y , M o sco w , R u ss ia  
E - m a il: a n n a .se m isa lo v a @ u n i-d u isb u rg -es s en .d e
$P resen t a d d re s s : U niversity  o f  D u isb u rg -E s s en , F a c u lty  o f  P h y sics , L o th a rstra sse  1, 4 7 0 5 7 ,  
D u isb u rg , G erm a n y

Introduction
F e rro m a g n etic  re so n a n ce  (F M R )  is  a  p o w erfu l te ch n iq u e  to ch a ra cte riz e  m ag n etic  

p ro p erties  v ia  d e tectin g  th e m ag n etiza tio n  p re ce ss io n  in  a  fe rro m ag n etic  sam p le. F M R  is  re lated  
to  th e  e le c tro n  p aram ag n etic  re so n an ce  (E P R , o r  e le c tro n  sp in  re so n an ce  E S R )  p h en om ena, 
w ith  th e d iffe re n ce  th a t th e  firs t on e o ccu rs  in  th e sy stem s ex h ib itin g  m ag n etic  co u p lin g . In  both  
te ch n iq u es, th e  m icro w av e  ab so rp tio n  is  m easu red , and th e re so n a n ce  fie ld / frequ en cy  is  
d etected . S in c e  th e re so n an ce  co n d itio n s  in  fe rro m a g n etic  m a ter ia ls  are  d e term in ed  b y  e ffe c tiv e  
m ag n etic  fie ld , w h ich  in c lu d es d em ag n etiz in g  fie ld  and m a g n eto cry sta llin e  an iso tro p y  fie ld  in  
ad d ition  to  ap p lied  D C  and R F  m icro w av e  fie ld s , F M R  sp e ctro sco p y  a llo w s  fo r  id e n tif ica tio n  
o f  th e m a g n etic  an iso tro p y  co n trib u tio n s  alo n g  w ith  g -fa c to r  [1 ]. M o re o v er, th e  lin ew id th  o f  
F M R  sign al can  be u sed  fo r  studyin g th e  re la x a tio n  p ro ce s se s  in  fe rro m ag n ets, g iv in g  an  a c ce s s  
to  th e  v a lu e o f  G ilb e rt dam pin g  co n stan t. T h e  a p p lica tio n  o f  F M R  te ch n iq u e  fo r  in v estig a tio n  
o f  n ew  m a g n etic  m a ter ia ls  w ill be illu stra ted  w ith  th e  study o f  d iso rd er-in d u ced  m ag n etiza tio n  
in  b in ary  F e R h  m e ta llic  f ilm s  irrad iated  w ith  N e  io n s .

S tru ctu ra lly  B 2 -o rd e re d  eq u ia to m ic  F e R h  th in  f ilm s  are k n ow n  fo r  un iqu e p ro p erties  
su ch  as  a  tem p eratu re , m a g n etic  fie ld , and sp in  p o larized  cu rren t d riv en  p h ase tran s itio n  from  
th e a n tife rro - to  th e  fe rro m a g n etic  state. T h e  strain  and structu ral d iso rd er a lso  in flu en ce  the 
m ag n etic  p ro p erties  o f  F e R h , w h ich  op en s a  n ew  w ay  fo r  co n tro lla b le  m o d ifica tio n  o f  p rop erties 
at th e m icro - and n a n o sca le . N a m ely , stru ctu ral m o d ifica tio n  b y  io n  b eam  irrad iatio n  w as show n 
to  b e  an  e f fe c tiv e  to o l fo r  tu n in g  th e ph ase tran s itio n  tem p eratu re in  F e R h  as w ell a s  th e 
satu ration  m a g n etiza tio n  [2 -4 ] .

H ere, w e in v estig a te d  th e d iso rd er-in d u ced  fe rro m ag n etism  in  e p ita x ia l F e R h  th in  film s  
irrad iated  w ith  N e  ion s. W e  sh ow  th e sh ift o f  p h ase tran sitio n  tem p eratu re to w ard s lo w e r v a lu es 
fo r  io n  flu e n c e  b e lo w  1 * 1 0 14 ions/cm 2 and tran sfo rm atio n  o f  F e R h  into  a  fe rro m ag n et w ith  
tu n ab le  satu ration  m ag n etiza tio n  and lo w  G ilb e rt dam ping a t h ig h e r flu en ce .

Materials and Methods
T h e  th in  F e R h  f ilm s  o f  4 0  nm  th ic k n e ss  h av e b een  grow n  e p ita x ia l o n  M g O (1 0 0 )  

su b stra tes u sin g  m ag n etro n  spu tterin g  o f  a llo y ed  target. T h e  f ilm s  h av e b een  p o st-an n ea le d  at 
7 5 0 ° C  to  sta b iliz e  stru ctu ra lly  ord ered  B 2  ph ase and th en  c o o le d  dow n in  v acu u m . T h e  ion  
irrad iatio n  w as p erfo rm ed  at Ion  B e a m  C en ter, H Z D R , D resd en . T h e  en erg y  o f  N e+ io n  b eam  
w as 2 5  k e V ; flu e n c e  w as v aried  from  1 * 1 0 13 to  4 * 1 0 14 ions/cm 2.

T h e  cry s ta llin ity  o f  B 2 -o rd e re d  F e R h  film s  w as in v estig a ted  w ith  X -r a y  d iffra c tio n  
(X R D ) . T h e  d eg ree o f  lo n g -ran g e  c h e m ica l order, o r  S -p aram ete r, in  N e-irrad ia ted  f ilm s  w as 
estim ated  fro m  th e  in ten sity  o f  su p erla ttice  ( 0 0 1 )  and fu n d am en tal ( 0 0 2 )  p eak s. S -p a ra m ete r
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re fle c ts  th e  su bstitu tion al d isord er and is  determ in ed  as S = r a + r ^ - 1 ,  w h ere  r a(r p )  is  a fra ctio n  
o f  F e (R h )  ato m s lo ca ted  on  th e  F e (R h )  site.

T h e  tran sitio n  fro m  a n tiferro m a g n etic  to  fe rro m a g n e tic  state  co n firm in g  th e  ch e m ica l 
o rd er in  an n ealed  F e R h  th in  f ilm s  as w ell as th e  d iso rd er-in d u ced  m ag n etiza tio n  in  irradiated  
f ilm s  w as in v estig a ted  u sin g  S Q U ID  m ag n eto m etry  in  th e  tem p eratu re  ran g e 5 0 -4 0 0  K .

F e rro m a g n e tic  re so n a n ce  (F M R )  m easu rem en ts h av e  b e e n  p erfo rm ed  u sin g  V e c to r  
N etw o rk  A n a ly z e r  (V N A ) setup. F e R h  th in  f ilm s  w e re  c lam p ed  o n to  a co p lan ar w av eg u id e, 
A g ile n t m icro w a v e  so u rce  w as u sed  to  e x c ite  a fe rro m a g n e tic  re so n a n ce  in  th e  freq u en cy  ran ge 
1 -4 0  G H z. T h e  tran sm issio n  sign al b e tw ee n  th e  ports o f  V N A , a c o m p le x  m icro w av e  sca tterin g  
p aram eter S 12, w as reco rd ed  as F M R  sign al w h ile  th e  ex tern al m a g n e tic  fie ld  w as sw ept at fix e d  
freq u en cy  o f  m icro w av e s.

Results and Discussion
F ig . 1 p resen ts th e  tem p eratu re d ep en d en ce  o f  m ag n etiza tio n  o f  th e  B 2 -o rd e re d  sam p le 

b e fo re  and a fter  irrad ia tio n  w ith  flu e n c e  o f  1 * 1 0 13 and 2 * 1 0 13 ions/cm 2 T h e  an n ealed  sam ple 

b e fo re  io n  b o m b ard m en t ex h ib its  a p h ase tran sitio n  fro m  a n tiferro m a g n etic  to  fe rro m a g n etic  
state  startin g  at tem p eratu res c lo s e  to  3 9 0  K  (F ig . 1a). T h e  m in o r tem p eratu re  h y ste resis  loop  
h as b een  re co rd ed  on ly , th us th e  c o m p le te  tran sitio n  w as n o t o b serv ed . T h e  an n ealed  film  h as 
a residual m ag n etiza tio n  o f  ~ 1 0 0  kA/m in  n o m in a lly  A F M  state  at ro o m  tem p eratu re  w h ich  
slig h tly  in cre a se s  w h en  sam p le  is  co o led .

T h e  irrad iatio n  w ith  th e  lo w est used  N e  flu e n c e  o f  1 * 1 0 13 ion/cm 2 led  to  th e fo rm atio n  
o f  tw o  m a g n etic  p h ases w ith  d iffere n t tem p eratu res o f  A F M -F M  p h ase tran s itio n  as can  b e  seen  
fro m  th e  o v erlap p in g  th erm al h y ste resis  lo o p s (F ig . 1a). S im ila r  w as o b serv ed  e a r lie r in  N e

F i g u r e  1. (a )-(b ) T em p era tu re  d e p e n d e n c e  o f  m a gn etiza tio n  o f  F e R h  fi lm s  ir ra d ia te d  w ith
N e  io n s w ith d iffe ren t  f lu e n c e .  T h e m a g n etic  f i e l d  5 0  m T  w a s a p p lie d  in -plane.

(c ) F l u e n c e  d e p e n d e n c e  o f  satu ra tio n  m a gnetiza tion  a n d  (d ) co erciv ity

O b serv ed  tu n ab le  sh ift o f  p h ase tran sitio n  tow ard s lo w e r tem p eratu res b y  io n  irrad iation  
is  w e ll k n ow n  fo r  F e R h  sy stem  [3 -5 ] ,  it is  a ttractiv e  due to  its  re v e rs ib ility  b y  h ig h -tem p eratu re  
an n ea lin g  w h ich  rese ts  th e  B 2  order. A lo n g  w ith  reported  sh ift, th e  w id th  o f  th erm al h y ste resis  
is  in creased  w ith  flu e n c e  w h ile  th e  m agn itu d e o f  tran sitio n  is  d ecreased  and resid u al F M  signal 
is  en h an ced  (se e  th e  p lo t fo r  N e  flu e n c e  2 * 1 0 13 ions/cm 2, F ig . 1a) un til th e  p h ase tran sitio n  is 
fin a lly  erased  (N e  flu e n c e  1 * 1 0 14 ions/cm 2 and h ig h er, F ig . 1b ) and d isordered  film  ex h ib its  a 
stab le  F M  state  in  a tem p eratu re ran g e 5 0 -4 0 0  K .

F ig . 1c sh ow s th e  flu e n c e  d ep en d en ce  o f  satu ration  m ag n etiza tio n  M s  derived  fro m  th e 
h y ste resis  lo o p s m easu red  at ro o m  tem p eratu re , d em o n stra tin g  h ig h  tu n ab ility  o f  m ag n etic

58



Lectures

p ro p erties o f  irrad iated  F e R h . T h e  rapid  in cre a se  o f  M s  h appen s in  th e  n arro w  flu e n c e  ran g e up 
to  2 * 1 0 13 ions/cm 2; th en  th e  M s  v a lu e  re a ch es  its  m ax im u m  and stays in  th e  ran ge 1 2 1 0 -1 2 8 0  
kA/m up to  2 * 1 0 14 ions/cm 2, and th ird , th e  d iso rd er-in d u ced  m ag n etiza tio n  d ecay s w ith  fu rth er 
in cre a se  o f  io n s  dose. S im ila r  b u t rev ersed  trend  is  o b serv ed  fo r  c o e rc iv ity  (F ig . 1d) w h ich  drops 
to  m in im u m  v a lu e  o f  1 .8 -2 .2  m T  in  th e  ran g e 2 * 1 0 13 - 2 * 1 0 14 ions/cm 2.

M a g n e tic  d am p in g  o f  m ateria l is  an o th er k e y  prop erty  re le v an t to  d esign  o f  sp in tro n ics 
and m a g n o n ics  d ev ices. T o  in v estig a te  th e  m ag n etiza tio n  d y n am ics and G ilb e rt d am pin g in  
irrad iated  F e R h  film s , w e p erfo rm ed  b ro ad -b an d  fe rro m a g n etic  re so n a n ce  m easu rem en ts at 
room  tem p eratu re  in  th e  freq u en cy  ran g e up to  4 0  G H z, in c lu d in g  p o lar and azim uth al an gu lar 
d ep en d en ces. F ig . 2  sh ow s th e  su m m ary  o f  ex p erim en ta l an a ly sis  o f  dam pin g  -  th e  G ilb ert 
dam pin g  co n stan t (F ig . 2 a )  and in h o m o g en eo u s b ro ad en in g  o f  th e  re so n a n ce  lin e  (F ig . 2 b ). 
Irrad ia ted  F e R h  th in  f ilm s  e x h ib it  a n early  in d ep en d en t on  N e  flu e n c e  d am p in g  p aram eter w h ich

F i g u r e  2. (a ) G ilb ert  d a m p in g  co n sta n t a n d  (b ) in h o m o g en eo u s  b ro a d e n in g  
m e a s u r e d fo r  N e -irra d ia te d  F e R h  thin fi lm s  w ith d iffe ren t  io n  f lu e n c e

S u ch  a lo w  v a lu e  o f  G ilb e rt dam pin g  in  co m b in a tio n  w ith  re la tiv e ly  sm all 
in h o m o g en eo u s b ro ad en in g  o f  re so n a n ce  lin ew id th  is  co m p arab le  w ith  h ig h -q u a lity  p erm allo y  
film s  and see m s to  b e  p ro m isin g  fo r  a v a rie ty  o f  m ag n o n ics  ap p lica tio n s.

S u m m ariz in g , w e co n clu d e  th e  fo llo w in g :

• T u n in g  th e  A F M -F M  p h ase tran sitio n  tem p eratu re and resid u al F M  at lo w  
tem p eratu res in  F e R h  is  p o ss ib le  b y  io n  b eam  irrad iatio n ;

• M ag n eto stru ctu ra l co rre la tio n  in  F e R h  th in  f ilm s  op en s a w ay  to  g en erate  a d isord er- 
in d u ced  fe rro m ag n etism ; satu ration  m ag n etiza tio n  can  b e  tu ned  in  th e  ran g e up to  1 2 8 0  kA/m;

• T h e  v a lu e  o f  G ilb e rt d am p in g  rem ain s as lo w  as ~  4 * 1 0 -3 fo r  th e  w h o le  studied ran ge 
o f  N e  ions/saturation m ag n etiza tio n ;

• C o m b in atio n  o f  A F M -F M  p h ase tran sitio n , tu n ab le  m ag n etiza tio n  and lo w  dam pin g 
m ak es F e R h  th in  f ilm s  p ro m isin g  fo r  io n  b eam  n an o p attern in g  o f  th erm ally  re v e rs ib le  p lan ar 
m a g n o n ics  and sp in tro n ics n an o stru ctu res and d e v ices  su ch  as sen so rs and d ata storage 
elem en ts .
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How to estimate hydrogen bond energies from NMR spectra
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Introduction
H y d rog en  bon d  en erg y  estim a tio n  is  a  co m p lica te d  task . In  gas p h ase, th e co m p le x a tio n  

en th alp y  co u ld  b e  d e term in ed  e x p erim en ta lly  o r  ca lcu la ted . In  co n d en sed  p h ases -  liqu id s, 
so lu tion s, p o ly m ers, g la sse s , “ so ft m atter”, h e te ro g en eo u s sy stem s -  it  ge ts  tr ick ie r  due to  
v ario u s  so lv a tio n  and p ack in g  e ffe c ts . M o re o v er, fo r  in tram o lecu lar bon d s th e  H -b o n d  en erg y  
requ ires an ad d itio n al d e fin itio n , w h ich  is  o fte n  n o t o b v io u s. A s  a  resu lt, th e  estim atio n  o f  
h yd rogen  bon d  en erg y  b y  sp e ctro sco p ic  m eth o d s b e c o m e s  e s p e c ia lly  u sefu l.

Badger-Bauer rule and other IR diagnostic tools
T h e  id e a  o f  a  co rre la tio n  b etw een  s p e c tro sc o p ica lly  o b serv a b le  p aram eters an d  th e H - 

bon d  en erg y  o rig in a te s  fro m  th e papers o f  B a d g e r  and B a u e r  [1 ]. T h e  lin e a r p ro p o rtio n ality  
b etw een  th e H -b o n d  en erg y  an d  th e  s tretch in g  v ib ra tio n  freq u en cy  vxh  is  k n ow n  as th e  B a d g e r- 
B a u e r  ru le:

A E  — к  ■ vXH.

E v en tu a lly  it w as co n clu d ed , th a t th e co rre la tio n  c o e ff ic ie n t  k  is  n o t u n iversal and sh ou ld  be 
d efin ed  fo r  e v ery  h o m o lo g o u s series  o f  c o m p le x e s  in d iv id u ally . T h e re  w ere a  n u m b er o f  
a ttem p ts to  fin d  o th er m easu rab le  sp e ctro sco p ic  p aram eters th a t co u ld  serv e  as  H -b o n d  en erg y  
m arker. F o r  ex am p le , Io g a n se n  p rop osed  [2 ] to  u se in te n s ifica tio n  o f  th e vxh  ban d upon 
co m p le x a tio n

A E ~ ( d A -  j A j ,

w h ere A  and Ao  are in teg ra l in ten sities  o f  X H  ban d fo r  c o m p le x  and free  proton  donor, 
re sp ectiv e ly .

QTAIM parameters
In  B a d e r ’ s Q T A IM  ap p roach  (Q u an tu m  T h e o ry  o f  A to m s in  M o le c u le s  [3 ] )  the 

to p o lo g ica l a n a ly s is  o f  e lec tro n  d en sity  fo r  H -b o n d ed  c o m p le x e s  y ie ld s  so c a lle d  bon d  c r itic a l 
p o in ts (B C P ) .  In  m an y  c a se s  th e  lo ca l e le c tro n ic  k in e tic  (G )  and p oten tia l (V ) en erg y  d e n sities  

at B C P  lin e a rly  co rre la te  w ith  th e co m p le x a tio n  en erg y  [4 ,5 ]  ( V  and G  in  kcal/m ol/A3, A E  in  
kcal/m ol):

A E  — 0 .5  • V,

A E  — 0 .4 2 9  • G.

C o n stru ctio n  o f  such  c o rre la tio n s  is  o f  p articu lar va lu e , as th e  e le c tro n  d e n sity  itse lf , G  and V  
v a lu es  can  in  p rin cip le  b e  ev alu ated  fro m  exp erim en ta l X -R a y  data. Fu rth erm ore , Q T A IM - 
based  c o rre la tio n s  co u ld  b e  ap p lied  eq u a lly  fo r  in ter- and in tra m o lecu la r h y d ro g en  bonds.

NMR hydrogen bond correlations (quantum-chemical calculations)
F-H-F hydrogen bonds

W e  co n s id e r  a  set o f  2 6  c o m p le x e s  w ith  F H F  h yd rogen  b o n d s fo rm ed  b y  F H  m o lecu le  
as proton  d o n o r an d  v a r io u s p roton  a cce p to rs : flu orid e an ion , flu orin a ted  a lk y ls , F H  m o lecu le , 
d ia to m ic  in terh a lo g e n s, m eta l flu o rid es (a lk a li, a lk a lin e  earth s and tran s itio n  m eta ls), co v erin g
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a w id e  H -b o n d  en erg y  ran g e 0 .2 - 4 7  kcal/m ol. A  co u p le  o f  ex am p les  o f  eq u ilib riu m  structu res 
are sh ow n  in  F ig . 1.

F i g u r e  1. S tru ctu res  o f  co m p le x es  f o r m e d  by F H  m o lecu le  
a n d  p ro to n  a c c ep to rs  (fro m  left to r ig h t ) : F , (F H F ) - , C H 3C H 2F ,  A l F

W e  sh ow  th at th at ch an g e s o f  p aram eters up on  co m p le x a tio n , i.e . ch an g es o f  th e  
s tretch in g  freq u en cy  in  lo ca l m o d e ap p ro x im ation  Avlm , ch an g e  o f  th e  p ro to n  ch e m ica l sh ift 
Д^ы and ch an g e  o f  th e  ab so lu te  v a lu e  o f  sp in -sp in  co u p lin g  co n stan t 1J fh co u ld  b e  u sed  fo r  
estim atio n  o f  co rresp o n d in g  h y d ro g en  bo n d  strength . T h is  w o rk  is  p u blish ed  in  [6].

N-H-N hydrogen bonds
W e  co n sid er a set o f  21  c o m p le x e s  w ith  N H N  h yd rogen  b o n d  fo rm e d  b y  an ilin e  

m o le cu le  (F ig . 2 ). T h is  set fea tu res h yd rogen  b o n d s fro m  w e a k  to  m ed iu m  strong  on es ( 2 - 2 1  
kcal/ m ol), w ith  neutral o r a n io n ic  b a ses , w ith  sp 3 and sp 2 h y b rid ized  n itro g en  p roton  accep to r. 
F o r  ea ch  co m p le x  apart o f  d irect h y d ro g en  bo n d  en erg y  c a lcu la tio n  w e h av e te sted  o th er w ay s 
to  estim ate  th e  en erg y : a) u sin g  B a d g e r -B a u e r  ru le and b )  u sin g  s lig h tly  m o d ified  
a b o v em en tio n ed  Q T A IM  co rre la tio n s.

F i g u r e  2. S ch em a tic  s tru ctu re  o f  s tu d ie d  co m p le x es  w ith N H N  h y d ro g en  bo n d s

W e  p ro p o se to  u se  th e  N M R  ch e m ica l sh ift d iffe re n ce  o f  a n ilin e ’ s N H 2 p ro ton s, A SH , 
fo r  th e  estim atio n  o f  th e  H -b o n d  en erg y  and g e o m e try  ( N . . .H  and N . . .N  d istan ces). W e  
co n clu d e  th at

ДЕт а х

Д6Нт а х

ra tio  co u ld  serv e as a co n v ersio n  fa c to r  fro m  p roton  ch e m ica l sh ifts  to  en erg y  (A E max and 

A S H max are th e  en erg y  and 1H  N M R  ch e m ica l sh ift v a lu es fo r  th e  lim itin g  c a se  o f  a co m p le x  

w ith  ce n tra l-sy m m e tric  N - H - N  h y d ro g en  b on d ).

POO-H-O hydrogen bonds
W e  co n sid er a series  o f  c y c l ic  d im ers and tr im ers o f  p h o sp h in ic  and p h o sp h o ric  acid s, 

in  w h ich  a rin g  o f  tw o  or th ree  c o o p era tiv e ly  co u p led  h y d ro g en  b o n d s is  b e in g  fo rm ed . W e  
attem p t to  fin d  out h o w  to  u se  31P  N M R  ch e m ica l sh ifts  fo r  th e  sp ectra l d iag n o stics  o f  H -bon d s.
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Lectures

F i g u r e  3. L e ft : eq u ilib riu m  stru ctu res  o f  so m e c y c lic  se lf-a sso cia tes  o fp h o s p h in ic /p h o s p h o ric  
acid s. R ig h t : co rre la tio n  b etw een  co m p lexa tio n  e n e rg y  (p e r  o n e  H -b o n d ) a n d  31P  N M R  

c h e m ic a l shift f o r  v a rio u s  c o n fo rm ers  o f  c y c lic  se lf-a sso cia tes  o f  s e v e r a l  a c id s

W e  sh ow  th at th e  5 31P  v a lu es are v e ry  sen sitiv e  to  th e  co n fo rm a tio n  o f  th e  co m p le x , 
n am ely , to  th e  an g les and d ihedral an g les n o t o n ly  in  th e  H -b o n d  rin g, b u t a lso  in  th e  su bstitu ents 
R  (e sp e c ia lly  fo r  p h o sp h o ric  ac id s). D e sp ite  th is  sen sitiv ity , w e w e re  a b le  to  p ro p o se a “ ru le o f  

th u m b ” w h ich  states th at th e  slo p e  o f  3P  d ep en d en ce  on  H -b o n d  en erg y  fo r  c y c l ic  co m p le x e s  
o f  P O O H  acid s is  ca . 4  ppm  p er kcal/m ol.
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Preparation and pervaporation performance of polyphenylene 
isophthalamide membranes modified by fullerene derivatives
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Introduction
P o ly m e rs  h av e sp e c ific  stru ctu ral fea tu res lik e  ch a in  fle x ib ility , m o le cu la r  w eig h t; in ter 

ch a in  in teractio n s , e tc ., w h ich  d eterm in e ch e m ica l, th erm al, and m e ch a n ica l p ro p erties  o f  
p o ly m er m em b ran es. In  add ition , th e e sse n tia l ad v an tag es o f  p o ly m e r m em b ran es  are e a sin ess  
o f  p rep aration  and g ood  tran sp o rt p rop erties, w h ich  are n e c e ssa ry  fo r  m em b ran e ap p lica tio n s. 
D u e to th e a fo rem en tio n e d  featu res, p o ly m ers  are th e  m o st w id e ly  u sed  m a ter ia ls  in  m em b ran e 
te ch n o lo g ie s . Fu rth erm ore , p erv ap o ratio n  is  on e o f  th e m o st p ro m isin g  fie ld s  o f  m em b ran e 
te ch n o lo g ie s . It is  a  te ch n o lo g y  o f  sep aratio n  o f  liqu id  m ix tu res  b y  ev ap o ra tio n  th rou gh  
m em b ran es. It h av e sh ow n  th e ir  su b stan tia l im p o rtan ce  in  ch e m ica l, p e tro ch e m ica l, 
b io ch e m ic a l, and o th ers in d u stries  b eca u se  it  is  a  lo w -p o w er-co n su m in g , e f fe c tiv e , e a sy  sca le - 
up ,e c o lo g ic a lly  c le a n , and w a s te le ss  te ch n o lo g y  th a t can  b e  ap p lied  to  sep aratio n  o f  m ix tu res 
o f  c lo s e ly  b o ilin g  co m p o n en ts, azeo tro p ic  m ix tu res, m ix tu res  o f  iso m ers, and th erm ally  
u n stab le  su b stan ces.

T o  im p rov e th e m em b ran e q u ality , m em b ran es  w ith  p e r fe c t p ro p erties  are need ed . 
P o ly  (p h en y len e  iso p h th a lam id e) (P A ) is  ap p lied  in  th e  p rod u ction  o f  d en se  (n o n p o ro u s) 
m em b ran es fo r  th e p erv ap o ratio n  p ro c e s se s  due to  its  e x c e lle n t c h e m ica l s ta b ility  and 
m ech a n ica l p rop erties. F u lle re n e  and its d e riv a tiv es  are co n sid ere d  as p ro m isin g  ad d itiv es fo r  
th e d e v elo p m en t o f  m em b ran es m a ter ia ls  due to  un ique stru ctu ral, p h y sica l, ch e m ica l, and 
e le c tr ic  p rop erties. In  th e la s t fe w  y ears, so m e kin d s o f  m em b ran es  b ased  on  d iffere n t p o ly m ers 
w ere m o d ified  b y  fu lle ren e .

In  th e p resen t w ork, n o v el p o ly p h en y len e  iso p h th alam id e p erv ap o ratio n  m em b ran es 
m o d ified  w ith  v ario u s  fu lle ren e  d eriv a tiv es w ere d ev elo p ed  and in v estig ated . T ran sp o rt 
p ro p erties  o f  fu lle re n e -co n ta in in g  P A  m em b ran es  w ere studied  in  p erv ap o ratio n  rem o v al o f  
m eth an o l fro m  its  m ix tu re  w ith  to lu en e (a z e o tro p ic  7 2  w t. %  m eth an o l - 2 8  w t. %  to lu en e 
m ix tu re). I t w as fo u n d  th a t th e  m o d ifica tio n  o f  P A  m em b ran es b y  fu lle ren e  and its  d eriv a tiv es 
led  to  th e im p ro v in g  th e p erm eatio n  f lu x  an d  th e  se lec tiv ity . T h e  structu ral ch a ra cte ris t ics  o f  
th e P A  m o d ified  p erv ap o ratio n  m em b ran es  w ere ch a ra cteriz e d  b y  scan n in g  e lec tro n  
m icro sco p y  (S E M ), F o u rie r  T ra n sfo rm  In frared  S p e ctro m e try  (F T I R ) ,  N u c le a r  M a g n etic  
R e so n a n ce  (N M R ) sp e ctro sco p y ,S m a ll-a n g le  X -r a y  scatterin g  (S A X S ) ,  and sorp tion  
ex p erim en ts. T h e  ev a lu a tio n  o f  ch an g e s  in  su rface  ch a ra c te ris t ic s  o f  m o d ified  m em b ran e w as 
carried  o u t b y  c o n ta c t an g les  o f  w ater m easu rem en ts.
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Mechanism of hydrolysis of cobalt oxide-doped bioactive 
phosphate glasses: 31P MAS NMR, 31P NMR and ESR
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T h e  i n c o r p o r a t i o n  o f  C o O  i n t o  t h e  p h o s p h a t e  g l a s s  s y s t e m  4 5 P 2 O 5 - ( 3 0 - x ) C a O -  

2 5 N a 2 O - x C o O  ( x :  0 . 0 1  t o  1 0  m o l % )  w a s  f o u n d  t o  t u n e  t h e  g l a s s  d e g r a d a t i o n  r a t e ,  w h i c h  i s  o f  

in t e r e s t  f o r  t h e r a p e u t i c  a p p l i c a t i o n s  w e r e  c o b a l t  c o u l d  b e  r e l e a s e d  l o c a l l y  s u c h  a s  i n  w o u n d  

h e a l i n g  o r  a s  b a c t e r i c i d e .  I n  t h e  p r e s e n t  w o r k ,  t h e  p a r a m a g n e t i c  n a t u r e  o f  c o b a l t  w a s  u s e d  t o  

s t u d y  b o t h  t h e  s t r u c t u r e  o f  t h e  g l a s s  n e t w o r k  a n d  t h e  s t r u c t u r e  o f  c o m p l e x e s  o f  c o b a l t - p h o s p h a t e  

f r a g m e n t s  i n  s o l u t i o n  v i a  3 1P  M A S  N M R ,  3 1P  N M R  a n d  E S R ;  s e e k i n g  f o r  i n s i g h t s  r e g a r d i n g  

t h e  m e c h a n i s m  o f  d i s s o l u t i o n .  A c c o r d i n g  t o  M A S  N M R ,  a l l  g l a s s e s  w e r e  c o m p o s e d  o f  

p y r o p h o s p h a t e  Q 1 a n d  m e t a p h o s p h a t e  Q2 s p e c i e s  w i t h  c h a i n s  f r o m  8  t o  9  p h o s p h a t e  g r o u p s  i n  

l e n g t h .  O w i n g  t o  p a r a m a g n e t i c  e f f e c t s ,  t h e  i n t e n s i t y  o f  b o t h  r e s o n a n c e s  d e c r e a s e d  

c o n c o m i t a n t l y  w i t h  i n c r e a s i n g  C o O  c o n t e n t ,  a c c o r d i n g  t o  a  m o d e l  f u n c t i o n  [ 1 ] ;  u n t i l  c o m p l e t e  

d i s a p p e a r a n c e  o f  t h e  r e s p e c t iv e  s i g n a l s ,  i n d i c a t i n g  n o n - p r e f e r e n t i a l  b o n d i n g  a n d  a  

h o m o g e n e o u s  d o p i n g  s c e n a r i o .  E S R  s h o w e d  t h a t  c o b a l t  e x is t e d  i n  a  + 2  f o r m a l  o x i d a t i o n  s t a t e  

w i t h  o c t a h e d r a l  c o o r d i n a t i o n  ( F i g .  1 )  i n  t h e  g l a s s  n e t w o r k .  T h e  s i g n a l - t o - n o i s e  r a t i o  o f  3 1 P  N M R  

s p e c t r a  a l l o w e d  o n l y  t h e  i d e n t i f i c a t i o n  o f  f r a g m e n t s  i n  s o l u t i o n  c o m p r i s e d  b y  u p  t o  t h r e e  

p h o s p h a t e  g r o u p s  i n d i c a t i n g  f a s t  h y d r o l y s i s  o f  c h a i n s .  T h e  r e s o n a n c e s  c o r r e s p o n d i n g  t o  t h e  

t r i m e t a p h o s p h a t e  r i n g  a n d  o r t h o p h o s p h a t e  a s  p r e d o m i n a n t  s t r u c t u r e s  i n  s o l u t i o n ,  e x h i b i t e d  

p a r a m a g n e t i c  b r o a d e n i n g  e v i d e n c i n g  t h a t  t h e  p h o s p h o r u s  a t o m  i s  b o u n d  w i t h i n  t h e  s e c o n d  

c o o r d i n a t i o n  s p h e r e  w i t h  t h e  c o b a l t  i o n .  C o o r d i n a t i o n  o f  p h o s p h a t e  s p e c i e s  b y  c o b a l t  a p p e a r s  

t o  p l a y  a  c a t a l y t i c  r o l e  i n  t h e  h y d r o l y s i s  m e c h a n i s m  a n d  m a y  c o n s i s t  i n  t u r n i n g  p h o s p h o r u s  i n t o  

a  s u i t a b l e  e l e c t r o p h i l e ,  f o r  a  s u b s e q u e n t  n u c l e o p h i l i c  a t t a c k  b y  w a t e r .

F i g u r e  1. E S R  sp ectru m  o f  4 5 P 2 O s -(3 0 -x )C a O —25N a 2O —x C o O  with x : 1 0  m o l%
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Introduction
W a t e r - b a s e d  e l e c t r o l y t e  s o l u t i o n s  a r e  o f  s p e c i a l  i m p o r t a n c e  i n  m a n y  n a t u r a l  a n d  

t e c h n i c a l  p r o c e s s e s .  T h e  s t r u c t u r e  o f  w a t e r - b a s e d  s o l u t i o n s  i s  s t i l l  u n d e r  d e b a t e s  a n d  t h e r e  a r e  

m a n y  t h e o r ie s  a n d  m e t h o d s  f o r  e x p l a n a t i o n  a n d  d i r e c t  o r  i n d i r e c t  d e f i n i t i o n s  o f  t h e  d e s i r e d  

i n f o r m a t i o n .  S t i l l  t h e r e  a r e  r e g u l a r i t i e s  a l l o w i n g  o n e  t o  d e t e r m i n e  t h e  s t r u c t u r e  o f  t h e  

c o n c e n t r a t e d  a q u e o u s  s o l u t i o n s  [ 1 ] .  O n e  o f  t h e s e  m e t h o d s  i s  N M R ,  w h i c h  i s  v e r y  s e n s i t i v e  t o  

t h e  n u c l e i  s u r r o u n d i n g .

A  p u r p o s e  o f  t h i s  i n v e s t i g a t i o n  w a s  t o  d e t e r m i n e  t h e  d y n a m i c a l  c h a r a c t e r i s t i c s  o f  t h e  

p a r t i c l e s  ( a s s o c i a t e s  a n d  n u c l e i )  i n  t h e  t e r n a r y  w a t e r - b a s e d  s y s t e m s  c o n t a i n i n g  c h l o r i d e s  o f  M g ,  

L i  a n d  C s .  T h e s e  p a r t i c u l a r  c a t i o n s  a r e  d i f f e r e n t  b y  t h e i r  n a t u r e :  M g 2+  a n d  L i +  a r e  c a l l e d  

“ h y d r o p h i l i c ”  o r  k o s m o t r o p i c  i o n s  w h e r e a s  C s +  i s  “ h y d r o p h o b i c ”  o r  c h a o s t r o p i c .  T h e s e  t e r m s  

s t a n d  f o r  w a t e r  r e t e n t i o n  i n  t h e  c l o s e s t  s u r r o u n d i n g  o f  t h e  i o n ,  f o r  L i  a n d  M g  i t  i s  g r e a t e r  t h a n  

f o r  C s  [ 2 ] ,  [ 3 ] .  T h u s ,  i t  w a s  v e r y  i n t e r e s t in g  t o  c o m b i n e  t h e s e  i o n s  t o g e t h e r  t o  s e e  h o w  t h e y  

w o u l d  i n f l u e n c e  t h e  s t r u c t u r e  o f  t h e  s o l u t i o n .  T h e  o b j e c t s  o f  t h i s  s t u d y  w e r e  s o l u t i o n s  i n  t h e  

w i d e  r a n g e s  o f  c o n c e n t r a t i o n s  a n d  t e m p e r a t u r e s .  T h e  c o n c e n t r a t i o n s  o f  c o m p o n e n t s  w e r e  k e p t  

a t  a  c o n s t a n t  r a t e  a n d  t h e  t e m p e r a t u r e s  w e r e  v a r i e d  f r o m  r o o m  t e m p e r a t u r e  ( 2 9 8  K )  t o  t h e  

f r e e z i n g  p o i n t  d i f f e r e n t  f o r  e a c h  s a m p l e .  U s i n g  N M R  m e t h o d  w e  h a v e  m e a s u r e d  S e l f - D i f f u s i o n  

c o e f f i c i e n t s  o f  s e v e r a l  n u c l e i  s u c h  a s  * H ,  7L i ,  133C s  a l o n g  w i t h  T 1 r e l a x a t i o n  t i m e s .

W e  w e r e  a b l e  t o  m e a s u r e  S e l f - D i f f u s i o n  c o e f f i c i e n t s  d e p e n d e n c i e s  o n  t h e  w i d e  

t e m p e r a t u r e  r a n g e  a n d  c a l c u l a t e  t h e  d i f f u s i o n  a c t i v a t i o n  e n e r g i e s  f o r  1 H ,  7L i ,  133C s  n u c l e i .  W e  

c o m p a r e d  t h i s  d a t a  w i t h  t h e  r e l a x a t i o n  a c t i v a t i o n  e n e r g i e s  a n d  d e f i n e d  t h e  c o r r e l a t i o n  b e t w e e n  

n u c l e i  t r a n s l a t i o n a l  m o v e m e n t ,  n u c l e i  r e l a x a t i o n  a n d  p o s s i b l e  s u r r o u n d i n g  o f  n u c l e i  i n  t h e  w i d e  

c o n c e n t r a t i o n  r a n g e s .  T h e  r e l a t i v e  v a l u e s  o f  b o t h  r e l a x a t i o n  a n d  d i f f u s i o n a l  a c t i v a t i o n  e n e r g i e s  

s h o w  t h e  m o s t  t h e r m o d y n a m i c a l l y  p r o f i t a b l e  p r o c e s s .  A t  t h e  e u t e c t i c  c o n c e n t r a t i o n  t h e  s t r u c t u r e  

o f  s o l u t i o n  i s  k n o w n  t o  b e  c h a o t i c  a n d  d i s o r d e r e d ,  i t  r e f l e c t s  o n  t h e  v a l u e s  o f  a c t i v a t i o n  e n e r g i e s :  

p o t e n t ia l  b a r r i e r  f o r  d i f f u s i o n a l  p r o c e s s  i s  l o w e r  t h a n  f o r  r e l a x a t i o n  p r o c e s s  f o r  1 H .  A t  t h e  l o w -  

c o n c e n t r a t i o n  r a n g e  t h e  a c t i v a t i o n  e n e r g i e s  s h o w  t h a t  t h e r e  i s  n o  s t r o n g  i n f l u e n c e  o f  i o n s  o n  

e a c h  o t h e r .  A t  h i g h  c o n c e n t r a t i o n  r a n g e  t h e  r e l a x a t i o n  a c t i v a t i o n  e n e r g y  i s  c o n s i d e r a b l y  l o w e r  

t h a n  d i f f u s i o n a l  a c t i v a t i o n  e n e r g y  d u e  t o  h u g e  i n c r e a s e  o f  v i s c o s i t y .  A n a l o g i c  d e p e n d e n c i e s  a n d  

s t a t e m e n t s  w e r e  m a d e  f o r  o t h e r  n u c l e i  a n d  s o l u t i o n s  a n d  t h e  p r e f e r a b l e  i o n s  s u r r o u n d i n g  w a s  

p r o p o s e d .  A c c o r d i n g  t o  t h e s e  s t a t e m e n t s  w e  w e r e  a b l e  t o  e s t i m a t e  t h e  s t r u c t u r e  o f  t h e  s o l u t i o n  

a t  e a c h  c o n c e n t r a t i o n  r a n g e  a n d  c o m p a r e  i t  w i t h  t h o s e  o f  t h e  b i n a r y  s y s t e m s .

Acknowledgements
S cien tific  r e s e a r c h  w as p e r fo r m e d  at the R e s e a r c h  p a r k  o f  S t .P e te r s b u rg  State  

U niversity, C e n t re  f o r  M a g n e t ic  R eso n a n ce .

References
1 .  E w i n e  F .  v a n  D i s h o e c k ,  E d w i n  A .  B e r g i n ,  D a r i u s z  C .  L i s ,  J o n a t h a n  I .  L u n i n e ,  W a t e r :  

f r o m  c l o u d s  t o  p la n e t s ,  -  P r o t o s t a r s  a n d  P l a n e t s  V I ,  U n i v e r s i t y  o f  A r i z o n a  P r e s s ,  2 0 1 4 .

2 .  S a m o j l o v  O . Y a .  S t r u k t u r a  v o d n y h  r a s t v o r o v  i  g i d r a t a c i y a  i o n o v .  -  M . :  I z d - v o  A N  

S S S R ,  1 9 5 7 .

3 .  L .  L i l i c h ,  M .  K h r i p u n  R a s t v o r y  k a k  h i m i c h e s k i e  s i s t e m y .  D o n o r n o - a k c e p t o r n y e  

r e a k c i i  v  r a s t v o r a h  ( I n  R u s s i a n ) ,  -  S P b S U ,  S P b ,  2 0 1 0 .

67

mailto:valeriiebar@gmail.com


Oral Reports

Dynamics of Room Temperature Ionic Liquids: 
Structural Relaxation Probed by 1H and 19F NMR

M a n u e l  B e c h e r , E lis a  S tein ru ck en , M ic h a e l  V o g e l

Institute o f  C o n d e n s e d  M a tte r  P hysics, T U  D arm stadt, H o c h s c h u lstra s se  6, 6 4 2 8 3  D a rm sta d t  
E -m a il: m b ech er@ n m r.p h y sik .tu -d a rm sta d t.d e  
h ttp s ://w w w .fk p .tu -d a rm sta d t.d e/g ro u p s/a g_v o gel/

Introduction
R o o m  T e m p e r a t u r e  I o n i c  L i q u i d s  ( R T I L s )  a r e  s a l t s  w i t h  a  l o w  m e l t i n g  p o i n t .  T h e y  a r e  

u s u a l l y  g l a s s - f o r m i n g  s y s t e m s  w i t h  c o m p l e x  a n d  h e t e r o g e n e o u s  m o l e c u l a r  d y n a m i c s .  T h e  

c o m b i n a t i o n  o f  d i f f e r e n t  c a t i o n s  a n d  a n i o n s  o p e n s  w i d e  f i e l d s  o f  c h e m i c a l  a n d  p h y s i c a l  

a p p l i c a t i o n s ,  e . g . ,  a s  s o l v e n t s  o r  f l u i d  e l e c t r o l y t e s ,  a n d  t h e i r  o p t i m i z a t i o n .  H e n c e ,  a  f u n d a m e n t a l  

u n d e r s t a n d i n g  o f  t h e  d e p e n d e n c e  o f  m o l e c u l a r  d y n a m i c s  o n  t h e  l i q u i d  c o m p o s i t i o n  i s  o f  c r u c i a l  

i m p o r t a n c e .  H e r e ,  w e  s t u d y  i m i d a z o l i u m - b a s e d  R T I L s .  T o  s y s t e m a t i c a l l y  v a r y  t h e  s t r u c t u r a l  

h e t e r o g e n e i t y ,  w e  c h a n g e  t h e  l e n g t h  o f  t h e  a l k y l  c h a i n  a t  t h e  c a t i o n  [ C n - m i m ] ,  w h i l e  

b is ( t r i f l u o r o m e t h a n e ) s u l f o n a m i d e  [ T F S I ]  i s  a l w a y s  u s e d  a s  t h e  a n i o n .

F ig u r e  1. C atio n  a n d  a n io n  o f  the s tu d ied  R TIls

Methods and results
T o  a s c e r t a i n  t h e  d y n a m i c a l  b e h a v i o r  o f  t h e s e  i m i d a z o l i u m  b a s e d  R T I L s ,  w e  e x p l o i t  t h a t  

N M R  p r o v i d e s  a c c e s s  t o  g l a s s y  d y n a m i c s  i n  w i d e  r a n g e s  o f  t i m e  a n d  l e n g t h  s c a l e s .  M o r e o v e r ,  

d u e  t o  i t s  i s o t o p e  s e l e c t i v i t y ,  t h e  d y n a m i c a l  b e h a v i o r s  o f  d i f f e r e n t  m o l e c u l e s / m o l e c u l a r  g r o u p s  

c a n  b e  s e p a r a t e d .  I n  c o n v e n t i o n a l  h i g h  f i e l d  N M R  w e  f i n d  T 1 m i n i m a  s t r o n g l y  i n f l u e n c e d  b y  

s p i n  d i f f u s i o n .  A  s p e c t r a l l y  r e s o l v e d  e v a l u a t i o n  r e v e a l s  n u m e r o u s  i n t e r n a l  m o t i o n a l  p r o c e s s e s  

o f  t h e  c a t i o n .  T h e  s t r u c t u r a l  r e l a x a t i o n  c a n  b e  i d e n t i f i e d  u s i n g  s u p p o r t  f r o m  c o n c o m i t a n t  

m o l e c u l a r  d y n a m i c s  s i m u l a t i o n s  [ 1 ] .

A p p l y i n g  F i e l d - G r a d i e n t  N M R ,  w e  m e a s u r e  t h e  s e l f - d i f f u s i o n  c o e f f i c i e n t  o f  t h e  c a t i o n s  

( 1 H )  a n d  a n i o n s  ( 19F ) ,  r e v e a l i n g  n o  h i n t s  t o  c h a i n - l e n g t h  d e p e n d e n t  c l u s t e r i n g .  F i e l d - C y c l i n g  

N M R  p r o v i d e s  f r e q u e n c y - d e p e n d e n t  r e l a x a t i o n  t i m e s  T 1 ( w ) ,  w h i c h ,  i n  t u r n ,  y i e l d  s p e c t r a l  

d e n s i t i e s  o f  m o t i o n a l  p r o c e s s e s  a n d ,  t h u s ,  t r a n s l a t i o n a l  a n d  r o t a t i o n a l  c o r r e l a t i o n  t i m e s .

C o m p a r i n g  l o n g - r a n g e  s e l f  d i f f u s i o n  w i t h  s h o r t - r a n g e  s t r u c t u r a l  r e l a x a t i o n ,  w e  a n a l y z e  

c a t i o n - a n i o n  c o u p l i n g s  a g a i n s t  t h e  b a c k g r o u n d  o f  a l k y l - c h a i n  l e n g t h  d e p e n d e n t  s t r u c t u r a l  

h e t e r o g e n e i t i e s .  I n c r e a s i n g  t h e  c h a i n  l e n g t h  c a u s e s  a n  o v e r a l l  s l o w d o w n  o f  d i f f u s i o n  a n d  a  

c h a n g e  i n  f r a g i l i t y .  O v e r  s i x  o r d e r s  o f  m a g n i t u d e ,  r o t a t i o n a l  c o r r e l a t i o n  t i m e s  o f  c a t i o n  a n d  

a n i o n  a r e  s h o w n  a n d ,  a t  v a r i a n c e  w i t h  p r e v i o u s  p u b l i c a t i o n s ,  n o  d e c o u p l i n g  d u e  t o  s t r u c t u r a l  

c h a n g e s  i s  o b s e r v e d  [ 2 ,  3 ] .

T h e  f i n d i n g s  o f  o u r  N M R  e x p e r i m e n t s  c a n  b e  c o m p a r e d  t o  r e s u l t s  f r o m  d y n a m i c  l i g h t  

s c a t t e r in g .  I n  m o r e  d e t a i l ,  h i g h - t e m p e r a t u r e  a n d  l o w - t e m p e r a t u r e  s t r u c t u r a l  r e l a x a t i o n  t i m e s  

m e a s u r e d  u s i n g  a  F a b r y - P e r o t - i n t e r f e r o m e t e r  a n d  p h o t o n  c o r r e l a t i o n  s p e c t r o s c o p y ,  

r e s p e c t i v e l y ,  a r e  p lo t t e d  t o g e t h e r  w i t h  t h e  N M R  d a t a .  T h e  c o m b i n a t i o n  o f  b o t h  m e t h o d s  g i v e s  

a c c e s s  t o  m o l e c u l a r  d y n a m i c s  o v e r  a b o u t  1 4  d e c a d e s  i n  t i m e .
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Molecular mobility in a set of imidazolium-based ionic liquids
S e r g e i  B ystrov, V. I. C hizhik
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Io n ic  liqu id s (ILs)/ room  tem p eratu re  io n ic  liqu id s (R T IL s ) ,  b y  th e  m o st w id e ly  acce p ted  
d e fin itio n , are co m p o u n d s c o n sistin g  en tire ly  o f  io n s , b u t in  co n trast to  ord inary  salts th ey  
rem ain  liqu id  at th e  room  tem p eratu re  o r at tem p eratu res b e lo w  1 0 0  oC. T h e  firs t IL s  w ere  
d isco v e red  m o re  th an  10 0  y ears ag o  b u t th ey  h av e b e c o m e  th e  fo c u s  o f  in ten siv e  in v estig a tio n s  
o n ly  in  th e  p ast fe w  d ecad es. T h e  IL s  are n o rm ally  co m p o sed  o f  a sy m m etric  o rg an ic  ca tio n  and 
an io n  o f  n early  any ty p e. T h e y  p o sse ss  u n iq u e p ro p erties  su ch  as lo w  v ap o r pressure, h igh  
b o ilin g  p oin t, h ig h  th erm al stab ility , structu ral d e sig n ab ility , and th e  ab ility  to  d isso lv e  a w id e 
ran g e o f  ch e m ica l sp e c ies  [1 ]. T h e s e  system s, n ea t and in  so lu tion s, m ay  b e  co n sid ered  as on e 
o f  th e  m o st su ccessfu l break th ro u g h s in  crea tin g  sm art m u ltifu n ctio n a l m ateria ls  and 
co m p o sitio n s  applied  in  “g reen  ch e m istry ” , in  sep aration , p u rifica tio n  and o th er te ch n o lo g ica l 
p ro ce s se s  [2 ] . T h e  IL s  h av e  b een  su g g ested  as n o n -aq u eo u s e le c tro ly te s  fo r  e le c tro ch e m ica l 
ap p lica tio n s, en erg y  storag e  and co n v ersio n , sup er- or u ltra -ca p a c ito rs , lig h t-e m ittin g  and dye- 
sen sitized  so lar ce lls . B e s id e  p h y sica l and ch e m ica l prop erties, th e ir  b io lo g ica l ac tiv ity , 
a n tim icro b ia l and c y to to x ic  p ro p erties and, th us, p o ten tia l ap p lica tio n  in  p h arm aceu tics  and 
m e d ic in e  h av e  b een  a ttractin g  s ig n ific a n t in terest o f  sc ien tis ts  w o rk in g  in  th e  fie ld s  o f  life  
sc ie n ce , b io ch e m istry , drug sy n th esis , e tc  [3 , 4 ].
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F i g u r e  1. Io n ic  liq u id  o f  the [B M IM ] type w ith n u m b e r in g  o f  the ato m s w ithin the cation

In  th is  w o rk  th e  d eta iled  in v estig a tio n  o f  th e  lo ca l m o b ility  in  a set o f  dried im id azo liu m - 
b ased  io n ic  liqu id s (1 -b u ty l-3 -m e th y lim id a z o liu m ) in  a w id e tem p eratu re  ran ge and v ary in g  
a n io n s (B F 4  , I  , C l , B r  , N O 3 , T fO  ) is  presen ted . F ig u re  1 sh ow s th e  ex am p les  o f  such  
io n ic  liqu id s w ith  th e  n u m b erin g  o f  th e  ato m s in  th e  ca tio n . T h e  m easu rem en ts o f  tem p eratu re 
d e p en d en cies o f  sp in -la ttice  re la x a tio n  tim e s o f  th e  1H  and 13C  n u cle i are m o tiv ated  b y  th e  n eed  
to  o b ta in  a fu n d am en tal ch a ra cteriz a tio n  o f  m o le cu la r  m o b ility  o f  th e  su b stan ces under study, 
n am ely , to  estim ate  th e  co rre la tio n  tim es, Tc, fo r  th e  m o tio n  o f  ind iv id u al m o le cu la r  groups. In  
p articu lar, it  fo llo w s  fro m  o b ta in ed  resu lts  th at th e  m o b ility  o f  th e  h y d ro carb o n  “ta il” is  h ig h er 
(sm a lle r  Tc) th an  th e  on e o f  th e  im id a z o le  rin g, and it is  im p o rtan t th a t th is  ex p ected  ten d en cy  
is  q u an tified . T h e  e f fe c t  o f  an an io n  ty p e on  th e  ca tio n  m o b ility  is  a lso  an aly zed .

F ig u re  2  sh ow s th e  o rig in al 1 3 C  re la x a tio n  data o b tain ed  fo r  all th e  sam p les un d er th e 
study. .A  sp e c ia lly  d esig n ed  co m p u ter a lg o rith m  a llo w s o n e to  ca lcu la te  co rre la tio n  tim e s fo r  
ea ch  ind iv id u al m o le cu la r  group in  ca se  w h en  a m ax im u m  on th e  re la x a tio n  cu rv e  e x is ts  in  th e 

tem p eratu re  ran g e under study. F ig u re  3 illu stra tes th e  resu lts  o f  such  a tech n iq u e.
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F i g u r e  2. T h e  tem p era tu re  d e p e n d e n c ie s  o f  the 13C  sp in -la ttice  rela xa tio n  ra tes  
f o r  th e  s e l e c t e d  fu n c t io n a l g r o u p  (7 ) o f  th e  ca tio n  in  th e  p r e s e n c e  o f  d iffe re n t  a n io n s

F i g u r e  3. T h e  tem p era tu re  d e p e n d e n c ie s  o f  the c a lc u la te d  c o rre la tio n  tim es  
f o r  th e  s e l e c t e d  fu n c t io n a l g r o u p  (7 ) o f  th e  ca tio n  in  th e  p r e s e n c e  o f  d iffe re n t  a n io n s
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Multinuclear dipolar NMR spectroscopy in ionic liquid crystals
J i n g  D a i1, B o r is  B . K h a rk o v 2, S e r g e y  V. D v in sk ik h 12

2D ep a rtm e n t  o f  C hem istry , K T H  R o y a l Institute o f  T ech n o lo g y , Stockho lm , S w ed en  
2L a b o ra to ry  o f  B io m o le c u la r  N M R , S a in t P e t e r s b u r g  Sta te  U niversity, R u ssia  
E - m a il: s e rg e id @ k th .s e

I o n i c  l i q u i d  c r y s t a l s  ( I L C )  b e l o n g  t o  a  c l a s s  o f  m a t e r i a l s  t h a t  a r e  i o n i c  l i q u i d s  c a p a b l e  o f  

f o r m i n g  l i q u i d  c r y s t a l l i n e  p h a s e s  o n  c o o l i n g  f r o m  i s o t r o p i c  s t a t e  [ 1 ] .  I L C  h a v e  t h e  t y p i c a l  

p r o p e r t i e s  o f  i o n i c  l i q u i d s ,  a n d ,  a t  t h e  s a m e  t i m e ,  a n  a n i s o t r o p i c  n a n o - s c a l e  s t r u c t u r e  o f  l i q u i d  

c r y s t a l s .  T h i s  r e s u l t s  i n  u n i q u e  c o m b i n a t i o n  o f  i o n i c  c o n d u c t i v i t y  d i s p l a y e d  b y  i o n i c  l i q u i d s ,  

a n d  a n i s o t r o p i c  p h y s i c o - c h e m i c a l  p r o p e r t i e s ,  r e v e a l e d  b y  l i q u i d  c r y s t a l l i n e  m a t e r i a l s .  T h e  

p r e s e n c e  o f  t h e  m o l e c u l a r  o r i e n t a t i o n a l  o r d e r  i n  f l u i d  i o n i c  m a t e r i a l  l e a d s  t o  n e w  d y n a m i c  

p r o p e r t i e s  e x p l o i t e d  i n  m o d e r n  t e c h n o l o g i c a l  a p p l i c a t i o n s .

N M R  s p e c t r o s c o p y  i s  a  p o w e r f u l  e x p e r i m e n t a l  t o o l  f o r  i n v e s t i g a t i n g  m o l e c u l a r  

c o n f o r m a t i o n ,  o r i e n t a t i o n a l  o r d e r  a n d  d y n a m i c s  i n  l i q u i d  c r y s t a l s .  S t r u c t u r a l  a n d  o r d e r  

p a r a m e t e r s  a t  t h e  a t o m i c  a n d  m o l e c u l a r  l e v e l s  c a n  b e  o b t a i n e d  t h r o u g h  t h e  m e a s u r e m e n t s  o f  

d i p o l e - d i p o l e  s p i n  c o u p l i n g s ,  w h i c h  a r e  o r i e n t a t i o n -  a n d  i n t e r a t o m i c  d i s t a n c e s  d e p e n d e n t .  I n  

c o n t r a s t  t o  i s o t r o p i c  p h a s e ,  t h e  m o t i o n  o f  t h e  i n d i v i d u a l  m o l e c u l e s  i n  a  l i q u i d  c r y s t a l l i n e  p h a s e  

i s  n o t  f u l l y  i s o t r o p i c .  T h u s ,  t h e  r e s i d u a l  d i p o l a r  c o u p l i n g ,  l e f t  a f t e r  t h e  f a s t  m o t io n s ,  i s  n o t  

a v e r a g e d  t o  a n y  l o w e r  v a l u e .

W e  p r e s e n t  n u m b e r  o f  e x p e r i m e n t a l  N M R  a p p r o a c h e s  t o  m e a s u r e  d i p o l a r  c o u p l i n g s  i n  

m e s o p h a s e s  o f  I L C  s a m p l e s  w i t h  n a t u r a l  i s o t o p i c  a b u n d a n c e .  13 C - * H  a n d  15N - * H  h e t e r o n u c l e a r  

d i p o l a r  c o u p l i n g s  b e t w e e n  a b u n d a n t  p r o t o n s  a n d  r a r e  i s o t o p e s  a r e  m e a s u r e d  b y  s e p a r a t e d  l o c a l  

f i e l d  s p e c t r o s c o p y  m e t h o d  [ 2 ] .  H o m o n u c l e a r  d i p o l a r  c o u p l i n g  b e t w e e n  c a r b o n - 1 3  s p i n  p a i r s  a t  

n a t u r a l  a b u n d a n c e  o f  0 . 0 1 2 %  a r e  o b t a i n e d  i n  d o u b l e - q u a n t u m  c o r r e l a t i o n  d i p o l a r  

I N A D E Q U A T E  e x p e r i m e n t  [ 3 ] .  I t  i s  m o s t  c h a l l e n g i n g  t o  e x p e r i m e n t a l l y  d e t e c t  15N - 13 C  d i p o l a r  

s p e c t r a  s i n c e  t h e  f r a c t i o n  o f  t h e  m o l e c u l e s  c o n t a i n i n g  15N - 13 C  p a i r s  i s  o n l y  0 . 0 0 4 % .  R e c e n t  

e x p e r i m e n t a l  s t r a t e g i e s  t o  r e c o r d  15N - 13 C  d i p o l a r  s p e c t r a  i n  l i q u i d  c r y s t a l l i n e  s a m p l e s  w i t h  

n a t u r a l  i s o t r o p i c  a b u n d a n c e  w i l l  b e  p r e s e n t e d  [ 4 ,  5 ] .

T h is  w o rk  w as s u p p o rte d  by the S w ed ish  R e s e a r c h  C o u n c il  VR  a n d  by the R u ssia n  
F o u n d a tio n  f o r  B a s ic  R e s e a r c h  (p ro ject  no. 1 7 - 0 3 - 0 0 0 5 7 ) .
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Various NMR approaches in studies of polypeptides: 
Application to insulins and cyclosporins
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Introduction
D e v e l o p m e n t  o f  b i o l o g i c a l l y  a c t i v e  m o l e c u l e s  w i t h  n e w  r e q u i r e d  p r o p e r t i e s  c a n  b e n e f i t  

f r o m  s t u d i e s  a t  t h e  m o l e c u l a r  l e v e l  i n  c o n d i t i o n s  c l o s e  t o  n a t u r a l l y  o c c u r r i n g  i n  a  l i v i n g  

o r g a n i s m .  T h e s e  c o n d i t i o n s  c a n  b e  q u i t e  d i f f e r e n t ,  d e p e n d i n g  o n  t h e  p r e s e n c e  o f  o t h e r  

m o l e c u l e s  o r  i o n s ,  p o l a r i t y  o f  t h e  e n v i r o n m e n t ,  e t c .  O n  t h e  o t h e r  h a n d ,  t h e r e  a r e  m a n y  N M R  

p a r a m e t e r s  w h i c h  m a y  b e  u s e f u l  i n  e v e r y  p a r t i c u l a r  c a s e ,  a n d  s p e c i f i c  e x p e r i m e n t s  h a v e  b e e n  

d e v e l o p e d  t o  g a i n  c o r r e s p o n d i n g  i n f o r m a t i o n .

H e r e  w e  d e s c r i b e  i n v e s t i g a t i o n s  o f  b i o l o g i c a l l y  a c t i v e  p e p t i d e s ,  n a m e l y ,  i n s u l i n  a n d  

c y c l o s p o r i n s ,  w h i c h  a r e  c o n d u c t e d  i n  t h e  L a b o r a t o r y  o f  N M R  a t  K a z a n  F e d e r a l  U n i v e r s i t y .  T h e  

g o a l  o f  t h i s  r e s e a r c h  i s  t o  e s t a b l i s h  p r o p e r t i e s  o f  t h e  c o m p o u n d s  s u c h  a s  m o l e c u l a r  s t r u c t u r e ,  H -  

b o n d  p a t t e r n ,  f l e x i b i l i t y  o f  t h e  c h a i n ,  a n d  i n  t h e  c a s e  o f  i n s u l i n  -  t e n d e n c y  t o  a g g r e g a t io n .

Object
I n s u l i n  i s  a n  i r r e p l a c e a b l e  p r e p a r a t i o n  f o r  p e o p l e  s u f f e r i n g  f r o m  d i a b e t e s  m e l l i t u s ;  t h a t  

i s  w h y  i t  i s  i m p o r t a n t  t o  s t u d y  i t s  s t r u c t u r e  a n d  i n t e r a c t i o n  o f  i n s u l i n  w i t h  d i f f e r e n t  l i g a n d s .  

C o n f o r m a t i o n  c h a n g e s  w h i c h  a c c o m p a n y  l i g a n d  b i n d i n g  a r e  o f  f u n d a m e n t a l  i n t e r e s t .  O n  t h e  

o t h e r  h a n d ,  p h y s i c o c h e m i c a l  p r o p e r t i e s  s u c h  a s  s o l u b i l i t y  a n d  s t a b i l i t y  a r e  i m p o r t a n t  i n  d r u g  

p r e p a r a t i o n  a n d  d e l i v e r i n g  [ 1 ] .

C y c l o s p o r i n s  f o r m  a  f a m i l y  o f  o v e r  3 0  c y c l i c  p e p t i d e s  f o u n d  i n  n a t u r e  a s  m e t a b o l i t e s  o f  

s o i l  f u n g i .  C y c l o s p o r i n  A  ( C s A )  i s  w i d e l y  u s e d  a s  a n  i m m u n o s u p p r e s s a n t .  A l l  c y c l o s p o r i n s  

h a v e  s i m i l a r  p r o p e r t i e s  r e g a r d i n g  t h e i r  m o l e c u l a r  w e i g h t  a n d  h y d r o p h o b i c i t y ,  b u t  d i f f e r e n t  

a c t i o n  o n  t h e  o r g a n i s m .  V a r i a n t s  A ,  C ,  a n d  D  s h o w  i m m u n o s u p p r e s s i v e  p r o p e r t i e s ,  w h i l e  C s B  

d o e s  n o t .  A g a i n ,  d y n a m i c a l  p r o p e r t i e s  o f  t h e  m o l e c u l e  a r e  i m p o r t a n t  i n  t h i s  c a s e ,  a s  t h e y  w e r e  

s h o w n  t o  b e  r e l a t e d  w i t h  t h e  a b i l i t y  t o  p e n e t r a t e  c e l l  m e m b r a n e s  a n d  t h u s  d e t e r m i n e  

b i o a v a i l a b i l i t y  [ 2 ] ;  o n  t h e  o t h e r  h a n d ,  c o e x i s t e n c e  o f  s e v e r a l  c o n f o r m a t i o n s  m a y  d e c r e a s e  t h e  

a c t i v i t y  o f  t h e  d r u g  i f  t h e  a c t i v e  c o n f o r m e r  h a s  a  s m a l l  r e l a t i v e  c o n c e n t r a t i o n  [ 3 ] .

W e  s t u d i e d  b o v i n e  i n s u l i n  a n d  c y c l o s p o r i n s  A - D .  I n s u l i n  m o l e c u l e  c o n s i s t s  o f  t w o  u n i t s  

c a l l e d  A  a n d  B  a n d  l i n k e d  t o g e t h e r  w i t h  d i s u l f i d e  b o n d s .  B o v i n e  i n s u l i n  d i f f e r s  f r o m  h u m a n  

i n s u l i n  b y  t h r e e  a m i n o  a c i d  r e s id u e s :  A l a 8 A ^ T h r 8 A ,  V a l 1 0 A ^ I l e 1 0 A ,  A l a 3 0 B ^ T h r 3 0 B  

( f o r m e r  r e s i d u e s  b e l o n g  t o  t h e  b o v i n e  f o r m ;  l a t t e r ,  h u m a n ) .  T h i s  d i f f e r e n c e  d o e s  n o t  a l t e r  t h e  

m o s t  c o n s e r v a t i v e  a n d  i m p o r t a n t  s e g m e n t s  o f  i n s u l i n ,  A 1 - A 3 ,  A 1 2 - A 1 7 ,  a n d  B 8 - B 2 5  [ 4 ] .

C y c l o s p o r i n  c h a i n  c o n s i s t s  o f  1 1  a m i n o  a c i d  r e s i d u e s  c y c l e d  f r o m  h e a d  t o  t a i l .  R e s i d u e  

B m t  ( 4 - m e t h y l - 4 - [ ( E ) - 2 - b u t e n y l ] - 4 , N - m e t h y l  t h r e o n i n e )  o r  i t s  d e r i v a t i v e s  i s  a  u n i q u e  f e a t u r e  o f  

c y c l o s p o r i n s ,  i t  i s  u s u a l l y  c o n s i d e r e d  a s  t h e  f i r s t  i n  t h e  c h a i n ;  D - A l a  s t a n d s  i n  t h e  p o s i t i o n  8 ; 

r e s i d u e  2  i s  t h e  m o s t  v a r i a b l e  a m o n g  t h e  w h o l e  f a m i l y  o f  t h i s  p e p t i d e s .  O t h e r  d i f f e r e n c e s  

b e t w e e n  p e p t i d e  v a r i a n t s  m a y  i n c l u d e  a l t e r a t i o n  o f  a m i n o  a c i d s ,  p r e s e n c e  o r  a b s e n c e  o f  

N - m e t h y l a t i o n  o f  t h e  a m i d e  g r o u p ,  a n d  c h a n g e s  i n  t h e  o p t i c a l  i s o m e r s  o f  i n d i v i d u a l  r e s id u e s .  

T h e  f o u r  s t u d i e d  v a r i a n t s  d i f f e r  i n  p o s i t i o n  2 :  C s A  h a s  a m i n o b u t y r i c  a c i d  A b u  a t  t h i s  s i t e ;  C s B ,  

a l a n i n e ;  C s C ,  t h r e o n i n e  ( p o l a r  a m i n o  a c i d ) ;  a n d  C s D ,  v a l i n e .

Method
B o v i n e  i n s u l i n  e x t r a c t e d  f r o m  p a n c r e a s  w a s  p u r c h a s e d  f r o m  S i g m a  A l d r i c h .  T h e  s a m p l e  

w a s  i n s u l i n  d i s s o l v e d  i n  w a t e r  ( 9 0 %  H 2O ,  1 0 %  D 2O ,  c o n c e n t r a t i o n  c  =  1 . 1  m M ) ;  D S S  w a s  u s e d
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fo r  re fe re n c in g  th e c h e m ic a l sh ift sca le . U s e  o f  th e  a c id ic  so lu tio n  w as n eed ed  due to a  low  
so lu b ility  o f  in su lin  in  n eutral en v iro n m en t (H C l w as add ed to  a ch iev e  pH  =  2 .8 6 ) .

C y c lo sp o rin s  B ,  C  and D  w ere p u rch ased  fro m  B e r lin  B io re a g e n t, A v a C h e m  and 
C ay m an  C h e m ica l, re sp ectiv e ly . S o lu tio n s  in  deuterated  ch lo ro fo rm  w ith  th e co n cen tra tio n  o f  
1 .0 —1 .6 m M  w ere prepared  fo r  in v estig a tio n . T M S  w as u sed  as an in ternal c h e m ica l sh ift 
standard.

A ll ex p erim en ts  w ere carried  o u t on  a  B ru k e r  A v a n c e  I I I  H D  7 0 0  sp e ctro m ete r (p ro to n  
re so n an ce  fre q u e n cy  7 0 0 .1 3  M H z, 13C  re so n an ce  freq u en cy  1 7 6 .0 5  M H z). T em p eratu re  o f  th e 
sam p le w as stab ilized  w ith  th e a c cu ra c y  o f  ± 0 .1 ° C .  C o m b in a tio n  o f  D Q F -C O S Y , T O C S Y , 
1 H ,13C -H S Q C  and H M B C  w as used  fo r  sign al assig n m en t. S tru ctu ra l d ata  w ere o b ta in ed  usin g 
N O E  sp e ctro sco p y  (N O E S Y , R O E S Y ) ;  D O S Y  m easu rem en ts w ere a lso  p erfo rm ed  in  th e case  
o f  insu lin .

Results
Bovine insulin

T h ree  h e lica l re g io n s  w ere rev ea led  in  th e  b o v in e  in su lin  m o lecu le  b ased  on  the 
b a ck b o n e  c h e m ica l sh ifts  in d ice s  ( 1 H a , 13C a )  and m ed iu m -ran g e N O E  co n tacts . T h e y  in clu d e 
resid u es A 3 - A 7 ,  A 1 2 - A 1 8 ,  and B 8 - B 1 8 .  A n  ad d itio n al se r ie s  o f  T O C S Y  e x p erim en ts  w ith  the 
sam p le d isso lv ed  in  D 2O  (w ith  ad d ition  o f  H C l) w as a lso  m ad e to  o b serv e  p ro to n -d eu te riu m  
ex ch a n g e . N H -H a  c ro ss -p e a k s  o f  C y s 6 , C y s 7 , A la 8 in  ch a in  A  and L e u 6 , C y s 7 , A rg 2 2 , P h e 2 4  
in  ch a in  B  d isap p eared  during th e  firs t fe w  hours, w h ile  m an y  s ig n a ls  in  th e  m en tio n ed  h e lica l 
re g io n s  w ere still v is ib le  in  11 h ours a fter sam p le prep aration . T h e  h e lix  3 A - 7 A  tu rned  o u t to  
be le ss  stab le  an d  prone to  c h e m ica l e x ch a n g e  w ith  w ater. T h e  bend at th e C -term in a l part o f  
th e B -c h a in  sh ow ed  a  re la tiv e ly  slo w  e x ch a n g e  rate, th ou g h  resid u es n u m b er 2 4 ,  2 6  are p laced  
b ey on d  th e  P -turn  2 0 -2 3  w h ich  w as rep orted  fo r  h u m an  in su lin  [5 ] and is  ex p e cte d  to  b e  fou nd  
here.

W e  carried  o u t D O S Y  m easu rem en ts w h ich  a llo w ed  estim atin g  th e  in su lin  s e lf
d iffu sio n  c o e ff ic ie n t  D bi =  9 . 8 1 0 - 1 1  m 2/s, w h ile  th e in ternal standard ( D S S )  in  th e  sam e so lu tion  
had D d s s  =  4 . 4 7 1 0 - 1 0  m 2/s. K n o w in g  th e  m o le cu la r  w e ig h t o f  D S S ,  w e can  estim ate  rou gh ly  
th e M W  o f  in su lin , w h ich  is  co n s is te n t w ith  th e  ran ge М ы  =  n -5 7 3 3 .5  D a, n  =  1, 2 , 3 . T o  
elu c id a te  fu rth er th e  q u estio n  o f  d y n am ica l d im eriza tio n  o f  p ro tein  m o le cu le s , w e estim ated  
a lso  th e  co rre la tio n  tim e  Tc fro m  k n ow n  in tera to m ic  d ista n ces  in  ty ro sin e  rin g and m easu red  
c ro ss -re la x a tio n  rate. It w as fou nd  to  b e  Tc ~  2 .9  ns, b u t d e creased  as th e so lu tion  w as diluted . 
A p p ly in g  S to k e s -E in s te in  fo rm u la  to  estim ate  th e m o lecu le  size  g iv es  a  resu lt la rg e r th an  
e x p ected  fo r  k n o w n  in su lin  stru ctu res [6].

Cyclosporins
W h e n  d isso lv ed  in  ch lo ro fo rm , a ll studied c y c lo s p o rin s  sh ow  sim ila r  spectra , w h ich  

m ean s th a t th e ir  spatia l structu re rem ain s g e n e ra lly  un altered . H o w ev er, th ere  are som e 
v a ria tio n s  sh o w in g  w h ich  seg m en ts o f  th e  pep tide ch a in  turn  o u t to  be m o st sen sitiv e  to  am in o  
ac id  re p la ce m e n t at p o sitio n  2 . A n a ly s is  o f  b a ck b o n e  a to m s’ c h e m ica l sh ifts  (C a , H a , C O ) 
re v ea ls  th a t in  ad d ition  to  am in o  ac id s  1 and 3 (w h ich  are n e ig h b o rs  o f  th e  a lte rin g  site ), m ore 
d istan t resid u es 5 and 8 ex p e rie n ce  n o tic e a b le  ch an g es. P o s itio n s  o f  am id e proton  re so n a n ces  
are a lso  s im ilar, w ith  th e  e x c e p tio n  o f  V a l5  N H  w h o se  c h e m ica l sh ift v a r ie s  b y  0 .4  ppm  am ong 
cy c lo s p o rin s  A - D .  C s B  and D  w ere s im ila r  to  C s A  regard ing  th e ir  sp ectra , w h ich  d o es n ot 
co rre la te  d irectly  w ith  th e ir  b io lo g ica l ac tio n . O n  th e  co n trary , d e v ia tio n  b etw ee n  b a ck b o n e  
c h e m ica l sh ifts  o f  C sC  and C s A  w as larg er, w h ile  th is  pep tid e re ta in s m u ch  o f  
im m u n o su p p ressiv e  activ ity .

T h u s, b io lo g ica l ac tio n  o f  a  pep tid e m a y  depend o n  s p e c ific  sites, c o n fo rm a tio n  o f  side 
ch a in s, p re sen ce  o f  ce rta in  h yd rogen  bon ds, e tc . In  th e ca se  o f  cy c lo s p o rin s , so m e u n ex p ected
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s i g n a l s  w e r e  o b s e r v e d  i n  t h e  r e g i o n  3 . 8 —4 . 1  p p m  w h i c h  w e r e  a s c r i b e d  t o  T h r 2  O H  g r o u p  i n  C s C  

a n d  B m t 1  O H  i n  C s D .  N o  h y d r o x y l  p r o t o n s  w e r e  o b s e r v e d  i n  1 D  s p e c t r a  f o r  c y c l o s p o r i n s  A  

a n d  B ;  h o w e v e r ,  t h e y  s h o w e d  b r o a d  d i a g o n a l  s i g n a l s  i n  t h e  h i g h - f i e l d  r e g i o n  o f  2 D  N O E S Y  

s p e c t r a  w h i c h  c a n  b e  a s s i g n e d  t o  l a b i l e  O H  p r o t o n s .

A n o t h e r  i n t r i g u i n g  p r o p e r t y  o f  c y c l o s p o r i n s  i s  t h e i r  b e h a v i o r  i n  p o l a r  m e d i a  s u c h  a s  

w a t e r ,  D M S O ,  D M F ,  e t c .  A  c o m p l e x  s l o w  c o n f o r m a t i o n a l  e x c h a n g e  t a k e s  p l a c e  i n  t h e s e  

s o l v e n t s .  A s s i g n m e n t  o f  s o m e  p e a k s  o f  N H  p r o t o n s  o f  C s C  i n  D M F  w a s  a c h i e v e d  a t  s e v e r a l  

t e m p e r a t u r e s  f r o m  1 4 °  t o  4 0 ° C .  S o m e  o f  t h e  s i g n a l s  ( e . g . ,  T h r 2  N H )  s h o w e d  s l o w  d e p e n d e n c e  

o f  t h e  c h e m i c a l  s h i f t  o n  t h e  t e m p e r a t u r e  w h i c h  i n d i c a t e s  t h e  p r e s e n c e  o f  a n  i n t r a m o l e c u l a r  

H - b o n d ;  h o w e v e r ,  m o s t  o f  t h e  s i g n a l s  c h a n g e d  t h e i r  p o s i t i o n  r a p i d l y  t o w a r d s  t h e  h i g h  f i e l d s  a s  

t h e  t e m p e r a t u r e  i n c r e a s e d .  T h i s  i s  i n  a g r e e m e n t  w i t h  a n  i d e a  t h a t  m o s t  i n t r a m o l e c u l a r  b o n d s  i n  

c y c l i c  p e p t i d e s  a r e  d i s r u p t e d  i n  p o l a r  m e d i a ,  w h i c h  m a k e s  t h e i r  s t r u c t u r e  f l e x i b l e  [ 7 ] .

Conclusions
O v e r a l l  s i z e s  o f  s t r u c t u r e s  o f  i n s u l i n  m o l e c u l e s  a g r e e  w i t h  t h e  D O S Y  m e a s u r e m e n t s  

a s s u m i n g  t h a t  t h e  m o l e c u l e  e x i s t s  i n  f a s t  e x c h a n g e  b e t w e e n  m o n o m e r i c  a n d  o l i g o m e r i c  f o r m s  

i n  s o l u t i o n  w i t h  p H  =  2 . 8 6 .  I n d i r e c t  o b s e r v a t i o n s  c o n f i r m  t h i s  s u g g e s t i o n :  m o l e c u l a r  t u m b l i n g  

c o r r e l a t i o n  t i m e  a n d  p e a k  w i d t h  i n  t h e  ' H , 13 C - H S Q C  s p e c t r a  w e r e  f o u n d  t o  d e c r e a s e  a s  t h e  

i n s u l i n  c o n c e n t r a t i o n  d e c r e a s e d .  T h i s  c a n  b e  e x p l a i n e d  a s  t h e  s h i f t  i n  t h e  e x c h a n g e  e q u i l i b r i u m :  

t h e  l e s s  c o n c e n t r a t e d  t h e  s o l u t i o n  i s ,  t h e  l a r g e r  t h e  f r a c t i o n  o f  t h e  m o n o m e r i c  f o r m  b e c o m e s .

B a c k b o n e  a n d  s i d e  c h a i n s  c h e m i c a l  s h i f t s  o f  c y c l o s p o r i n s  A - D  w e r e  f o u n d  t o  b e  s i m i l a r ,  

w i t h  s m a l l  r e l a t i v e  d i f f e r e n c e s .  W e  m a y  e x p e c t  t h a t  a  d e c r e a s e d  s i z e  o f  t h e  r e s i d u e  2  ( a l a n i n e  

i n s t e a d  o f  a m i n o b u t y r i c  a c i d )  a n d  a  c h a n g e  i n  t h e  H - b o n d i n g  b e h a v i o r  o f  B m t l  a r e  r e s p o n s i b l e  

f o r  t h e  i n a c t i v a t i o n  o f  t h e  b i o l o g i c a l  a c t i v i t y  o f  C s B ,  s i n c e  t h e s e  r e s i d u e s  b e l o n g  t o  t h e  

c y c l o s p o r i n / c y c l o p h i l i n  i n t e r a c t i o n  i n t e r f a c e .

C y c l o s p o r i n  C  i n  p o l a r  m e d i a  b e h a v e s  s i m i l a r l y  t o  C s A  a n d  e x p e r i e n c e s  a  c o m p l e x  

p a t t e r n  o f  c o n f o r m a t i o n a l  c h a n g e s .  F e w  N H  s i g n a l s  s h o w  a  s l o w  t e m p e r a t u r e  d e p e n d e n c e ,  

w h i c h  m e a n s  t h a t  i n t r a m o l e c u l a r  h y d r o g e n  b o n d s  o f  t h e  p e p t i d e  a r e  m o s t l y  d i s r u p t e d  a n d  

d i r e c t e d  i n t o  t h e  s o l v e n t .  T h e  f r a c t i o n  o f  t h e  m o l e c u l e s  h a v i n g  a n  i n c r e a s e d  n u m b e r  o f  

i n t r a m o l e c u l a r  H - b o n d s  i s  s m a l l  a n d  c o r r e s p o n d s  t o  t h e  m i n o r  N H  s i g n a l s .
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Magnetic Resonance Imaging in Low Magnetic Field
V ia ch esla v  F r o lo v , K o n sta n tin  Tyutyukin

St. P e t e r s b u r g  Sta te  U niversity ,1 , U lyanovskaya str.,
St. P ete rs b u rg , 1 9 8 5 0 4 , R u ss ia n  F e d e r a t io n  
vfro lo v v @ bk . ru

In  re ce n t y e ars  th ere  is  a  te n d en cy  in  m ag n etic  re so n an ce  im ag in g  (M R I)  to  u se an ev er- 
in crea sin g  strong  m a g n etic  fie ld . T h e  tren d  is  ju s tif ie d  b y  th e  fa c t  th a t M R I  is  ch aracterize d  by  
lo w  sen sitiv ity , and th is  in  turn  lead s to  a  lo n g  tim e  o f  m ed ica l ex am in atio n . N ev erth e less , o v e r 
th e p ast d ecad es, in terest in  o b ta in in g  an M R I  in  a  w e ak  m a g n etic  fie ld  h as n o t o n ly  n o t 
d e creased  but, o n  th e co n trary , h as in creased . T h is  is  p rim arily  due to  th e ec o n o m ic  fac to r : th e 
crea tio n  o f  a  m a g n etic  fie ld  d o es n o t requ ire  su p erco n d u ctin g  m ag n ets , and th e  eq u ip m en t is  
sev eral ord ers o f  m agn itu d e ch eap er.

H o w ev er, in  M R I  in  a  w e ak  m a g n etic  fie ld  th ere  are p o in ts  o f  p h y sica l an d  p ractica l 
in terest. T h is  is  p rim arily  a  h ig h e r ab so lu te  re so lu tio n  in  a  w e ak  fie ld  w ith  th e sam e re la tiv e  
in h o m o g en eity  o f  th e  m a g n etic  fie ld . S e co n d ly , th ere is  a  d ep en d en ce  o f  n u clear m ag n etic  
re la x a tio n  tim e s  o n  th e m ag n etic  fie ld  lev e l. T h is  c ircu m sta n ce  lead s to  th e  d ep en d en ce  o f  th e 
co n trast o f  re la x a tio n -w eig h ted  im a g es  o n  th e  fie ld  lev e l, w h ich  can  be u sed  in  so m e c a se s  fo r  
d iag n o sis . A n o th e r  featu re  o f  an  M R I  in  a  w e a k  fie ld  I is  th e  p ractica l e x tin c tio n  o f  c h e m ica l 
sh ifts, so th a t th ere are no c h e m ica l sh ift a rtifa c ts  o n  im ag es . O n  th e  o th er hand, h e te ro n u clear 
sca la r  in tera ctio n s  are w ell m an ifested  in  a  w e a k  fie ld . T h is  can  be used, in  particu lar, fo r 
in d irect reg istra tio n  o f  n u c le i o th er th an  protons.

T o  o v e rco m e th e m ain  d ifficu lty  o f  an M R I  in  a  w e a k  fie ld  - lo w  sen sitiv ity , v ario u s 
te ch n iq u es  are used. F irs tly , ca re fu l o p tim iza tio n  o f  re ce iv in g -tran sm ittin g  h ard w are, th e  u se o f  
sen so rs w ith  e x tre m e ly  h ig h  p erm iss ib le  q u a lity  are requ ired . In  add ition , sp e cia l te ch n iq u es  
are used, am o n g  w h ich , firs t o f  a ll, d y n am ic p o la riz a tio n  sh ou ld  be m en tion ed . A ls o  u ses such  
e x o t ic  te cn iq u e s  as th e reg istra tio n  o f  N M R  u sin g  S Q U ID  and th e  h yp erp o larizatio n .
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A v a la n c h e -lik e  e x p lo s io n  o f  d ig ita liza tio n  and c lo u d  te ch n o lo g ie s  o f  th e  In tern et o f  
T h in g s  ( I o T )  n o w ad ay s em b ra ce  n e a rly  e v ery  b ran ch  o f  hum an  a c tiv ity  startin g  fro m  in te llig e n t 
k itch en ettes , am ateu r D IY  b y  m icro co n tro lle rs , w ire le ss  rem o te  c a r  m ain ten an ce  and en d in g  up 
at to ta l au to m atio n  o f  fa c to ry  m ass p rod u ction , lo g is t ic s  and a r tific ia l in te llig e n c e  in  c o m p a n ie s ’ 
board s o f  d irecto rs. A cco rd in g  to  fo re c a s ts  o f  e x p e rts  th e m ark e t o f  sen so rs th a t are  in v o lv ed  in  
d ig ita l l ife  flo w  w ill b e  in creased  in  a  g e o m e trica l p ro g ress io n  fo r  th e u p co m in g  d ecad e. T h is  
fa c t is  b rin g in g  up n ew  re q u irem en ts fo r  e v e ry  a n a ly tica l te ch n iq u e  to  m ig rate  fro m  sta tio n ary  
lab o ra to ry  setu p s to  in e x p en siv e  ro b u st m in ia tu re m o d u lar sen so rs th at can  b e  im m ersed  in  
stand ardized  o n lin e  so lu tion s.

T h e re  is  a  g o o d  ch a n ce  fo r  th e  T im e -D o m a in  N M R  (T D -N M R ) to  m erg e in to  th is  trend 
in v o lv in g  re ce n t p ro g ress in  p erm an en t m ag n ets , m icro e le c tro n ic s  and em bed d ed  so ftw are 
te ch n o lo g ie s . T h e  p resen ted  ta lk  is  u n co v erin g  so m e asp e cts  o f  th e m ark ed  issue:

1. D ev e lo p m e n t o f  m in ia tu rized  and c o s t  e f fe c tiv e  h ardw are;
2 . E a s in e ss  o f  in s ta lla tio n ;
3 . V e ry  robu st, a ccu ra te  an d  fa s t m easu rem en t te ch n iq u es ;
4 . R e lia b le  m o d els  o f  Se n so r+ S a m p le  (d ev e lo p m e n t o f  D ig ita l T w ins)
5. A c c e s s ib ility  fo r  o n lin e  p erfo rm an ce  co n tro l and d ata  an alyzing/storin g v ia  

A p p lica tio n  P ro g ram m in g  In te rfa ce  (A P I )  o f  Io T  sy stem s;

T h e  fo llo w in g  m easu rem en t te ch n iq u es  o f  T D -N M R  w ill b e  d iscu ssed  in  d eta ils

• S o lid  F a t  C o n ten t (S F C )  -  m o stly  in  fo o d  prod u cts

• T o ta l F a t  C o n ten t (T F C )  -  m o stly  in  fo o d  prod u cts

• O il co n ten t -  in  fo o d , seed s, a r t ific ia l t issu e s  (S p in  F in is h )

• S u g ar co n ten t -  in  fo o d  and d airy  prod u cts

• M o istu re  -  in  food , gun pow d ers, sand, fu e ls  (c a lo r if ic  v a lu e ) . ..

• 'H  (p ro to n ) d e n sity  -  fo r  fu e ls , p o l y m e r s .

• N a, F e , A l, P , C a , F , N .  co n ten t

• D ro p le t s ize  d istrib u tio n  -  o il and w ater d ro p let s iz e s  in  em u lsio n s

• S p e c if ic  A re a  -  fo r  p a rtic le s  d isp e rsio n s an d  so rb en ts

• P a rtic le s  s ize  -  fo r  p a rtic le s  d isp ersio n s

• P o p e s  v o lu m e -  fo r  ad sorben t, c o n stru ctio n  m ateria ls

• M o le c u la r  w e ig h t an d  ch a in  len g th  -  fo r  m ed iu m  size  o lig o m e rs  and fa ts

• C ry sta llin ity  -  fro m  su g ars and c e llu lo s e s  to  a rt ific ia l p o ly m ers, th e ir  so lu b ility  and 
d en sity

• C ro s slin k in g  -  fo r  e la s tic  p o ly m ers n etw o rk

• P u rity  o f  w ater and p aram ag n etic  io n s  in  tra ce  co n ce n tra tio n s  fo r  en v iro n m en ta l 
research
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T h e  v a s t m a jo r ity  o f  m eth o d s fo r  d e term in atio n  o f  fa t co n ten t are b ased  o n  its  ex tra c tio n  
w ith  o rg an ic  so lv en ts. T h e ir  m ain  b e n e fits  are h ig h  a c cu ra c y  and rep ro d u cib le  resu lts. H ow ever, 
th ese  m eth o d s h av e s ig n ific a n t d raw b ack s -  th e  du ration  o f  la b o ra to ry  te s t  ta k es  m o re  th an  2  
hours, th e h arm fu l re ag en ts  are used  [ 1 ], and th e e x p erim en ter n eed  to  be q u a lified  as  th e 
a n a ly tica l ch e m ist, m ak in g  it  im p o ss ib le  to  au tom ate m easu rem en ts. F o r  th ese  reaso n s, m ore 
and m o re  e ffo rts  are  n o w  b e in g  m ad e to  in te n s iv e ly  d ev elo p  th e m o st o p tim al m eth o d s fo r  
d e term in atio n  o f  fa t co n ten t in  fo o d  prod ucts.

C u rrently , ex p ress-m e th o d s fo r  fo o d  q u a lity  co n tro l are m a in ly  im p lem en ted  o n  th e 
b asis  o f  sp e ctro sco p ic  m eth o d s fo r  an a ly z in g  su b stan ce s  w h ich  is  a sso c ia te d  w ith  o v e rco m in g  
th e d e fic ie n c ie s  o f  re fe re n ce  m eth o d s and th e  a b se n ce  o f  d e stru ctiv e  e ffe c ts . A  s ig n ifica n t 
n u m b er o f  m eth o d s fo r  assess in g  th e q u a lity  in d ica to rs  o f  fo o d  p rod u cts based  on  N M R - 
re la x a tio n  p h en o m e n a  h av e b een  p rop osed  fo r  sev era l d ecad es [2 ]. T h e  pu rpose o f  th is  re search  
is  to  d ev elo p  th e  u n iv ersa l te ch n iq u e  fo r  d e term in atio n  o f  to ta l fa t co n ten t (T F C )  in  an y  so lid  
fa t-co n ta in in g  fo o d  p ro d u cts  based  o n  n u c lea r m a g n etic  re so n an ce  th e  ad v an tag es o f  w h ich  w ill 
be to  red u ce th e  du ration  o f  sin g le  m easu rem en t, th e  a b se n ce  o f  w e ig h in g  p roced u re fo r  sam p le 
under study and th e use o f  h azard ou s so lv en ts, as w ell as th e au to m atio n  o f  m easu rem en ts fo r  
p ro cess  co n tro l.

O u r p rop osed  te ch n iq u e  fo r  T F C  d e term in atio n  in  sam p les u n der study is  fou n d ed  on  
sep aratio n  th e  sign al fro m  fa ts  and su p p ressio n  th e  co n trib u tio n  o f  w ater. F o r  th is , m odel 
sam p les w ith  v ario u s  p erce n tag es  o f  to ta l fa t (liq u id  an d  so lid ) and d iffere n t p rotein - 
carb o h y d rate  co m p o sitio n  w ere m ain ta in ed  ab o v e  tem p eratu re o f  tran s itio n  o f  so lid  fa ts  in  the 
liqu id  state. A ll m easu rem en ts w ere p erfo rm ed  b y  th e  “ S p in  T ra c k ” N M R -a n a ly z e r  [3 ] w ith  the 
set o f  p u lse seq u en ce  S o lid  E c h o  -  H a h n  E c h o  u sin g  th e co n stan t m a g n etic  fie ld  gradien t, th e 
e f fe c t  o f  w h ich  resu lted  in  th e  sign al fro m  w ater m o le c u le s  b e in g  a lm o st co m p le te ly  suppressed . 
T F C  in  so lid  fa t-co n ta in in g  fo o d s is  estim ated  b y  th e ratio  o f  am plitud e o f  th e sp in  ech o  to  to ta l 
am plitud e o f  th e sign al reco rd ed  a fte r  ap p ly in g  th e seco n d  9 0 °  R F  pu lse o f  th e  S o lid  E c h o  
seq u en ce.

In  F ig u re  1 w e d em o n stra te  th e  d ep en d en ce o f  to ta l fa t  co n ten t in  m od el sam p les (T F C  
set v a lu e ,% ) estab lish ed  b y  re fe re n c e  m eth od s (G O S T  2 3 0 4 2 -2 0 1 5 ,  3 1 9 0 2 - 2 0 1 2 )  o n  th e ratio  
o f  sp in  ech o  am p litu d e to  to ta l am p litu d e o f  th e  N M R  sign al (N M R  D ata, a .u .).
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E x p erim en ta l d ata w e re  ap p ro xim ated  b y  th e seco n d -o rd er p o ly n o m ia l fu n ctio n . T h e  
n o n -lin e a r  nature o f  th e  d ep en d en ce  p resen ted  in  F ig u re  1 can  b e ex p la in ed  b y  a p p earan ce  o f  
th e  in ter fa ce  la y e r  at th e se c tio n  bou n d ary  “ so lid  c o m p o n e n ts -m o lte n  fa t” . In  th e  p ro cess  o f  
h ea tin g  sam p les, th e  m utual p en etra tio n  o f  m o le cu le s  o f  o n e  o f  th e co m p o n en ts o f  th e  in te r fa ce  
la y e r  in to  th e  o th er o c cu rs , and th ere fo re  th e m o v em en t o f  th e se  m o le c u le s  b e c o m e s  q u asi
lim ited  w h ich  can  lead  to  d e crease  in  th e  in ten sity  o f  th e ir  sign al. T h is  fa c t m ay  b e  th e m ain  
re aso n  fo r  th e  u n d erestim ated  v alu e o f  ech o  am p litu d e, w h ile  its o v e restim a tio n  is  m o st lik e ly  
due to  th e  sign al fro m  w ater m o le cu le s  th a t is  n o t fu lly  suppressed.

R e su lts  o b ta in ed  b y  th e  prop osed  te ch n iq u e  h av e a  g ood co rre la tio n  w ith  v a lu es o f  total 
fa t co n ten t in  sam p les estab lish ed  b y  re fe re n c e  m eth od s. T h e ir  errors m ay  b e  due to  in co rre c tly  
se lec ted  scan  rep etitio n  tim e  du ring sign al accu m u la tio n , th e  n ot fu lly  sup pressed  co n trib u tio n  
o f  th e w ater sign al to  th e sp in  e ch o  and th e strong d ep en d en ce  o f  th e  tran sv erse  re la x a tio n  tim e 
o f  fa ts  on  tem p eratu re .
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Dynamic nuclear polarization of doped silicon 
at high fields and low temperatures

J a r n o  Ja r v in e n 1, D e n is  Z v ezd o v 2, J a n n e  A h o k a s1, S e r g e y  V asiliev1,
Yutaka F u j i i3 a n d  L e o n id  V la sen k o 4

1W ihuri P h y s ic a l L a b o ra to ry , Univ. o f  Turku, Turku, F in la n d  
E - m a il: ja a n ja @ u t u .fi
2Institute o f  P h y sics , K a z a n  F e d e r a l  University, K a za n , R u ss ia n  F e d e r a t io n  
3R e s e a r c h  C e n t e r  f o r  D e v e lo p m e n t  o f  F a r - I n fr a r e d  R eg io n , Univ. o f  F u k u i, F u k u i, J a p a n  
4Io ffe  P h y s ic o -T e c h n ica l Institute, St. P ete rs b u rg , R u ss ia n  F e d e r a t io n

N u cle a r  sp in s co u p led  to  e le c tro n s  is  in terestin g  sy stem  fo r  fu ture quantum  
arch itec tu res. S h a llo w  d on ors in  S i  co u p led  to  29S i  n u c le i is  on e such  sy stem . T h e  co h e ren ce  
o f  29S i n u c le i in  th e “ fro z e n  c o re ” n ear th e n u c le i is  p ro tected  b y  th e  d o n o r e le c tro n  lead in g  to  
v e ry  lo n g  c o h e re n ce  tim e s [1 ]. H ere, w e rep ort o n  d y n am ic n u c lea r p o lariza tio n  (D N P ) 
ex p erim en ts  o f  d o n o r and 29S i n u c lea r sp in s in  s ilico n  u tiliz in g  1 3 0  G H z cry o g e n ic  e lec tro n  
spin  re so n an ce  ( E S R )  sp ectro m eter.

T h e  O v erh au se r (O E )  an d  so lid  e f fe c t  ( S E )  m eth o d s o f  D N P  prov id e a lm o st fu ll con tro l 
o f  sp in  p o lariza tio n  o f  th e d o n o r an d  th e n earb y  29S i  n u cle i [2 ] . In  m a g n etic  fie ld  o f  4 .6  T  and 
b e lo w  1 K  tem p era tu res th e  d o n o r e le c tro n  sp in s are fu lly  p o larized  and th e  n u c lea r re la x a tio n  
tim e s can  b e  sev eral d ay s [3 ] . T h e  D N P  o f  n u c lea r  sp in s is  ach iev ed  b y  e x c itin g  a llo w ed  and 
fo rb id d en  E S R  tran sitio n s. S p in  p o lariza tio n  is  o b serv ed  d ire c tly  fro m  th e E S R  sp ectru m  and 
th e p o lariza tio n  is  n o t d isturbed  during th e  m easu rem en t.

W e  h ave o b serv ed  d iffe re n t p o lariza tio n  d y n am ics o f  29S i  fo r  O E  and S E  m eth od s. 
U tiliz in g  O E  lead s to  p re feren tia l p o lariza tio n  o f  29S i  n u cle i w ith  re la tiv e ly  w e a k  h y p erfin e  
in tera ctio n  w ith  th e d o n o r e lec tro n . H o w ev er, u tiliz a tio n  o f  S E  lead s to  p re feren tia l p o lariza tio n  
o f  th e  s tro n g ly  in teractin g  sp in s and w e d em on stra te  th a t th e S E  p o lariza tio n  m eth od  can  crea te  
p e rfe c t p o lariza tio n  o f  th e 29S i w ith  strong h y p erfin e  in teractio n . W e  w ill a lso  sh ow  th at 
co m b in in g  th e O E  and S E  e f fe c t  fo r  29S i and d on or n u c le i it  is  p o ssib le  to  m an ip u late  th e sp in  
p o lariza tio n  o f  29S i  and iso la te  th e  E S R  sign al o f  th e  d on ors h av in g  a  co n tro lled  n u m b er 
o f  29S i sp in s n ear th e  donor.
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LiverMultiScan - a diagnostic aid for liver disease
A le x a n d r  A . K h ra p ich ev

P ers p e ctu m  D ia gn o stics , O x fo rd  O X 1 2 E T  U n ited  K in g d o m  
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Introduction
L iv e r  d ise ase  is  a g lo b a l ep id em ic  a ffe c tin g  o v e r 8 4 4  m illio n  p eo p le  driven  b y  a ris in g  

p re v a len ce  o f  n o n -a lc o h o lic  fa tty  liv e r  d ise ase  (N A F L D ) and its  m o re  sev ere  subtype, n o n 
a lc o h o lic  s teato h ep atitis  (N A S H ). G lo b a l N A S H  p re v a len ce  is  e x p ected  to  in cre a se  b y  6 3 %  
b etw ee n  2 0 1 5  and 2 0 3 0 . P h a rm a ceu tica l co m p a n ies  are a c tiv e ly  d e v e lo p in g  n ew  treatm en ts, 
w ith  th e  N A S H  th erap eu tic  m ark et s ize  p ro jec te d  to  ca tap u lt fro m  $ 6 1 8 M  in  2 0 1 6  to  $ 2 5 .3 B  b y  
2 0 2 6 . C u rrent g o ld  standard fo r  s tag in g  and d iag n o sis  o f  N A S H  is  liv e r  b io p sy , an in v a siv e  and 
o ften  p ain fu l p ro ced u re w ith  h ig h -co s ts  and r isk  o f  c o m p lica tio n s

Our Solution
N ew  w ay s o f  a ccu ra te ly  d iag n o sin g  liv e r  d ise ase  early  are essen tia l i f  h ea lth  care  

sy stem s are to  ta c k le  th is  g ro w in g  issu e , w h ich  is  p red icted  to  lead  to  m an y  m o re  ca se s  o f  
serio u s liv e r  d am age and p eo p le  n eed in g  liv e r  tran sp lan ts. O u r w o rk  fo c u se s  on  th e  d etectio n  
and accu ra te , q u an tita tiv e  m easu rem en t o f  liv er, g a llb lad d er and p a n crea tic  d isease , in clu d in g  
p re can cero u s and ca n cero u s states. W e  co m b in e  d ig ital im ag in g  and in n o v ativ e  so ftw are  to  
p ro v id e n o n -in v a siv e  and accu ra te  so lu tion s fo r  d iag n o sin g  liv e r  d isease , in c lu d in g  N A S H .

Our flagship product
L iv e rM u lt iS c a n ™  is  our flag sh ip  prod uct, it  u se s  cu ttin g -ed g e  m u ltip aram etric  M R I  

te ch n iq u es  to  n o n -in v a siv e ly  q u an tify  liv e r  h ealth , b y  p ro v id in g  a ccu ra te  m easu res o f  liv e r  fa t 
as w e ll as co rre la tes  fo r  iro n  and fib ro -in fla m m a to ry  d isease. In  add ition  to  N A S H , our w o rk  
fo c u se s  on  th e  d e tectio n  and q u an tita tiv e  m easu rem en t o f  o th er liv er , as w ell as g a llb lad d er and 
p a n crea tic  d isease , in c lu d in g  p re can cero u s and can cero u s states.

L iv e rM u ltiS c a n , is  a d iag n o stic  aid fo r 
liv e r  d isease. It  is  n o n -in v a siv e  and 
ch a ra cteriz e s  liv e r  tissu e  b y  p ro v id in g  accu ra te  
and q u an tita tiv e  m easu res o f  liv e r  fa t and 
co rre la tes  o f  iron , fib ro s is  and in flam m atio n  
le v e ls  (F ig u re  1) u sin g  m u ltip aram etric  M R I. 
L iv e rM u lt iS c a n  is  su itab le  fo r  c lin ic a l p ra c tice  
and c lin ic a l re search ; r isk -s tra tifica tio n  
screen in g , en rich m e n t and lon g itu d in al 
m o n ito rin g . O u r im ag in g  so lu tion s is 
em p o w erin g  p atien ts and th e  m ed ica l 
co m m u n ity  th rou gh  g rea te r u n d erstan d in g  o f  
liv e r  d ise ase  to  en ab le  d iag n o sis  and targ eted  
treatm en t.
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Visualization of the DNA environment from the molecular 
dynamics simulation
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F a cu lty  o f  P h y sics , S a in t P e t e r s b u r g  State U niversity, 7-9  U niversitetskay a em b ., 1 9 9 0 3 4 ,  
S a in t P ete rb u rg , R u ssia n  F e d e r a tio n  
E -m a il: a .k o m o lk in @ sp b u .ru

Introduction
In  th e  p resen t study w e in v estig a ted  th e lo ca l stru ctu re o f  D N A  and its en v iro n m en t 

u sin g  a  n e w  v isu a liz a tio n  tech n iq u e. T h e  sp ira l s ta irca se  d istrib u tio n  fu n ctio n  (S S D F )  is 
d e term in ed  as tw o -d im en sio n a l d en sity  d istrib u tio n  o f  ato m s o f  w ater and ligan d s in  lo ca l 
re fe re n ce  fram es lin k ed  w ith  ea ch  b a se  p air o f  p o ly -D N A  m o le cu le , e ith er G C  or A T . T h is  
prop erty  o f  S S D F  p ro v id es op portun ity  to  study s e q u e n ce -s p e c ific  b in d in g  o f  io n s , p ep tid es and 
o th er agen ts d erived  fro m  a  m o le cu la r  d y n am ics co m p u ter sim u lation .

Spiral staircase distribution function
In  th e report, th e  d eta iled  a lg o rith m  o f  S S D F  c a lcu la tio n  w ill b e  d escrib ed . L o c a l 

re fe re n ce  fram e s are se t fo r  ea ch  o f  b a se  p airs in d ep en d en tly  o n  o th er b a se  pairs. T h e  o rig in  o f  
th e  re fe re n ce  fram e co in c id e s  w ith  th e  ce n te r  o f  m ass  o f  th e  h eav y  ato m s (i. e. e x c e p t h y d ro g en  
a to m s) o f  th e n u c leo b a se  p air and C 1 ' ca rb o n s o f  d e o x y rib o ses  (F ig . 1). T h e  a x es  o f  th e  fram e 
are ch o se n  as p rin cip a l a x es  o f  th e in e rtia  te n so r  o f  th e  ato m s m en tio n ed  ab o v e , th e  p o sitiv e  
d irectio n  is ch o se n  fro m  th e  p u rine b a se  (A  or G ) to  th e  p y rim id in e  b a se  (T  o r C ).

P ro b a b ility  d en sity  o f  th e  w ater m o le cu le s , io n s and o th er lig an d s arou nd th is  b a se  p air 
is  ca lcu la te d  in  th e la y er and is av erag ed  in  ea ch  v o x e l. T h e  e lem en t o f  th e  la y e r  is  ca lle d  v o x e l 
as it is  n am ed  in  m a g n etic  re so n a n ce  im ag in g  (M R I)  and in  com p u ted  to m o g rap h y  (C T ). W e  
p rop ose th e  v o x e l d im en sio n s to  b e  0 .1  x 0 .1  x 2 .8  A 3. T h e  th ick n e ss  o f  th e  la y er is  ch o se n  to  
b e  less  th an  th e d istan ce  b e tw een  b ase  pairs w h ich  is equal to  3 .4  A . T h e  Z  co o rd in a te s o f  th e 
la y er are b e tw ee n  - 1 . 4  and + 1 .4  A . B e tw e e n  tw o  lay ers th ere  is a  th in  gap  o f  0.6  A . T w o 
d im en sio n al S S D F  can  b e  p lo tted  as a  m ap in  g ray  or c o lo r  sca le  lik e  in  M R I  o r C T .

F i g u r e  1. L o c a l r e f e r e n c e  f r a m e  X Y  lin k ed  to G C  b a se  p a ir . G u a n in e  is in  the left, cytosine is 
in  the right. H -b o n d s  a r e  show n with d a s h e d  lines. M a g e n t a  c ir c le  r e p re s e n ts  c e n te r  o f  m ass, 

Z -a xis  o r ie n t e d  p e r p e n d ic u la r  to the f i g u r e  p la n e . M a jo r  g r o o v e  is o n  the top o f  the f i g u r e
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Color map:
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F i g u r e  2. D istrib u tio n  o f  so d iu m  (m a gen ta ) a n d  m a g n e siu m  (g r e e n )  io n s  a r o u n d  
G C  b a se  p a ir , so  c a l l e d  io n ic  a tm o sp h ere  (u p p e r  p la te). Tw o distrib u tio n s a r e  c o m b in e d  

u sin g  s ec o n d a ry  c o lo rs  o f  ligh t in  additive c o lo r  com bin ation .
C o lo r  m a p  a n d  l in e a r  s c a le  (bottom  p la te )
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Results
D o u b le  stranded D N A  in  w ater so lu tion  w as in v estig a ted  [1 ] . T h e  D N A  frag m en t used 

in  th e  sim u la tio n s c o n s is ts  o f  18 b ase  pairs: d (G C C C A G C A T T T C A C C C A G ), w ith  th e to ta l 
ch arg e  o f  —34|e|. T w o  sy stem s w ere sim u lated : (1 )  on e D N A  fra g m en t in  so lu tion  o f  1 8 9 8 3  
w ater m o le cu le s  and 3 4  N a+ (m o la r  co n cen tra tio n  o f  sodium  is  a b o u t 0 .1  M ), (2 )  o n e  D N A  
frag m en t in  so lu tion  o f  1 9 0 0 0  w ater m o le c u le s  and 17  M g 2+ (m o la r  co n ce n tra tio n  is  ab o u t 0 .0 5  
M ). S S D F s  fo r  M g 2+ and N a+ arou nd G C  b ase pairs are  sh ow n  in  F ig . 2 . In  th is  fig u re , th e 
resu lts  (d istrib u tio n s) o f  tw o in d ep en d en t s im u la tio n s  are co m b in ed  in  on e S S D F . S o , read er 
should  co m p are  p o sitio n s  o f  N a+ and M g 2+ w ith  re sp e c t to  D N A  b ase  p airs  bu t n o t w ith  re sp ect 
to  each  other.

In  th e  report, re su lts  o f  sim u la tio n  o f  peptide/D N A  sy stem  w ill be p resen ted  [2 ].

Conclusion
N e w ly  in tro d u ced  spiral sta ircase  d istrib u tio n  fu n c tio n  (S S D F )  ap p ears to  b e  a  su itab le  

an a ly sis  to o l fo r  th e  in v estig a tio n  o f  in tera ctio n s  o f  a c tiv e  site s  o f  dou b le-stran d ed  D N A  (N 7 , 
N 3  and O 6 o f  p u rines and O 2  and O 4  o f  p y rim id in es) w ith  w ater, io n s  and b io m o le cu le s . T h e  
S S D F  p ro v id es o p p o rtu n ities  to  study s e q u e n ce -sp e c ific  b in d in g  o f  lig an d s. T h e  S S D F  w as 
d esig n ed  to  study m o stly  in tera ctio n s  o f  lig an d s w ith  a c tiv e  s ite s  o f  b a se  p airs in  m a jo r  and 
m in o r gro o v es.
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Introduction
D iffu s io n -w e ig h te d  m a g n e tic  re so n an ce  im a g in g  (D W  M R I)  is  an  u n iq u e n o n in v asiv e  

m eth od , th at a llo w s to  in v estig a te  th e  structu re o f  liv in g  tissu e . F ib e r  tra ck in g  (F T )  a lg o rith m s 
b ased  on  D W  M R I  u se  th e  lo ca l in fo rm atio n  abou t se lf-d iffu s io n  o f  w ater m o le c u le s  to  
re co n stru c t fib e r  p ath w ays in  h u m an  brain . O v er p ast decad e, F T  h as b e c o m e  a v ery  u se fu l to o l 
fo r  so lv in g  a w id e  ran ge o f  p ra c tica l p ro b lem s. N e v erth e less , th ere  are still m an y  ch a lle n g e s  in  
th is  area. A cco rd in g  to  [1 ] all c o n n e c to m e s  b u ilt u sin g  F T  a lg o rith m s are d om in ated  b y  fa lse  
p o sitiv e  co n n ectio n s . T h e re  are m an y  fa c to rs  th at can  a ffe c t  F T  resu lts  -  in s u ffic ie n t in  
co m p ariso n  w ith  ax o n  d iam eter spatia l re so lu tio n , n o ise  and a rtifa c t in  data, in ad eq u ate m o d els  
o f  lo ca l d iffu sio n  u sed  fo r  data reco n stru ctio n . S o , th ere  is  n eed  to  o p tim ize  F T  a lg o rith m s and 
F T  re co n stru c tio n s  an a ly sis  m eth o d s to  im p ro v e th e  re lia b ility  o f  o b ta in ed  resu lts. In  th is  w o rk  
w e w ill d em o n stra te  so m e ap p ro ach es fo r  im p ro v in g  th e  F T  resu lts  u sin g  sim u lated  phantom  
w ith  k n o w n  structure. B o th  m eth o d s w e re  ev alu ated  u sin g  sim u lated  and in  vivo  data. W e  w ill 
d em o n stra te  th e  resu lts  fo r  s im u lated  ph antom , s in ce  th ere is  k n o w n  “ ground truth ” tracts  and 
th e  re su lts  are m o re  ev iden t.

Simulated Phantom
T h e  ph antom  w ith  th e  g roun d-tru th  structu re w as sim u lated  

u sin g  th e  P h an to m as softw are , 3 2  g rad ien t en co d in g  d irectio n s , 
b =  1 2 0 0  m m / s 2, re so lu tio n  1 m m  iso tro p ic , s ig n a l-to -n o ise  
ra tio  (S N R ) 10 , 3 0  and 5 0 . N o v e l m eth o d s u su a lly  req u ire  data 
m easu red  a lo n g  m an y  d iffu sio n  en co d in g  d irectio n s , so w e 
ev alu ated  p rop osed  m eth o d s on  data sim u lated  u sin g  co m m o n - 
used  p ro to co l fo r  d iffu sio n  te n so r im ag in g . T h e  v aria tio n  o f  “b all 
and s tic k ” m od el w as u sed  to  m o d el d iffu sio n  in  each  v o x e l. 
“ T ra c to m e te r” m e tr ics  w e re  u sed  to  ev alu ate  th e  prop osed  
m eth o d s: v a lid  tra ct -  lin e  th at co n n e c t tw o  co rre c t area, in v alid  
tra ct -  lin e  th at b u ild  co n n ec tio n  th at d o e se n ’t  e x is t  in  rea lity , 
b u n d le is  a set o f  tra cts  th at c o n n e c t sam e areas.

F i g u r e  1. R eco n stru ctio n  o f  
s im u la ted  p h a n to m

Modelfree objective for global tractography
T h e  g lo b a l F T  a lg o rith m  p rop osed  in  [2 ] co n sid er th e  w h o le  d ataset as in teg rated  

sy stem , th at h as th e  in ternal and ex tern al en ergy . B y  m in im iz in g  th e  fu ll en erg y  o f  th e  system , 
th e  op tim al co n fig u ra tio n  o f  ax o n a l paths can  b e  fou nd . T h e  ex tern a l en erg y  is  d e fin ed  b y  th e  
re la tio n  o f  p resen t sy stem  co n fig u ra tio n  to  m easu red  data, th e  in tern al en erg y  is  d e fin ed  b y  
in tera ctio n  o f  fib e r  seg m en ts (sm a ll parts, th at fo rm  ch a in s). T o  ca lcu la te  th e  sy stem  en erg y  
so m e assu m p tio n s ab o u t lo ca l d iffu sio n  m od el m u st b e  m ade. T h e se  assu m p tio n s can  g reatly  
in flu e n ce  th e  ob ta in ed  resu lts. I t w as fou nd , th a t th e  en erg y  o b je c t iv e  w ith o u t any assu m p tion s 
ab o u t m icro p aram eters o f  lo ca l d iffu sio n  in  v o x e l a llo w s s ig n ifica n tly  im p ro v e th e  ob ta in ed  
resu lts  [3 ].

D W  M R I  sign al can  b e  m o d elled  as co n v o lu tio n  o f  m od el M  w ith  fib e r  o rien tatio n  
d istrib u tio n  fu n ctio n  (F O D ) F : / = M ® F .  I f  w e w ill fin d  th e  op tim al m o d e lM b y  m in im iz in g
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th e q u ad ratic  o b je c tiv e  \f — M  ®  P \2 and in sert it  b ack , w e w ill g e t th e  fo llo w in g  ex p ressio n  
fo r  m o d e l-fre e  ex tern a l en erg y  (in  sp h erica l h arm o n ic  ex p an sio n  c o e ff ic ie n ts ) :

y i P  ,b  2
b\ m —- i  Pm,i4,m\

E e x t(P )  =  2
y i  P 2i- 0  m --i\  i,m\

here lmaz d en o tes th e  m a x im a l o rd er o f  ex p an sio n , b is  th e b -fa c to r  valu e.
T h e  m eth o d  w as co m p ared  w ith  tw o a ltern a tiv e  a lg o rith m s u sin g  sim u lated  d ata  and in  

v iv o  d ata  w ith  d iffe re n t a cq u is itio n  sch e m e s. It w as fou n d  th at th e p rop osed  m eth od  a llo w s  to 
red u ce th e  n u m b er o f  fa lse  and b ro k en  tra cts  and to  fin d  tra cts  w ith  m o re  c o m p le x  co n fig u ra tio n . 
T h e  ex a m p le  o f  resu lts  fo r  ph antom  are sh ow n  in  F ig . 1. I t can  b e  seen , th a t w ere a lw ay s less  
in v alid  bu n d les in  m o d elfree  G lo b a l T a cto g ra p h y  (m fG T )  re su lts  in  co m p ariso n  w ith  o th er F T  
a lg o rith m s fo r  all S N R  le v e ls . T h e  m eth od  w as co m p ared  w ith  o rig in a l G lo b a l T ra c k in g  and 
stream lin e  a lg o rith m  iF O D 2 .
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F i g u r e  2. N u m b e r  o f  in v a lid  b u n d les  f o r  s im u la ted  ph a n to m . B e t t e r  resu lts  w e re  o b ta in ed  
u s in g  th e  p r o p o s e d  m e th o d  f o r  a ll S N R  lev els

FT results filtering
T w o  p aram eters are u sed  in  th is  m eth od  to  v e rify  o b ta in ed  F T  resu lts  -  th e d iffu sio n  

a lo n g  se le c te d  d irectio n  and Sh an n o n  E n tro p y  [4 , 5 ]. T h e  p ro b ab ility  p ( r )  can  be c a lcu la ted  as 
fo llo w s:

=  Р ( г Г 2п
P )  2 " d (D (r;.)“ *2.fi)’

w h ere D ( r )  is  th e d iffu sio n  c o e ff ic ie n t in  d irectio n  r , a  -  is  so m e p aram eter th a t a ffe c ts  th e 
d iffu sio n  p ro b ab ility  p ro file , Q  -  is  a  sm all so lid  an g le  w ith in  w h ich  p ro b a b ility  w ill be 
ca lcu la ted .
Sh an n o n  en tro p y  E :

Nd

E  =  ^  P ( r y)  l o g 2p ( r / )

j

U sin g  th e v a lu es  o f  th ese  p aram eters a lo n g  all o b ta in ed  tra cts  w e can  filte r  re su lts  an d  fin d  som e 
fa lse  tracts . W e  use th ree  m e tr ics  to  fi lte r  resu lts  -  part o f  seg m en ts w ith  lo w  d iffu sio n  
p ro b ab ility  in  tract, p eak s in  ch an g e  o f  S h an n o n  en tro p y  a lo n g  tra ct an d  Sh an n o n  en tro p y  at end 
p oin ts o f  tract. T h e  m eth o d  w as ev alu ated  u sin g  sim u lated  and in  v iv o  d ata  w ith  d iffere n t 
a c q u is itio n  sch e m e s. I t  w as fou nd , th a t th e  d iffu sio n  p ro b a b ility  ch a ra cte riz e s  th e a lig n m e n t o f
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fou nd resu lts  to  th e m easu red  d ata  an d  Sh an n o n  en trop y  ch a ra cte riz e s  th e d iffu sio n  a n iso tro p y  
in  v o x e l. P ro p o sed  filte r in g  m eth od  a llo w s to  fin d  fa lse  tra cts  and im p ro v e co n n e c tiv ity  sta tistic . 
F ig . 3  sh ow s o b ta in ed  n u m b er o f  in v a lid  b u n d les in  F T  resu lts  fo r  phantom  b efo re  and a fter 
filte rin g . It can  be seen , th a t th e n u m b er o f  in v alid  bu n d les w as red u ced  a fter filte rin g .

GT m f GT iF 0 D 2

F i g u r e  3. N u m b e r  o f  in v a lid  bu n d les  in  F T  resu lts  b e fo r e  a n d  a fte r  f i l te r in g  

Conclusion
T h e re  are v ario u s  w ay s to  o p tim ize  F T  resu lts. In  th is  w ork , tw o d iffere n t ap p ro ach es 

are co n sid ere d  -  m o d ifica tio n  o f  F T  a lg o rith m  and m eth od  fo r  F T  resu lts  filte rin g . E x p e rim e n ts  
w ith  sim u lated  and in  v iv o  d ata  h av e sh ow n , th a t b o th  m eth o d s w ere ab le  to  im p ro v e the 
re lia b ility  o f  o b ta in ed  F T  resu lts.
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Introduction
Su p erco n d u ctin g  m ag n ets d esig n ed  fo r  M a g n e tic  R e so n a n c e  T o m o g ra p h y  are 

c o m m o n ly  u sed  fo r  th e  stu d y in g  o f  liv in g  tissu es  b y  N M R  sp e ctro sco p y . M o re o v er, as it tu rned  
out, su ch  d e v ices  (M R I)  are  m o re  e f fe c tiv e  fo r  m ed ica l p ra c tice  fo r  im ag in g  tissu e s  o f  a  patient. 
T h e  re aso n  fo r  th e  lo w e r e f f ic ie n c y  o f  N M R  sp e ctro sco p y  o f  liv in g  tissu e s  is th a t th e  N M R  
spectrum  sig n a ls  are , a s  a  ru le, to o  w id e and ov erlap  each  oth er. T h is  is  due to  th e h ig h  in ten sity  
o f  m e ta b o lic  p ro cesses , in  w h ich  th e  studied en v iro n m en t is  saturated  w ith  a c tiv e  m eta b o lite s  
and, as  a  resu lt, th e life t im e  o f  m o le cu la r  co m p o u n d s is  s ig n ific a n tly  lim ited .

In  th is  paper, th e  g o a l w as se t to  ev alu ate th e  ca p a b ilit ie s  o f  an N M R  sp e ctro m ete r w ith  
an e le c tro m a g n e t w ith  a  fie ld  o f  2 .1  T , in  th e  study o f  a g e -re la ted  ch an g e s. S u ch  a  sp ectro m eter 
is  e a s ie r  to  m ain ta in  an d  is  n o t a sso c ia te d  w ith  th e  n eed  to  p e r io d ica lly  p u rch ase  liqu id  heliu m . 
T h e  au th ors used a  B r u k e r  e le c tro m a g n e t w ith  a  gap  b e tw ee n  p o le  tip s o f  3 0  m m .

1. Description of the spectrometer and features of the NMR 
spectra

T h e  au th ors m an u factu red  a  sp e cia l N M R  sig n al sen so r fo r  th e 3 0  m m  gap  o f  
e lec tro m ag n et, w h ich  a llo w s p lac in g  th e palm  o f  a  p articip an t in  th e m agn et. In  th e  ce n te r  o f  
th e m ag n et th ere  w as a  h o riz o n ta lly  lo ca ted  reso n an t in d u ctan ce , tu ned  to  a  fre q u e n cy  o f  
9 0 .8 6  M H z. T h e  in d u ctan ce  co n ta in e d  tw o rin g tu rn s w ith  a  gap  o f  2  m m . T h e  p articip an t o f  
th e ex p erim en t p laced  th e  palm  b etw een  th e p o les  o f  th e m agn et, and at th e  sam e tim e  th e 
th ick en ed  part co rresp o n d in g  to  th e ce n te r  o f  th e  m id d le and d ista l parts o f  th e tw o p h alan g es 
w ere in  th e c e n te r  o f  th e m ag n etic  system .

T y p ica l sp e ctra  o b ta in ed  w ith  su ch  a  sp e ctro m ete r h av e th e  fo llo w in g  fea tu res. In  th is  
case , th e sk in  is  th in  an d  d o es n o t m ak e a  s ig n ific a n t co n trib u tio n  to  th e  in te n sity  o f  th e N M R  
sig n al. B o n e  tissu e  c o n s is ts  o f  th e upper c o rtic a l lay er , w h ich  c o n ta in s  little  w ater and is  sh ow n  
on th e  N M R  to m o g ram s as d ark  stripes. C o n v e rse ly , th e  cen tra l part o f  th e b o n es  u su ally  
appears o n  th e  to m o g ram s in  th e  form  o f  brig h t areas, b eca u se  it  c o n ta in s  a  sp o n g y  su b stan ce , 
saturated  w ith  b o n e m arrow .

F ig u re  1 sh o w s tw o sp e ctra  th a t w ere o b ta in ed  during th e reg istra tio n  o f  N M R  sig n als  
fro m  a  stu d en t’ s ( le f t  sp e ctru m ) and te a c h e r ’ s (r ig h t sp ectru m ) b o n e m arrow . T h e  red  dots sh ow  
th e ex p erim en ta l date, th e  b lu e  dots rep rese n t th e c a lcu la te d  data. T h e  e x c ita tio n  pu lse had a 
du ration  o f  3 0  ^s; 2 0 4 8  p o in ts  w ere u sed  to  d ig itize  th e free  p re ce ss io n  sig n al. T h e  accu m u la tio n  
o f  th e sp ectru m  w as p erfo rm ed  in  3 0  seco n d s. T h e  sp e ctra  d isp lay  o n ly  th e se t o f  p rotons, w h ich  
b e lo n g s to  m o le cu le s  th a t re ta in  th e ir  structu re fo r  m o re  th an  0 .0 1  s (th e  tim e  o f  reg istra tio n  o f  
th e N M R  sign al e x c e e d s  0 .0 1  s). B o th  sp e ctra  co n ta in  tw o s ig n als . I t sh ould  be noted , th a t both  
sig n a ls  are d e scrib ed  q u ite  w ell b y  th e L o ren z  co n to u r (f ig . 1 ) in  a  w id e fre q u e n cy  ran ge (d f  >  
2 0 0  H z).

A  m o re  in ten se  sign al co rresp o n d s to  th e  w ater p ro to n s w ith  a  c h e m ica l sh ift o f  

6 =  4 .7  ppm . A  sm a ller sign al w ith  a  c h e m ic a l sh ift o f  6 =  2  .9  ppm  is  ty p ica l fo r  lip id  
co m p o u n d s in  w h ich  th e  co n ten t o f  - C H 2 -  m o le cu la r  grou p s is h igh. T h e  tw o  sp e ctra  h av e little
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d iffe re n ce s  o n  th e p resen ted  sca le . H o w ev er, w ith  carefu l m ath em atica l p ro cessin g  o f  the 
co rresp o n d in g  n u m eric  array s ( i f  u se te ch n iq u e  [1 -3 ] ) ,  a  n u m b er o f  d iffe re n c e s  can  be 
id en tified .

F i g u r e  1. S p ec tru m  f o r  a  m a n  o f  2 2  y e a r s  o n  th e left, 
sp ectru m  f o r  a  m a n  o f  7 6  y e a r s  on  the righ t

T o  co n tro l th e  p re v a len ce  o f  fa t c e lls , i t  is  o f  in terest to  ca lcu la te  th e  ratio  o f  th e  areas 
o f  th ese  tw o sig n als. T h e  a re a  o f  th e  s ig n al d e scrib ed  b y  th e L o ren tz  co n to u r is  p ro p o rtio n al to  
th e p rod u ct o f  th e  am p litu d e o f  th e  sign al and its  w idth. F ro m  th e c a lcu la tio n s , it  fo llo w s  th at 
b o th  s ig n als  ( its  real and im ag in ary  parts) are d e scrib ed  b y  tw o L o ren tz  co n to u rs  w ith  a  standard 
d ev iatio n  o f  1 % . W ith  a  s im ila r  error, on e can  e stim a te  th e ratio  o f  th e p ro to n s o f  th e  tw o states.

T a b le  1. P a r a m e te r s  o f  N M R  sig n a ls  o b ta in ed  by p r o c e s s in g  s p e c tra l  n u m e ric a l  a rra y s

A g e 2 2  +/- 2  y e a r s A g e  7 5  +/- 4  y e a r s
S f  2

t l f ( H 2 0 ) d f(C H 2 ) Sf/fSiv 1 Sf) d f ( H 2 0 ) d f(C H 2 ) Sff(Sw + Sl)
S f l

8 3  Hz 5 9  Hz 0 .1 8 6 8 8  H z 6 3  Hz 0 .2 0 3 1 .09

T h e  ta b le  u ses th e n o tation : d f(H 2 O ) - th e  w id th  o f  th e w ater sig n al; d f (C H 2 )- th e  w idth  
o f  th e  sign al o f  lip id  co m p o u n d s; S w  - a re a  o f  th e  w ater sig n al; S f  - th e  a rea  o f  th e  seco n d  
sig n al. F ro m  th e p resen ted  d ata  it  fo llo w s  th a t th e  co n cen tra tio n  o f  lip id  co m p o u n d s is  9  %  
h ig h e r fo r  o ld er ex p erim en t p articip an ts.

T h en , th e  sam e e x p erim en t p articip an ts reco rd ed  a  d e crease  in  th e N M R  am p litu d es o f  
th e ech o  sign al u sin g  a  re la x o m e te r  in  a  0 .1 3  T  m ag n etic  fie ld . T h is  d e v ice  w as d escrib ed  
p rev io u sly  [ 4 - 7 ] .  A s  b e fo re , th e  d e crea se  in  th e  am p litu d es o f  th e  sig n a ls  d e scrib ed  b y  
ex p ressio n :

A ( t )  =  A 0 [w a x  e ^ r ia )  + w b x  e ( f 2b)]

M o re o v er, th e  sam e tissu e  se c tio n  w as used, w h ich  w as u sed  to  o b ta in  sp e ctra  in  a  fie ld  o f  2 .1  T . 
T h e  d ata  o b ta in ed  on  th is  d e v ice  are p resen ted  in  ta b le  2 .
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It is  o f  in terest to  n ote th a t fo r  b o n e m arro w  tissu e s  a  sh o rt re la x a tio n  tim e  is 2 9  m s, 
w h ile  fo r  m u scle  tissu e , a s  a  ru le, it  w as 31  m s. T h is  d iffe re n ce  g o e s  fa r  b ey o n d  th e  ty p ica l erro r 
o f  th e d e v ice  an d  m ay  in d ica te  a  h ig h e r sa tu ration  o f  th e a c tiv e  m e ta b o lite s  o f  b o n e m arrow  
tissu es.

T a b le  2. T h e  resu lts  o f  d e te rm in in g  the p a ra m e t e rs  d e te rm in in g  th e  d e c re a s e  
in  the a m p litu d es o f  the sp in  e c h o  s ig n a ls  f o r  b o n e  m a rro w  tissu es

A ge 2 2  +/- 3  y ea rs A ge 7 5  +/- 4  y e a rs
\ V b2

1 2 a .  ms T 2 b , m s W b l .  % T 2 a , ms T 2 b , m s m 2  % W b l

2 9 . 1 ( 1 ) 1 2 8 ( 1 ) 3 9 (1 ) 2 9 . 0 ( 3 ) 1 2 8 ( 2 ) 4 4 (1 ) 1 .13

F ro m  th e co m p ariso n  o f  th e d ata  in  T a b le  2 , th e  fo llo w in g  can  be seen . T h e  w eig h t 
fra ctio n  o f  c o n n e c tiv e  tissu e  (h av in g  a  co n cen tra tio n  o f  a c tiv e  m e ta b o lite s  fo u r tim e s  low er: 
128/29 =  4 )  in creased  b y  13 %  fo r  o ld er e x p erim en t p articip an ts . A b o v e , w e n o ted  th a t th e 
in crease  in  lip id  co n cen tra tio n  in  th e  sp e ctra  w as equ al to  9  % . It can  b e  assu m ed  th a t th e 
estim ate  o f  th e  in cre a se  in  th is  tissu e  b y  13 %  is  a lso  co rre ct, and th e d iffe re n ce  is  due to  th e 
d iffe re n ce  in  th e  v o lu m e o f  re search  o f  th e  tw o d ev ices.
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Spatially Resolved NMR with Micrometer Resolution 
in Static Field Gradients

B en ja m in  K r e s s e , M a rk  H o fler, A le x e i F . P rivalov, a n d  M ic h a e l V o g e l

T U  D arm stadt, H o ch sch u lstr . 6, 6 4 2 8 9  D arm stadt, G erm a n y  
E -m a il: b enjam in . k resse@ p h y sik . tu-darm stadt. d e  
https://w w w .fkp. tu-darm stadt. d e /g r o u p s /a g _ y o g e l

Introduction
F o r  a b e tter un d erstand in g  o f  th e in teractio n  b e tw een  tran sp ort and w ettin g  p ro ce s se s , 

th e k n o w led g e o f  co n cen tra tio n  grad ien ts o f  m ix tu res n ear th e co n ta ct lin e  is esse n tia l. N M R  is 
an  estab lish ed  m eth od  fo r  th e in v estig a tio n  o f  c h e m ica l stru ctu res as w e ll as m o lecu la r  
d y n am ics and sp a tia lly  re so lv ed  m easu rem en ts can  b e  ach iev ed  b y  ap p ly in g  fie ld  g rad ien ts, as 
it is don e fo r  c lin ic a l ap p lica tio n s ca lle d  m a g n etic  re so n an ce  im ag in g  (M R I) . H o w ev er, th e 
sp atia l re so lu tio n  o f  standard M R I  scan n ers h as to  b e  s tro n g ly  in creased  to  re so lv e  p oten tia l 
co n cen tra tio n  grad ien ts n ear co n ta ct lin es. O u r ap p roach  is to  in crea se  th e grad ien t by  u sin g  a 
cu sto m  d esign ed  sta tic  fie ld  grad ien t (S F G )  su p erco n d u ctin g  m ag n et to  re co rd  on e d im en sio n al 
im ages.

Results
A  n ew  p robe h ead  w as co n stru cted  w h ich  is sp e c ia lly  d esig n ed  fo r  M R I  w ith  u ltrah ig h  

re so lu tio n  in o n e d im en sio n  usin g  a S F G  m ag n et. In  co n trast to  c lin ic a l M R I  scan n ers w ith  a 
sp atia l re so lu tio n  o f  ty p ica lly  0 .1  to  1 m m  a re so lu tio n  o f  ab o u t 2  p m  is re ach ed  due to  th e h ig h  
fie ld  grad ien t o f  73  T/m, see F ig . 1. S y ste m s w ith  a ro ta tio n al sy m m etry  can  b e  in v estig ated  b y  
scan n in g  th e sam p le s lice -w ise . T h e  k e y  featu re  o f  th e p robe is a p re c ise  co m p u ter co n tro lled  
ad ju stm en t o f  th e sam p le p o sitio n  and o rien ta tio n  e.g . to  ad ju st th e sam p le a x is  p ara lle l to  th e 
grad ien t o f  th e m a g n etic  fie ld .

Resolution (glycerol on flat surface)

< •  •<• •V > •  « •  • V ' 1 < •
• 2 pm

•

•

>•( •<
2 0 2 4  6 8  1 0  12

z i p m

F i g u r e  1. P r o o f  o f  sp a tia l reso lu tio n : T op left: Test sam p le, g ly c e r o l  in f la t  cuvette.
T op bottom : S ch em a tic  p ic t u r e  o f  the setup.

R igh t: S F G  N M R  im age, sp a tia l reso lu tio n  a p p ro x  2  p m

W ettin g  p ro cesses  can  b e  in v estig ated . F o r  ex a m p le , droplets on  su rfaces  ca n  b e  studied 
in  term s o f  d en sity  b y  in sp ectin g  th e s ig n al am plitud e and in te rm s o f  m o le cu la r  d y n am ics b y  
m easu rin g  th e re la x a tio n  tim e  o f  th e n u clear spins. F u rth erm ore , co n cen tra tio n  grad ien ts o f  
m ix tu res can  b e  ex am in ed  b y  m easu rem en ts on  d iffere n t iso to p es. It is a lso  p o ssib le  to
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in v estig a te  b io lo g ica l o b je c ts  w ith  f la t g e o m e tries  lik e  sk in . In p rin c ip le  n o n -sta tio n ary  
p ro ce s se s  lik e  in  m icro flu id ic s  can  b e  ex p lo red  w ith  an in creased  tim e  re so lu tio n  b y  a  b o o sted  
s ig n a l-to -n o ise  ratio  u sin g  strip lin e d esign s.
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Evolution of polarization of three spin groups and their 
contribution to line shape and solid-echo NMR
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Introduction
N M R  sp ectru m  o f  an  iso la ted  group o f  sp in s ca n  b e  c o m p le x  and c o n s is t o f  a  larg e 

n u m b er o f  d iscre te  re so n an t lin e s  [1 , 2 ] .  T h e se  sp e ctra  co n ta in  in fo rm a tio n  ab o u t th e structu re 
and o rien ta tio n  o f  th e group. In  [1 , 2 ]  th e  e ig e n v a lu es  and  e ig e n v e c to rs  o f  th e  in teractio n  
H am ilto n ian  w ere ob ta in ed , bu t th e  an a ly tica l e x p ress io n  fo r  th e  free  in d u ctio n  d e ca y  (F ID )  and 
so lid -e ch o  ( S E )  are  n o t g iv en . T h is  paper p resen ts a  m eth od  fo r  c a lcu la tin g  th e  F ID , th e  lin e 
shape and S E  in  th e  th re e -sp in  sy stem  w ith  arb itrary  co n sta n ts  d ip o le-d ip o le  in tera ctio n  (D D I) . 
T h e  m eth od  in v o lv e  th e  sy m m etry  o f  ro ta tio n  o f  all sp in s ab o u t th e a x is  o f  th e in itia l c ro s s 
p o lariza tio n  and a llo w s s ig n ific a n tly  s im p lify  th e  ca lcu la tio n s . In flu e n ce  o f  o th er sp in s o f  
sy stem  w as ta k en  in to  a c co u n t o n  th e  b a s is  o f  a  u n ified  th eo ry  o f  N M R  spin  d y n am ics [3 ], 
w h ich  a llo w s to  sim u late  th e F ID  and th e lin e  sh ape o f  a  solid .

The theory of free induction decay in the group of three-spin
T o  ca lcu la te  th e  F ID  w as u sed  th e  sy m m etry  g en erated  b y  th e  o p era tio n  o f  a ll th e  sp in s 

ro tate arou nd th e a x is  x . T a k in g  in to  a c co u n t th is  sym m etry , th e p ro b lem  w as red u ced  to  th e 
re p la ce m e n t o f  ca lcu la tio n  on  an  e ig h t-d im en sio n a l state sp ace  R  to  tw o ca lcu la tio n s  on  fo u r

d im en sio n al state su b sp aces: R  = R l ®  R 2 . N e x t, a s  in  [1 ] , a ll th e  e ig e n v a lu es  and e ig e n v ec to rs  

o f  th e H a m ilto n ia n 's  in tera ctio n  h ave b een  found.
H am ilto n ian  o f  th e  in tera ctio n  fo r  th re e -sp in  group , co n s is tin g  o f  n u cle i w ith  sp in s %, 

th a t co n n ec te d  b y  v ario u s co n stan ts  o f  D D I blj ( i , j  = 1 , 2 , 3 )  h as form :

Hd  =  6,2 ( 2 ^ 2  -  SxS2 -  S y S y )  + b3l ( 2 S3S 1  -  SySy -  S y S y )  + ъ13 ( 2 s 2S  -  SySy -  S y S y ) , (1 )

w here

y ‘ ti‘ (3cos2 в13 - 1)
(i, j  = 1,2,3)

2r
(2 )

6 j  -  th e  an g le  b etw een  th e  v e c to r  r j  c o n n e c tin g  th e  i-th  and j- t h  sp in s and th e  d irectio n  o f  th e 

m ag n etic  fie ld , rj  -  th e len gth  o f  th e  v e cto r, S k -  th e  p ro je c tio n  o p erato rs o f  m o m en ts o f  o f

i-th  n u c lea r  sp in  on  th e a x is  x , y , z . T h e  in itia l p o lariza tio n  is S x =  S f  +  S f  +  S 3  . F o r  

s im p lif ica tio n  o f  fu rth er ca lcu la tio n s  w ere en tered , th e p aram eters dep en d in g  on  co n stan ts  D D I:

CT1 =  b12 +  b23 +  b31 , CT2 =  b12b23 +  b23b31 +  631Ъ12 . (3 )

H en ce , tak in g  in to  a cco u n t th e  e ig e n v a lu es o f  th e H am ilto n ian  H zd (3 .4 ) ,  w e o b ta in  th e 

freq u en cy  o f  th e  tra n s itio n s  and th e sign al F ID  [4 ]:
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G3(t )
Tr (e x p  ( - iH  zdtJ  S x ex p  (iH  zdtJ  S 1 )

T r ( S 1 )2

^1  ( l  +  3 c o s 2 в )  +  3 s in 2 в  cos  | — ■\j9a 12 -  24a 2 j  t  + (4 )

+  2 s in 2 -в - c o s - i  ( 3 a t - y l 9 a , 2 -  2 4 a 2) t + 2 c o s 2 - ^ c o s - 4  ( 3 a t +  ^/9a,2 -  2 4 a 2 )  t

w h ere Co s e  = a  ■ 
ф а *  -  2 4 a 2

T h e  resu ltin g  fo rm u la  (4 )  fo r  F ID  o f  th e th re e -sp in  grou p  a llo w s us to  a n a ly ze  in  detail 

th e v a lu es  o f  sy m m etric  fu n ctio n s  a ,  and  a 2 , d eterm in e th e o rien ta tio n  o f  th e group to  the 

d irectio n  o f  th e m a g n etic  fie ld . A c c o u n t o f  in flu en ce  o f  o th er sp in s o f  th e sy stem  o n  th e shape 
o f  th e  N M R  lin e  co n d u cted  b y  a  gen era l k in e tic  eq u atio n  fo r  th e  partia l d e n sities  o f  m ag n etic  
d ip o les [3 ].

P ro p o sed  ab o v e th eo ry  can  d e scrib e  F ID  and th e lin e  sh ape in  a  so lid  w h ich  co n ta in s  
d ed icated  th re e -sp in  groups. E x p re ss io n  o f  F ID  fo r  th e w h o le  sp in  sy stem  is  as  fo llo w s:

G ( t )  =  G 3 ( t  ) G r ( t )  (5 )

w ere G r ( t ) -  sign al o f  F ID , th a t is  a sso c ia te d  w ith  re la x a tio n  and d iffu sio n  p ro sesses  o f  spin 

sy stem  and c a lcu la ted  fro m  th e  gen era l k in e tic  eq u atio n  [3 ].

T h e  lin e  sh ape F (ra ) is  c a lcu la te d  b y  m ean s o f  F o u rier 's  tran sfo rm atio n  (5 ) .  In  F ig . 1
9 2

rep resen ted  F (ra ) w ith  th e  n e x t p aram etres: a ,  = 0, a 2  = - 7  ■ 10 s , cos в  = 0 .

F ig u re  1. The line shape with w eak influence o f  environment [4 ]

Solid-echo in three spin system
T h e  sp ace o f  all sp in  co n d itio n s  o f  R  b re ak s  ( is  g iv e n ) in to  tw o su b sp aces o f  sta tes, ev en  

and odd, n im p u lse  is  re la tiv e . A ls o  w h en  ca lcu la tin g  a  sign al th e sy m m etry  co n n ec te d  w ith  
spin  e x ch a n g e  w as used. T h e  sp ace  o f  a ll sp in  co n d itio n s  o f  R  b re ak s  in to  tw o  su b sp ace s o f  
sy m m etric  and a n ti-sy m m etric  co n d itio n s  o f  ra th er spin  e x ch a n g e  [5 ].

Rs =  PSR  и R a =  PaR , гд е  Ps =  ^ ( Ё  +  Ё х ) , Р а = ^ ( Ё  -  Ё х ) .

T h e n  th e sp ace  o f  all sp in  co n d itio n s  o f  R  can  b e  b ro k en  into  fo u r su bsp aces:

R  =  R ea ® R o a ® R e s ® R os

R ea =  Pe PaR ,R oa =  PoPaR ,R es =  Pe PsR ,R os =  PoPsR
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It a llo w s red u ce ca lcu la tio n  o f  a  sign al o f  S E  in  a  th ree-sp in  sy stem  fro m  a  m a tr ix  o f  th e 
8 -th  o rd er to  ca lcu la tio n  o f  a  sign al o n  tw o m atrix e s  o f  th e 1 -st o rd er and tw o  m atrix e s  o f  the 
3 -rd  order.

T h e  fo rm u la  o f  a  sign al h as a  v iew :

 ̂ T r S x ( t ) S x T r S x ( t ) S x T r S x ( t ) S x T r S x ( t ) S x
A ( t . r )  =  =  =  =  ,

T r ( S x ) 2 T r J Z ( S f )  n 2 "  2 6

w h ere S x ( t )  =  U ~1S x U, U =  e lT^ .
A n a ly tica l e x p ress io n  fo r  S E  in  th re e -sp in  sy stem s is  o b ta in ed  [5 ].
In  F ig . 2  th e  sign al o f  so lid  ech o  a fter F o u rie r  tran sfo rm atio n  w ith  v a r io u s  co n stan ts  

- 5  9 2
D D I is  g iv en : т = 10 s, = 0, = - 7  ■ 10 s , cos в  = 0 .

F i g u r e  2. S o lid -ech o  sign a l, c a lc u la te d  by fo rm u la s  [ 5 ]

A  th eo ry  o f  th e lin e  shape in  a  so lid  w ith  d ed icated  th re e -sp in  grou p s is  p ro p o sed  and 
m o d elin g  o f  s ig n a ls  sh ow ed  th e in flu en ce  o f  G 3  (t)  at F ID  sig n al, th a t a llo w s to  ev alu ate the 
co n stan t d ip o le-d ip o le  in teractio n s, th e  co m p ariso n  w ith  th e e x p erim en ts  and to  e x tra c t 
in fo rm atio n  ab o u t th e p o sitio n  (o r ie n ta tio n ) o f  th re e -sp in  groups in  th e  su b stan ce .
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Introduction
In tere st in  h ig h ly  n itro g en o u s co m p o u n d s, su ch  as te trazo le  d e riv a tiv es  (T Z ) ,  is  cau sed  

b y  a  w id e ran g e o f  th e ir  fu n ctio n a l p rop erties. T Z  d e riv a tiv es  h av e ap p lica tio n s  in  m ed icin e , 
b io ch em istry , in fo rm a tio n  reco rd in g  sy stem , in  b len d ed  ex p lo s iv e s , a s  w ell as iso ste ric  
su b stitu tes fo r  v ario u s  fu n c tio n a l grou p s in  drugs th at are re sistan t to  b io lo g ica l d egrad ation . 
A n  im p o rtan t ad v an tage o f  te tra z o le s  is  th a t th ey  h av e a  h ig h  th erm al stab ility . D esp ite  th e 
grow th  o f  re sea rch  o f  study o f  th e structu re, fu n ctio n a l p ro p erties  an d  ap p lica tio n s, th e  d y n am ic 
and fu n ctio n a l p ro p erties  n eed  ad d ition al studies. 14N  N u cle a r  Q u ad ru p ole R e so n a n ce  
( 14N  N Q R ) is  on e o f  th e  m o st e f f ic ie n t te ch n iq u e s  fo r  th e stu d ies o f  th e structu re and d y n am ics 
o f  th e  q uad rupole n u cle i [1 ]. T h is  ap p roach  is  d e fin ed  b y  d ep en d en ce  o f  N Q R  fre q u e n cy  from  
e le c tr ic  fie ld  g rad ien t te n so r  arou nd q uad rupole n u c le i. T h e  ad v an tage o f  14N  N Q R  m eth od  in 
T Z  fa m ilie s  is  based  o n  h ig h  co n cen tra tio n  o f  14N  n u cle i in  studied m o lecu le . T h a t a llo w s the 
d eta iled  stu d ies o f  th e structu ral and d y n am ic p ro ce s se s  o f  rin g  n itro g en  and n itro g en  in  N H 2 
groups [2 ].

In  th is  paper, th e  14N  N Q R  sp in -sp in  and th e sp in -la ttice  re la x a tio n  in  5 am in o tetrazo le  
m on oh y d rate (A T Z H ) w ere studied usin g in v erse  L a p la ce  tran sfo rm  in  o rd er to  o b ta in  m ore 
d eta iled  in fo rm a tio n  o n  th e  d y n am ics o f  n u cle i.

Results and Discussion
14N  N Q R  fre q u e n c ie s  an d  th e T 1 , T 2 re la x a tio n  tim e s in  5 -a m in o te tra z o le  m on oh y d rate 

(5 A T Z H ) w ere m easu red  b y  14N  N Q R  m eth od  w ith  th e u se o f  th e  pu lse N M R -N Q R  
sp e ctro m ete r T e c m a g  A p o llo  w ith  u se o f  T N M R  so ftw are (T e c m a g  in c .) .  T h e  C a rr-P u rce ll- 
M e ib o o m -G ill (C P M G ) seq u en ce  w as u sed  fo r  T 2 m easu rem en ts and in v ers io n -reco v ery , 
sa tu ration - re co v e ry  and C s a k i-B e n e  seq u en ces  w ere a lso  u sed  fo r  T 1 m easu rem en ts [3 ] . T h e  
d istrib u tio n  o f  th e  sp in -la ttice  re la x a tio n  tim e s  fo r  all 14N  n u cle i at fre q u e n c ie s  3 .7 , 3 .6 1 ,  3 .1 4 ,  
2 .8 1  and 2 .7 4  M H z w as o b ta in ed  b y  u sin g  th e  in v erse  L a p la ce  tran sfo rm .

T h e  fig u re  1 sh o w s th a t th ere  are tw o  re g io n s  fo r  v a lu es  o f  spin  la ttice  re la x a tio n  tim es. 
W e  u sed  tw o m o d els  fo r  e x p la n a tio n  o f  th e ex p erim en ta l resu lts. F is t  o f  th em  is B a y e r  th eo ry  [4 ] 
th a t p red icts  tw o  co m p o n en ts  re la x a tio n  fo r  rin g n itro g en  n u cle i i f  14N  (I= 1 ) . A d d itio n a lly  w e 
tak es in  a c co u n t th at rin g  n itro g en  n u c le i h av e p artic ip a tio n  in  h y d rog en  bon ds. T h e  estim atio n  
o f  the p ro b a b ilities  o f  the tran sitio n s in  three le v e ls  sy stem  w as carried  o u t w ith  use o f  the 
fo llo w in g  eq u atio n  [1]

W  =  2i»p A a I z2 ,
W2 p (m q - w r ) 2k T

w h ere fflp,q,r are N Q  R  fre q u e n c ie s  o f  14N  , Iz is  m o m e n t o f  in e rtia  co rresp o n d in g  Z  a x e s  
o f  e le c tr ic  fie ld  gradien t, T  is  a  tem p erature.

T h e  in e rtia  m o m en ts w ere ca lcu la ted  w ith  use th e d ata  fro m  w o rk  [5 ]. T h e  re la x a tio n  
p ro ce s se s  o f  14N  n u cle i in  N H 2 group d iffe r  fro m  th e  re la x a tio n  o f  rin g  n u cle i. T h is  p ro p erty  is  
d efin ed  b y  th e  p o sitio n s  o f  A T Z H  m o le cu le s  in  u n it c e ll  [6 ]. T h e  ca lcu la tio n s  sh ow  th a t n itro g en  
n u cle i in  N H 2 group in  n eig h b o rin g  m o le cu le s  in  u n it c e ll  h av e th e sam e re so n an ce  fre q u e n c ie s  
bu t th e ir  a x e s  o f  e le c tr ic  fie ld  g rad ien ts  are in v erted  [5 ] . T h e  e x ch a n g e  in tera ctio n s  in  th is  
structu re p rod u ce ad d itio n al re la x a tio n  m ech an ism  th at a lso  w as tak en  into  a c co u n t in  our
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s t u d i e s .  T h e  p r o p o s e d  m o d e l s  a r e  b a s e d  o n  B a y e r ’ s  t h e o r y  a n d  l a t e r  w e r e  d e v e l o p e d  b y  

O s o k i n  [ 1 ] .  T h e s e  m o d e l s  a l s o  t a k e  i n  a t t e n t i o n  t h e  h y d r o g e n  b o n d s  a n d  e x c h a n g e  p r o c e s s e s .  

T h u s  w e  m a i n l y  e x p l a i n  t h e  r e l a x a t i o n  b e h a v i o r  i n  A T Z H  w i t h o u t  u s e  o f  p o l y m o r p h o u s  f o r m  

a p p r o a c h .

F i g u r e  1. T h e  p lo t  f o r  14N  N Q R sp in  rela xa tio n  tim es f o r  a m in o tetra zo le  m o n o h y d ra tes
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NMRD study of the Bound water rotational correlation time 
in protein solutions

M a n u e l  A rs e n io  L o r e s  G u e v a ra 1, C a r lo s  A lb e rto  C a b a l M ira b a l2, R o b e rt  M u lle r 3, 
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Summary
T h e  r o t a t i o n a l  c o r r e l a t i o n  t i m e  ( t r )  o f  t h e  w a t e r  b o u n d  t o  t h e  h e m o g l o b i n  i s  d e t e r m i n e d  

i n  s a m p l e s  o f  h e m o g l o b i n  A  ( H b A ) ,  a n d  i n  s a m p l e s  o f  H e m o g l o b i n  S  ( H b S )  b e f o r e  a n d  a f t e r  

p o l y m e r i z a t i o n .  S a m p l e s  o f  w h o l e  b l o o d  f r o m  h e a l t h y  p a t ie n t s  w e r e  o b t a i n e d  f r o m  v o l u n t a r y  

d o n o r s .  S a m p l e s  o f  w h o l e  b l o o d  f r o m  S i c k l e  C e l l  D i s e a s e  p a t ie n t s  w e r e  o b t a i n e d  f r o m  r e s i d u a l  

s a m p l e s  a t  t h e  U L B  B r u s s e l s  U n i v e r s i t y  H o s p i t a l  a f t e r  r o u t i n e  b l o o d  t e s t s  w e r e  f i n i s h e d .  

H e m o g l o b i n  s a m p l e s  w e r e  o b t a i n e d  s t a r t i n g  f r o m  w h o l e  b l o o d  u s i n g  c l a s s i c a l  m e t h o d s .  T o  

e v a l u a t e  t h e  r o t a t i o n a l  c o r r e l a t i o n  t i m e  t h e  C o l e - C o l e  m o d e l  w a s  a p p l i e d  t o  a  N u c l e a r  M a g n e t i c  

R e l a x a t i o n  D i s p e r s i o n  ( N M R D )  p r o f i l e  o b t a i n e d  u s i n g  a  F a s t  F i e l d  C y c l i n g  N u c l e a r  M a g n e t i c  

R e s o n a n c e  r e l a x o m e t e r  ( S T E L A R  F F C  2 0 0 0  S p i n m a s t e r )  i n  t h e  f r e q u e n c y  r a n g e  b e t w e e n  2 0  

K H z  a n d  1 0  M H z .  A d d i t i o n a l l y ,  s p i n  l a t t i c e  ( T 1 )  a n d  s p i n  s p i n  ( T 2 )  r e l a x a t i o n  t i m e s  w e r e  

m e a s u r e d  a t  2 0  M H z  a n d  6 0  M H z  u s i n g  t h e  M i n i s p e c  u n i t s  f r o m  B r u k e r :  M q  2 0  a n d  M q  6 0 .  

T h e  v a l u e s  o f  t r  i n  H b A  r e m a i n  i n  t h e  r a n g e  f r o m  ( 4 . 9 9 ± 0 . 3 2 )  1 0 " 8s  t o  ( 7 . 9 1 ± 0 . 4 7 )  1 0 " 8s  a n d  

i n  t h e  c a s e  o f  H b S  t h i s  p a r a m e t e r  v a r y  f r o m  ( 5 . 0 5 ± 0 . 4 4 )  1 0 " 8s  t o ( 6 . 2 1 ± 0 . 3 3 )  1 0 " 8s .  B o t h  r a n g e s  

a r e  e q u i v a l e n t s ,  w h i c h  i s  c o h e r e n t  w i t h  t h e  s i m i l a r i t i e s  b e t w e e n  b o t h  p r o t e i n s  i n  d i a m e t e r ,  

p r o t e i n  c o n c e n t r a t i o n  a n d  d y n a m i c  v i s c o s i t y  a c c o r d i n g  t o  t h e  D e b y e  m o d e l .  T h e  v a l u e s  o f  t r  

o b s e r v e d  h e r e  m a t c h  w i t h  t h e  v a l u e s  o f  t h e  p r o t e i n  r o t a t i o n a l  c o r r e l a t i o n  t i m e  d e t e r m i n e d  

p r e v i o u s l y  b y  o u r  g r o u p  u s i n g  E P R ,  w h i c h  a g r e e  w i t h  t h e  t i g h t l y  b o u n d  s t a t e  o f  t h e  a s s o c i a t e d  

w a t e r  d e t e r m i n i n g  r e l a x a t i o n .  S i m i l a r  s t u d i e s  w e r e  d o n e  i n  H u m a n  s e r u m  a l b u m i n ,  w h i c h  

c o n t r ib u t e s  t o  e x p l a i n  p r e v i o u s  c o n s i d e r a t i o n s  a l r e a d y  m a d e  d u r i n g  t h e  d e v e l o p m e n t  o f  a  N M R  

m e t h o d  t o  e v a l u a t e  d y n a m i c  v i s c o s i t y  i n  b l o o d  p l a s m a .
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Multinuclear NMR study of hybrid organic-inorganic 
composites: layer perovskite-like oxides H2La2Ti3O10 with 

methanol, methylamine and butylamine molecules
I r in a  L u sh p in sk a y a , M a r in a  Sh ely a p in a , S e r g e i  K u rn o sen k o , O le g  Silyukov, I r in a  Z v erev a

S a in t  P e t e r s b u r g  Sta te  U niversity, D ep a rtm e n t  o f  N u c le a r-P h y s ic s  R e s e a r c h  M eth o d s  
E - m a il: ir in a p a v lo v n a 9 4 @ m a il .ru

H ybrid  o rg a n ic -in o rg a n ic  co m p o site s  based  o n  lay ered  in o rg an ic  cry sta ls  are n ow ad ay s 
a  rap id ly  d e v elo p in g  a re a  o f  fu n ctio n a l m a ter ia ls  ap p lied  in  p h arm aceu tics , c a ta ly sis , and 
o p to e lec tro n ics . Io n -e x ch a n g e a b le  lay ered  p ero v sk ites  e x h ib it  rem ark ab le  e le c tro n ic  and 
p h o to ca ta ly tic  p rop erties. T h e  proton ated  fo rm s o f  D io n -Ja c o b s o n  p h ases, to  w h ich  
H 2L a 2T i3O io  b elo n g s, rev eal a b ility  to  in terca la te  v ario u s  o rg an ic  m o lecu les .

In  th is  co n trib u tio n  w e rep ort o n  th e  re su lt o f  th e study o f  H 2L a 2T i 3O io  lay ered  
p ero v sk ite  lik e  o x id e  w ith  o rg an ic  m o le cu le s : m eth an o l, m eth y lam in e and b u ty lam in e. T h e  
re search  is  m a in ly  fo cu se d  on  th e study o f  th e spatia l structu re and m o b ility  o f  o rg an ic  
m o le cu le s  carried  o u t b y  1 H , 13 C  and 14N  n u c lea r m a g n etic  re so n an ce  un d er m ag ic  an gle 
sp in nin g  (M A S  N M R ). T h e  13C  and 14N  N M R  sp e ctra  o f  h av e b een  reco rd ed  in  th e c ro s s 
p o lariza tio n  m od e. B a s in g  on  ou r p rev io u s 1 H  N M R  study o f  H 2 L a 2T i 3O io  w ith  in terca la ted  
w ater m o le c u le s  [1 ] , i t  h as b een  fo u n d  th a t C H 3O H  m o le c u le s  are g rafted  on to  th e  o x id e  lay ers, 
w h ereas th e  studied am in e s  can  b e  co n sid ere d  a s  in terca la ted : a fte r  b e in g  en tered  into  th e 
in terlay er sp ace  th e y  fo rm  [ - N f t ] +  c a tio n s  b y  cap tu rin g  th e ca g e  p rotons. F o r  th e  sam p le w ith  
bu ty lam in e, th e  13 C  M A S  N M R  sp e ctra  h av e b een  reco rd ed  as a  fu n c tio n  o f  th e  c o n ta c t pu lse 
duration . T h a t a llo w ed  us to  estim ate  th e  ch a ra cte ris t ic  re la x a tio n  tim e s  o f  d iffere n t frag m en ts 
o f  th e o rg an ic  m o lecu les .

T h e  re sea rch  h as b een  don e at th e R e se a rc h  P a rk  o f  S a in t P etersb u rg  S ta te  U n iv ers ity : 
C en tre  o f  T h e rm al A n a ly s is  and C a lo rim etry  an d  C en tre  fo r  M a g n e tic  R e so n a n ce . T h e  N M R  

sp e ctra  o f  1H , 13C a n d  1SN  h av e don e b y  u sin g  p rim arily  B ru k e r  A v a n c e  I I I  4 0 0 W B  

in stru m en t (o p era tin g  w ith  T o p sp in  v e rs io n  3 .2 )  u sin g  a  d ou ble re so n a n ce  4  m m  M A S  probe. 

1H  N M R  e x p erim en ts  w ere don e w ith in  14 kH z M A S  rota tin g  rate. 13C a n d  1SN  c p -M A S  

ex p erim en ts  w ere don e w ith in  0 -1 4  kH z ro ta tin g  rate. T h e  co n ta ct tim e  w as ch an g ed  fro m  10 
^ s to  1 0 0 0 0  |̂ s. T h e  w o rk  w as sup ported  b y  th e R u ss ia n  F o u n d atio n  fo r  B a s ic  R e se a rc h  (G ran t 
1 8 -0 3 -0 0 9 1 5 ) .
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Summary
T h e  v i s c o s i t y  o f  p r o t e i n s  i s  a  v e r y  i m p o r t a n t  p a r a m e t e r  u s e d  t o  e v a l u a t e  t h e  v i s c o s i t y  o f  

w h o l e  b l o o d ,  w h i c h  s t r o n g l y  i n f l u e n c e  t h e  h e m o d y n a m i c s  o f  t h e  h u m a n  b l l o d  c i r c u l a t i o n .  T h e  

c l a s s i c a l  v i s c o m e t e r s  ( C a p i l l a r y ,  F a l l i n g  B o d y  a n d  r o t a t i o n a l  v i s c o m e t e r s )  a r e  n o t  a d e c u a t e d  t o  

d o  c l i n i c a l  m e a s u r e m e n t  o f  d y n a m i c  v i s c o s i t y  b e c a u s e  i t s  r e q u i r e  b i g  a m o u n t  o f  s a m p l e s ,  a r e  

a f f e c t e d  b y  t u r b i d i t y  a n d  a r e  d e p e n d e n t  o f  t h e  s k i l l  o f  t h e  o e r a t o r .  A  n e w  m a g n e t i c  r e s o n a n c e  

b a s e d  m e t h o d  t o  e v a l u a t e  d y n a m i c  v i s c o s i t y  o f  p r o t e i n s  i s  p r e s e n t e d ,  w h i c h  i s  b a s e d  i n  t h e  

s t r a i g h  f o r w a r d  r e l a t i o n  b e t w e e n  d y n a m i c  v i s c o s i t y  a n d  t h e  p r o t o n  r e l a x a t i o n  r a t e  i n  t e h  

s o l u t i o n s .  A  g o o d  a g r e e m e n t  i s  o b t a i n e d  b e t w e e n  t h e  r e s u l t s  o b t a i n e d  w i t h  t h e  N M R  b a s e d  

m e t h o d  a n d  t h e  g o l d  s t a n d a r  u s e d  ( O s t w a l d  v i s c o m e t e r )  f o r  i n t r a c e l l u l a r  h e m o g l o b i n  a n d  

P l a s m a . W a s  p o s s i b l e  t o  e v a l u a t e  t h e  i n c r e a s i n g  o f  t h e  d y n a m i c  v i s c o s i t y  i n  p r o t e i n  s o l u t i o n s  

( P l a s m a  a n d  h e m o g l o b i n )  b e l o n g i n  t o  t h e  w h o l e  b l o o d  f r o m  s i c k l e  c e l l  p a t ie n t s .
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Interaction of statins with cell membrane 
by NMR spectroscopy

G. S. M u sa b iro v a , A . V. A ga n o v , I. A . L a tfullin , V. V. K lo ch k o v

K a z a n  (V o lg a  r eg io n ) F e d e r a l  U niversity, K a za n , R u ss ia  
E - m a il: G u z e l.m u sa b iro v a @ b k .ru

S t a t i n s  a r e  d r u g  w h i c h  r e d u c e  t h e  a m o u n t  o f  l o w - d e n s i t y  l i p o p r o t e i n  ( L D L )  c h o l e s t e r o l  

b y  i n h i b i t i n g  h y d r o x y l - m e t h y l - g l u t a r y l - c o e n z y m e  A  ( H M G - C o A )  r e d u c t a s e .  C h o l e s t e r o l  i s  

k n o w n  a s  a  w e l l - e s t a b l i s h e d  r i s k  f a c t o r  f o r  a t h e r o s c l e r o s i s .  F u r t h e r m o r e  s t a t i n s  h a v e  a n  

a d d i t i o n a l  p h a r m a c o l o g i c a l  p r o p e r t i e s  w h i c h  a r e  c a l l e d  p l e i o t r o p i c .  D e s p i t e  t h e  f a c t  t h a t  s t a t i n s  

h a v e  a  s i m i l a r  m o l e c u l a r  s t r u c t u r e  t h e i r  p l e i o t r o p i c  p r o p e r t i e s  v a r y  c o n s i d e r a b l y .  T h e r e  i s  a  

h y p o t h e s i s  t h a t  t h i s  d i f f e r e n c e  d e p e n d  o n  l o c a t i o n  o f  s t a t i n s  i n  t h e  c e l l  m e m b r a n e  [ 1 ,  2 ] ,  b u t  t o  

t h e  p r e s e n t  d a y  t h e r e  i s  a  l a c k  o f  i n f o r m a t i o n  i n  l i t e r a t u r e  o n  i n t e r a c t i o n s  o f  s t a t i n s  w i t h  t h e  

s u r f a c e  o f  t h e  c e l l u l a r  m e m b r a n e .

M i c e l l e  o f  d o d e c y l p h o s p h o c h o l i n e  ( D P C )  w e r e  u s e d  a s  a  m o d e l  c e l l u l a r  m e m b r a n e s  

s y s t e m  f o r  i n v e s t i g a t i n g  t h e  i n t e r a c t i o n s  o f  a t o r v a s t a t i n ,  c e r i v a s t a t i n ,  f l u v a s t a t i n ,  s i m v a s t a t i n  

a n d  p r a v a s t a t i n .  I n v e s t i g a t i o n  w e r e  c a r r i e d  o u t  b y  N M R  s p e c t r o s c o p y  w i t h  N u c l e a r  O v e r h a u s e r  

E f f e c t  ( N O E S Y  a n d  R O E S Y  e x p e r i m e n t s ) .  T h i s  m e t h o d  a p p l y  r e s e a r c h  i n t e r c e l l u l a r  i n t e r a c t i o n  

a n d  o b t a i n  i n f o r m a t i o n  a b o u t  s t r u c t u r e  o f  m o l e c u l a r  c o m p l e x  a n d  a l s o  a b o u t  p a r t s  o f  m o l e c u l e s  

w h i c h  f o r m  b in d s .

F i g u r e  1. S c h e m a tic  p re se n ta tio n  o f  the N O E s  (d a s h e d  arro w s) o b s e r v e d  in  N M R  s p e ctra  
o f  d iffe ren t  statins in  D 2O + D P C  m ice lles
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T h e  r e s u l t s  o f  N M R  e x p e r i m e n t s  a l l o w e d  d e t e r m i n i n g  a v e r a g e  l o c a t i o n s  o f  d i f f e r e n t  

s t a t i n s  i n  m o d e l  m e m b r a n e s .  I t  w a s  s h o w n  t h a t  i n  m o d e l  s y s t e m s  c e r i v a s t a t i n  h a s  t h e  d e e p e s t  

l o c a t i o n  i n  t h e  m e m b r a n e ,  p r a v a s t a t i n  w e a k l y  o r  j u s t  p a r t i a l l y  i n t e r a c t s  w i t h  m e m b r a n e  s u r f a c e  

a n d  o t h e r  s t a t i n s  s h a r e  i n t e r m e d i a t e  l o c a t i o n s  i n  m o d e l  m e m b r a n e s  ( f i g .  1 ) .  E v e n  m i n o r  

d i f f e r e n c e s  i n  t h e  s t r u c t u r e  o f  s t a t i n s  l e a d  t o  d i f f e r e n t  i n t e r a c t i o n s  w i t h  t h e  m o d e l  m e m b r a n e ,  

a n d  t h e s e  d i f f e r e n c e s  m a y  e x p l a i n  t h e  p h a r m a c o l o g i c a l  p r o p e r t i e s  o f  s t a t in s .

T h is  w o rk  w as f u n d e d  by th e su b sid y  o f  the R u ss ia n  G o v ern m en t  to su p p o rt  the P ro g ra m  
o f  C o m p etitiv e  G row th o f  K a z a n  F e d e r a l  U niversity  a m o n g  W o rld ’s  L e a d in g  A c a d e m ic  
C en ters .
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Introduction
P h y s i c a l ,  c h e m i c a l  a n d  b i o l o g i c a l  p r o p e r t i e s  o f  a l c o h o l - w a t e r  m i x t u r e s  i s  t h e  t o p i c ,  

w h i c h  h a s  b e e n  e x t e n s i v e l y  s t u d i e d  f o r  c e n t u r ie s .  M e t h a n o l ,  e t h a n o l ,  1 - p r o p a n o l  a n d  2 - p r o p a n o l  

a r e  t h e  m o s t  f r e q u e n t l y  u s e d  l i n e a r  ( a l k y l )  a l c o h o l s  s o l u b l e  i n  w a t e r  i n  t h e  w h o l e  c o n c e n t r a t i o n  

r a n g e .  I t  i s  w e l l  k n o w n  t h a t  a q u e o u s  s o l u t i o n s  o f  s h o r t  a l c o h o l s  r e v e a l  h e t e r o g e n e i t y  d u e  t o  

f o r m a t i o n  o f  d i s c r e e t  w a t e r - w a t e r ,  a l c o h o l - a l c o h o l  o r  a l c o h o l - w a t e r  c l u s t e r s  [ 1 - 6 ] .  I t  h a s  b e e n  

e s t a b l i s h e d  b y  a  r a n g e  o f  v a r i o u s  t e c h n iq u e s ,  i n c l u d i n g  X - r a y  [ 1 - 3 , 7 - 9 ] ,  n e u t r o n  s c a t t e r in g  [ 1 0 ] ,  

n u c l e a r  m a g n e t i c  r e s o n a n c e  ( N M R )  [ 1 1 - 1 4 ] .

T a k i n g  i n t o  a c c o u n t  t h a t  w a t e r - a l c o h o l s  ( e s p e c i a l l y  e t h a n o l - w a t e r )  m i x t u r e s  a r e  v e r y  

f r e q u e n t l y  m e t  i n  t y p i c a l  s e c u r i t y  c h e c k p o i n t  s i t u a t i o n ,  a  v e r y  r e c e n t  T D  N M R  s t u d y  o f  s h o r t  

a l c o h o l - w a t e r  m i x t u r e s  [ 1 5 ]  l o o k s  e s p e c i a l l y  i n t e r e s t e d .  I t  i s  k n o w n  t h a t  d e t e c t io n  a n d  

d i s c r i m i n a t i o n  o f  v a r i o u s  l i q u i d  s u b s t a n c e s  i s  v e r y  i m p o r t a n t  p r o b l e m  b o t h  w i t h  r e s p e c t  s e c u r i t y  

[ 1 6 - 2 0 ]  a n d  i n d u s t r i a l  a p p l i c a t i o n s  [ 2 1 ] .  T D - N M R  i s  c o n s i d e r e d  a s  o n e  o f  v e r y  a t t r a c t i v e  

t e c h n i q u e s  f o r  d e t e c t io n  o f  b r o a d  r a n g e  o f  d a n g e r o u s  l i q u i d s  b e c a u s e  o f  i t s  h i g h  s e l e c t i v i t y  a s  

w e l l  a s  r e l a t i v e l y  l o w  p r i c e  a n d  m a i n t e n a n c e  e x p e n s e s .  T h u s ,  d e v e l o p m e n t  o f  m e t h o d s  o f  

e f f e c t i v e  s c r e e n i n g  o f  v a r i o u s  l i q u i d s  b y  t h e i r  T D  N M R  p a r a m e t e r s  i s  v e r y  i m p o r t a n t  i s s u e .

I n  t h i s  s t u d y ,  s p i n - s p i n  r e l a x a t i o n  t i m e  ( T 2 )  a n d  s p i n  l a t t i c e - r e l a x a t i o n  t i m e  ( T 1 )  i n  1 H  

N M R  o f  t h e  m e t h a n o l ,  e t h a n o l  a n d  1 - ( 2 - )  p r o p a n o l  m i x t u r e s  h a v e  b e e n  m e a s u r e d  i n  a  w h o l e  

r a n g e  o f  a l c o h o l  c o n c e n t r a t i o n s .  A p p r o a c h e s  f o r  t h e  q u a n t i t a t i v e  c h a r a c t e r i z a t i o n  o r  

d i s c r i m i n a t i o n  o f  u n k n o w n  l i q u i d  b y  N M R ,  i n c l u d i n g  a d v a n c e d  p r o c e s s i n g  a l g o r i t h m s  ( e . g .  

I n v e r s e  L a p l a c e  T r a n s f o r m  a n d  o t h e r s )  a r e  d i s c u s s e d  w i t h  r e s p e c t  o f  t h e i r  p o s s i b l e  

i m p l e m e n t a t i o n  i n  T D  N M R  s c a n n i n g  p r o t o c o l s .

Experimental procedures
T w o  v a r i o u s  1 H  l o w  f r e q u e n c y  N M R  m e a s u r e m e n t  d e v i c e s  h a v e  b e e n  u s e d .  T h e  f i r s t  

o n e  i s  B r u k e r  M i n i s p e c  m q  s e r ie s  2 0 M H z  T D  N M R  d e v i c e ,  w h i l e  t h e  s e c o n d  o n e  i s  M a g r i t e k  

S p i n s o l v e  4 2 M H z  h i g h - r e s o l u t i o n  ( b u t  l o w  m a g n e t i c  f i e l d )  N M R .  P r i o r  t o  e a c h  m e a s u r e m e n t ,  

a l l  s a m p l e s  w e r e  k e p t  f o r  a t  l e a s t  1 0  m i n  i n  t h e  N M R  d e v i c e  t o  a t t a i n  t h e  d e s i r e d  t e m p e r a t u r e .  

C a r r - P u r c e l l - M e i b o o m - G i l l  ( C P M G )  p u l s e  s e q u e n c e  w a s  a p p l i e d  t o  o b t a i n  T 2 r e l a x a t i o n  t i m e s ,  

w h i l e  i n v e r s i o n / s a t u r a t i o n  r e c o v e r y  p r o t o c o l  w a s  u s e d  t o  m e a s u r e  T 1 r e l a x a t i o n  t i m e .  T h e  

F o u r i e r  t r a n s f o r m  s p e c t r a ,  r e c e i v e d  b y  M a g r i t e k  S p i n s o l v e ,  w e r e  i n t e g r a t e d  i n  w h o l e  ( o r  

p r e d e f in e d )  s p e c t r u m  r e g i o n  t o  p l o t  t h e  s i g n a l  i n t e n s i t y  a s  a  f u n c t i o n  o f  t i m e  t o  o b t a i n  T 1 o r  T 2 

p a r a m e t e r s .  I t  s h o u l d  b e  n o t e d  t h a t  v a r i o u s  e c h o - t i m e s  w e r e  t e s t e d  t o  c h e c k  t h e  e f f e c t  o f  s e l f 

d i f f u s i o n .  F o r  m i n i m i z a t i o n  d i f f u s i o n  t e r m ,  t h e  e c h o - t i m e  w a s  f i x e d  t o  b e  0 . 5 m s .

Experimental results and their discussion
T h e  r e s u l t s  o b t a i n e d  b y  b o t h  d e v i c e s  ( B r u k e r  M i n i s p e c  T D  N M R  a n d  M a g r i t e k  

S p i n s o l v e  N M R )  a r e  v e r y  c l o s e  t o  e a c h  o t h e r  ( m a x i m a l  d i f f e r e n c e s ,  o b s e r v e d  a t  h i g h  a l c o h o l  

c o n c e n t r a t i o n s ,  d o  n o t  e x c e e d  3 % ) .  B o t h  T 1 a n d  T 2 r e s u l t s  a r e  v e r y  c l o s e  t o  l i t e r a t u r e  

d a t a  [ 1 1 - 1 5 ] .  S p i n - s p i n  r e l a x a t i o n  t i m e s  ( T 2 ) ,  o b t a i n e d  i n  s t a n d a r d  C P M G  m e a s u r e m e n t s  w i t h  

u s e  o f  B r u k e r  M i n i s p e c  d e v i c e ,  a r e  g i v e n  i n  F i g .  1 .
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F i g u r e  1. S p in -sp in  rela xa tio n  tim es f o r  v a rio u s  a lco h o l-w a ter  solu tio n s at 2 5 ° C  o b ta in ed  in  
m ea su rem en ts  with u s e  o f  B r u k e r M in is p e c  m q 2 0 . A rro w s  a r e  g iv en  a s  r e f e r e n c e s  to m a rk  

s p e c ia l  v o lu m e c o n cen tra tio n s : % 4 6  (0 .2 1  M o la r)  f o r  ethanol, % 4 2  ( 0 .2 6 M o la r )  m ethano l), 
% 2 4  ( 0 .0 7 M o la r )  f o r  1 -p ro p a n o l) a n d  0% 2 4  ( 0 .0 7 M o la r)  f o r  2 -p ro p a n o l)

T a k i n g  i n t o  a c c o u n t  t h a t  f o r  u n k n o w n  l i q u i d ,  u s e  o f  o n l y  T i  a n d  T 2 t i m e s  d o e s  n o t  

p r o v i d e  n o n - a m b i g u o u s  d i s c r i m i n a t i o n  b e t w e e n  v a r i o u s  l i q u i d s ,  I n v e r s e  L a p l a c e  t r a n s f o r m  

( I L T )  w a s  a p p l i e d  t o  o b t a i n  a d d i t i o n a l  i n f o r m a t i o n  o n  t h e  t e s t e d  m a t e r i a l s .  I n  c o n t r a s t  t o  t h e  

w o r k  [ 1 5 ] ,  t h e  r e s u l t s  o f  I n v e r s e  L a p l a c e  t r a n s f o r m  ( I L T )  r e v e a l s  b i m o d a l  d i s t r i b u t i o n  

o f  r e l a x a t i o n  t i m e s  i n  a l c o h o l - w a t e r  m i x t u r e s .  W e  a l s o  c o m p a r e d  o u r  r e s u l t s  w i t h  t h o s e  t h a t  

o b t a i n e d  b y  d i e l e c t r i c  s p e c t r o s c o p y .  A n  i m p o r t a n t  a d v a n t a g e  o f  t h e  l a t e r  t e c h n iq u e ,  w h i c h  

p r o v i d e s  t h e  c o m p l e x  d i e l e c t r i c  c o n s t a n t  i n  t h e  b r o a d  r a n g e  o f  m i c r o w a v e  f r e q u e n c i e s ,  i s  a  

p o s s i b i l i t y  t o  u s e  i t  i n  t h e  c o m b i n a t i o n  w i t h  T D  N M R .
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Application of paramagnetic NMR to the magnetic properties 
investigation of cobalt(II) pseudotetrahedral 

single-molecule magnet
Y a n in a  A. P a n k ra to v a 12, A le x a n d e r  A . P a v lo v 2

d e p a r t m e n t  o f  C h em istry , M o sco w  State U niversity, L en in sk ie  G ory, 1 1 9 9 9 1  M o sco w ,
R u ssia
2N esm ey a n o v  Institute o f  O rg a n o elem en t  C o m p o u n d s, R u ssia n  A c a d e m y  o f  S c ien ces ,
V avilova str. 2 8 , 1 1 9 9 9 1  M o sco w , R u ssia  
E -m a il : y a n in a a le x 9 1 6 @ g m a il . co m

Introduction
S i n g l e - m o l e c u l e  m a g n e t s  ( S M M )  a r e  c o m p o u n d s ,  u s u a l l y  o r g a n o m e t a l l i c  a n d  

c o o r d i n a t i o n  c o m p l e x e s ,  t h a t  e x h i b i t  p r o p e r t i e s  o f  a  p e r m a n e n t  m a g n e t  a t  a  s i n g l e - m o l e c u l e  

l e v e l .  I t  i m p l i e s  t h a t  t h e  m a g n e t i z a t i o n  o f  e v e r y  s i n g l e  m o l e c u l e ,  a c q u i r e d  i n  a n  e x t e r n a l  

m a g n e t i c  f i e l d ,  i s  c o n s e r v e d  f o r  a  l i m i t e d  p e r i o d  o f  t i m e  a f t e r  t h e  f i e l d  i s  t u r n e d  o f f  [ 1 ] .  T h e r e  

a r e  f e w  m e t h o d s  t h a t  c a n  b e  u s e d  i n  o r d e r  t o  d e t e r m i n e  t h e  m a g n e t i c  p r o p e r t i e s  e x p e r i m e n t a l l y ,  

f o r  i n s t a n c e ,  a c - m a g n e t o m e t r y  a n d  T H z - E P R  s p e c t r o s c o p y .  H o w e v e r ,  t h e s e  m e t h o d s  a r e  

r e l a t i v e l y  e x p e n s i v e  a n d  r a r e ;  a s  a  r e s u l t ,  a  m o r e  a c c e s s i b l e  a p p r o a c h  i s  n e e d e d .  H e r e  w e  a p p l y  

a n  o r i g i n a l  N M R - b a s e d  t e c h n i q u e  f o r  i n v e s t i g a t i o n  o f  c o b a l t  ( I I )  S M M .

Object of research
H e r e  w e  r e p o r t  a  p s e u d o t e t r a h e d r a l  C o ( I I ) - b a s e d  s i n g l e - m o l e c u l e  m a g n e t  1 ,  w h i c h  i s  

a n a l o g o u s  t o  p r e v i o u s l y  r e p o r t e d  c o m p l e x  2  [ 2 ] .  T h e  s y n t h e s i s  w a s  c o n d u c t e d  t h r o u g h  t w o  

s t e p s ,  s h o w n  i n  S c h e m e  1  [ 3 ] .

S c h e m e  1. Sy n th esis  o f  s tu d ied  c o m p le x es

Paramagnetic NMR spectroscopy

Energy levels of single-molecule magnets and magnetic anisotropy
T h e  e n e r g y  l e v e l s  o f  S M M  a r e  g e n e r a l l y  d e t e r m i n e d  b y  t h e  f o l l o w i n g  H a m i l t o n i a n  [ 1 ] :

/?0 = о [ 5 | - | ] + д о вВг5г (1)

w h e r e  D  -  z e r o - f i e l d  s p l i t t i n g ;  S  -  s p i n  o p e r a t o r ;  S z -  o p e r a t o r  o f  s p i n  c o m p o n e n t  a l o n g  t h e  

z - a x i s ;  g  -  v a l u e  o f  g - t e n s o r ;  B z  -  m a g n e t i c  f i e l d  c o m p o n e n t  a l o n g  t h e  z - a x i s  z .

P a r t i a l  d e r i v a t i v e s  o f  e n e r g y  E ,  d e t e r m i n e d  b y  t h e  H a m i l t o n i a n ,  w i t h  r e s p e c t  t o  t h e  

m a g n e t i c  f i e l d  c o m p o n e n t s  H x, H y a n d  H z, a r e  c o m p o n e n t s  o f  m a g n e t i c  s u s e p t i b i l i t y  t e n s o r :

d 2E _  
dHtdHj _  Xi]
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Iso tro p ic  m a g n etic  su sce p tib ility , X is o , and ax ia l m a g n etic  a n iso tro p y  A X ax  are d efin ed  as:

. _  X x x  +  X y y  +  X z z
X iso  3

. X x x  +  X y y
AXax  _  X zz  2

NMR-based approach for zero-field parameter determination
N M R  sp e ctro sco p y  a llo w s d eterm in atio n  o f  iso tro p ic  m a g n e tic  su sce p tib ility , X is o , b y  

E v a n s  m eth od  [4 ]. A s  fo r  ax ia l m a g n etic  an iso tro p y  AXa x , it  can  b e  ob ta in ed  fro m  d ip olar 
ch e m ica l sh ift 8 p c s , w h ich  is  ex p ressed  as:

S pas _  T^ A X a x (3 c O S 2 e  -  1 )  (2 )

w h ere r and в  are p o lar co o rd in a te s  o f  each  n u cle i.
G iv e n  all th at, w e can  ex p erim en ta lly  o b ta in  th e  tem p eratu re d ep en d en ce  o f  X iso  and 

AXa x , and f it  th ese  data b y  th e  H a m ilto n ia n (1 ) to  ev alu ate  th e  v a lu e  o f  z e ro -fie ld  p aram eter D .

Results
T h e  tem p eratu re d ep en d en ce  o f  p aram ag n etic  sp ectra  o f  th e  studied co m p le x  is 

p resen ted  at F ig . 1.

F i g u r e  1. T em p era tu re  d e p e n d e n c e  o f  1H  N M R  s p e ctra

C a lcu la tio n  o f  m a g n etic  an iso tro p y  fo r  each  tem p eratu re  p o in t w as con d u cted , and th e 
resu ltin g  AXax tem p eratu re d ep en d an ce is  sh ow n  in  F ig . 2 . S im u la tio n s  o f  th is  data w ith  
H am ilto n ian  (1 )  resu lted  in  z e ro -fie ld  p aram eter D  =  - 5 0 ,4  cm - 1  w ith  g x =  g y = 2 , g z = 2 .3 .  
A cco rd in g  to  p rev io u s m ag n eto m etry  data, th e  v a lu e  o f  D  p aram eter fo r  a s im ila r  com p ou n d  2 , 
w h ich  is  ap p ro x im ately  2 7 ^ 3 7  cm -1 [2 ].
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F i g u r e  2. A x ia l m a g n etic  a n iso tro p y  vs re v e r s e  tem p era tu re  p lo t

F i g u r e  3. C a lcu la te d  m a g n etic  susceptib ility  (lin e) a n d  E v a n s  m e th o d  d a ta  (tria n gles)

S im u la tio n  o f  iso tro p ic  m a g n etic  su sce p tib ility  w ith  th e  o b ta in ed  v a lu e  o f  D  co m e s w ith  
th e  a g reem en t w ith  ex p erim en ta l E v a n s data (F ig . 3 )  (2 0  %  error).

Conclusions
In  co n c lu sio n , w e h av e sy n th esized  a n ew  an a lo g u e o f  p rev io u sly  reported  C o (II )-b a s e d  

S M M . In  o rd er to  estim ate  th e  z e ro -fie ld  p aram eter fo r  th is  com p ou n d , w e em p lo y ed  th e 
o rig in a l N M R -b a s e d  approach . T h e  o b ta in ed  v a lu e  is  c lo s e  to  p rev io u sly  reported  
m ag n eto m etry  data fo r  a s im ila r  com p ou n d ; m o reo v er, it  co m e s in  ag reem en t w ith  ex p erim en ta l 
data on  iso tro p ic  m a g n e tic  su sce p tib ility  b y  E v a n s  m ethod.
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Introduction
N u cle a r  m ag n etic  re so n an ce  (N M R ) sp e ctro sco p y  is  a  rou tin e p h y sica l m eth od  o f  

studyin g d iam ag n etic  c h e m ic a l co m p o u n d s, w h ile  p aram ag n etic  co m p o u n d s are ra re ly  
in v estig a ted  b y  N M R . T h e  larg e c h e m ica l sh ifts  (up to  sev era l th o u san d  p p m ) and lin e 
b ro ad en in g  (u p  to  sev era l th ou san d  H z) m a y  be o b serv ed  fo r  th em  in  N M R  sp e ctra  g iv in g  
in fo rm atio n  a b o u t g e o m e try  and e le c tro n ic  structu re o f  a  p aram ag n etic  m o lecu le . 
U n fo rtu n ate ly , th ere  are so m e d ifficu ltie s  o f  a c q u is itio n  and  an a ly sis  o f  N M R  d ata  due to  fa s t 
n u clear re la x a tio n  and co m p lica te d  p h y sica l p rin c ip le s  o f  ob serv ed  sp ectra l patterns.

In  th is  lec tu re  th e  g en era l p rin c ip le s  o f  p aram ag n etic  N M R  sp e ctro sco p y  w ill be 
d iscu ssed  as w ell a s  ex a m p le s  o f  its  su ccessfu l ap p lica tio n  [1 ].

Theoretical background of paramagnetic NMR
F o r  p aram ag n etic  co m p o u n d s th e c h e m ica l sh ift v a lu e  h as d iam ag n etic  and 

p aram ag n etic  parts (1 ) .

, +  S PARA (1 )

T h e  p aram ag n etic  p art a r ise s  fro m  h y p erfin e  in tera ctio n  o f  a  n u cleu s and unpaired 
e le c tro n s  th a t is  d e scrib ed  b y  te n so r  A  (2 ) .

c _  s ( s + i ) PB
3kTgN^N

g  • A ( 2 )

T h e  te n so r  o f  h y p erfin e  in tera ctio n  A  ca n  b e  d iv id ed  to  iso tro p ic  and an iso tro p ic  
parts (3 )  lead in g  to  c o n ta c t and p se u d o co n tact c h e m ica l sh ifts  re sp ec tiv e ly . Iso tro p ic  (c o n ta c t)  
p aram ag n etic  co n trib u tio n  S c s , w h ich  arise s  fro m  sp in  p o lariza tio n  th rou gh  m o le cu la r  o rb ita ls  
fo llo w s  th e  eq u atio n  (4 ) .  T h e  p se u d o co n tact co n trib u tio n  S p c s , w h ich  arise s  fro m  d ip olar 
co u p lin g  b e tw ee n  m ag n etic  m o m e n ts  o f  a  n u cleu s  an d  o f  an unpaired  e lec tro n , depends on  
n u cleu s co o rd in a te s  (r , в, ф) re la tiv e  to  lo ca liz a tio n  c e n te r  o f  u n paired  e le c tro n s  (5 a ) . In  c a s e  o f  
a x ia l sy m m etry  o f  a  m o le cu le  th e  eq u atio n  (5 )  is  s im p lified  to  (5 b ) .

A  _  A i s o l  +  A dip

S c s  —
s ( s + i ) p B
3kTg Np N

S p c s  — i ^ \ ^ X a x ( 3 c o s 2 e  -  1 )  + ? ;A X r h S in 2 e c o s 2p\

S p c s  — i2 n r 3 & X ax( 3 c O S 26  -  1 )

(3 )

(4 )  

(5 a )  

(5 b )

w h ere A x ax and A x rh  -  a x ia l and rh o m b ic  an iso tro p y  o f  m a g n etic  su s ce p tib ility  te n so r  
d eterm in in g  m agn itu d e o f  p se u d o co n ta c t sh ifts  o f  all n u cle i in  th e  m o lecu le .

I. Application of paramagnetic NMR for spin-crossover compounds
S o m e  3 d -m e ta l c o m p le x e s  w ith  e le c tro n  co n fig u ra tio n  d 2—ds  can  b e  in  th e  b o th  lo w -sp in  

( L S )  and h ig h -sp in  (H S )  states. T h e  sp in -cro sso v e r  (S C O )  is  a  p h en o m en o n  o f  th e sp in  state 
ch an g e s  due to  ex tern a l stim u li su ch  as  a  varia tio n  o f  tem p eratu re , p ressu re  e tc . M a g n etic  
p ro p erties  o f  a  m o lecu le  in  d iffere n t sp in  s ta tes are a lso  d ifferen t, th a t is  re fle c te d  in  th e  N M R  
sp ectra . I f  th e  b o th  spin  s ta tes are p opu lated  in  a  so lu tion , th e o b serv ed  c h e m ic a l sh ift S obs is  a  
w eig h ted  av erag e  o f  sh ifts  fo r  L S  an d  H S  sp e cie s  ( r Ls and r Hs are th e ir  p op u lation s):
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S obs =  S DIA +  (  5 “  +  S ^ )  * r, L S +  (  S ™  +  « “  )  *  r HS ( 6 )

F o r  th e  i th n u c le i  i t  t h u s  b e c o m e s :

S iob s =  SDia  +  S ‘f  * ( 1  -  r HS)  +  S ™  * r HS +  ^ A X a, ( 3 c o s 2e i -  1 )  ( 7 )

T h e  d i a m a g n e t i c  p a r t  c a n  b e  d i r e c t l y  m e a s u r e d  b y  N M R  s p e c t r o s c o p y  o f  a  s u i t a b l e  

d i a m a g n e t i c  a n a l o g u e  ( s u c h  a s  a n  i s o s t r u c t u r a l  c o m p l e x  o f  a  d i a m a g n e t i c  m e t a l  o r  a  f r e e  l i g a n d ) ;  

th e  c o n t a c t  c o n t r ib u t i o n s  S 1̂  a n d  a r e  a c c e s s i b l e  b y  D F T  c a l c u l a t i o n s ,  t o g e t h e r  w ith  th e  

g e o m e t r i c a l  p a r a m e t e r s  di a n d  ri. T h e  f i t t in g  e x p e r i m e n t a l  c h e m ic a l  s h i f t  v a l u e s  o f  a l l  th e  n u c le i  

s i m u l t a n e o u s ly  b y  th e  e q u a t io n  ( 7 )  c a n  p r o v i d e  in f o r m a t io n  a b o u t  s p in  s t a t e  p o p u l a t i o n s  r i s  

a n d  r H S .

T h e  p r o p o s e d  a p p r o a c h  w a s  t e s t e d  o n  th e  v a r i o u s  c o b a l t ( I I ) ,  i r o n ( I I )  a n d  i r o n ( I I I )  S C O  

c o m p l e x e s .  T h e  o b t a in e d  r e s u l t s  w e r e  c o m p a r e d  w ith  th e  w e l l - k n o w n  E v a n s  m e t h o d ;  

a d v a n t a g e s  a n d  d i s a d v a n t a g e s  o f  t h i s  a p p r o a c h  w i l l  b e  d i s c u s s e d  d u r in g  th e  le c t u r e  [2 ] .

II. Application of paramagnetic NMR for single molecule magnets
S i n g l e  m o l e c u l e  m a g n e t s  ( S M M s )  a r e  m o l e c u l e s  a b l e  to  r e t a in  t h e i r  m a g n e t i z a t i o n  in  

th e  a b s e n c e  o f  a n  a p p l i e d  m a g n e t i c  f i e ld .  T o  k e e p  m o l e c u l e s  m a g n e t i z e d  a t  h ig h e r  t e m p e r a t u r e s ,  

a n  in t r in s ic  e n e r g y  b a r r i e r  t o  m a g n e t i z a t i o n  r e v e r s a l  s h o u ld  b e  e n o r m o u s .  F o r  t r a n s i t io n - m e t a l -  

b a s e d  S M M s  th e  e n e r g y  b a r r ie r  t o  m a g n e t i z a t i o n  r e v e r s a l  i s  p r o p o r t io n a l  to  th e  z e r o - f i e l d  

s p l i t t i n g  ( Z F S )  o f  th e  g r o u n d  t e r m .  F o r  S M M s  z e r o - f i e l d  in t e r a c t io n  a s  w e l l  a s  e l e c t r o n  Z e e m a n  

s p l i t t i n g  m a k e  a  m a jo r  c o n t r ib u t i o n  to  th e  e n e r g y  o f  a  m o l e c u l e  in  m a g n e t i c  f i e l d  w ith in  s p in -  

H a m i l t o n ia n  f o r m a l i s m :

H  =  H ZFs  +  H EZi  +  =  S  ■ D  ■ S  +  g g B B S  +  ■■■ ( 8 )

S in c e  th e  m o s t  S M M s  e x h ib i t  h ig h  m a g n e t i c  a n i s o t r o p y ,  th e  x  t e n s o r  i s  a l s o  a n i s o t r o p i c  

(Xx f  Xy f  Xz). T h e  a p p r o a c h  w e  h a v e  p r e s e n t e d  u s e s  a  r e l a t io n  b e t w e e n  th e  s p in - H a m i l t o n i a n  

p a r a m e t e r s  a n d  m o l a r  m a g n e t i c  s u s c e p t i b i l i t y  t e n s o r  a n i s o t r o p y  A x, w h ic h  c a n  b e  a c c e s s e d  b y  

N M R  s p e c t r o s c o p y :

d2ln

=  NAkT
X u =  1Q dB2 ’ У У >

w h e r e  a  =  x ,y , z .

L i m i t a t i o n s  a n d  p r o s p e c t s  o f  N M R  s p e c t r o s c o p y  f o r  S M M s  i n v e s t i g a t i o n  w i l l  b e  

d i s c u s s e d  d u r in g  th e  le c t u r e  [3 , 4 ] .
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Introduction
H y d r o g e n  b o n d s  a r e  a  t o p i c  w i t h  a  l o n g  r e s e a r c h  h i s t o r y  b u t  s t i l l  o f  s c i e n t i f i c  i n t e r e s t  

b e c a u s e  o f  t h e  e m i n e n t  i m p o r t a n c e  f o r  s t r u c t u r e ,  f u n c t i o n  a n d  d y n a m i c s  o f  c o u n t l e s s  c h e m i c a l  

s y s t e m s  [ 1 ] .  H y d r o g e n  b o n d i n g  s y s t e m s  i n  n a t u r e  a n d  t e c h n o l o g y  a r e  o f t e n  r e s t r i c t e d  o r  

c o n f i n e d ,  w h i c h  i s  w h y  m u c h  o f  t h e  r e s e a r c h  f o c u s e s  o n  t h e  s t u d y  o f  c o n f i n e m e n t  

i n f l u e n c e s  [ 2 ] .

T o  f u r t h e r  i n v e s t i g a t e  t h e  i n f l u e n c e  o f  c o n f i n e m e n t  o n  h y d r o g e n  b o n d i n g s ,  w e  s t u d y  

w a t e r -  d i m e t h y l  s u l f o x i d  ( D M S O )  m i x t u r e s ,  g l y c e r o l ,  a n d  e t h y l e n e  g l y c o l  i n  b u l k  a n d  i n  s i l i c a  

c o n f i n e m e n t .  T o  s u p p r e s s  f r e e z i n g ,  a  w a t e r - D M S O  m i x t u r e  w i t h  t h e  e u t e c t i c  m i x i n g  r a t i o  i s  a  

s u i t a b l e  c h o i c e .  M o r e o v e r ,  c o n s i d e r a b l e  a t t e n t i o n  i s  g i v e n  t o  g l y c e r o l ,  a  n o n - f r e e z i n g  l i q u i d  

w i t h  h y d r o g e n  b o n d s  a n d  t o  e t h y l e n e  g l y c o l  ( E G )  b r i d g e s  t h e  g a p  b e t w e e n  w a t e r  a n d  g l y c e r o l  

d u e  t o  i t s  m o l e c u l a r  s i z e .

U s i n g  N M R  a n d  d i e l e c t r i c  s p e c t r o s c o p y ,  w e  a n a l y z e  t h e  d e p e n d e n c e  o f  c o r r e l a t i o n  

t i m e s  o f  t h e  h y d r o g e n  b o n d i n g  s y s t e m s  w a t e r - D M S O ,  g l y c e r o l ,  a n d  E G  i n  c o n f i n e m e n t  o n  

f i l l i n g  d e g r e e  a n d  p o r e  d i a m e t e r  o v e r  a  b r o a d  t e m p e r a t u r e  r a n g e .

Experimental Details
D e u t e r a t e d  D M S O  ( C D 3) 2S O ,  p a r t i a l l y  d e u t e r a t e d  g l y c e r o l  C 3D 5( O H ) 3, E G  C 2 H 4 ( O H ) 2 ,  

a n d  p a r t i a l l y  d e u t e r a t e d  E G  C 2 D 4 ( O H ) 2  w e r e  o b t a i n e d  f r o m  S i g m a - A l d r i c h .  S i l i c a  m a t r i c e s  

M C M - 4 1  a n d  S B A - 1 5  c o n t a i n  c y l i n d r i c a l  p o r e s  w i t h  d e f i n e d  a n d  a d j u s t a b l e  d i a m e t e r s .  

M C M - 4 1  c o m p o u n d s  w i t h  v a r i o u s  p o r e  d i a m e t e r s  w e r e  s y n t h e s i z e d  a n d  c h a r a c t e r i z e d  b y  t h e  

B u n t k o w s k y  g r o u p  ( T U  D a r m s t a d t ) .  D e t a i l s  c a n  b e  f o u n d  e l s e w h e r e  [ 3 ] .  A d d i t i o n a l l y ,  S B A - 1 5  

w i t h  t w o  p o r e  d i a m e t e r s  ( 4  n m  a n d  6  n m )  w a s  p u r c h a s e d  f r o m  S i g m a  A l d r i c h .  L o a d i n g  o f  t h e  

o v e r  n i g h t  i n  a  t u r b o  m o l e c u l a r  p u m p  d r i e d  p o r e s  w i t h  t h e  s o l v e n t  w a s  d o n e  b a s e d  o n  t h e  

s p e c i f i c  p o r e  v o l u m e .

F o r  2H  N M R  e x p e r i m e n t s  h o m e - b u i l t  s p e c t r o m e t e r s  o p e r a t i n g  a t  a  2 H  L a r m o r  f r e q u e n c y  

o f  Ы 0 =  2 n  4 6 . 1  M H z  w e r e  u s e d .  T h e  * H  d i f f u s i o n  m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  a t  a  m a g n e t  

w i t h  a  h i g h  s t a t i c  f i e l d  g r a d ie n t  a t  a  ' H  L a r m o r  f r e q u e n c y  o f  ы о  =  2 n  9 2  M H z .

D u e  t o  t h e  a r r a n g e m e n t  o f  t h e  s u p e r c o n d u c t i n g  c o i l s  i n  M a x w e l l  c o n f i g u r a t i o n ,  a  f i e l d  

g r a d ie n t  o f  a p p r o x i m a t e l y  1 3 0  T / m  i s  r e a l i z e d .  F u r t h e r  d e t a i l s  a b o u t  t h e  2 H  a n d  ' H  f i e l d  g r a d ie n t  

N M R  m e a s u r e m e n t s  c a n  b e  f o u n d  i n  p r e v i o u s  w o r k s  [ 4 ] .

Results and Discussion
F o r  w a t e r - D M S O  m i x t u r e s ,  B D S  a n d  N M R  r e s u l t s  c o n s i s t e n t l y  i n d i c a t e  a  s l o w d o w n  o f  

d y n a m i c s  d u e  t o  c o n f i n e m e n t .  H o w e v e r ,  r e s t r i c t i o n s  o f  t h e  d y n a m i c s  d o  n o t  s c a l e  w i t h  t h e  p o r e  

s i z e ,  b u t  t h e  e f f e c t  i s  g r e a t e s t  f o r  a n  i n t e r m e d i a t e  p o r e  s i z e .

F o r  G l y c e r o l ,  w e  f o u n d  m a j o r  i n f l u e n c e  o f  t h e  s a m p l e  p r e p a r a t i o n  o n  t h e  e x p e r i m e n t a l  

o b s e r v a t i o n s .  G l y c e r o l  s a m p l e s  i n i t i a l l y  s h o w e d  a n  a c c e l e r a t i o n  o f  t h e  d y n a m i c s  d u e  t o  t h e  

r e s t r i c t i o n  i n  p o r e s .  T h i s  e f f e c t  s c a l e d  w i t h  t h e  p o r e  s i z e :  a  s t r o n g e r  s l o w d o w n  f o r  s m a l l e r  p o r e  

d i a m e t e r s .  H o w e v e r ,  t h i s  f i r s t  e f f e c t  c o u l d  b e  r e m o v e d  b y  a  p r e p a r a t i o n  i n  d r y  a t m o s p h e r e .
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T h e  d r y  g l y c e r o l  s a m p l e s  r e v e a l  a  s l i g h t  d e c e l e r a t i o n  o f  t h e  d y n a m i c s  f o r  l a r g e r  p o r e s  

a n d  n o  e f f e c t  f o r  s m a l l e r  p o r e s .

I n  l i n e  w i t h  t h i s ,  t h e  E G  s a m p l e s  a l s o  i n d i c a t e d  a  w e a k  d y n a m i c a l  s l o w d o w n  d u e  t o  

c o n f i n e m e n t .  A t  h i g h  t e m p e r a t u r e s ,  t h e r e  i s  a n  e f f e c t  o f  t h e  d e g r e e  o f  f i l l i n g  o n  t h e  d y n a m i c s .  

T h e  d e c e l e r a t i o n  o f  t h e  d y n a m i c s  i s  s c a l e d  w i t h  t h e  d e c r e a s i n g  p r o p o r t io n  o f  E G  o u t s i d e  t h e  

p o r e s ,  w h i c h  l e a d s  t o  a  s l o w e r  m o v e m e n t  o f  t h e  l i q u i d  i n s i d e .  N o t e w o r t h y  f o r  t h e  n o m i n a l l y  

f u l l y  f i l l e d  p o r e s  i s  t h e  p r e s e n c e  o f  a  s e c o n d  c o m p o n e n t ,  c o r r e s p o n d i n g  t o  a  f r o z e n  p h a s e  w i t h i n  

t h e  p o r e .
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Introduction
W e  a n a l y z e  i o n  a n d  m o l e c u l e  t r a n s p o r t  i n  a q u e o u s  s a l t  s o l u t i o n s  c o n f i n e d  t o  n a n o p o r e s  

a s  p a r t  o f  a  p r o j e c t  t h a t  a i m s  t o  d e v e l o p  a  n e w  g e n e r a t i o n  o f  n a n o s e n s o r s  b y  c o m b i n i n g  

b i o l o g i c a l  a n d  s y n t h e t i c  n a n o p o r e s .  W h i l e  b e i n g  h i g h l y  s e l e c t i v e  a n d  s e n s i t i v e ,  b i o l o g i c a l  i o n  

c h a n n e l s  l a c k  t h e  r o b u s t n e s s  f o r  t e c h n o l o g i c a l  a p p l i c a t i o n s .  C o n t r a r i l y  s i l i c a  p o r e s  a r e  w e l l -  

p r o v e n  i n  i n d u s t r i a l  a n d  c l i n i c a l  e n v i r o n m e n t s ,  b u t  p o s s e s s  i n f e r i o r  c a p a b i l i t i e s ,  e . g .  n o  

s e l e c t i v i t y .  A  h y b r i d  s y s t e m  w o u l d  c o m b i n e  t h e  f a v o r a b l e  p r o p e r t i e s  o f  b o t h  f i e l d s .

Samples and Experiments
T o  o p t i m i z e  s u c h  p o r e s ,  i t  i s  o f  l a r g e  i n t e r e s t  t o  u n d e r s t a n d  t h e  i n f l u e n c e  o f  t h e  c o n f i n e 

m e n t  o n  t h e  T - d e p e n d e n t  i o n  a n d  m o l e c u l e  t r a n s p o r t  i n s i d e .  W e  v a r y  t h e  p o r e  p a r a m e t e r s  s y s 

t e m a t i c a l l y  a n d  s t u d y  t h e i r  e f f e c t s  o n  t h e  d y n a m i c s  b y  N M R .  U s i n g  ' H  a n d  2 H  N M R  w e  c a n  

s e l e c t i v e l y  i n v e s t i g a t e  w a t e r  d y n a m i c s  w h e r e a s  7L i  a n d  23N a  N M R  a n a l y z e  t h e  l o c a l  a n d  l o n g -  

r a n g e  d y n a m i c s  o f  i o n i c  s p e c i e s .  S a m p l e s  o f  i n t e r e s t  a r e  L i C l - Ш О  a n d  L i C l - D 2O  a t  v a r i o u s  

c o n c e n t r a t i o n s  b u l k  a n d  i n  M C M - 4 1  w i t h  p o r e  d i a m e t e r s  o f  d = 2 . 8 - 3 . 8 n m .

Bulk solutions [1]
A n a l y s i n g  t h e  l o c a l  i o n  a n d  w a t e r  d y n a m i c s  i n  t h e  b u l k  s o l u t i o n s  r e v e a l s  a  s l o w d o w n  

w i t h  i n c r e a s i n g  s a l t  c o n c e n t r a t i o n  a t  a m b i e n t  t e m p e r a t u r e s ,  w h i l e  t h i s  d i f f e r e n c e  v a n i s h e s  u p o n  

c o o l i n g  d u e  t o  p a r t i a l  c r y s t a l l i z a t i o n .  R e l a x a t i o n  t i m e s  a n d  d i f f u s i o n  c o e f f i c i e n t s  o f  w a t e r  

m o l e c u l e s  a g r e e  w i t h  t h o s e  o f  l i t h i u m  i o n s  i n  t h e  w e a k l y  s u p e r c o o l e d  r e g i m e ,  i n d i c a t i n g  t h a t  

t h e  d y n a m i c s  a r e  s t r o n g l y  c o u p l e d .  H o w e v e r ,  w e  s e e  a  d e c o u p l i n g  i n  t h e  s t r o n g l y  s u p e r c o o l e d  

r e g i m e ,  m o s t  n o t a b l y  o f  t h e  r o t a t i o n a l  m o t i o n  o f  t h e  w a t e r  m o l e c u l e s ,  w h i c h  d o e s  n o t  f o l l o w  

t h e  g l a s s y  s l o w d o w n  o f  t h e  s t u d i e d  s a l t  s o l u t i o n s  b e l o w  — 1 4 5  K ,  b u t  i t  r a t h e r  r e s e m b l e s  t h a t  i n  

n a n o s c o p i c  c o n f i n e m e n t ,  m o l e c u l a r  s o l u t i o n s ,  a n d  h i g h - d e n s i t y  a m o r p h o u s  i c e  a t  l o w  

t e m p e r a t u r e s .  T h i s  c o m m o n  l o w - t e m p e r a t u r e  w a t e r  d y n a m i c s  i s  c h a r a c t e r i z e d  b y  l a r g e - a n g l e  

r e o r i e n t a t i o n  a n d  A r r h e n i u s  t e m p e r a t u r e  d e p e n d e n c e .

Confinement
A t  a  g i v e n  c o n c e n t r a t i o n  t h e r e  i s  a  s l o w d o w n  i n  c o n f i n e m e n t  w i t h  m o r e  h e t e r o g e n i o u s  

d y n a m i c s .  T h i s  c a n  b e  e x p l a i n e d  b y  a  s l o w e r  l a y e r  a t  t h e  p o r e  w a l l s  a n d  b u l k - l i k e  d y n a m i c s  i n  

t h e  p o r e  c e n t e r .  F i e l d - g r a d i e n t  N M R  i s  a p p l i e d  t o  m e a s u r e  s e l f - d i f f u s i o n .  T h e  e x t e n t  o f  t h e  

e f f e c t  a n d  t h e  r e l a t i o n  b e t w e e n  s h o r t -  a n d  l o n g - r a n g e  d y n a m i c s  d e p e n d  o n  t h e  c o n f i n e m e n t  

p r o p e r t i e s ,  i n c l u d i n g  f i l l i n g  d e g r e e  a n d  p o r e  s i z e ,  w h i c h  a l s o  s t r o n g l y  a f f e c t  a  p o s s i b l e  

c r y s t a l l i z a t i o n .
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Introduction
C a l c i u m  p h o s p h a t e s  a r e  f o u n d  i n  o u r  l i v e s  i n  b o t h  p o s i t i v e  a n d  n e g a t i v e  a s p e c t s .  I n  t h e  

b o d y  c a l c i u m  p h o s p h a t e s  a r e  i n v o l v e d  i n  f o r m a t i o n  o f  a t h e r o s c l e r o t i c  p l a q u e s .  S y n t h e t i c  

c a l c i u m  p h o s p h a t e s  a r e  u s u a l l y  e m p l o y e d  f o r  m e d i c a l  a i m s :  t o  r e s t o r e  t h e  f u n c t i o n  o f  d a m a g e d  

b o d y  t i s s u e s ,  f o r  h e a l i n g  b o n e  d e f e c t s ,  f o r  t r e a t m e n t  o f  f r a c t u r e s  a n d  c o m p l e t e  r e p l a c e m e n t  o f  

j o i n t s .  I n  b o t h  c a s e s ,  i t  i s  n e c e s s a r y  t o  k n o w  t h e  e x a c t  c o m p o s i t i o n  a n d  s t r u c t u r e  o f  m a t e r i a l s .

T h e  a i m  o f  t h i s  w o r k  i s  d e s c r i b i n g  E P R  s p e c t r a  o f  c a l c i u m  p h o s p h a t e s  a n d  s u g g e s t  w h i c h  

c e n t e r s  a r e  f o u n d  i n  t h e  s t r u c t u r e  o f  t h e s e  m a t e r i a l s .

Materials and Methods
I n  t h i s  w o r k ,  w e  c o m p a r e d  E P R  s p e c t r a  o f  t w o  s e r i e s  o f  s a m p l e s :  n a n o s i z e d  

h y d r o x y a p a t i t e  ( H A )  a n d  o c t a c a l c i u m  p h o s p h a t e  ( O P C ) .  S a m p l e s  o f  h y d r o x y a p a t i t e  w e r e  

s y n t h e s i z e d  b y  p r e c i p i t a t i o n  f r o m  c o l l o i d a l  s o l u t i o n s  a t  t h e  F a c u l t y  o f  N e w  M a t e r i a l s  S c i e n c e ,  

M o s c o w  S t a t e  U n i v e r s i t y  [ 1 ] .  S a m p l e s  o f  o c t a c a l c i u m  p h o s p h a t e  w e r e  s y n t h e s i z e d  a t  t h e  

I n s t i t u t e  o f  M e t a l l u r g y  a n d  M a t e r i a l s  S c i e n c e  ( A . A .  B a i k o v a )  [ 2 ] .

E P R  s p e c t r a  w e r e  o b t a i n e d  o n  a n  E l e x s y s - 5 8 0 / 6 8 0  s p e c t r o m e t e r  i n  t h e  X -  a n d  W - b a n d s  

a t  t h e  r o o m  t e m p e r a t u r e .  E P R  s i g n a l s  w e r e  d e t e c t e d  i n  a l l  s a m p l e s  a f t e r  t h e  i r r a d i a t i o n .

T o  d e s c r i b e  E P R  s p e c t r a  w e  u s e d  « M a t l a b R 2 0 1 0 a »  ( T h e M a t h W o r k s I n c . )  w i t h  a  s p e c i a l  

m o d u l e  “ E a s y s p i n ” .

Results and discussions
D e s c r i b i n g  E P R  s p e c t r a  i s  s h o w n  i n  f i g u r e  1 .  O u r  m o d e l  c o n t a i n s  a t  l e a s t  t h r e e  

p a r a m a g n e t i c  c e n t e r s .

W e  a s s o c i a t e  t h e  f i r s t  c e n t e r  ( R 1 )  w i t h  t h e  p r e s e n c e  o f  t h e  n i t r o g e n  r a d i c a l  b y  a n a l o g y  

w i t h  h y d r o x y a p a t i t e .  I t  h a s  3  p e a k s  o n  t h e  s p e c t r u m  i n  X - b a n d  d u e  t o  I  =  1  f o r  14N  n u c l e i .  T h e  

s e c o n d  c e n t e r  ( R 2 )  h a s  t o  r e l a t e  w i t h  c a r b o n a t e  g r o u p .  I n  t h e  W - b a n d  a  b r o a d e n e d  s i g n a l  i s  

v i s i b l e .  M i n i m a l  g - f a c t o r  o f  t h i s  s i g n a l  c o r r e s p o n d  t o  g - f a c t o r  =  1 . 9 9 6 6 .

W e  s u p p o s e d  t h a t  n a t u r e  o f  t h e  t h i r d  s i g n a l  i s  t h e  o z o n i d e  c o m p l e x e s  a d s o r b e d  o n  t h e  

o c t a c a l c i u m  p h o s p h a t e  c r y s t a l  s u r f a c e .
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F i g u r e  1. O cta ca lciu m  p h o s p h a te  's E P R  sp e ctra  with the fitt in g  
a s a su m  o f  th re e  s ig n a ls  in  the X -  a n d  W -bands

P a r a m e t e r s  o f  f i t t i n g  a r e  s h o w n  i n  T a b l e  1  f o r  s a m p l e s  o f  o c t o c a l c i u m  p h o s p h a t e  a n d  

h y d r o x y a p a t i t e .  I f  w e  c o m p a r e  g - f a c t o r s  f o r  t h e s e  s a m p l e s ,  w e  n o t i c e  t h a t  g  i s  l a r g e r  f o r  O C P  

t h a n  f o r  H A  a n d  g ±  i s  l e s s  f o r  O C P  t h a n  f o r  H A .  I t  i s  d u e  t o  a n o t h e r  e n v i r o n m e n t  f o r  n i t r o g e n  

c o m p l e x  i n  t h e  s t r u c t u r e  o f  O C P  c o m p a r e d  w i t h  t h e  s t r u c t u r e  o f  H A .

T a b le  1. E P R  p a ra m e t e rs  f o r  the sta b le  r a d ic a l  c en te rs  u s e d fo r  the sim u lation  o f  the 
r e g is t e r e d  E P R  sp ectru m  f o r  sa m p les  o f  o cta ca lciu m  p h o s p h a te  a n d  h y d ro xyap atite

O c t a c a l c i u m  p h o s p h a t e H y d r o x y a p a t i t e

R a d i c a l R 1 R 2 R 3 R 1 R 2  [ 3 ] R 3

C o m p l e x N O 32- C O 2 - u n k n o w n N O 32- C O 2- u n k n o w n

gll 2 , 0 0 5 5 ( 5 ) 1 , 9 9 6 6 ( 5 ) 2 , 0 0 5 9 ( 5 ) 2 , 0 0 4 ( 7 ) 1 , 9 9 6 2 , 0 0 8 ( 7 )

g ± 2 , 0 0 3 6 ( 5 ) 2 , 0 0 2 2 ( 4 ) 2 , 0 0 2 ( 6 ) 2 , 0 0 8 ( 4 ) 2 , 0 0 1 2 , 0 0 8 ( 7 )

A | |  ( M H z ) 8 5 , 5 ( 4 ) 1 7 6 , 0 ( 1 )

A ±  ( M H z ) 5 6 , 1 ( 8 ) 9 5 , 0 ( 2 )
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Atomic motion in the bimetallic borohydrides 
LiLa(BH4 )3 X, X=Cl, Br, I: NMR study

A le x e y  V. S o lo n in in 1, A le x a n d e r  V. S k rip o v 1, R o m a n  V. S k o ry u n o v 1, O lg a  A . B a b a n o v a 1, 
J a c o b  G rin d ers le v 2, T o rb e n  R. J e n s e n 2

in s t it u t e  o f  M e t a l P h y sics , U ra l D iv isio n  o f  th e  R u ss ia n  A c a d e m y  o f  S c ie n c e s , S . K o v a lev sk o i  
18, E k a t e r in b u rg  6 2 0 1 0 8 , R u ssia
2C e n t e r  f o r  M a ter ia ls  C ry sta llo gra p h y , In terd isc ip lin a ry  N a n o s c ie n c e  C e n t e r  (iN A N O ), a n d  
D ep a rtm e n t  o f  C hem istry , A a r h u s  U niversity, L a n g e la n d s g a d e  1 4 0 , D K - 8 0 0 0  A a r h u s  C, 
D en m a rk .
E - m a il: alex . s o lo n in in @ im p . ura n . ru

Introduction
T h e  b i m e t a l l i c  b o r o h y d r i d e s - h a l i d e s  L i L a ( B H 4) 3X ,  X = C l ,  B r ,  I ,  e x h i b i t  b o t h  h i g h  

h y d r o g e n  d e n s i t y  a n d  h i g h  L i  i o n  c o n d u c t i v i t y .  T h e r e f o r e ,  t h e y  c a n  b e  c o n s i d e r e d  b o t h  a s  

p r o s p e c t iv e  h y d r o g e n  s t o r a g e  m a t e r i a l s  a n d  i o n i c  c o n d u c t o r s .  T h e  c u b i c  c o m p o u n d s  

L i L a ( B H 4) 3X  h a v e  s p i n e l - l i k e  s t r u c t u r e s  a n d  c r y s t a l l i z e  i n  t h e  s p a c e  g r o u p  I - 4 3 m  ( N o .  2 1 7 ) ,  Z =  

8 , w i t h  L a ,  B ,  a n d  X  a t o m s  f u l l y  o c c u p y i n g  t h e  8 c ,  2 4 g ,  a n d  8 c  W y c k o f f  s i t e s ,  r e s p e c t i v e l y ,  a n d  

w i t h  L i  a t o m s  o n l y  i n  2 / 3  o f  t h e  1 2 d  s i t e s 1 . T h e  s t r u c t u r e  c o n t a i n s  i s o l a t e d  t e t r a n u c l e a r  a n i o n i c  

c l u s t e r s  [ L a 4X 4( B H 4) 12] 4 -  w i t h  a  d i s t o r t e d  c u b a n e  L a 4 X 4  c o r e ,  c h a r g e - b a l a n c e d  b y  L i +  c a t i o n s .  

T h e  a i m  o f  t h e  p r e s e n t  w o r k  i s  t o  s t u d y  b o t h  t h e  r e o r i e n t a t i o n a l  m o t i o n  o f  B H 4 g r o u p s  a n d  L i  

d i f f u s i o n  i n  L i L a ( B H 4) 3X  u s i n g  1 H ,  1 1 B ,  a n d  7L i  N M R  m e a s u r e m e n t s  o f  t h e  s p e c t r a  a n d  

s p i n - l a t t i c e  r e l a x a t i o n  r a t e s  o v e r  w i d e  r a n g e s  o f  t e m p e r a t u r e  ( 5 - 4 1 8  K )  a n d  r e s o n a n c e  

f r e q u e n c y  ( 1 4 - 9 0  M H z ) .  W e  a l s o  d i s c u s s  a  p o s s i b l e  r e l a t i o n  b e t w e e n  t h e  r e o r i e n t a t i o n a l  m o t io n  

a n d  t h e  t r a n s l a t i o n a l  d i f f u s i o n  i n  t h e s e  c o m p o u n d s .

Experimental results
T h e  b e h a v i o r  o f  t h e  p r o t o n  s p i n - l a t t i c e  r e l a x a t i o n  r a t e s  m e a s u r e d  a t  t h r e e  r e s o n a n c e  

f r e q u e n c i e s  f o r  L i L a ( B H 4 ) 3 C l  i s  s h o w n  i n  F i g u r e  1 .

F i g u r e  1. P ro to n  spin -la ttice  rela xa tio n  ra tes  m e a s u r e d  at 14 , 28 , a n d  9 0  M H z  
f o r  L iL a (B H 4) d  a s  fu n c tio n s  o f  th e  in v erse  tem p era tu re . T h e  ex p e rim e n ta l tem p era tu re  

r a n g e  o f  the d a ta  is  2 3  -  4 1 8  K . T h e  s o lid  lin es  show  th e sim u lta n eo u s  f i t  o f  th e  m o d el  
w ith a  tw o-peak  distribution  o f  the activation e n e r g ie s  to the da ta  in  th e  r a n g e  

o f  the lo w -tem p era tu re  RjH ( T ) p e a k
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T h e  tem p eratu re d e p en d en ces o f  th e proton  sp in -la ttice  re la x a tio n  ra tes R f  ( T ) 

m easu red  at tw o re so n an ce  fre q u e n c ie s  fo r  th e b im e ta llic  b o ro h y d rid es-h a lid es L iL a (B H 4)3X , 
X = B r ,  I, h ave s im ila r  beh av io u r. A s  can  be seen  fro m  th is  fig u re , th e tem p eratu re d e p en d en ces 

o f  th e 'H  sp in -la ttice  re la x a tio n  rate R  e x h ib it  tw o p eak s. B o th  p eak s are freq u en cy - 

dependent, w h ich  is  ty p ica l o f  th e re la x a tio n  m ech an ism  due to  th e n u c lea r d ip o le-d ip o le  

in tera ctio n  m od u lated  b y  a to m ic  m o tio n . F o r  th is  m ech an ism , th e  R f  ( T ) m ax im u m  is  ex p ected  

to  o c cu r at th e tem p eratu re at w h ich  th e  a to m ic  ju m p  rate т -1 b e c o m e s  n early  equ al to  th e 

re so n an ce  freq u en cy  w. T h e  p re sen ce  o f  tw o w e ll-sep ara ted  R f  ( T ) p eak s in d ica tes  a 

c o e x is te n c e  o f  at le a st tw o  ty p es o f  a to m ic  m o tio n  w ith  stro n g ly  d ifferin g  ch a ra cte ris tic  ju m p  
rates.

T h e  exp an d ed  v ie w  o f  th e R '  ( T ) d ata  in  th e  re g io n  o f  th e lo w -tem p eratu re  p ea k  is  

sh ow n  in  F ig u re  2  ( le f t) . T h e  re la x a tio n  d ata  fo r  L iL a (B H 4)3C l sh ow n  in  th is  F ig u re  e x h ib it  a  
“ sh ou ld er” n ear 4 5  K ; th is  su g g ests  a  c o e x is te n c e  o f  a t le a st tw o  lo w -tem p era tu re  p ro ce s se s  
w ith  d iffere n t av erag e  ju m p  rates. It w as assu m ed  th a t th e tw o ju m p  p ro ce s se s  co n trib u tin g  to  

th e lo w -tem p era tu re  R f  ( T ) p ea k  co rresp o n d  to  th e  th re e fo ld  reo rien ta tio n s  o f  B H 4 grou p s 

h avin g  tw o o r  on e n e a re st-n e ig h b o r L i io n s ; th e  fo rm e r ca se  sh ould  th en  b e  a scrib e d  to  th e 

slo w e r p ro cess, and th e  la tter o n e  to  th e fa ste r  p ro c e s s .2 T h e  b eh av io u r o f  R f  ( T ) fo r 

L iL a (B H 4)3X ,  X = B r ,  I, can  b e  d e scrib ed  in  te rm s o f  a  d istrib u tio n  o f  H  ju m p  rates w ith  one 
type o f  m o tio n . W e  can  co n clu d e  th a t th e H  ju m p  ra tes fo r  L iL a (B H 4)3X , X = C l,  B r , I, in crease  

w ith  in crea sin g  size o f  th e h alid e io n  in  th e  structu re b eca u se  th e p ea k  o f  R f  ( T ) is  sh ifted  to  

lo w er tem p eratu res. T h e  v a lu es  o f  th e  av erag e  a ctiv a tio n  en e rg ie s  a t th e lo w -T  re g io n  fo r  
L iL a (B H 4)3C l are 41  m e V  and 5 0  m e V , and fo r  L iL a (B H 4)3X , X = B r ,  I, th ey  are 2 8  m e V  and 
21  m eV , re sp e c tiv e ly ; th ese  v a lu es  are su m m arized  in  ta b le  1.

F i g u r e  2. T h e  1H  spin -la ttice rela xa tio n  ra tes  at 2 8  M H z  a s  fu n c t io n s  o f  the in v erse  
tem p era tu re  f o r  L iL a (B H 4) X ,  X = C l, B r, I, a n d L iB H 4  at the lo w -tem p era tu re  (left) a n d  

h ig h -tem p era tu re  (righ t) reg io n s . T h e  s o lid  c u rv e s  show  th e f i t s  o f  th e  m o d el  
w ith a  d istribution  o f  th e  activation e n e r g ie s  to the data

F ig u re  3 sh o w s th e m easu red  tem p eratu re d ep en d en ce  o f  th e  w id th  o f  th e cen tra l 7Li 
N M R  lin e  fo r  L iL a (B H 4)3X , X = C l,  B r , I. T h e  o b serv ed  strong  n arrow in g  o f  th is  lin e  ab o v e 2 0 0  
K  is  co n s is te n t w ith  th e  o n se t o f  L i ju m p  m o tio n  at th e freq u en cy  sca le  o f  1 0 4 s-1 . T h e  v a lu e o f  
Avbi in  th e  re g io n  o f  th e h ig h -tem p eratu re  p la teau  (0 .3 8  k H z) is  co n sid e ra b ly  sm a ller th an  th e 
e x p ected  lin e  w id th  (1 .4  k H z) fo r  th e  7L i - 7L i d ip o lar co n trib u tio n  to  th e rig id  la tt ic e  seco n d  

m om en t. F o r  L iL a (B H 4)3C l th e p o sitio n  o f  th e h ig h -tem p eratu re  RjH ( T ) p eak  (~ 2 5 0  K  a t 2 8  

M H z ) (F ig u re  2  rig h t) sh ow s th a t th is  p ea k  m ay  orig in a te  fro m  L i d iffu sio n . H ow ever, th e
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am plitud e o f  th is  p eak  is  to o  h ig h  to  re su lt so le ly  fro m  L i d iffu sio n . It w as su g g ested 2 th a t th e 

h ig h -tem p eratu re  R f  ( T ) p eak  in  L iL a (B H 4)3C l o rig in a te s  fro m  a  co m b in ed  e f fe c t  o f  a t le a st 

tw o m o tio n a l p ro ce s se s  o ccu rrin g  at th e  sam e fre q u e n cy  sca le : L i io n  d iffu sio n  and an o th er 
p ro cess  th a t in v o lv es  H  ju m p s . T h e  av erag e  a c tiv a tio n  en erg y  o f  reo rien ta tio n a l m o tio n  (2 6 4  
m e V ) fo r  th is  co m p o u n d  is  p resen ted  in  ta b le  1 and is  c lo s e  to  th e  a ctiv a tio n  en erg y  (3 0 0  m e V ) 
fo r  L i d iffu sio n . T h e  co m p o u n d s L iL a (B H 4)3X ,  X = B r ,  I co n ta in  ad d itio n al p h ases, in  p articu lar, 
n anostru ctu red  L iB H 4 . T h e  ac tiv a tio n  e n erg ies  fo r  th ese  co m p o u n d s are a lso  p resen ted  in  tab le  
1, and th e v a lu e s  o f  a c tiv a tio n  e n erg ies  fo r  L iB H 43 are sh ow n  fo r  co m p ariso n . T h u s, w e o b serv e  
th e d e crease  o f  a c tiv a tio n  en e rg ie s  b o th  fo r  B H 4 reo rien ta tio n s  and fo r  ca tio n  d iffu sio n  w ith  
in crea sin g  size  o f  h a lid es in  th ese  com p ou n d s.
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F i g u r e  3. T em p era tu re  d e p e n d e n c e  o f  th e  w idth (fu ll w idth at h a lf-m axim um ) 
o f  th e  c en tra l  7L i  N M R  lin e  m e a s u r e d  f o r  L iL a (B H 4) 3X, X = C l, B r, I

T a b le  1. A v e r a g e  activation e n e r g ie s  f o r  B H 4 reo rien ta tio n s, d isp ers io n s  A E a f o r  G a u ssia n  
distrib u tio n s o f  E a f o r  B H 4 reo rien ta tio n s  a n d  activation e n e r g ie s  f o r  L i  d iffu sio n  in  
L iL a (B H 4) 3X , X = C l, B r , I  a n d  in  L i (B H )4

C o m p o u n d E a fo r  B H 4 re o rien tatio n s 
(m e V )

A E a fo r  B H 4 

reo rien ta tio n s  (m e V )
E a fo r  L i d iffu sio n  
(m e V )

L iL a (B H 4)3C l 4 1  (4 ) , 5 0  (3 ) , 2 6 4  (9 ) 7  (2 ) , 6  (2 ) , 31  (5 ) 3 0 0  (6 )

L iL a (B H 4)3B r 2 8  (5 ) , 1 55  (6 ) , 2 2 4  (7 ) 7  (2 ) , 6  (2 ) , 8  (3 ) 2 8 5  (5 )

L iL a (B H 4)3l 2 1  (5 ) , 1 55  (6 ) , 1 9 0  (7 ) 6  (2 ) , 6  (2 ) , 2 6  (5 ) 2 6 2  (4 )

L iB H 4 1 8 0  (5 ) , 2 5 0  (6 ) - 5 6 0  (1 0 )
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StereoFitter and 3D Computer-Assisted Structure Elucidation
Vadim  Z o rin 1, L e a n d r o  G il-S ilva1, M a r u x a  S o rd o  T o u za 1, E s t h e r  Vaz1, F e l ip e  S e o a n e 1, 

I ra k u sn e  L o p e z 1, A rm a n d o  N a v a rro -V a q u ez 2, R o b erto  R. G il3, C a rlo s  C o b a s 1

1M es tre la b  R e se a rc h , S a n tia g o  d e  C om postela , S p a in
2D e p a rta m en to  d e  Q u im ica  F u n d a m en ta l, C C E N , U n iv ersid a d e  F e d e r a l  d e  P ern a m b u co ,  
B ra z il
3D e p a rtm e n t  o f  C h em istry , C a r n e g ie  M ello n  U niversity, P ittsb u rgh , P A , USA  
E -m a il : v a d im @ m estrela b .co m  
http ://w w w . m estrela b . com

T h e  a b i l i t y  t o  e l u c i d a t e  a  d e  n o v o  n a t u r a l  p r o d u c t  s t r u c t u r e s  i n  a n  a u t o m a t e d  m a n n e r  h a s  

b e e n  c o n s i d e r e d  a  h o l y  g r a i l  i n  c h e m i s t r y  f o r  m a n y  y e a r s .  [ 1 ]  O v e r  t h e  l a s t  d e c a d e s ,  N M R  

s p e c t r o s c o p y  h a s  e x p e r i e n c e d  e n o r m o u s  a d v a n c e s ,  b o t h  i n  m e t h o d o l o g y  ( e . g .  n e w  p u l s e  

s e q u e n c e s ,  n e w  a l i g n m e n t  m e d i a ,  e t c . )  a n d  h a r d w a r e  ( h i g h e r  m a g n e t i c  f i e l d s ,  c r y o p r o b e s ,  

i m p r o v e d  s e n s i t i v i t y ) .  I n  p a r a l l e l ,  s o p h i s t i c a t e d  s o f t w a r e  p a c k a g e s  h a v e  b e e n  d e v e l o p e d  a i m e d  

a t  a u t o m a t i n g  t h e  e l u c i d a t i o n  o f  s m a l l  m o l e c u l e s  f r o m  N M R  d a t a ,  a l t h o u g h  m o s t  o f  t h e m  h a v e  

b e e n  f o c u s e d  o n  t h e  d e t e r m i n a t i o n  o f  t h e  m o l e c u l a r  2 D  s t r u c t u r a l  c o n s t i t u t i o n  ( 2 D  s t r u c t u r e ) .

I n  t h i s  w o r k ,  w e  p r e s e n t  o u r  l a t e s t  e f f o r t s  t o w a r d s  a  f u l l y  i n t e g r a t e d  C o m p u t e r  A s s i s t e d  

3 D  S t r u c t u r e  E l u c i d a t i o n  ( C A S E - 3 D )  s y s t e m  f o r  t h e  e l u c i d a t i o n  o f  r e l a t i v e  c o n f i g u r a t i o n  a n d  

p r e f e r r e d  c o n f o r m a t i o n s  o f  s m a l l  m o l e c u l e s  ( F i g .  1 ) .  I t  h a s  b e e n  d e s i g n e d  t o  c o v e r  a l l  r e q u i r e d  

t o o l s  f o r  t h e  c o m p l e t e  3 D  e l u c i d a t i o n  p r o b l e m .

F i g u r e  1. H ig h -le v e l  w orkflow  f o r  C o m p u ter  A ssisted  3 D  S tru ctu re  E lu c id a tio n  (C A S E -3 D )

T h e  m a i n  e l e m e n t s  o f  t h i s  n e w  s o f t w a r e  p a c k a g e  a r e :

• A  2 D  s t r u c t u r e  e l u c i d a t i o n  f r o m  M S  a n d  N M R  d a t a .

• A u t o m a t i c  e n u m e r a t io n  o f  d i a s t e r e o is o m e r s  f r o m  a  2 D  s t r u c t u r e  c o n s t i t u t i o n .

• G e n e r a t i o n  o f  m i n i m u m  e n e r g y  3 D  c o n f o r m a t i o n s  f o r  e a c h  2 D  d i a s t e r e o is o m e r .

• M a n u a l  a n d  a u t o m a t i c  a s s i g n m e n t s  o f  2 D  m o l e c u l e s

• F u l l y  a u t o m a t i c  N O E S Y / R O E S Y  a n a l y s i s  a n d  d i s t a n c e  r e s t r a i n t s  c a l c u l a t i o n s

• 1H  a n d  13 C  c h e m i c a l  s h i f t  p r e d i c t i o n s  u s i n g  D F T

• N M R  p a r a m e t e r s  f i t t i n g  u s i n g :

• 3J  s c a l a r  c o u p l i n g s
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• N O E s

• R esid u a l D ip o la r  C o u p lin g s  (R D C s )

• Iso tro p ic  c h e m ica l sh ifts

• R esid u a l C h e m ica l S h ifts  A n iso tro p ie s  (R C S A s )

• S ta tis tic a l an a ly sis  o f  th e resu lts  fo r  s tereo iso m ers  ran kin g  as w ell as 3 D  
co n fo rm a tio n a l d istrib u tio n s.

T h e  o v e ra ll a rch itec tu re  o f  th e ap p lica tio n , as w ell a s  illu stra tiv e  e x am p les , w ill be 
sh ow n  in  th is  w ork.
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Progressive saturation technique in ultralow field
I lg iz  A b d u llin , A le x a n d r  V o ronin , K o n sta n tin  Tyutyukin, A n d r e i  K om o lkin , V ia ch esla v  F r o lo v

F a c u lty  o f  P h y s ic s  o f  S a in t  P e t e r s b u r g  Sta te  U niversity, St. P ete rs b u rg . R u ssia  
E - m a il: a b d y llin -ilg iz@ m a il. ru

T h e  m ain  d ifficu lty  o f  n u c lea r m a g n etic  re so n a n ce s  ex p erim en ts  in  th e  lo w  fie ld  is  th e 
bad  re la tio n  signal/noise. T o  o v e rco m e th is  d ifficu lty  o n e  u se s  th e  a ccu m u la tio n  o f  N M R  
sig n a ls  th a t lead s to  a  lo n g  tim e  o f  p erfo rm an ce  o f  ex p erim en t. In  p articu lar, it b e lo n g s  to  
m easu rem en t o f  tim e  o f  sp in -la ttice  re la x a tio n  (T 1 ), e sp e c ia lly  fo r  sam p les w ith  lo n g  re lax a tio n  
tim e . In  th is  situ atio n  it is  ex p ed ien t to  ap p ly  p ro g ress iv e  satu ration  te ch n iq u e  [1 , 2 ]  in stead  o f  
standard 180° 9 0° o r  9 0 ° -9 0 °p u lse  m eth o d s w h ich  dem an d p erfo rm an ce  o f  a  co n d itio n  rep etition  
tim e  T R > > T 1 . T h e  stead y state sign al a fte r  p ro g ress iv e  satu ration  b y  se r ie s  o f  ra d io -fre q u en cy  
p u lses (R F P )  is  d e scrib ed  b y  ex p re ss io n  fo r  tran sv ersa l m a g n etiza tio n  M x

_ T R
( l —e T1  Isin p

Л/Г —  Л/Г _1_________ L______  / 1 \

w h ere в  is  ro ta tio n  an g le  o f  lon g itu d in al m ag n etiza tio n  b y  R F P .
O n  th e b a s is  o f  th e eq u atio n  (1 )  tw o m eth o d s are o ffered :
1. A t T 1  f ix e d  T R < T i  T o  re ce iv e  a  d ep en d en ce  M x on  ro ta tio n  an g le  o f  m ag n etiza tio n  

в  b y  R F P  (i. e. o n  du ration  o f  R F P )  and to  f it  th e fu n ctio n  (1 )  to  ex p erim en ta l cu rv es. T h e  rough 
estim ate  can  b e  m ad e under th e d e term in atio n  o f  th e  m ax im u m  p o sitio n .

2 . O n  th e co n trary , a t f ix e d  в  ( it  is  th e  m o st co n v en ien t to  c h o o se  в  =  9 0 ° )  to  re ce iv e  a 
d ep en d en ce on  T R .

I t is  n e c e ssa ry  to  n o tice  th a t th e eq . (1 )  is  c o rre c t o n ly  o n  co n d itio n  o f  fu ll atten u atio n  o f  
trav ersa l m a g n etiza tio n  co m p o n en ts  b e fo re  R F P  is  on . T h e re fo re  it  is  d esirab le  to  in clu d e in  the 
pu lse seq u en ce  b e fo re  e a c h  R F P  th e sp oil g rad ien t pu lse.

3
2 0 0  6 0 0  1 x 1 0 3

T R i  (m s)

F i g u r e  1. S o lid  lin e  - e x p erim en ta l; 
d o t-d a sh  lin e  -the fitt in g

P n (rad ian )

F i g u r e  2. S o lid  lin e  - e x p erim en ta l; 
d o t  lin e  - the fitt in g

T h e  e x p erim en t w as ex e cu te d  o n  th e h o m e b u ilt m in ito m o g rap h  at 7  m T  o f  d ep artm ents 
o f  n u c lea r p h y sica l te ch n iq u e s  o f  re sea rch  o f  S t.P e te rsb u rg  S ta te  U n iv ers ity . In  p articu lar, 
re la x a tio n  tim e s  w ere m easu red  in  c le a n  D im etilfo rm a m id  and so lu tion  ( 0 .2 % )  o f  F u lle ren e  in  
it.
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In  fig . 1 th e  e x a m p le  o f  fit tin g  o f  d ep en d en ce o f  th e  in ten sity  o f  a  stead y  sta te  s ig n al on 
th e  re p etitio n  period  a t в = 9 0 °  is  p resen ted . In  th is  c a s e  stead y  sta te  arise s  s in ce  th e  seco n d  pu lse. 
A t each  v a lu e  o f  th e  period  o f  re p etitio n  a ccu m u la tio n  o f  16  sig n a ls  w as m ad e, th e  ch an g e 
in terv al o f  th e  period  w as 5 0  m s.

F ig . 2  illu stra tes  d e p en d en ce  o f  s im ila r v a lu e  fo r  w ater C u SO 4 so lu tion  fro m  в  a t th e  
co n sta n t period  o f  re p etitio n  ( 1 0 0  m s). R o o t m ean  square d ev ia tio n  o f  th e  re ce iv e d  d ep en d en ce 
fro m  th e o re tica l fo r  T 1  =  m a k e s  1 .9 % .

G en era tio n  o f  th e  seq u en ces  and data  re ce p tio n  w e re  p rov id ed  w ith  p ro g ram s in 
L a b V IE W . T h e  fra g m en t o f  th e  u ser in te r fa ce  is  p resen ted  in  fig . 3 . F in a l data  p ro cessin g  w as 
m ad e b y  p rog ram s in  th e  en v iro n m en t M ath C ad . 1 2 3

1. C h iz h ik  V . I., C h ern y sh ev  Y u . S .,  D o n e ts  A . V ., F ro lo v  V .,  K o m o lk in  A ., S h e ly ap in a
M . G . M a g n e tic  R e s o n a n c e  and Its  A p p lica tio n s . Sp rin g er. C h am , H eid elb erg , N ew  
Y o rk , D o rd rech t, L o n d o n . 2 0 1 4 ,  X X ,  7 8 2  p. 2 3 4  illu s

2 . C h iz h ik  V .I . Y a d e rn a ia  M a g n itn a ia  R e la k sa z ia . Sa in t-P etersb u rg : E d . S t.P e te rsb u rg  
U n iv ers ity . 2 0 1 4 , 3 8 5  p. ( in  R u ssia n )

3 . E rn s t R .R .,  B o d en h a u sen  G ., W o k a u n  A . P rin c ip le s  o f  N u c le a r  M a g n e tic  R e so n a n ce  
in  O n e  and T w o  D im e n sio n s . C laren d o n  P ress . O x fo rd  1 9 8 7 . 6 1 0  p.
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Spin state of 2,6-di(pyrazol-3-yl)pyridine 
complexes of iron(II) and cobalt(Il) in solution 

by paramagnetic NMR method
D m i t r y  A l e s h i n 1 2 , Y u l i a  V . N e l y u b i n a 1,4, I g o r  N i k o v s k i y 1 , A l e x a n d e r  V . P o l e z h a e v 2,3, 

N i k o l a y  N .  E f i m o v 4, A l e x a n d e r  A .  P a v l o v 1

1N e s m e y a n o v  I n s t it u t e  o f  O r g a n o e l e m e n t  C o m p o u n d s ,  R u s s i a n  A c a d e m y  o f  S c i e n c e s ,  1 1 9 9 9 1 ,  

V a v i l o v a  S t r . ,  2 8 ,  M o s c o w ,  R u s s i a

2M e n d e l e e v  U n i v e r s i t y  o f  C h e m i c a l  T e c h n o l o g y  o f  R u s s i a ,  1 2 5 0 4 7 ,  M i u s s k a y a  p l . ,  9 , M o s c o w ,  

R u s s i a

3B a u m a n  M o s c o w  S t a t e  T e c h n i c a l  U n i v e r s i t y ,  1 0 5 0 0 5 ,  2 n d B a u m a n s k a y a  S t r . ,  5 ,  M o s c o w ,  

R u s s i a

4K u r n a k o v  I n s t it u t e  o f  G e n e r a l  a n d  I n o r g a n i c  C h e m i s t r y ,  R u s s i a n  A c a d e m y  o f  S c i e n c e s ,  

1 1 9 9 9 1 ,  L e n i n s k y  p r o s p . ,  3 1 ,  M o s c o w ,  R u s s i a  

E - m a i l :  d i m a . a l e s h i n 2 6 @ g m a i l .  c o m

Introduction
S p i n  t r a n s i t io n  c o m p l e x e s  i s  a  c l a s s  o f  m a t e r i a l s  e x h ib i t in g  e l e c t r o n  s t a t e s  b i s t a b i l i t y ,  

w h ic h  m a y  b e  u s e d  a s  m o l e c u l a r  s w i t c h e s  [ 1 ] .  S p i n  t r a n s i t io n  in  s p i n - c r o s s o v e r  c o m p o u n d s  i s  

u s u a l l y  s t u d i e d  in  th e  s o l i d  s t a t e  b y  m a g n e t o m e t r y .  H o w e v e r ,  o n ly  a  f e w  m e t h o d s  e x i s t  f o r  

s t u d i e s  in  s o lu t io n .  R o u t i n e ly  u s e d  E v a n s  m e t h o d  m e a s u r e s  m a g n e t i c  s u s c e p t ib i l i t y ,  b u t  i t  c a n  

l e a d  t o  s i g n i f i c a n t  e r r o r  o f  e s t i m a t e  ( u p  t o  1 5  % )  d u e  t o  v a r i o u s  m e t h o d  l i m i t a t io n s .  H e r e  w e  

p r o p o s e  a n  a l t e r n a t i v e  t e c h n iq u e  f o r  e s t i m a t io n  o f  s p in  s t a t e  p o p u l a t i o n s  b a s e d  o n  a n a l y s i s  o f  

c h e m ic a l  s h i f t s  t e m p e r a t u r e  d e p e n d e n c e .

Object of research
H e r e  w e  s h o w  s e r i e s  o f  c o b a l t ( I I )  a n d  i r o n ( I I )  c o m p l e x e s  w ith  n e w  2 ,6 - d i ( p y r a z o l - 3 -  

y l ) p y r id i n e  l i g a n d s  ( F i g .  1 ). T h e  f o u r  c o m p l e x e s  w ith  c o m p o s i t i o n  M L 2 w e r e  s y n t h e s i z e d  b y  

s e l f - a s s e m b l y  o f  m e t a l ( I I )  p e r c h lo r a t e  a n d  c o r r e s p o n d in g  l i g a n d .

Spin crossover probingfe
T h e  b o t h  C o L 12 a n d  C o L 22 s h o w  x T  v a l u e s  2 . 7 - 3 . 0  c m 3K / m o l  in  s o l id  s t a t e  a s  w e l l  a s  in  

s o l u t io n  b y  th e  E v a n s  m e t h o d  a n d  m a g n e t o m e t r y .  T h i s  c o n f i r m s  h ig h - s p in  s t a t e  o f  t h e s e  

c o m p l e x e s  in  t e m p e r a t u r e s  u p  t o  3 4 5  K .

S i n c e  lo w - s p in  s t a t e  o f  th e  F e ( I I )  io n  i s  d i a m a g n e t i c ,  o b s e r v e d  c h e m ic a l  s h i f t s  t a k e s  

f o l l o w i n g  f o r m :

S obs  =  VLSS d ia  +  VHS^S d ia  +  S p>ar)  ~  S d ia  +  VHSSp a r  ( 1 )

W h e r e  -qHS -  p o p u l a t io n  o f  h ig h - s p in  s t a t e ,  S d ia  -  c h e m ic a l  s h i f t  o f  d i a m a g n e t i c  a n a lo g u e ,  S ^ r-  

-  p a r a m a g n e t i c  c h e m ic a l  s h i f t  o f  h ig h - s p in  c o m p le x .

F o r  th e  h ig h - s p in  s t a t e  o f  F e ( I I )  io n  ( S  =  2 ) ,  th e  t e m p e r a t u r e  d e p e n d e n c e  o f  c h e m ic a l  

s h i f t s  i s  w e l l  d e s c r i b e d  b y  a  l i n e a r  f u n c t io n  in  th e  f r a m e  S  — Т ~ г [ 2 ] .
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T h u s ,  th e  p o p u l a t io n  o f  h ig h - s p in  s t a t e  c a n  b e  c a l c u l a t e d  t h r o u g h  th e  d e v i a t io n  f r o m  th e  

l i n e a r  fu n c t io n :

Vh s  : ( 3 )A +B T-1

F o r  th e  s t u d i e d  c o m p l e x e s  F e L ^  a n d  F e L 22 in  t e m p e r a t u r e  r a n g e  o f  2 8 5 - 3 4 5  K  ( F i g .  2 )  

th e  t e m p e r a t u r e  d e p e n d e n c e  o f  c h e m ic a l  s h i f t s  i s  l i n e a r  in  th e  S  -  Т ~ г c o o r d in a t e s  i n d ic a t in g  a  

p u r e  h ig h - s p in  s t a t e .  A t  t e m p e r a t u r e s  b e l o w  2 8 5  K ,  a  d e v i a t io n  f r o m  th e  l i n e a r  l a w  i s  o b s e r v e d ,  

w h ic h  i n d ic a t e s  a  t e m p e r a t u r e - in d u c e d  s p i n  t r a n s i t i o n ;  th e  p o p u l a t io n  o f  h ig h - s p in  s t a t e  a t  t h e s e  

t e m p e r a t u r e s  w e r e  c a l c u la t e d  u s i n g  th e  e q u a t io n  ( 3 ) .

F i g u r e  2 .  T e m p e r a t u r e  d e p e n d e n c e  o f p a r a m a g n e t i c  s h i f t s  f o r  F e L J 2  a n d  F e L 2 2

T h e  E v a n s  m e t h o d  [3 ]  a l l o w s  to  d e t e r m in e  th e  v a l u e  o f  m a g n e t i c  s u s c e p t i b i l i t y  in  

s o l u t io n  x , c a n  a l s o  b e  u s e d  to  e s t i m a t e  p o p u l a t i o n s  o f  s p in  s t a t e s .  I n  th e  c a s e  o f  s p in - t r a n s i t io n  

c o m p o u n d s ,  o b s e r v e d  v a l u e  o f  x  i s  w e i g h t e d  a v e r a g e :

X obs — Vl s X ls  +  Vh sX h s

F o r  F e ( I I )  i o n  p o p u l a t io n  o f  th e  h ig h - s p in  s t a t e  c a n  b e  e s t i m a t e d  a s :

Vh s  *  ^

( 4 )

( 5 )

F i g u r e  3 .  T e m p e r a t u r e  d e p e n d e n c e  o f  h i g h - s p i n  s t a t e  p o p u l a t i o n  f o r  F e L J 2  a n d  F e L 2 2

F o r  th e  s t u d i e d  F e L ^  a n d  F e L 22 c o m p l e x e s ,  a  c o n s t a n t  x T  v a l u e  o f  ~  3 .4  c m 3K / m o l  i s  

o b s e r v e d  in  th e  t e m p e r a t u r e  r a n g e  2 8 5 - 3 4 5  K ,  w h ic h  c o r r e s p o n d s  t o  a  p u r e  h ig h - s p in  s t a t e .  A t  

t e m p e r a t u r e s  b e l o w  2 8 5  K ,  a  d e c r e a s e  o f  x T  v a l u e  i s  o b s e r v e d ,  w h ic h  in d ic a t e s  a  t e m p e r a t u r e -
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in d u c e d  s p in  t r a n s i t io n .  T h e  p o p u l a t io n  v a l u e s  ( F i g .  3 ) .  o f  h ig h - s p in  s t a t e  a t  t e m p e r a t u r e s  b e l o w  

2 8 5  K  w e r e  c a l c u l a t e d  u s i n g  th e  e q u a t io n  ( 5 ) ,  a n d  th e  l a r g e s t  v a l u e  o f  % w a s  c h o s e n  a s  x h s  in  

t e m p e r a t u r e  r a n g e  o f  2 3 5 - 3 4 5  K .

In  c o n c l u s io n ,  w e  p r e s e n t  n e w  2 ,6 - d i ( p y r a z o l - 3 - y l ) p y r i d i n e  c o m p l e x e s  o f  i r o n ( I I )  a n d  

c o b a l t ( I I ) .  T h e  i r o n  c o m p l e x e s  s h o w  t e m p e r a t u r e - in d u c e d  s p in  t r a n s i t i o n  a t  a m b ie n t  

t e m p e r a t u r e s  a c c o r d i n g  to  th e  E v a n s  m e t h o d  a s  w e l l  a s  o r i g in a l  a p p r o a c h  b a s e d  o n  a n a l y s i s  o f  

t e m p e r a t u r e  d e p e n d e n c e  o f  N M R  c h e m ic a l  s h i f t s .  W e  s h o w e d  t h a t  f o r  i r o n ( I I )  c o m p l e x e s  

d e v i a t io n  f r o m  l i n e a r  f u n c t io n  in  c o o r d i n a t e s  8  — T _ 1  c l e a r l y  i n d i c a t e s  s p in  t r a n s i t io n .  T h e  

p r o p o s e d  a p p r o a c h  h a s  n o  f l a w s  o f  th e  E v a n s  m e t h o d  s u c h  a s  h ig h  p u r i t y  r e q u ir e m e n t  o f  a  

s t u d i e d  c o m p o u n d .
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Introduction
M a g n e s i u m  h e x a n o a t e  i s  a n  a m p h i p h i l i c  m o l e c u le .  W h e n  c o n c e n t r a t io n  o f  th e  s a l t  in  

a q u a  s o l u t io n  e x c e e d s  c r i t i c a l  m i c e l l e  c o n c e n t r a t i o n  ( C M C )  it  f o r m s  m i c e l l e s  [ 1 ] .  C o m p u t e r  

s i m u la t i o n  o f  m o l e c u l a r  d y n a m i c s  o f  c o n c e n t r a t e d  s y s t e m  l e a d s  to  a p p e a r a n c e  o f  in c o m p a c t  

a g g r e g a t e s  w h ic h  r e m o t e ly  r e m in d s  m i c e l l e s .  F o r  c o m p u t e r  s i m u la t i o n ,  th e  w id e s p r e a d  

p o t e n t i a l s  a r e  O P L S - A A ,  C H A R M M ,  A M B E R  [ 2 - 4 ] .  In  t h e m  th e  m a g n e s i u m  io n  c h a r g e  i s  + 2 e ,  

th e  c h a r g e  o f  th e  a c i d  r e s id u e  i s  - 1 e .

I t  i s  p o s s i b l e  th a t  th e  p o t e n t i a l s  o f  t h e  a t o m - a t o m  in t e r a c t io n s ,  e s p e c i a l l y  th e  e l e c t r i c a l  

c h a r g e  o f  th e  io n s ,  a r e  n o t  a c c e p t a b l e  f o r  th e  s i m u la t i o n  o f  c o n c e n t r a t e d  io n i c  s y s t e m s .  T h e  

p u r p o s e  o f  t h i s  w o r k  i s  t o  i n v e s t i g a t e  th e  s t r u c t u r e  a n d  d y n a m i c s  o f  m i c e l l e s  in  s u c h  a  

c o n c e n t r a t e d  s o l u t io n  d e p e n d in g  o n  th e  m o d e l  c h a r g e s  o f  th e  io n s .

Model systems
M a g n e s i u m  h e x a n o a t e  m o l e c u l e  w a s  c o n s t r u c t e d  in  J m o l  [ 5 ] .  T h e  m o d e l  o f  w a t e r  w a s  

c h o s e n  S P C / E  [ 6 ] .  T h e  p a r a m e t e r s  o f  s i m u la t i o n  w e r e  t a k e n  f r o m  th e  O P L S - A A  [ 2 ] .  T h e  

p r o c e s s  o f  m i c e l l e  f o r m a t i o n  w a s  c a r r i e d  o u t  b y  th e  m e t h o d  o f  m o l e c u l a r  d y n a m i c s .

In  o r d e r  t o  f in d  p a r t i a l  c h a r g e s  o f  m a g n e s i u m  io n  a n d  a c i d  r e s id u e ,  a  q u a n t u m - c h e m ic a l  

s i m u la t i o n  o f  a  s m a l l  s y s t e m  c o n t a i n in g  th e  c a t io n ,  a n io n ,  a n d  1 0  w a t e r  m o l e c u l e s  w a s  

p e r f o r m e d .  G e o m e t r y  o p t im i z a t io n  w a s  m a d e  in  G a u s s i a n - 1 6  p r o g r a m  [ 7 ]  w ith in  6 -  

3 1 G + + ( 1 d ) / B 3 L Y P  m e t h o d .  T h e  c h a r g e s  w e r e  o b t a in e d  b y  m e t h o d  6 - 3 1 G  in  G A M E S S  

p r o g r a m  [ 8 ]  in  t w o  m o d e l s .  M u l l ik e n  m o d e l  l e a d s  to  c h a r g e s  o f  m a g n e s i u m  io n  q = + 1 . 4 e ,  a n d  

L o w d i n  m o d e l  l e a d s  to  q = + 1 e  ( T a b l e  1 ).

T a b le  1. C h a r g e s  o f  io n s  in  th e  m o d e le d  system s

S y s t e m C h a r g e  o f  m a g n e s i u m  i o n C h a r g e  o f  a c i d  r e s i d u e

I + 2 -1

II + 1 . 4 - 0 .7

I I I + 1 - 0 .5

T h r e e  s y s t e m s  in  w h ic h  th e  m a g n e s i u m  c h a r g e s  w e r e  a s s u m e d  to  b e  + 2 e ,  + 1 . 4 e  

a n d  + 1 e  r e s p e c t i v e l y  w e r e  in v e s t i g a t e d .  T h e  p a r a m e t e r s  o f  in t r a -  a n d  i n t e r m o le c u l a r  n o n 

e l e c t r o s t a t i c  in t e r a c t io n  w e r e  u s e d  f r o m  O P L S - A A  [2 ]  in ta c t .

S y s t e m s  c o n s i s t e d  o f  1 3 0  i o n s  o f  m a g n e s iu m  io n ,  2 6 0  i o n s  o f  a c i d  r e s id u e  a n d  1 0 5 8 6  

m o l e c u l e s  o f  w a te r .  T h e  c o n c e n t r a t i o n  o f  th e  s o l u t i o n s  w a s  0 .6 1  M  a n d  th e  d e n s i t y  w a s  1 .0 4  

g / c m 3. I n  th e  f i r s t  s y s t e m  ( I )  th e  c h a r g e s  o f  m a g n e s i u m  io n  a n d  a c i d  r e s id u e  w a s  q = + 2 e  a n d  q =  

- 1 e  r e s p e c t i v e l y ,  m a g n e s i u m  io n  i s  d iv a le n t .  In  th e  o t h e r  s o l u t io n s  th e  c h a r g e s  o f  m a g n e s iu m  

io n  w a s  q = + 1 . 4 e  ( s y s t e m  I I )  a n d  q = + 1 e  ( s y s t e m  I I I ) .  C h a r g e s  o f  a c i d  r e s i d u e s  w e r e  - q /2 .

E a c h  s y s t e m  w a s  s i m u la t e d  d u r in g  3  n s .  T h e  f i r s t  n a n o s e c o n d  w a s  t o  e q u i l ib r a t e  th e  

s y s t e m .  B e h a v i o r  o f  th e  s y s t e m  w e r e  a n a l y z e d  d u r in g  2  n s .  A l l  th e  s y s t e m s  w a s  s i m u la t e d  t w ic e .  

F in a l  p o s i t i o n  o f  th e  s y s t e m  in  a  s i m u la t i o n  w a s  th e  in i t i a l  p o s i t i o n  o f  th e  n e x t  s i m u la t i o n .
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Results analysis
T o  a n a ly z e  th e  r e s u l t s  i t  w a s  n e c e s s a r y  t o  c a l c u l a t e  r a d i a l  d i s t r i b u t i o n  f u n c t io n  ( R D F ) ,  

s e l f d u l i f f u s i o n  c o e f f i c i e n t ,  a l s o  to  c o n s i d e r  s h a p e  a n d  s i z e  o f  th e  a g g r e g a t e s .  R D F  s h o w s  

p r o b a b i l i t y  o f  f i n d i n g  a t o m s  a t  a  c e r t a in  d i s t a n c e .  I n  th e  F i g u r e  1 t h e r e  a r e  R D F s  b e t w e e n  

m a g n e s i u m  i o n s  f o r  th r e e  s y s t e m s .

I n  th e  s y s t e m  I t h e  m o l e c u l e s  o f  w a t e r  a n d  m a g n e s i u m  w a s  v e r y  t i g h t l y  p r e s s e d  t o  e a c h  

o th e r .  T h e r e  w a s  n o  e x c h a n g e  o f  w a t e r  m o l e c u l e s  b e t w e e n  th e  h y d r a t io n  s h e l l  o f  m a g n e s i u m  

a n d  f r e e  w a te r .  I t  p r e v e n t e d  th e  a p p r o a c h  o f  m a g n e s i u m  i o n s  to  e a c h  o th e r .  U n d i s s o c i a t e d  s a l t  

m o l e c u l e s  e x i s t e d  u n i t e d  th r o u g h o u t  th e  e n t ir e  s i m u la t i o n  ( F ig .  2 ) .  I n  th e  s y s t e m  I I I  th e  

e x c h a n g e  o f  w a t e r  m o l e c u l e s  t o o k  p l a c e  a n d  t h e r e  e x i s t e d  M g - M g  c o n t a c t  p a i r s  ( in  w h ic h  th e  

w a t e r  m o l e c u l e  s t a n d s  o n  th e  s i d e  o f  M g - M g  l in e ) .  T h i s  r e s u l t  i s  s i m i l a r  t o  th e  r e s u l t  o f  m o d e l i n g  

N a 1+ b y  A .  L y u b a r t s e v  [ 9 ] .  T h e  c h a r g e  o f  m a g n e s i u m  io n  q = + 1 . 4 e  l e a d s  t o  th e  s i m i l a r  r e s u l t  a s  

in  th e  s y s t e m  I.

T h e  l a r g e s t  a g g r e g a t e  in  th e  s y s t e m  I  c o n s i s t e d  o f  3 9  a c id  r e s i d u e s  a n d  2 6 %  r e s i d u e s  

w e r e  in  m o n o m e r  s t a t e .  I n  th e  s y s t e m  I I  t h e r e  w a s  7 0  r e s i d u e s  in  th e  l a r g e s t  a g g r e g a t e  a n d  2 7 %  

r e s i d u e s  w e r e  a s  m o n o m e r s .  I n  th e  s y s t e m  I I I  th e  l a r g e s t  a g g r e g a t e  c o n s i s t e d  o f  1 0 3  r e s i d u e s  

a n d  t h e r e  w a s  o n ly  1 6 %  r e s i d u e s  s t a y e d  m o n o m e r s .

Conclusion
W it h  c h a r g e  o f  m a g n e s i u m  io n  e q u a l  t o  + 2 e  in  th e  s y s t e m  I , M g  h a s  v e r y  s t a b l e  

h y d r a t io n  s h e l l  o n  th e  s c a l e  o f  th e  s i m u la t i o n  t im e .  U n d i s s o c i a t e d  s a l t  m o l e c u l e s  r e m a in e d  

u n i t e d  d u r in g  a l l  th e  t i m e  o f  s i m u la t i o n .  I t  s e e m s  th a t  c h a r g e s  o f  M g 2+ a n d  C O O 1- t o o  l a r g e  f o r  

t h i s  s y s t e m .  I n  th e  s y s t e m  I I I  e x c h a n g e  o f  w a t e r  in  h y d r a t io n  s h e l l  a n d  d i s s o c i a t i o n  o f  s a l t  

m o l e c u l e s  a r e  f a s t e r .  A s  f o r  th e  s t r u c t u r e  o f  m i c e l l e s ,  th e  s m a l l e r  c h a r g e  o f  th e  a c id  r e s id u e ,  th e  

l a r g e r  s i z e  o f  m i c e l l e s .
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Interaction of fullerene derivative with biomembranes - 
studied by pulsed field gradient NMR technique
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Introduction
A c c o r d i n g  t o  n u m e r o u s  p u b l i c a t io n s ,  w a t e r - s o l u b l e  f u l le r e n e  d e r i v a t i v e s  ( W S F D )  a r e  

p r o m i s in g  in  b i o l o g i c a l  a n d  p h a r m a c o l o g i c a l  p r a c t i c e  [ 1 ,  2 ] .  F r o m  th e  l i t e r a t u r e ,  i t  i s  k n o w n  

th a t  t h e s e  c o m p o u n d s  e x h ib i t  a n t i - r a d i c a l  p r o p e r t i e s ,  a n t i v i r a l  a c t iv i t y ,  a n t i t u m o r  e f f e c t ,  e t c .  

E s t a b l i s h i n g  th e  m e c h a n i s m s  o f  in t e r a c t io n  w ith  b i o l o g i c a l  c e l l s  a n d  a s s e s s i n g  th e  e f f e c t  o n  th e  

s t r u c t u r e  o f  b i o m e m b r a n e s  o f  W S F D  m o l e c u l e s  a r e  im p o r t a n t  t a s k s  in  th e  s t u d y  o f  th e  

b i o l o g i c a l  a c t i v i t y  o f  f u l le r e n e  d e r iv a t iv e s .  D i r e c t  n o n - in v a s iv e  m e th o d ,  w h ic h  a l l o w s  

m e a s u r in g  th e  m o l e c u l a r  d y n a m i c s  p a r a m e t e r s  o f  t h e  W S F D  m o l e c u l e s  in  b i o l o g i c a l  s y s t e m s ,  

i s  th e  p u l s e d  f i e l d  g r a d i e n t  N M R  t e c h n iq u e  ( P F G  N M R ) .

T h e  a im  o f  th e  s t u d y  i s  t o  e s t i m a t e  th e  e x c h a n g e  c h a r a c t e r i s t i c s  o f  th e  a m p h i p h i l i c  w a te r -  

s o l u b l e  f u l l e r e n e  d e r iv a t iv e  C 6o [ S ( C H 2) 3S O 3N a ] 5H  in  m o d e l  b i o l o g i c a l  m e m b r a n e s ,  m o u s e  r e d  

b l o o d  c e l l s  ( R B C )  a n d  R B C  g h o s t s  b y  p u l s e d  f i e l d  g r a d i e n t  N M R  t e c h n iq u e .

Results
In  o r d e r  t o  o b t a in  in f o r m a t io n  o n  th e  m o b i l i t y  o f  t h e  W S F D  m o l e c u l e s  in  th e  s y s t e m s  

u n d e r  s t u d y  ( l i p o s o m e s ,  R B C ,  R B C  g h o s t ) ,  th e  'H  N M R  s p in - e c h o  s i g n a l  a t t e n u a t io n s  ( d i f f u 

s i o n  d e c a y )  w e r e  a n a l y z e d  s h o w n  in  F i g .  1 . A s  a  c o m p a r i s o n  s y s t e m  w a s  u s e d  th e  a q u e o u s  

s o l u t io n  C 6o [ S ( C H 2) 3S O 3N a ] 5H .

T h e  o b t a in e d  d i f f u s i o n  d e c a y s  a r e  n o n - e x p o n e n t i a l  a n d  a r e  d e s c r i b e d  b y  th e  

e q u a t io n  [3 , 4 ] :

A (  g )  = ' £ p ’i e x p ( - f g 1S 1tdDsl ) ,  ( 1 )

w h e r e  у i s  g y r o m a g n e t i c  r a t io ,  td= A - S / 3  i s  th e  d i f f u s i o n  t im e ,  S  i s  d u r a t io n  o f  th e  e q u iv a le n t  

r e c t a n g u la r  m a g n e t i c  f i e l d  g r a d i e n t  p u l s e s ,  g  i s  th e  a m p l i t u d e  o f  th e  m a g n e t i c  f i e l d  g r a d i e n t  

p u l s e ,  D si i s  th e  s e l f - d i f f u s i o n  c o e f f i c i e n t  o f  i- th  c o m p o n e n t  a n d

, ( 2t t 'I m
p, = Pi exp| - T—  t t  11 b P i  exp

V 12i T1i ) i-1
2 t т

T1 2i -  v

±  p . =  1

I t  w a s  f o u n d  th a t  th e  d i f f u s i o n  d e c a y s  o f  W S F D  m o l e c u l e s  in  a n  a q u e o u s  s o l u t io n  a r e  

t w o - e x p o n e n t i a l ,  w h i le  in  R B C ,  R B C  g h o s t  a n d  l i p o s o m e s  d i f f u s i o n  d e c a y s  a r e  d e s c r i b e d  b y  

th r e e  e x p o n e n t s .  T h e  m o b i l i t y  o f  W S F D  m o l e c u l e s  in  a  s o l u t io n  i s  c h a r a c t e r i z e d  b y  tw o  s e l f 

d i f f u s i o n  c o e f f i c i e n t s  a n d  in  s u s p e n s i o n s  b y  t h r e e  ( T a b l e  1 ). T h e  v a l u e  o f  th e  s m a l l e s t  s e l f 
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d i f f u s i o n  c o e f f i c i e n t  o f  W S F D  m o l e c u l e s  in  th e  s u s p e n s i o n s  u n d e r  s t u d y  i s  c l o s e  to  th e  la t e r a l  

d i f f u s i o n  c o e f f i c i e n t  o f  l i p i d  m o l e c u l e s  in  a  b io m e m b r a n e .  T h e  s l o w  m o v e m e n t  o f  W S F D  

m o l e c u l e s  in  t h e s e  s y s t e m s  c a n  b e  e x p l a i n e d  b y  th e i r  b in d i n g  to  l i p o s o m e s ,  R B C  a n d  R B C  

g h o s t .  S i n c e  th e  s l o w  m o t i o n  o f  W S F D  m o l e c u l e s  w a s  o b s e r v e d  f o r  a l l  t h r e e  s y s t e m s ,  i t  c a n  b e  

c o n c l u d e d  t h a t  th e  m o l e c u l e s  o f  t h i s  c o m p o u n d  p e n e t r a t e  in to  th e  l i p i d  b i l a y e r .

(cu rv e  2 )  a n d  p h o sp h a tid y lch o lin e  lip o so m e (cu rv es  3 ) su sp en sio n s  a n d  fu l le r e n e  derivativ e
a q u eo u s  so lu tio n  (insert)

T a b le  1. S elf-d iffu sio n  co efficien ts  o f  the fu l le r e n e  deriv a tiv e in the R B C , R B C  gho st, lip o so m e  
su sp en s io n s  a n d  a q u eo u s  solu tio n

F u l l e r e n e  d e r iv a t iv e  p a r t i a l  

s e l f - d i f f u s i o n  c o e f f i c i e n t s

F u l l e r e n e  d e r iv a t iv e  p a r t i a l  

s e l f - d i f f u s i o n  c o e f f i c i e n t s  

in  a q u e o u s  s o l u t io n

K,
1 0 -12 m 2/ s

ду
1 0 -11m 2/ s

AT,

1 0 -10 m 2/ s

AT,

1 0 -11 m 2/ s

D W
s 2

1 0 -10 m 2/ s

R B C 5 . 5 ± 0 .8 3 . 9 ± 0 .6 5 . 5 ± 0 .8

7 . 4 ± 0 .8 4 . 1 ± 0 .4R B C  g h o s t s 7 . 9 ± 1 .2 5 . 7 ± 0 .9 7 . 3 ± 1 .1

L i p o s o m e 7 . 7 ± 1 .2 5 . 4 ± 0 .8 4 . 8 ± 0 .7

I n  a c c o r d a n c e  w i t h  th e  w o r k s  [ 3 - 6 ]  f r o m  th e  a n a l y s i s  o f  th e  d e p e n d e n c e  o f  th e  

p o p u l a t i o n s  o f  th e  W S F D  m o l e c u l e s  o n  th e  d i f f u s i o n  t i m e  w a s  e s t i m a t e d  th e  r e s i d e n c e  t i m e  o f  

th e  f u l le r e n e  d e r iv a t iv e  m o l e c u l e s  in  R B C  a n d  th e  l i f e t im e  o f  th e  m o l e c u l a r  a s s o c i a t e .  T h e

134



Poster Session

v a l u e s  o f  t h e  f u l l e r e n e  d e r iv a t iv e  a s s o c i a t e  l i f e t i m e  a n d  R B C  r e s id e n c e  t i m e  w e r e  f o u n d  to  b e  

2 0 0 ± 3 0  m s  a n d  4 4 0 ± 7 0  m s ,  r e s p e c t i v e l y .

Conclusions
T h e  a b i l i t y  o f  C 60[ S ( C H 2)3S O 3N a ] 5H  m o l e c u l e s  t o  p e n e t r a t e  b i o l o g i c a l  m e m b r a n e s  w a s  

d e t e c t e d  b y  p u l s e d  f i e l d  g r a d i e n t  N M R  t e c h n iq u e .  F u l l e r e n e  d e r iv a t iv e  p a r t ia l  s e l f - d i f f u s i o n  

c o e f f i c i e n t s  in  l i p o s o m e s ,  R B C ,  a n d  R B C  g h o s t  w e r e  d e t e r m in e d .  I t  h a s  b e e n  s h o w n  th a t  in  a  

s u s p e n s i o n  o f  e r y t h r o c y t e s  th e  W S F D  m o l e c u l e s  a r e  in  th e  f o r m  o f  i s o l a t e d  a n d  a s s o c i a t e d  

m o l e c u l e s  in  th e  a q u e o u s  p h a s e  o r  a r e  b o u n d  t o  th e  c e l l  m e m b r a n e .
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Introduction
V - P d  a l l o y s  a r e  p r o m i s i n g  m a t e r i a l s  f o r  p u r e  h y d r o g e n  s e p a r a t i o n .  P a l l a d i u m  m o d e r a t e d  

h y d r o g e n  s o l u b i l i t y ,  w h ic h  i s  t o o  h ig h  in  p u r e  v a n a d iu m ,  w h e r e a s  v a n a d i u m  e n s u r e s  s u f f i c i e n t  

d i f f u s i v i t y  a t  p r a c t i c a l  t e m p e r a t u r e s  ( a b o u t  6 0 0 K )  [ 1 ] .  I t  i s  k n o w n  f r o m  e x p e r i m e n t ,  th a t  

a l l o y i n g  P d  t o  V  d e c r e a s e s  th e  h y d r o g e n  d i f f u s i o n  c o e f f i c i e n t  D  in  s e v e r a l  t i m e s ,  a l t h o u g h  p u r e  

P d  i t s e l f  h a s  g o o d  h y d r o g e n  th r o u g h p u t .  I n  a d d i t io n  to  a l m o s t  u n c h a n g e d  c r y s t a l  s t r u c t u r e ,  

w i t h o u t  c o n s id e r in g  l o c a l  d i s t o r t i o n s ,  t h e s e  in  s o m e  w a y  c o n t r o v e r s i a l  e x p e r i m e n t a l  f a c t s  a r e  

s t i l l  n o t  w e l l  u n d e r s t o o d .  H e r e  w e  r e p o r t  o n  th e  r e s u l t s  o f  o u r  s t u d y  o f  th e  e f f e c t  o f  P d  a l l o y in g  

o n  th e  h y d r o g e n  s o l u b i l i t y  a n d  h y d r o g e n  d i f f u s i o n  in  v a n a d iu m  c a r r i e d  o u t  w ith in  a  d e n s i t y  

f u n c t io n a l  t h e o r y  ( D F T )  a p p r o a c h .

Method of calculation
In  o r d e r  t o  s i m u la t e  b o d y - c e n t e r e d  c u b i c  ( b c c )  p a l l a d iu m  s u b s t i t u t e d  s t r u c t u r e  o f  

v a n a d iu m  w ith  a  r a n d o m  P d  a t o m s  d i s t r i b u t i o n  o v e r  th e  l a t t i c e ,  a  s u p e r c e l l  m e t h o d  w a s  u s e d .  

A l l  c a l c u l a t i o n s  w e r e  c a r r i e d  o u t  w ith in  t h e  f r a m e w o r k  o f  th e  p l a n e - w a v e  p s e u d o - p o t e n t i a l  D F T  

m e t h o d  u s i n g  th e  P e r d e w - B u r k e - E r n z e r h o f  g e n e r a l i z e d  g r a d i e n t  a p p r o x i m a t i o n s  ( P B E  G G A )  

e x c h a n g e - c o r r e l a t io n  p o t e n t ia l  a n d  th e  u l t r a s o f t  V a n d e r b i l t  p s e u d o p o t e n t i a l s  a s  im p l e m e n t e d  in  

th e  Q u a n t u m  E s p r e s s o  p a c k a g e .  T h e  c h a r g e  a n d  th e  k in e t ic  e n e r g y  c u t - o f f  w e r e  6 0  R y  a n d  3 6 0  

R y ,  r e s p e c t i v e l y .  F o r  a l l  th e  s t u d i e d  s u p e r c e l l s ,  a  t o t a l  n u m b e r  o f  3 ^ 3 x 3  k - p o i n t s  m e s h  in  th e  

i r r e d u c ib le  B r i l l o u i n  z o n e  w e r e  u s e d ,  a f t e r  t e s t in g  t h a t  a  d e n s e r  m e s h  d o e s  n o t  c o n t r ib u te  

a c c u r a c y  t o  r e s u l t .  C a l c u l a t i o n s  w e r e  p e r f o r m e d  in  2 x 2 x 2  s u p e r c e l l s ,  V i6-n P d n , w ith  n  =  0 ,  1 , 2 ,  

a n d  3 .  A l l  s e l f - c o n s i s t e n t  c a l c u l a t i o n s  w e r e  m a d e  w ith  f u l l  s t r u c t u r e  r e la x a t i o n .

Hydrogen localization and solubility
In  a  b c c  c e l l  h y d r o g e n  a t o m  m a y  o c c u p y  t w o  t y p e s  o f  in t e r s t i t i a l  s i t e  -  t e t r a h e d r a l  ( T )  a n d  

o c t a h e d r a l  ( O ) .  W it h in  a  s u p e r c e l l  a p p r o a c h  th e  h y d r o g e n  s i t e  s o l u b i l i t y ,  th e  e n e r g y  t h a t  c o s t  to  

r e m o v e  a  h y d r o g e n  a t o m  f r o m  a  T -  o r  O -  s i t e ,  c a n  b e  c a l c u l a t e d  a s  f o l l o w s :

E s o i[V 1 6 _ n P d n H T (° ) ]  =  E t o t [V1 6 _ n P d n H T (° ) ]  -  E t o t [V1 6 _ n P d , J  - -2 E t o t [H 2], ( 1 )

H e r e  E t o t [V1 6 - n P d n H T (° ) ] i s  th e  t o t a l  e n e r g y  o f  a  c o n s id e r e d  s u p e r c e l l  w ith  a  h y d r o g e n  a t o m  

p l a c e d  in  th e  c o r r e s p o n d in g  in t e r s t i t i a l  s i t e ;  E t o t [ H 2 ] i s  th e  to t a l  e n e r g y  o f  th e  H 2 m o l e c u le .  A l l  

th e  e n e r g y  c h a r a c t e r i s t i c s  a r e  g i v e n  a f t e r  f u l l  s t r u c t u r a l  r e l a x a t i o n  o f  th e  c o r r e s p o n d in g  

s u p e r c e l l s .  T o  c a l c u l a t e  E t o t [ H 2 ] th e  H 2 m o l e c u le  w a s  p u t  in  a  b o x  1 0 x 1 0 x 1 0  A  a n d  th e  s e l f 

c o n s i s t e n t  f i e l d  c a l c u l a t i o n s  w e r e  d o n e  u s i n g  th e  s a m e  m e t h o d  a s  d e s c r i b e d  b u t  w i t h  1 0 0 0  k -  
p o i n t s  in  i r r e d u c ib le  B r i l l u e n  z o n e .  T h e  c a l c u la t i o n  r e s u l t  t o  th e  e q u i l ib r iu m  H - H  b o n d  le n g t h  

o f  0 . 7 4 1 9  A  a n d  E to t [H 2] =  - 2 .3 3 0 2  R y .

A s  i t  w a s  s h o w n  p r e v io u s l y ,  in  p u r e  b c c  v a n a d iu m  H  o c c u p i e s  T - s i t e s  . T h e  c a l c u l a t i o n s  

t a k i n g  in to  a c c o u n t  f u l l  s t r u c t u r e  r e l a x a t i o n  s h o w e d  th a t  O - s i t e s  a r e  n o t  s t a b l e .  In  V 16-nPdn, th e  

l o w e s t  E so l v a lu e ,  a n d  h e n c e  th e  s t r o n g e s t  m e t a l - H  b o n d in g  c o r r e s p o n d s  t o  h y d r o g e n  p l a c e d  in
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a  T - s i t e  a t  a  P d - H  d i s t a n c e  o f  a b o u t  3 . 5  A ,  s e e  T a b l e  1 .  T h e  s t a b i l i t y  o f  t h e  O - s i t e s  ( f o r  t h e  s a m e  

d i s t a n c e  f r o m  t h e  P d  a t o m )  i s  s y s t e m a t i c a l l y  l o w e r  t h a n  t h a t  o n e  o f  t h e  T - s i t e s .  T h e s e  f e a t u r e s  

a r e  p r e s e r v e d  f o r  o t h e r  c o n s i d e r e d  V 1 6 _ n P d n H  s u p e r c e l l s ,  b u t  f o r  V 1 3 P d 3 H  t h e  m i n i m u m  o f  t h e  

E sol v a l u e  i s  s h i f t e d  t o w a r d s  t h e  l a r g e r  d Pd-н . S u m m i n g  u p  t h e  r e s u l t s  o f  t h e  h y d r o g e n  s o l u b i l i t y  

s t u d y  o n e  c a n  c o n c l u d e  t h a t  ( i )  f o r  t h e  h y d r o g e n  T - s i t e s  t h a t  c o r r e s p o n d  t o  t h e  P d  a l l o y i n g  f i r s t  

l e a d s  t o  s h a r p  d e c r e a s i n g  o f  t h e  E sol v a l u e  a t  a b o u t  2  a t . %  o f  P d  a n d  t h e n  t o  g r a d u a l  i n c r e a s i n g .  

H o w e v e r ,  f o r  T - s i t e  f u r t h e s t  f r o m  P d ,  E ’sol, t h e  h y d r o g e n  s o l u b i l i t y  e n e r g y  m o n o t o n o u s l y  

i n c r e a s e s  w i t h  P d  c o n c e n t r a t i o n  i n c r e a s i n g .

T a b le  1. H y d r o g e n  s o lu b i l i t y  e n e r g y  a n d  p a r a m e t e r s  o f  h y d r o g e n  d i f fu s io n  c a l c u l a t e d f o r  
V16_ n P d n s u p e r c e l l s  (n  =  0, 1, 2  a n d  3 )

P a r a m e t e r s V i 6 V 1 5 P d 1 V 1 4 P d 2 V 1 3 P d 3

E s o l  ( e V ) - 0 . 4 2 - 0 . 4 8 - 0 . 3 1 - 0 . 2 5

E ’sol ( e V ) - 0 . 4 2 - 0 . 3 8 - 0 . 2 1 - 0 . 0 7

L  ( A ) 3 .0 0 9 3 . 0 1 1 0 3 . 0 1 8 1 3 . 0 3 1 4

P 1 0 .6 9 0 .4 7 0 .2 3

E a ( e V ) 0 . 0 1 2 0 .0 7 6 0 .0 6 6 0 .0 6 1

E>o X  1 0 _ 8 ( m 2/ s ) 1 . 0 6 0 . 7 3 1 0 . 5 0 0 . 2 5

D 673K X  1 0 _ 8 ( m 2/ s ) 8 .6 0 1 . 9 7 1 . 6 0 0 . 8 6

Hydrogen motion mechanism and activation energy
T o  c a l c u l a t e  t h e  a c t i v a t i o n  e n e r g y  E a a l o n g  t h e  m i n i m u m  e n e r g y  p a t h  ( M E P )  b e t w e e n  

t w o  h y d r o g e n  p o s i t i o n s ,  t h e  n u d g e d  e l a s t i c  b a n d  ( N E B )  m e t h o d  w a s  a p p l i e d  [ 2 ] .  T h e  

c o n f i g u r a t i o n  o f  t h e  s y s t e m  w i t h  t h e  m a x i m a l  e n e r g y  a l o n g  t h e  M E P  w a s  o b t a i n e d  u s i n g  t h e  

C l i m b i n g  I m a g e  A p p r o a c h  [ 3 ] .  T h e n  t h e  a c t i v a t i o n  e n e r g y  E a  w a s  f o u n d  a s  t h e  e n e r g y  

d i f f e r e n c e  b e t w e e n  t h e  t r a n s i t i o n  a n d  g r o u n d  s t a t e s .  T h e  l a t t i c e  p a r a m e t e r s  o f  t h e  s u p e r c e l l  w e r e  

o p t i m i z e d  a l l  a l o n g  t h e  h y d r o g e n  a t o m  d i s p l a c e m e n t  p a t h .

F i g .  1 ( a )  r e p r e s e n t s  t h e  e n e r g y  p r o f i l e s  f o r  t h e  d i s p l a c e m e n t  o f  a  h y d r o g e n  a t o m  i n  

V 1 6 _ n P d n  s u p e r c e l l s  ( w i t h  n  =  0 ,  1 ,  2 ,  a n d  3 )  a l o n g  M E P  f r o m  t h e  m o s t  s t a b l e  T - s i t e  t o  t h e

( b )

F ig u r e  1. ( a )  -  T h e  e n e r g y  p r o f i l e s  (w ith o u t  Z P E  c o n t r ib u t io n )  f o r  H  m o t io n  in  V16_ n P d n 
(w ith  n  =  0, 1, 2  a n d  3 ) a l o n g  th e  d i f fu s io n  p a t h  f r o m  th e  m o s t  s t a b l e  T -s it e  t o  th e  n e a r e s t  

T -s ite  w ith  l o w e r  s t a b i l i t y ;  (b )  -  th e  lo w e s t  a c t iv a t io n  e n e r g y  o f  h y d r o g e n  m o t io n  in  th e  
c o n s i d e r e d  s u p e r c e l l s  c a l c u l a t e d  w ith o u t  a n d  w ith  t a k e n  in to  a c c o u n t  Z P E  c o n t r ib u t io n

137



Poster Session

T o  g a in  th e  t i m e  th e  c a l c u l a t i o n s  h a v e  b e e n  c a r r i e d  o u t  n e g l e c t i n g  Z P E  c o n t r ib u t io n .  A s  

o n  c a n  s e e ,  f o r  a l l  th e  c o n s i d e r e d  s u p e r c e l l s  M E P  g o e s  t h r o u g h  a n  O - s i t e ,  w h ic h  i s  u n s t a b le  f o r  

V 16, b u t  u p o n  P d  s u b s t i t u t io n  f o r  V  a  s h a l l o w  m i n im u m  a p p e a r s  in  O - s i t e ,  h o w e v e r ,  i t s  

p r o f o u n d n e s s  i s  n o t  s u f f i c i e n t  e n o u g h  t o  c o n s i d e r  i t  a s  a  m e t a s t a b l e .  T h e  c a l c u l a t e d  a c t iv a t i o n  

e n e r g y  g r a d u a l l y  i n c r e a s e s  w ith  P d  c o n c e n t r a t i o n  f r o m  0 . 1 4  to  0 .1 5  e V ,  a s  i t  i s  s h o w n  in  F ig .  

1 (b ) .  H o w e v e r ,  th e  Z P E  c o r r e c t io n  d r a m a t i c a l l y  a f f e c t s  b o th  th e  c a l c u l a t e d  v a l u e s  a n d  th e  

c o n c e n t r a t i o n  d e p e n d e n c e  o f  E a .  F o r  p u r e  v a n a d i u m  th e  Z P E  c o r r e c t e d  a c t iv a t i o n  e n e r g y  o f  

h y d r o g e n  t r a n s l a t i o n a l  m o t i o n  i s  o n l y  0 . 0 1 2  e V ,  t h a t  m a k e s  V  a l m o s t  t r a n s p a r e n t  f o r  H  

d i f f u s i o n .

T o  e v a l u a t e  th e  h y d r o g e n  d i f f u s i o n  c o e f f i c i e n t  th e  s a m e  f o r m a l i s m  a s  r e p o r t e d  in  

R e f .  [ 4 ]  a n d  e x t e n d e d  i t  t o  s u p e r c e l l s  in  R e f .  [ 5 ] .  In  a b s e n c e  o f  a  m e t a s t a b l e  s i t e  o n  M E P ,  th e  

d i f f u s i o n  c o e f f i c i e n t  c a n  b e  e s t i m a t e d  a s  f o l l o w s

° = ^ 1 г г е х р [ - й  =  D ° e x p [ - 3
( 2 )

w h e r e  L  i s  th e  j u m p  le n g t h  p r o j e c t e d  o n to  th e  d i f f u s i o n  d i r e c t i o n ;  E a  i s  th e  a c t iv a t i o n  e n e r g y  o f  

h y d r o g e n  m o t io n ,  w h ic h  c a n  b e  d e t e r m in e d  a s  th e  s u m  o f  t h e  m i g r a t i o n  b a r r ie r  v a l u e  A E  a n d  

th e  c o r r e s p o n d in g  z e r o - p o in t  e n e r g y  c o r r e c t io n  A Z P E ;  f  i s  a  c o e f f i c i e n t  th a t  t a k e s  in to  a c c o u n t  

th a t  in i t i a l  s i t e  i s  o c c u p i e d  b y  a  h y d r o g e n  a t o m  a n d  th a t  th e  t a r g e t  s i t e  i s  e m p t y .  A l l  th e  

p a r a m e t e r s  o f  h y d r o g e n  d i f f u s i o n ,  c a l c u l a t e d  f o r  th e  s t u d i e d  s u p e r c e l l s ,  a r e  l i s t e d  in  T a b l e  1. 

T h e  r e s u l t s ,  o b t a in e d  f o r  p u r e  V  a r e  in  a g r e e m e n t  w ith  e x p e r i m e n t a l  o n e s ,  r e p o r t e d  in  R e f .  [ 6 ] :  

D 0 =  0 . 3 5  X 1 0 “ 7 m 2/s ,  E a  =  0 . 0 5 2  e V .

Conclusions
S u m m in g  u p  th e  o b t a in e d  r e s u l t s  o n e  c a n  c o n c l u d e  th a t  p a r t ia l  s u b s t i t u t io n  P d  f o r  

v a n a d iu m  r e s u l t s  in  a  c u m u l a t iv e  e f f e c t :  ( i )  th e  a c t iv a t i o n  e n e r g y  i n c r e a s e s  a n d  ( i i )  th e  

“ e f f e c t i v e ”  d i f f u s i o n  r e g io n  d e c r e a s e s ,  s i n c e  h y d r o g e n  t e n d s  to  a v o i d  th e  r e g i o n s  n e a r  

p a l l a d iu m .
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Simulation and optimization of pulse RF sequences for 
contrast enhancement of MR images in the presence 

of magnetic nanoparticles
Yu. V. B o g a c h e v , A . V. N ik itina

D ep a rtm e n t  o f  P h y sics , S a in t-P e te rsb u rg  E le c t ro te c h n ic a l  U niversity  “L E T I ”,
5, p ro f. P o p o v s t .,  S a in t-P etersb u rg , 1 9 7 3 7 6 , R ussia ,
E - m a il: n a sty a _ n ik itin a 1 9 9 6 @ m a il. ru

Introduction
In  r e c e n t  y e a r s ,  t h e r e  a r e  g r e a t  p r o s p e c t s  f o r  th e  u s e  o f  m a g n e t i c  n a n o p a r t i c l e s  ( M N P )  

in  m e d ic i n e  a n d  b io lo g y .  M N P  c a n  b e  u s e d  f o r  d i a g n o s i s ,  m a g n e t i c  s e p a r a t i o n ,  h y p e r t h e r m ia ,  

d r u g  d e l iv e r y ,  e t c .  [ 1 - 3 ]  S u c h  l a r g e  p o s s i b i l i t i e s  o f  a p p l i c a t i o n  o f  t h e s e  n a n o p a r t i c l e s  m a k e s  

th e  t a s k  o f  o p t im i z in g  th e  p a r a m e t e r s  o f  M R I  s t u d i e s  in  th e  p r e s e n c e  o f  M N P s  r e le v a n t .

Study of magnetic nanoparticles
F o r  s i m u la t i o n  R F  s e q u e n c e s  f o r  M R I  w ith  M N P s ,  i t  i s  n e c e s s a r y  t o  d e t e r m in e  t h e ir  

N M R  r e l a x a t i o n  c h a r a c t e r i s t i c s .  N M R  r e l a x a t i o n  c h a r a c t e r i s t i c s  o f  p r o t o n s  in  2 %  a g a r - a g a r  f o r  

f i v e  M N P s  c o n c e n t r a t i o n s  a r e  g i v e n  in  t a b le  3  [ 4 ] .

T a b le  1. N M R  rela x a tio n  c h a ra cteris tics

C ,  m M o l/ L Т 1, m s Т 2, m s

0 .5 1 2 6 0 7 .1 3

1 8 2 8 3 .9 6

2 4 8 8 , 5 8 1 .6 4

4 2 8 2 ,2 1 0 .9 4 1 5

8 1 5 1 0 .6 6 2

F o r  th e  m a jo r i t y  o f  th e  i n v e s t i g a t e d  M N P s ,  th e  d e p e n d e n c e  o f  th e  s p in - l a t t i c e  R 1 a n d  

s p in - s p in  R 2 r e l a x a t i o n  r a t e s  o n  th e  c o n c e n t r a t i o n  o f  M N P s  in  w a t e r - h o ld i n g  m o d e l  s o l u t io n s  

w a s  l i n e a r  [ 4 ] .  F o u n d  r2 r e l a x a t i o n  e f f i c i e n c y  h a d  a  c o n s t a n t  v a lu e ,  in d ic a t in g  th e  a g g r e g a t i o n  

s t a b i l i t y  o f  th e  in v e s t i g a t e d  M N P s .

F o r  s o m e  o f  th e  s t u d i e d  M N P s ,  th e  d e p e n d e n c e  o f  th e  s p in - s p in  R 2 r e l a x a t i o n  r a t e  o n  

th e  M N P s  c o n c e n t r a t i o n  w a s  n o n l in e a r ,  t h e i r  d y n a m i c  ш  r e l a x a t i o n  e f f i c i e n c y  d e c r e a s e d  w h e n  

th e  M N P s  c o n c e n t r a t i o n  in c r e a s e d ,  in d ic a t in g  a  s i g n i f i c a n t  a g g r e g a t i o n  o f  t h e s e  M N P s  in  w a t e r 

h o ld i n g  m o d e l  s o l u t i o n s  in  th e  p r e s e n c e  o f  th e  m a g n e t i c  f i e ld .  A  m e t h o d  f o r  a s s e s s i n g  th e  

a g g r e g a t i o n  s t a b i l i t y  o f  M N P s  in  w a t e r  s o l u t io n s  h a s  b e e n  d e v e lo p e d .

T h e r e  w a s  a l s o  a  d i f f e r e n c e  in  th e  v a l u e s  o f  R 1  r a t e s  o f  p r o t o n s  in  d i f f e r e n t  m a g n e t i c  

f i e l d s ,  t h a t  t e s t i f i e d  t o  th e  p r e s e n c e  o f  f r e q u e n c y  d i s p e r s i o n  o f  t h e  s p in - l a t t i c e  r e l a x a t i o n  t im e ,  

t y p i c a l  f o r  h e t e r o g e n e o u s  m e d i a  [ 5 ] .

Optimization of RF sequence parameters on contrast
In  th e  p r a c t i c a l  u s e  o f  M N P  a s  n e g a t iv e  c o n t r a s t  a g e n t s ,  i t  i s  n e c e s s a r y  t o  d e t e r m in e  th e  

o p t im a l  p a r a m e t e r s  o f  p u l s e  R F  s e q u e n c e s  f o r  d i f f e r e n t  c o n c e n t r a t i o n s  o f  M N P .  T h e  

d e p e n d e n c e s  o f  th e  M R  s i g n a l  in t e n s i t y  o n  th e  p a r a m e t e r s  o f  th e  t h r e e  p u l s e  s e q u e n c e s  w e r e  

s t u d i e d  a n d  r e c o m m e n d a t io n s  w e r e  m a d e  o n  th e  c h o ic e  o f  th e  o p t im a l  v a l u e s  o f  t h e s e  

p a r a m e t e r s  t o  a c h ie v e  th e  b e s t  c o n t r a s t  in  th e  p r e s e n c e  o f  th e  M N P .

T h e  d e p e n d e n c e s  o f  th e  M R  s i g n a l  in t e n s i t y  o n  th e  p a r a m e t e r s  a )  T E  a n d  b )  T R  o f  th e  

“ S p i n  -  e c h o ”  s e q u e n c e  f o r  d i f f e r e n t  c o n c e n t r a t i o n s  o f  M N F  ( 0 .5  m m o l / l  ( 1 ) ,  1 m m o l / l  ( 2 ) ,  2  

m m o l / l  ( 3 ) ,  4  m m o l / l  ( 4 ) ,  8  m m o l / l  ( 5 )  a r e  p r e s e n t e d  o n  f i g .  1.
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F i g u r e  1. T h e  d e p e n d e n c e s  o f  the M R  s ig n a l intensity  
on the p a ra m e t e rs  o f  p u ls e  R F  s e q u e n c e s

R e c o m m e n d a t i o n s  f o r  c h o o s i n g  t h e  o p t i m a l  v a l u e s  o f  t h e  p a r a m e t e r s  o f  p u l s e  R F  

s e q u e n c e s  f o r  M R I  i n  t h e  p r e s e n c e  o f  a n  M R I  a r e  s u m m a r i z e d  i n  t a b le  2 .

T a b le  2. O p tim al v a lu es  o f  the p a ra m e t e rs  o fp u ls e  R F  s e q u e n c e s

R F  s e q u e n c e s
P a r a m e t e r  o f  R F  

s e q u e n c e s
O p t i m a l  v a l u e s

S p in -ec h o
E c h o  t i m e  ( T E ) >  4 0  m s
R e p e a t  t i m e  ( T R ) <  1 2 0 0  m s

“In v e rs io n -re c o v e ry  ” I n v e r s i o n  t i m e  ( T I ) >  8 0 0  m s
“G r a d ie n t ” F l i p  a n g l e  (F A ) >  6 0 °

Program to optimize parameters of pulse RF sequences
B a s e d  o n  t h e  o b t a i n e d  r e l a x a t i o n  c h a r a c t e r i s t i c s ,  a  p r o g r a m  w a s  d e v e l o p e d  t o  o p t i m i z e  

t h e  p a r a m e t e r s  o f  p u l s e  R F  s e q u e n c e s  f o r  M R I  s t u d i e s  b o t h  i n  t h e  a b s e n c e  o f  M N P s  a n d  i n  t h e  

p r e s e n c e  o f  M N P s  ( t h e  w o r k i n g  w in d o w s  o f  t h e  p r o g r a m  a r e  s h o w n  i n  F i g .  1 a  a n d  1 b ,  

r e s p e c t i v e l y ) .

T h i s  p r o g r a m  i m p l e m e n t s  t h r e e  s e q u e n c e s :  “ s p i n  e c h o ” , “ i n v e r s i o n - r e c o v e r y ” , a n d  

“ g r a d ie n t  s e q u e n c e ” . T h e  p r o g r a m  p r o v i d e s  a n  o p p o r t u n i t y  t o  s t u d y  g r a p h s  o f  t h e  d e p e n d e n c e  

o f  t h e  i n t e n s i t y  o f  t h e  M R  s i g n a l  o n  t h e  p a r a m e t e r s  o f  t h e  s e q u e n c e  f o r  w h i t e ,  g r a y  m a t t e r  a n d  

c e r e b r o s p i n a l  f l u i d .

W h e n  u s i n g  m a g n e t i c  n a n o p a r t i c l e s ,  a  g r a p h  o f  t h e  d e p e n d e n c e  o f  t h e  M R  s i g n a l  

i n t e n s i t y  o n  t h e  s e q u e n c e  p a r a m e t e r  f o r  f i v e  M N P s  c o n c e n t r a t i o n s  i s  a l s o  d i s p l a y e d .  A l s o  i n  

t h e  p r o g r a m  w i n d o w  a r e  s i m u l a t e d  i m a g e s  s h o w i n g  t h e  i n t e n s i t y  o f  t h e  s i g n a l  o n  a  s c a l e  o f  g r a y .

U s i n g  t h i s  p r o g r a m ,  t h e  u s e r  c a n  e v a l u a t e  t h e  i m p a c t  o f  p u l s e  s e q u e n c e  p a r a m e t e r s  o n  

t h e  c o n t r a s t  o f  M R  i m a g e s ,  c h o o s e  t h e  o p t i m a l  s e q u e n c e  p a r a m e t e r s  a n d  d e t e r m i n e  t h e  

n e c e s s a r y  c o n c e n t r a t i o n  o f  M N P s  t o  i m p r o v e  t h e  c o n t r a s t  o f  M R  i m a g e s .

T h e  d e v e l o p e d  p r o g r a m  o f  c o n t r o l  o f  p a r a m e t e r s  o f  p u l s e  R F  s e q u e n c e s  c a n  b e  u s e d  f o r  

t r a i n i n g  o f  s t u d e n t s  a n d  m e d i c a l  p e r s o n n e l  t o o .

Results
T h u s ,  w e  h a v e  a n a l y z e d  t h e  i n f l u e n c e  o f  t h e  p a r a m e t e r s  o f  t h e  t h r e e  m o s t  c o m m o n l y  

u s e d  i n  M R I  p u l s e  r a d i o  f r e q u e n c y  s e q u e n c e s  ( “ s p i n - e c h o ” , “ i n v e r s i o n - r e c o v e r y ” , “ g r a d i e n t ” )  

o n  t h e  c o n t r a s t  o f  m a g n e t i c  r e s o n a n c e  i m a g e s ,  a s  a  r e s u l t  o f  w h i c h  a  p r o g r a m  w a s  d e v e l o p e d  t o  

s i m u l a t e  m a g n e t i c  r e s o n a n c e  t o m o g r a m s  a n d  d e t e r m i n e  t h e  o p t i m a l  v a l u e s  o f  t h e  p a r a m e t e r s  o f  

R F  s e q u e n c e s  t o  a c h i e v e  t h e  b e s t  c o n t r a s t  o f  M R  i m a g e s .  T h i s  p r o g r a m  h a s  b e e n  t e s t e d  i n
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m a g n e t i c  r e s o n a n c e  i m a g i n g  s t u d i e s  u s i n g  n e g a t iv e  c o n t r a s t  a g e n t s  b a s e d  o n  m a g n e t i c  

n a n o p a r t i c l e s  o f  i r o n  o x id e .  T h e  u s e  o f  t h i s  p r o g r a m  a l l o w s  t o  r e d u c e  th e  t i m e  o f  M R I  s t u d i e s ,  

t o  e v a l u a t e  th e  p o s s i b i l i t y  o f  u s i n g  M N P s  f o r  c o n t r a s t in g  M R  i m a g e s .

T h e  o b t a in e d  r e s u l t s  c a n  b e  u s e d  f o r  m e d ic a l  d i a g n o s t i c s  w ith  th e  u s e  o f  n e w  c o n t r a s t  

a g e n t s  b a s e d  o n  m a g n e t i c  n a n o p a r t i c l e s  in  v i v o  a n d  in  v i t r o ,  a n d  in  th e  d e v e lo p m e n t  o f  n e w  

m e t h o d s  f o r  m a g n e t i c  r e s o n a n c e  t h e r a n o s t i c s .

b)

F i g u r e  2. T h e w o rk in g  
w indow s o f  the 
p r o g r a m
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EPR study of copper complexes in mordenite channels
D m i t r i i  B o g d a n o v ] , S t a n i s l a v  S u k h a r z h e v s k i i 1 , M a r i n a  S h e l y a p i n a 1 , Y u r i i  Z h u k o v 1 , 

I n o c e n t e  R o d r i g u e z - I z n a g a 2, V i t a l i i  P e t r a n o v s k i i 3

1S a i n t  P e t e r s b u r g  S t a t e  U n i v e r s i t y ,  7 / 9  U n i v e r s i t e t s k a y a  n a b . ,  S t .  P e t e r s b u r g ,  R u s s i a  1 9 9 0 3 4  

2I n s t i t u t o  d e  C i e n c i a s  y  T e c n o l o g i a  d e  M a t e r i a l e s  ( I M R E )  -  U n i v e r s i d a d  d e  L a  H a b a n a ,  

Z a p a t a  y  G ,  s / n  L a  H a b a n a  1 0 4 0 0 ,  C u b a

3C N y N ,  U n i v e r s i d a d N a c i o n a l  A u t o n o m a  d e  M e x i c o ,  E n s e n a d a  2 2 8 6 0 ,  B a j a  C a l i f o r n i a ,  

M e x i c o

E - m a i l :  d . b o g d a n o v @ s p b u . r u

C o p p e r - e x c h a n g e d  z e o l i t e s  a r e  p r o m i s i n g  h e t e r o g e n e o u s  c a t a l y s t s  f o r  th e  

d e c o m p o s i t i o n  o f  n i t r o g e n  o x i d e s  ( d e - N O x  c a t a l y s t s ) ,  th e  s e l e c t i v e  h y d r o x y l a t io n  o f  m e th a n e  

t o  m e t h a n o l  a n d  o t h e r  in d u s t r i a l  p r o c e s s e s  [ 1 ] .  T h e s e  c a t a ly t i c  p r o p e r t i e s  a r e  g o v e r n e d  b y  b o th  

c o n t e n t  o f  c o p p e r ,  w h ic h  c a n  b e  l o c a l i z e d  in  v a r i o u s  p o s i t i o n s  in  th e  la t t i c e  w ith  d i f f e r e n t  l o c a l  

s y m m e t r y ,  a n d  i t s  v a l e n c e  s t a t e .  A t  th e  c u r r e n t  t i m e  a  l a r g e  q u a n t i t y  o f  s t u d i e s  o f  l o c a t i o n  a n d  

c o o r d in a t io n  o f  c o p p e r  c a t i o n s  in  z e o l i t e s  h a s  b e e n  p e r f o r m e d .  H o w e v e r ,  o f t e n  t h e s e  s t u d i e s  

u s e d  o n l y  l o w  c o p p e r  c o n t e n t  s a m p l e s ,  d e s p i t e  th e  f a c t  th a t  m a in ly  h ig h  c o n t e n t  z e o l i t e s  e x h ib i t  

th e  b e s t  c a t a ly t i c  r e s u l t s .

A m o n g  o t h e r  c o p p e r - e x c h a n g e d  z e o l i t e s ,  m o r d e n i t e s  d e m o n s t r a t e  o n e  o f  th e  h ig h e s t  

c a t a ly t i c  a c t i v i t y  [ 2 ] ,  w h ic h  i s  s t r o n g l y  a f f e c t e d  b y  v a r i o u s  f a c t o r s ,  in c lu d in g  p r e p a r a t i o n  

m e th o d .  I t  h a s  b e e n  f o u n d  th a t  m i c r o w a v e  a s s i s t e d  io n  e x c h a n g e  f r o m  s o d i u m  f o r m  r e s u l t s  to  

a n  o v e r - e x c h a n g e  [3 ]

T h e  a im  o f  th e  c u r r e n t  w o r k  i s  t o  s t u d y  b y  a p p l y i n g  th e  e l e c t r o n ic  p a r a m a g n e t i c  

r e s o n a n c e  ( E P R )  lo c a t i o n  o f  C u 2+ c a t i o n s  a n d  t h e i r  c o o r d in a t io n  in  th e  h ig h  c o p p e r  c o n t a i n in g  

m o r d e n i t e  s a m p l e s ,  p r e p a r e d  b y  c o n v e n t io n a l  a n d  m i c r o w a v e  a s s i s t e d  m e t h o d s  ( f o r  m o r e  

d e t a i l s  o n  th e  p r e p a r a t i o n  m e t h o d  s e e  R e f .  [ 4 ] ) .

C o p p e r - e x c h a n g e d  z e o l i t e s  w e r e  p r e p a r e d  f r o m  N H 4+- a n d  H + - m o r d e n i t e s  w ith  n o m in a l  

S i / A l  a t o m i c  r a t i o s  ( A R )  e q u a l  t o  1 0 . T h e  N H 4+ - m o r d e n it e  w a s  s u p p l i e d  b y  Z e o l i s t  In t .  ( P r o d u c t  

C B V 2 1 A ) .  T h e  p r o t o n  f o r m  w a s  o b t a in e d  b y  th e  c a lc i n a t io n  o f  N H 4+ m o r d e n i t e  a t  3 0 0  oC  f o r  

2  h o u r s .  T h e  c a l c i n a t io n  t e m p e r a t u r e  h a s  b e e n  c h o s e n  in  a c c o r d a n c e  w i t h  t h e r m o g r a v im e t r i c  

a n a l y s i s  o f  th e  N H 4+ m o r d e n i t e :  th e  t e m p e r a t u r e  a t  w h ic h  th e  d e a m m o n ia t i o n  p r o c e s s  h a s  b e e n  

a l r e a d y  f in i s h e d  b u t  th e  d e h y d r o x y la t i o n  h a s  n o t  b e e n  s t a r t e d  y e t .  T h e  s t r u c t u r a l  a n d  e l e m e n t a l  

a n a l y s i s  p r o v e d  th a t  ( I )  th e  m o r d e n i t e  f r a m e w o r k  i s  k e p t  u n t o u c h e d ;  ( I I )  th e  a p p l i e d  io n  

e x c h a n g e  p r o c e s s e s  d o  n o t  l e a d  t o  a n  o v e r - e x c h a n g e ,  b e i n g  th e  l e v e l  o f  c o p p e r  e x c h a n g e  l i m i t e d  

t o  7 0 % ;  h o w e v e r ,  ( I I I )  th e  m i c r o w a v e  a s s i s t e d  t r e a t m e n t  r e s u l t e d  t o  a  s y s t e m a t i c a l l y  h ig h e r  

c o p p e r  e x c h a n g e  le v e l .

E P R  s p e c t r o s c o p y  i s  a  p o w e r f u l  t o o l  f o r  d e t e c t in g  p r e s e n c e  o f  C u 2+ i o n s  in  th e  s a m p l e  

a n d  id e n t i f y in g  n e a r e s t  e n v ir o n m e n t  a n d  th e  l o c a l  s y m m e t r y  o f  p a r a m a g n e t i c  io n s .  E P R  s p e c t r a  

w e r e  a c q u i r e d  w ith  B r u k e r  E l e x s y s  E 5 8 0  E P R  s p e c t r o m e t e r  ( X - b a n d )  in  th e  f i e l d  in t e r v a l  0 

1 0 0 0 0  G  w ith  m i c r o w a v e  p o w e r  o f  1 .5  m W , a  m o d u la t i o n  a m p l i t u d e  o f  5 .0  G ,  a  m o d u la t i o n  

f r e q u e n c y  o f  1 0 0  k H z .  T h e  s p e c t r a  w e r e  c o l l e c t e d  a t  3 0 0  K  f r o m  th e  f u l l y  h y d r a t e d  a n d  p a r t i a l l y  

d e h y d r a t e d  s a m p l e s .  T o  d e h y d r a t e  th e  s a m p le ,  i t  w a s  h e a t e d  u p  t o  4 7 3  K  a n d  6 7 3  K  in  th e  s a m e  

tu b e  u n d e r  p e r m a n e n t  p u m p in g  o u t .  T h e  s p e c t r a  w e r e  s i m u la t e d  a s  a  r a n d o m l y  o r ie n t e d  p o w d e r  

u s i n g  th e  p r o g r a m  E a s y S p i n  5 . 1 .9  a s  i m p l e m e n t e d  in  M A T L A B  R 2 0 1 6 b .

A c c o r d i n g  t o  o u r  E P R  s t u d y  t h e r e  a r e  a t  l e a s t  t w o  d i f f e r e n t  p a r a m a g n e t i c  c e n t e r s  o f  C u 2+ 

th a t  c a n  b e  a t t r ib u t e d  to  [ C u ( H 2O )n ]2+ c o m p l e x e s .  U p o n  th e  s a m p le  d e h y d r a t io n  o n e  o b s e r v e  

th e  g e n e r a l  d e c r e a s e  o f  E P R  s i g n a l  in t e n s i t y  th a t  c a n  b e  e x p l a i n e d  a s  f o l l o w s :  C u 2+ io n s  f r o m  

[ C u ( H 2O )n ]2+ s p e c i e s  l o o s i n g  w a t e r  a p p r o a c h  t o  th e  w a l l  o f  z e o l i t e  c h a n n e l  a n d  f o r m  v i r t u a l  

b o n d s  w ith  c h a r g e  t r a n s f e r  f r o m  f r a m e w o r k  o x y g e n s  to  C u 2+. T h i s  c h a r g e  t r a n s f e r  p r o c e s s  i s
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r e v e r s ib l e  a n d  r e h y d r a t io n  o f  th e  s a m p l e  l e a d s  to  th e  r e c o v e r in g  o f  C u 2+ io n s  c o o r d in a t io n ,  

s i m i l a r  a s  f o u n d  in  c o p p e r - e x c h a n g e d  m o r d e n i t e s  o b t a in e d  f r o m  th e  s o d i u m  f o r m  [ 5 ] .
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Multinuclear NMR investigation of structure of coupling 
products of salycilaldehydes and 2-aminobenzamid

I n n a  G . B o r o d k in a ,  G e n n a d i i  S . B o r o d k in ,  I g o r  S. V a s i lc h e n k o ,
P a v e l  B . C h e p u r n o y , N a t a ly a  V. S t a n k e v ic h

In s t i tu t e  o f  P h y s i c a l  a n d  O r g a n ic  C h e m is tr y , S o u th e r n  F e d e r a l  U n iv ers ity , S t a c h k i  p r .  1 9 4 /2 ,  
3 4 4 0 9 0  R o s t o v -o n -D o n , R u s s ia n  F e d e r a t io n ,
E - m a i l :  n m r @ ip o c .s f e d u .r u

Introduction
Q u in a z o l in o n e s  a r e  im p o r t a n t  o b j e c t s  o f  c h e m i s t r y ,  m e d ic i n e  a n d  t e c h n o lo g y .  T h e y  u s e  

a s  a g r o c h e m i c a l  a n d  v e t e r i n a r y  g e r m i c i d e s ,  a s  lu m i n e s c e n t ,  p h a r m a c o l o g i c a l  a g e n t s  a n d  

c h e m o s e n s o r s .

R ^ O H

H N

3

O

[O ]

+

1
2

O

R R

4 5

S c h e m e  1

S i m p l e s t  a n d  m o s t  e f f e c t i v e  m e t h o d  o f  t h e i r  o b t a in m e n t  i s  in t e r a c t io n  o f  c a r b o n y l  

c o m p o u n d s  ( f o r  e x a m p le ,  s a l y c i l a l d e h y d e s  ( 1 ) )  a n d  2 - a m in o b e n z a m id e  ( 2 )  w ith  s u b s e q u e n t  

o x y d i z i n g  o f  f o r m i n g  d ih y d r o q u i n a z o l i n o n e  ( 4 )  in  s itu  ( S c h e m e  1 )  b y  d i f f e r e n t  a g e n t s .  W e  h a v e  

i n v e s t i g a t e d  p e c u l i a r i t i e s  o f  t h e s e  r e a c t io n  a n d  s t r u c t u r e  o f  o b t a in e d  c o m p o u n d s  b y  I R ,  

m u l t in u c le a r  ( 'H ,  13C ,  15N )  2 D  N M R  ( D M S O - d 6 ,  C D C b )  s p e c t r o s c o p y  a n d  q u a n t u m - c h e m ic a l  

c a l c u la t i o n s .

Structure of obtained compounds
I R  s p e c t r u m  o f  ( 3 :  R  =  3 - O M e )  d e m o n s t r a t e s  a b s o r b t i o n  b a n d s  s e t  o f  C = N ,  C = O ,  N H 2 

( t w o  b a n d s ) ,  a n d  O H  g r o u p s  th a t  c o r r e s p o n d s  to  th e  s t r u c t u r e  3 .  A t  th e  s a m e  t i m e  N M R  'H  

s p e c t r u m  in  D M S O - d 6  s h o w s  t w o  s i g n a l s  o f  p r o t o n s  o f  N H 2 g r o u p  a t  7 . 4 7  a n d  7 . 8 4  p p m .

I t  m a y  b e  e x p l a i n e d  b y  u n s y m m e t r y  o f  a m id e  g r o u p  in  ( 3 :  R  =  3 - O M e )  w ith  f o r m a t i o n  

o f  t w o  5 -  a n d  6 - m e m b e r e d  H - c y c l e s  t h a t  h a s  b e e n  c o n f i r m e d  b y  r e s u l t s  o f  q u a n t u m - c h e m ic a l  

c a l c u l a t i o n s  D F T / B 3 L Y P / 6 - 3 1 1 + + G ( d , p )  -  F ig .  1 , 2 .
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F i g u r e  1. S tru ctu re  o f  (3 :  R  =  3 -O M e) F ig u r e  2. O ptim al stru ctu re  o f  (3 : R  =  3 -O M e)  
with u n sy m m etrica l a m id e  g r o u p  (E  =  0 .0  K Cal/M ol)

(A E  =  1 .6  K Cal/M ol)

I R  a n d  N M R  lH  s p e c t r a  o f  ( 3 :  R  =  5 - O M e )  r e s e m b l i n g  to  th e  o n e s  o f  ( 3 :  R  =  3 - O M e ) ,  

t h a t  a l l o w s  a t t r ib u te  th e  s a m e  s t r u c t u r e  w i t h o u t  f o r m a t i o n  o f  f i v e - m e m b e r e d  H - c y c le .

I R  s p e c t r u m  o f  ( 3 :  R  =  H )  d e m o n s t r a t e s  th e  s a m e  s e t  o f  b a n d s  e x c l u d i n g  o n e  a t  1 6 0 0 

1 6 3 0  c m -1. N M R  1H  s p e c t r u m  o f  t h i s  c o m p o u n d  in  D M S O - d e  a l s o  d i f f e r s  b y  th e  a b s e n c e  o f  

H C = N  p r o t o n  s i g n a l  b u t  s h o w s  t r i p l e t  s i g n a l  a r o u n d  6  p p m .  N H  p r o t o n s  a l s o  p r e s e n t e d  b y  tw o  

p e a k s .  S p e c t r u m  N M R  1H  C O S Y  s h o w s  th r e e  c o n n e c t e d  s i g n a l s  ( F i g .  3 )  s u p p o r t in g  th e  

s t r u c t u r e  4  f o r  t h i s  a ld i m in e  t h a t  c o n f i r m s  b y  r e s u l t s  o f  q u a n t u m - c h e m ic a l  c a l c u la t i o n s .

F i g u r e  3. S p ectru m  N M R  1H  C O S Y  o f ( 3 :  R  =  H )
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S p e c t r u m  N M R  'H  o f  s o l u t io n  o f  ( 3 :  R  =  5 - F )  in  D M S O - d 6  i s  m o r e  c o m p l e x  s h o w in g  

th e  m i x t u r e  o f  t w o  f o r m s  -  a c y c l i c  a n d  c y c l i c  ( 2 :1 ) .  U n d e r  h e a t i n g  t o  9 0  ° C  w e  r e g i s t e r e d  o n ly  

o n e  c y c l i c  f o r m .  S p e c t r u m  N M R  1H  o f  s o l u t io n  o f  t h i s  c o m p o u n d  in  C D C b  d e m o n s t r a t e s  

a n o t h e r  p i c t u r e  -  a t  3 0  ° C  i t  c o r r e s p o n d s  t o  c y c l i c  f o r m  b u t  a f t e r  k e e p in g  f o r  o n e  d a y  i t  s h o w s  

p r e s e n c e  o f  t w o  f o r m s  -  c y c l i c  a n d  a c y c l i c  o n e s .

I R  a n d  N M R  d a t a  r e v e a l e d  t h a t  p r o d u c t  ( 3 :  R  =  5 - N O 2)  e x i s t s  in  c y c l i c  f o r m  4  b o th  in  

th e  s o l i d  s t a t e  a n d  s o lu t io n .

U s i n g  o r g a n i c  a c i d s  a s  s o l v e n t s  in  th e  r e a c t io n s  s h o w in g  in  th e  S c h e m e  1 u n d e r  h e a t i n g  

in  th e  p r e s e n c e  o f  a i r  l e a d s  t o  th e  f o r m a t i o n  o f  q u i n a z o l o n e s  5 .

2 D  'H - 15N  N M R  s p e c t r a  in  D M S O - d s  a n d  C D C b  s u p p o r t  a b o v e  i n f e r e n c e s  o n  th e  

s t r u c t u r e  o f  i n v e s t i g a t e d  c o m p o u n d s .

Conclusion
S o ,  w e  h a v e  f o u n d  th a t  p r o d u c t s  o f  s a l y c i l a l d e h y d e s  a n d  2 - a m in o b e n z a m id e  c o u p l i n g  

p o s s e s s  a ld i m in e  o r  a l d i m in e / d i h y d r o q u in a z i lo n e  s t r u c t u r e  f o r  c o m p o u n d s  w ith  e l e c t r o n  d o n o r  

s u b s t i t u e n t s  in  th e  a ld e h y d e  r in g  a n d  d ih y d r o q u i n a z i lo n e  s t r u c t u r e  f o r  n e u t r a l  a n d  e l e c t r o n  

a c c e p t o r  o n e s .
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Computer Simulations of PEDOT:PSS/solid interface
A r m a n d o  C o n s i g l i o 1 , A n d r e i  V . K o m o l k i n 2, T o b i a s  C r a m e r 1

d e p a r t m e n t  o f  P h y s i c s  a n d  A s t r o n o m y ,  A l m a  M a t e r  S t u d i o r u m  -  B o l o g n a  U n i v e r s i t y  

2D e p a r t m e n t  o f  N u c l e a r  P h y s i c s  R e s e a r c h  M e t h o d s ,  V . A .  F o c k  I n s t it u t e  o f  P h y s i c s ,  S a i n t -  

P e t e r s b u r g  S t a t e  U n i v e r s i t y  

E - m a i l :  a r m c o n s i g l i o @ g m a i l .  c o m

Introduction
A m o n g  th e  c o n d u c t in g  p o ly m e r s ,  p o ly ( 3 ,4 - e t h y le n e d io x y th io p h e n e ) :p o ly ( s ty r e n e  s u l f o n a t e )  

( P E D O T : P S S )  i s  o n e  o f  th e  m o s t  u s e d  m a t e r i a l s  in  th e  f i e l d  o f  b i o e l e c t r o n i c s  [ 1 ]  d u e  t o  i t s  

b io c o m p a t ib i l i t y ,  c h e m ic a l  s t a b i l i t y  a n d  h ig h  e l e c t r o n ic  a s  w e l l  a s  i o n i c  c h a r g e  t r a n s p o r t  

m o b i l i t i e s  [ 2 ] .

D e s p i t e  m a n y  e x p e r i m e n t a l  f i n d i n g s  a  m i c r o s c o p i c  u n d e r s t a n d i n g  o f  th e  m a t e r i a l s  

e l e c t r o n ic  p r o p e r t i e s  i s  c u r r e n t ly  e l u s iv e .  M a i n  r e a s o n  i s  th e  l a c k  o f  s t r u c t u r a l  a t o m i s t i c  d a t a  o f  

th e  p o l y m e r  b le n d ,  t h a t  i s  d i f f i c u l t  t o  o b t a in  b e c a u s e  o f  th e  d i s o r d e r e d  a n d  n a n o - c r y s t a l l i n e  

m o r p h o l o g y  [ 3 ] .

In  t h i s  w o r k  w e  d e v e l o p  a n d  u s e  M o l e c u l a r  D y n a m i c s  b a s e d  m e t h o d s  t o  s i m u la t e  th e  

s t r u c t u r e  o f  P E D O T : P S S  in  p r e s e n c e  o f  a n  in t e r f a c e ,  p o i n t i n g  o u t  th e  d i f f e r e n c e s  b e t w e e n  

i n t e r f a c i a l  a n d  b u l k  b e h a v io r .

T h e  r e s u l t s  o b t a in e d  b y  c o m p u t e r  s i m u la t i o n s  c a n  b e  u s e d  t o  e s t i m a t e  e x p e r i m e n t a l l y  

a c c e s s i b l e  p a r a m e t e r s  a n d  t o  c o m p a r e  th e m  w ith  a l r e a d y  e x i s t i n g  e x p e r i m e n t a l  d a ta .

Current Results
O u r  s i m u la t i o n s  a r e  p e r f o r m e d  in  a  b o x  o f  ~  1 0 0 x 1 0 0 x 1 0 0  A 3 in  w h ic h  w e  c o n s id e r e d  

1 8 0  P E D O T  m o n o m e r s  a n d  3 6 0  P S S  m o n o m e r s ,  t o g e t h e r  w ith  2 9 0 0 0  w a t e r  m o l e c u l e s  a n d  3 6 0  

N a +  c o u n t e r io n s .

E a c h  P E D O T  o l i g o m e r s  i s  c o m p o s e d  b y  6  m o n o m e r s ,  w h i l e  e a c h  P S S  p o l y m e r  i s  

c o m p o s e d  b y  1 2  m o n o m e r s .

F i g u r e  1 .  O n  t h e  le f t  i s  s h o w e d  a  d i m e r  o f  P E D O T ,  w h i l e  o n  t h e  r i g h t  a  m o n o m e r  o f  P S S ,  b o t h  

c r e a t e d  w it h  J M O L  s o f t w a r e .  G r a y  s p h e r e s  r e p r e s e n t  c a r b o n  a t o m s ,  r e d  s p h e r e s  r e p r e s e n t  

o x y g e n  a t o m s ,  y e l l o w  s p h e r e s  r e p r e s e n t  s u l f u r  a t o m s  a n d  w h it e  s p h e r e  r e p r e s e n t

h y d r o g e n  a t o m s
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F i g u r e  2. O n the left  is sh o w ed  a n  o lig o m e r  o f  P E D O T , w h ile o n  the r ig h t  a  p o ly m e r  o f  P SS , 
both c re a t e d  w ith JM O L  softw are. N o te  the atacticity  o f  the P S S  p o ly m e r

B e c a u s e  o f  t h e  v e r y  h ig h  a m o u n t  o f  w a t e r  c o n te n t ,  th e  d e n s i t y  o f  t h e  s y s t e m  i s  ~  1 g / c m 3. 

T h e  f i r s t  c a l c u l a t i o n s  a r e  p e r f o r m e d  in  a  N p T  e n s e m b le  a t  T  =  2 9 8 K .

F i g u r e  3. O n the left  is sh o w ed  the in itia l co n fig u ra tio n  o f  P E D O T  a n d  P S S  in  the c e l l  box, 
w h ile  o n  the r ig h t  the sa m e system  a fte r  so m e  n a n o s e co n d s  o f  calcu la tio n s, to g eth er  w ith

w ater m o lecu les

D u r i n g  o u r  s i m u la t i o n  w e  s e e  t h a t  N a +  c o u n t e r io n s  a r e  g e t t i n g  c l o s e r  t o  S O 3  g r o u p  o f  P S S .

F i g u r e  4. O n the left  is sh o w ed  the co n fig u ra tio n  o f  P E D O T :P S S  a fte r  so m e ca lcu la tio n s  
(P S S  in  red , b a ck b o n e  o f  P S S  in  b la ck  a n d  P E D O T  in  g r e e n ) ,  w ithout s h o w in g  w a ter  

m o lecu les . O n the r ig h t  is sh o w ed  on ly  the la m ella r  stru ctu re  o f  P E D O T
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P E D O T  o l i g o m e r s  a r e  g e t t i n g  c l o s e r  to  P S S  p o l y m e r s  w h i le  P E D O T  o l i g o m e r s  a r e  

o r d e r in g  in  l a m e l l a r  s t r u c t u r e s ,  w ith  a b o u t  3 .5  A  s p a c i n g  b e t w e e n  th e  d i f f e r e n t  p i - o r b i t a l  p l a n e s ,  

a s  o b s e r v e d  in  X R D  p a t t e r n s .

F i g u r e  5. Z oom  on  the la m ella r  s tru ctu re  o f  P E D O T  o ly go m ers, 
a fter  so m e n a n o s e co n d  o f  sim u lation

H e r e  a r e  r e p o r t e d  o u r  d a t a  a b o u t  d i f f u s i o n  c o e f f i c i e n t  a n d  m e a n  s q u a r e d  d i s p l a c e m e n t .  

N o t e  h o w  th e  h e a v i e s t  m o l e c u l e s  a r e  t h o s e  o f  P S S ,  a n d  th e  l i g h t e s t  o n e  t h o s e  o f  w a te r .

F ig u r e  6. M ea n  s q u a r e d  d isp la cem en t  on  the left a n d  diffu sio n  co e ffic ien t  o n  the r ig h t
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Introduction
D i s c o v e r y  o f  c y c l o s p o r i n e  in  1 9 7 1  b e g a n  a  n e w  e r a  in  im m u n o p h a r m a c o l o g y .  I t  w a s  th e  

f i r s t  i m m u n o s u p p r e s s i v e  d r u g  th a t  a l l o w e d  s e l e c t i v e  im m u n o r e g u l a t io n  o f  T  c e l l s  w i th o u t  

e x c e s s i v e  t o x i c i t y .  C y c l o s p o r i n e  w a s  i s o l a t e d  f r o m  th e  f u n g u s  T o ly p o cla d iu m  in flatum  
G a m s  [1 ]  a n d  o th e r  f u n g i  im p e r f e c t i  o r  v i a  d i r e c t e d  b i o s y n t h e s i s  o r  t o t a l  c h e m ic a l  s y n t h e s i s .

A s  e a r l y  a s  in  1 9 7 8 ,  th e  i m m u n o s u p p r e s s i v e  a c t io n  o f  c y c l o s p o r i n e  A  w a s  r e p o r t e d  to  

b e  e f f e c t i v e  in  p r e v e n t in g  o r g a n  r e je c t io n s  a n d  in  th e  t r e a t m e n t  o f  g r a f t - v e r s u s - h o s t  d i s e a s e s .  

C y c l o s p o r i n e  A  i s  n o w  w i d e l y  a p p r o v e d  f o r  r e s t r a i n in g  r e je c t io n  f o l l o w i n g  s o l i d  o r g a n  

t r a n s p l a n t a t io n s  ( e s p e c i a l l y  h e a r t ,  lu n g  a n d  k i d n e y ) ,  a n d  p r e v e n t in g  a n d  t r e a t in g  g r a f t - v e r s u s -  

h o s t  d i s e a s e  a f t e r  b o n e  m a r r o w  t r a n s p l a n t s .  I t  h a s  a l s o  b e e n  u s e d  in  th e  t r e a t m e n t  o f  n u m e r o u s  

a u t o i m m u n e  d i s e a s e s .  H o w e v e r ,  m a n y  a d d i t io n a l  b i o l o g i c a l  a c t i o n s  o f  C s A  h a v e  b e e n  r e p o r te d ,  

in c lu d in g  a n t i - i n f la m m a t o r y ,  a n t i - p a r a s i t i c  ( a n t i - m a l a r i a ) ,  a n t i f u n g a l  a n d  a n t i v i r a l  ( a n t i - H I V )  

a c t io n .  T h e  d r u g  s u p p r e s s e s  T - c e l l - d e p e n d e n t  im m u n e  r e a c t i o n s  a s  i t  in h i b i t s  ly m p h o c y t e  

a c t iv a t i o n  b y  b l o c k i n g  th e  t r a n s c r ip t io n  o f  c y t o k i n e  g e n e s  f o r  in t e r le u k in s ,  in  p a r t i c u l a r  I L - 4  

a n d  I L - 2 .  D e v e l o p i n g  a n  e f f i c i e n t  o r a l  d e l i v e r y  s y s t e m  f o r  t h i s  d r u g  i s  c o m p l i c a t e d  b y  i t s  p o o r  

b i o p h a r m a c e u t i c a l  c h a r a c t e r i s t i c s  ( l o w  s o l u b i l i t y  a n d  p e r m e a b i l i t y )  a n d  th e  n e e d  to  c a r e f u l l y  

m o n i t o r  i t s  l e v e l s  in  th e  b lo o d  [ 2 ] .

Object
C s A  i s  a  h y d r o p h o b ic  p e p t id e  w ith  a  u n iq u e  s t r u c t u r e  c o n s i s t i n g  o f  11 a m in o  a c id  

r e s id u e s ,  s e v e n  o f  w h ic h  a r e  N - m e t h y l a t e d  ( F i g .  1 , l e f t  p a n e l ) .  T h e  e x t e n s i v e  m e t h y la t i o n  a n d  

h y d r o p h o b ic  c h a r a c t e r  o f  th e  a m in o  a c i d  r e s i d u e s  t o g e t h e r  w ith  t h e ir  f o u r  in t r a - m o le c u l a r  

h y d r o g e n  b o n d s ,  w h ic h  c o n f e r  a  h ig h  r i g id i t y  t o  th e  c y c l i c  s t r u c t u r e ,  m e a n  th e  d r u g  h a s  a  v e r y  

lo w  a q u e o u s  s o l u b i l i t y .  I t  h a s  a  m o l e c u l a r  w e i g h t  o f  1 2 0 2 .6  D a  a n d  i t s  m o l e c u l a r  f o r m u l a  i s  

C 6 2 H r n N n O 1 2 .

T h e r e  a r e  m a n y  n a tu r a l  v a r i a n t s  o f  c y c l o s p o r i n e ,  f o r  e x a m p l e  A ,  B ,  C ,  D ,  e t c .  

C y c l o s p o r i n  C  i s  o n e  o f  t h e m  a n d  d i f f e r s  f r o m  C s A  b y  th e  a l t e r n a t io n  o f  th e  s e c o n d  r e s id u e .  

S u b s t i t u t i o n  o f  t h r e o n in e  f o r  th e  a m in o b u t y r i c  a c i d  ( A b u 2 )  r e s id u e  y i e l d s  c y c l o s p o r i n  C  ( C s C )  

( F i g .  1, r ig h t  p a n e l ) ,  o n e  o f  c o n g e n e r s  w h ic h  s t i l l  h a s  s o m e  i m m u n o s u p p r e s s i v e  a c t iv i t y ,  t h o u g h  

w e a k e r  th a n  th a t  o f  C s A .

Method
E x p e r i m e n t s  w e r e  c o n d u c t e d  o n  a  B r u k e r  A v a n c e  5 0 0  a n d  A v a n c e  H D  7 0 0  N M R  

s p e c t r o m e t e r s .  T h e  s a m p l e s  w e r e  p r e p a r e d  a t  a  c o n c e n t r a t i o n  o f  ~ 1  m M  in  d im e t h y l f o r m a m id e  

( D M F ) .  S e v e r a l  o n e - d i m e n s i o n a l  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  a t  v a r y i n g  t e m p e r a t u r e s  r a n g i n g  

f r o m  1 4 °  t o  4 0 ° C .  T w o - d im e n s io n a l  R O E S Y  s p e c t r a  w e r e  a l s o  o b t a in e d  to  v i s u a l i z e  th e  p a t t e r n  

o f  c h e m ic a l  e x c h a n g e .
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F i g u r e  1. C h e m ica l s tru ctu res  o f  cy c lo sp o rin e  A  (left) a n d  C  (righ t)

Results
S o  a s  n o t i c e d  in  th e  r a n g e  ( 4 - 6  p p m )  o f  1H  N M R  s p e c t r a  ( F i g .  2 ) ,  th e r e  a r e  s o m e  w e a k  

s i g n a l s  o v e r l a p p i n g  w ith  th e  m a jo r  o n e s .  T h i s  s p e c t r a l  r e g io n  c o n t a i n s  s i g n a l s  o f  th e  b a c k b o n e  

H a  p r o t o n s ,  a n d  i t  i s  o b v i o u s  t h a t  th e  n u m b e r  o f  s i g n a l s  e x c e e d s  th e  n u m b e r  o f  r e s i d u e s  in  th e  

c y c l o s p o r i n e  c h a in .  H e n c e ,  a  s l o w  o n  th e  N M R  t i m e  s c a l e  c h e m ic a l  e x c h a n g e  o c c u r s  w h e n  C s C  

i s  d i s s o l v e d  in  D M F ,  w h ic h  i s  e x p e c t e d  in  p o l a r  m e d i a  [ 3 ] .

T o  o b s e r v e  th e  e x c h a n g e  p e a k s ,  i t  w a s  r e q u ir e d  t o  d o  a  2 D  m e a s u r m e n t .  T h e  m e t h o d  o f  

e x c h a n g e  s p e c t r o s c o p y  g i v e s  s p e c t r a  c o n t a i n in g  c r o s s - p e a k s  d u e  t o  s l o w  c h e m ic a l  e x c h a n g e  

a n d  n u c le a r  O v e r h a u s e r  e f f e c t  ( F i g .  3 ) .  In  o u r  c a s e  th e y  c a n  b e  d i s t i n g u i s h e d  b y  th e  s i g n a l  p h a s e :  

N O E  p e a k s  a r e  o p p o s i t e  in  s i g n  t o  th e  d i a g o n a l  p e a k s  ( “ n e g a t i v e ” ) ,  w h i l e  e x c h a n g e  p e a k s  h a v e  

th e  s a m e  p h a s e .
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F i g u r e  3. P a r t  o f  2 D  E X S Y  (R O E S Y ) s p e ctru m  o f  C s C  in  D M F  o b ta in ed  at 7 0 0  M H z, 2 5 °C ,  
w ith th e m ix in g  tim e o f 3 6 0  m s

I t  i s  e v i d e n t  f r o m  F i g .  3 ,  t h a t  H a  p r o t o n s  i n  d i f f e r e n t  o b s e r v e d  c o n f o r m e r s  h a v e  c h e m i c a l  

s h i f t s  w h i c h  d i f f e r  b y  u p  t o  1  p p m .  M u l t i p l e  N O E  c r o s s - p e a k s  a r e  a l s o  o b s e r v e d ,  w h i c h  a r e  

u n t y p i c a l  f o r  t h i s  s p e c t r a l  r a n g e .  T h e y  c o r r e s p o n d  t o  c a s e s  w h e n  t w o  H a  p r o t o n s  c o m e  c l o s e  t o  

e a c h  o t h e r  i n  s p a c e  ( b y  a  d i s t a n c e  < 5  A ) ,  w h i c h  i n d i c a t e s  t h a t  t h e  p e p t i d e  b o n d  b e t w e e n  

c o r r e s p o n d i n g  r e s i d u e s  a d o p t s  t h e  c i s - c o n f o r m a t i o n  ( a n g l e  rn =  0 ° ) .
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Introduction
T e t r a p y r r o l e  p r o t o n  s p e c t r a  a r e  i m a g e s  w h e r e  d i f f e r e n c e s  b e t w e e n  t h e m  a r e  to  b e  fo u n d .  

P r o t o n  s p e c t r a  c a n  b e  m e r g e d  in to  o n e  a n d  th e  d i f f e r e n c e s  c a n  b e  v i s u a l l y  n o t i c e d .  I n  s p o t  th e  

d i f f e r e n c e  p u z z l e s  th e  s o l u t io n  to  th e  p u z z l e  i s  p r in t e d  n e a r b y  o r  a t  th e  e n d  o f  th e  p u z z l e  b o o k .

Tetrapyrrole proton spectra
T e t r a p y r r o l e  p r o t o n  s p e c t r a ,  in  th e  lo w  f i e l d ,  h a v e  v in y l  g r o u p  s p i n - s y s t e m  ( F ig .  1 , 2 ) .  

A f t e r  v in y l  p r o t o n  s i g n a l s  a r e  a s s i g n e d ,  th e  a s s i g n m e n t  c a n  c o n t in u e  c o u n t e r c lo c k w i s e ,  s i n c e  

th e  n e ig h b o r in g  g r o u p s  in  th e  m o l e c u l e  a r e  w i t h in  th e  d i s t a n c e  l e s s  th a n  5 Л .  T e t r a p y r r o l e s  

c o n t a i n  c h ir a l  c a r b o n  a t o m s  a n d  i s o m e r s  h a v e  d i f f e r e n c e s  in  p r o t o n  s p e c t r a  t h a t  c a n  b e  n o t i c e d .
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P r e v i o u s  t e t r a p y r r o l e  m o l e c u l e s  a r e  in  a c c o r d a n c e  w ith  th e  s e n t e n c e :  “ T h e  w o r ld  i s  

c h i r a l  a n d  c l in a l ,  e n jo y  th e  s y m m e t r y  w h e r e v e r  y o u  f in d  i t ”  [ 1 ] .

T h e  p u z z l e  g a m e  c a n  c o n t in u e  w ith  a d o p t i n g  th e  b i l i r ib u n  w ith in  c h ir a l  m o l e c u le s .

F i g u r e  3. B iliru b in  p ro to n  sp ectru m
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Introduction
C u r r e n t ly ,  m e m b r a n e  t e c h n o l o g i e s  a r e  p o p u l a r  a n d  w i d e l y  a p p l i e d  in  m a n y  a r e a s  o f  

s c i e n c e  a n d  t e c h n o l o g y  d u e  to  i t s  c h a r a c t e r i s t i c s .  A m o n g  m e m b r a n e  m e t h o d s ,  th e  m o s t  

p r o m i s in g  a n d  e v o l v i n g  p r o c e s s  i s  p e r v a p o r a t io n  t h a t  i s  e n v i r o n m e n t a l ly  f r ie n d ly ,  n o t  e n e r g y 

in t e n s i v e  a n d  d o e s  n o t  r e q u ir e  l a r g e  m a t e r i a l  c o s t s .  T h e  r a p i d  d e v e lo p m e n t  o f  p e r v a p o r a t io n  

d e t e r m in e s  th e  r e l e v a n c e  a n d  th e  n e e d  th e  c r e a t io n  o f  h ig h l y  e f f i c i e n t  m e m b r a n e s  w ith  

im p r o v e d  p h y s i c o c h e m i c a l  a n d  t r a n s p o r t  p r o p e r t i e s .  O n e  o f  th e  s i m p l e s t  m e t h o d s  to  m o d i f y  

p o l y m e r i c  m e m b r a n e s  i s  a  b u l k  m o d i f i c a t i o n  b y  c o m b in in g  t w o  o r  m o r e  p o l y m e r s  in  d i f f e r e n t  

c o n c e n t r a t i o n  r a t i o s  t h a t  a r e  f u l l y  c o m p a t ib le .  T h i s  b l e n d in g  o f  p o l y m e r s  i s  u s e d  t o  im p a r t  

d e s i r a b le  p r o p e r t i e s  t o  th e  m e m b r a n e .  In  t h i s  w o r k ,  o n e  o f  th e  m o s t  im p o r t a n t  a n d  w id e s p r e a d  

a r o m a t i c  p o l y a m i d e s  p o l y p h e n y le n e  i s o p h t h a la m i d e  ( P A )  w a s  s e l e c t e d  a s  th e  p o l y m e r  f o r  th e  

p r e p a r a t i o n  o f  d e n s e  m e m b r a n e s  d u e  to  i t s  p h y s i c o c h e m i c a l  p r o p e r t i e s  ( h ig h  th e r m a l  s t a b i l i t y ,  

h ig h  r e s i s t a n c e  to  o r g a n i c  s o l v e n t s  a n d  r i g i d  s t r u c t u r e ) .  B l o c k  c o p o l y m e r  o f  p o l y e t h y l e n e  g l y c o l  

a n d  p o l y p r o p y le n e  g l y c o l  ( P lu r o n ic  F 1 2 7 )  w a s  c h o s e n  a s  p o l y m e r  a d d i t iv e  f o r  th e  b u l k  

m o d i f i c a t i o n  o f  P A  d u e  to  i t s  a m p h i p h i l i c  n a tu r e .

T h e  a i m s  w a s  to  c r e a t e  a n d  s t u d y  o f  n e w  h ig h l y  e f f i c i e n t  p e r v a p o r a t io n  m e m b r a n e s  

b a s e d  o n  th e  p o l y p h e n y le n e  i s o p h t h a la m i d e  m o d i f i e d  b y  P lu r o n ic  F 1 2 7  w ith  im p r o v e d  

p h y s i c o c h e m ic a l  a n d  t r a n s p o r t  p r o p e r t i e s  f o r  h ig h l y  e f f i c i e n t  r e s o u r c e - s a v i n g  s e p a r a t i o n  o f  

o r g a n i c  m i x t u r e s  b y  p e r v a p o r a t io n .  T h e  s t r u c t u r a l  c h a r a c t e r i s t i c s  a n d  p h y s i c o c h e m ic a l  

p r o p e r t i e s  o f  th e  p r e p a r e d  c o m p o s i t e s  w e r e  s t u d i e d  b y  v a r i o u s  m e t h o d s  o f  a n a l y s i s  ( I R  

s p e c t r o s c o p y ,  s c a n n in g  e l e c t r o n  m i c r o s c o p y  ( S E M ) ,  m e a s u r e m e n t  o f  th e  c o n t a c t  a n g l e  a n d  

s o r p t i o n  e x p e r i m e n t s ) .  T h e  t r a n s p o r t  p r o p e r t i e s  o f  th e  o b t a in e d  d e n s e  m e m b r a n e s  w e r e  

e x a m i n e d  b y  p e r v a p o r a t io n  f o r  th e  s e p a r a t i o n  o f  i n d u s t r i a l ly  s i g n i f i c a n t  m i x t u r e  o f  m e t h a n o l-  

t o lu e n e .  I t  w a s  s h o w n  th a t  th e  m o d i f i c a t i o n  o f  P A  w ith  P lu r o n ic  F 1 2 7  le d  t o  th e  s i g n i f i c a n t  

c h a n g e s  o f  s t r u c t u r e  a n d  p h y s i c o c h e m ic a l  p r o p e r t i e s  o f  t h e  p o l y m e r i c  m e m b r a n e s  c a u s e d  th e  

i n c r e a s e  o f  m e m b r a n e  p r o d u c t i v i t y  f o r  p e r v a p o r a t io n  s e p a r a t i o n .
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Two-quantum optically detected resonances in NV centers 
in diamond in zero magnetic field

A le x a n d e r  K . D m itriev , A n to n  K . V ershov sk ii

Io ffe  Institute, 2 6  P o litek h n ich esk a y a , St. P e t e r s b u r g  1 9 4 0 2 1  R u ssia  
E - m a il: a lex d m k 7 7 7 @ g m a il .c o m

Introduction
T h e  m e t h o d s  f o r  c o n t r o l l i n g  s p in  s t a t e s  o f  n e g a t i v e l y  c h a r g e d  n i t r o g e n - v a c a n c y  c e n t e r s  

u s i n g  a  c o m b in a t io n  o f  m i c r o w a v e  ( M W )  o r  r a d i o f r e q u e n c y  ( R F )  e x c i t a t io n  f i e l d  [ 1 ,2 ]  f o r  

e l e c t r o n  s p in  t r a n s i t i o n s  a n d  R F  e x c i t a t io n  f i e l d  f o r  n u c le a r  s p in  t r a n s i t i o n s  a r e  m o s t  e f f e c t i v e  

in  s t r o n g  m a g n e t i c  f i e l d s  w h e r e  l e v e l  a n t i - c r o s s i n g  ( L A C )  o c c u r s  [ 3 ] .  H o w e v e r ,  L A C  in  z e r o  

f i e l d  c a n  a l s o  b e  u s e d  t o  c o n t r o l  s p in  s t a t e s ,  a s  w e l l  a s  t o  e x c i t e  n a r r o w  r e s o n a n c e s  f o r  

m e t r o l o g i c a l  a p p l i c a t i o n .  H e r e  w e  p r e s e n t  m a g n e t i c a l l y  in d e p e n d e n t  r e s o n a n c e s  a r i s i n g  in  th e  

O D M R  s p e c t r a  o f  N V  c e n t e r s  in  b u l k  d i a m o n d  u n d e r  t w o - f r e q u e n c y  ( M W + R F )  r e s o n a n t  

e x c i t a t io n  in  z e r o  m a g n e t i c  f i e ld ,  a n d  d i s c u s s  t h e ir  s p e c i f i c i t y .

Energy structure of the ground-state of NV center
T h e  l e v e l  s t r u c t u r e  o f  3A 2 g r o u n d  s t a t e  in  e x t e r n a l  m a g n e t i c  f i e l d  B  i s  d e f in e d  b y  th e  

H a m i l t o n ia n  [ 4 ] :

h  = D(S2 -  3  s 2) + E (S 2 -  s ; ) + g ^ BB • S + A S I  + A S f  + Syf ) + p i 2 -  g ^ B  • I , ( 1 )

w h e r e  =  Ы 3 . 9 9 6 4 0 9 H z / T  i s  th e  B o h r  m a g n e t o n ,  I  i s  th e  14N  n u c le a r  ( I  =  1 ) , S  i s  th e  

e l e c t r o n  s p in  o f  N V  c e n t e r  ( S  =  1 ) , =  h - 7 .6 2 2 - 1 0 6 H z / T  i s  th e  n u c le a r  m a g n e t o n ,  D  =

2 . 8 7  G H z  a n d  E  a r e  a x i a l  a n d  t r a n s v e r s e  z e r o - f i e l d  s p l i t t i n g  ( Z F S )  p a r a m e t e r s ,  g s  =  2 . 0 0 3  a n d  

g i  =  0 . 4 0 3  a r e  e l e c t r o n  a n d  n u c le a r  g - f a c t o r s ,  A || =  - 2 . 1 6  M H z  a n d  A ±  =  - 2 . 7  M H z  a r e  a x i a l  a n d  

t r a n s v e r s e  h y p e r f in e  s p l i t t i n g  p a r a m e t e r s ,  P  =  4 . 9 5  M H z  i s  th e  q u a d r u p o le  s p l i t t i n g  p a r a m e t e r .  

D e n o t e  e i g e n s t a t e s  o f  th e  g r o u n d  s t a t e  |m s ,  m i > ;  f o r  th e  n i t r o g e n  i s o t o p e  14N  b o th  e l e c t r o n ic  a n d  

n u c le a r  s p in  p r o j e c t i o n s  t a k e  v a l u e s  m s ,  m i  =  0 ,  ± 1 .

F i g u r e  1. N V  c e n t e r  g ro u n d -sta te  sp littin g  f r e q u e n c i e s ’ d e p e n d e n c e  on  a x ia l lo ca l m a g n etic  
f ie ld , c a lc u la te d  f o r  a  d ia m o n d  cry sta l with tra n sv erse  Z F S  p a ra m e t e r  E  =  1 .8  M H z. S in g le  

a rro w s  re p re s e n t  the M W  d riv e  f ie ld , d o u b le  a rro w s  r e p re s e n t  th e  R F  d riv e  f i e l d
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T h e  e n e r g y  s t r u c t u r e  o f  N V  c e n t e r  in  z e r o  a n d  u l t r a - w e a k  f i e l d s  i s  m o r e  c o m p l e x  th a n  

in  s t r o n g  o n e s  ( F ig .  1 ) ;  i t  c o n t a i n s  b o t h  l e v e l  c r o s s i n g s  a n d  a n t i - c r o s s i n g s ,  p a r t i a l l y  m a s k e d  b y  

th e  in h o m o g e n e i t y  o f  th e  c r y s t a l ’ s  in t e r n a l  f i e ld s .  T h e r e f o r e ,  p u r e  e n e r g y  s t a t e s  |m S , m I >  a t  

B  «  0  m i x  in  s u p e r p o s i t i o n s .

Experiment and discussion
T h e  e x p e r i m e n t a l  s e t u p  w a s  d e s c r i b e d  in  [ 5 ] :  a  s y n t h e t ic  d i a m o n d  o f  S D B 1 0 8 5  6 0 / 7 0  

g r a d e  ( m a n u f a c t u r e d  b y  E l e m e n t  S i x )  w i t h  d i m e n s i o n s  0 .1  x  0 .3  x  0 .3  m m  w a s  s u b je c t e d  to  

e l e c t r o n  i r r a d i a t io n  (5 •  1 0 18 c m -2)  a n d  s u b s e q u e n t  a n n e a l in g  in  A r  a t  8 0 0 ° C  o v e r  2  h o u r s .  T h e  

c r y s t a l  w a s  u s e d  a t  r o o m  t e m p e r a t u r e ;  i t  w a s  a t t a c h e d  b y  o p t i c a l l y  t r a n s p a r e n t  g l u e  to  th e  e n d  

o f  a n  o p t i c a l  f ib e r .

W e  e x c i t e d  t w o - f r e q u e n c y  O D M R  in  B  =  ( 0  ^  1 )  m T  u s i n g  M W  d r i v e  f i e l d  f MW in  

c o m b in a t io n  w i t h  a d d i t io n a l  R F  f i e l d  f RF. T h i s  w a y  w e  h a v e  r e c o r d e d  tw o  s y m m e t r i c a l  h o l l o w s  

in  O D M R  s p e c t r u m  ( F i g .2 ,  3 ) ,  a r i s i n g  u n d e r  c o n d i t io n s

( 2 )

( 3 )

f m w  ±  ^ - / r f  =  D , 

v 0 -  A <  2 |  / m w  -  D |  <  v 0 +  A, o r

v, A <  / r f  <  v о +  A ,

w h e r e  V0 =  ( 4 .3 4  ±  0 . 0 2 )  M H z  i s  th e  c e n t e r  o f  th e  r e s o n a n c e  e n v e l o p e  in  R F  s c a l e ,  a n d  Д  =  ( 2 .1 4  

±  0 . 0 4 )  M H z  i s  th e  h a l f - w i d t h  o f  th e  e n v e l o p e .  W e  h a v e  o b s e r v e d  s i m i l a r  r e s o n a n c e s  

p r e v i o u s l y ,  w h i le  a p p l y i n g  lo w - f r e q u e n c y  a m p l i t u d e  m o d u la t i o n  to  th e  M W  f i e l d  [ 6 ] ;  t h i s  t im e  

w e  a p p l i e d  th e  s a m e  m o d u l a t i o n  to  th e  R F  f i e ld ,  w h ic h  c a u s e d  a t  l e a s t  a  t w o - f o l d  in c r e a s e  in  

th e  c o n t r a s t  o f  th e  r e s o n a n c e s ,  a n d  c h a n g e d  t h e i r  s h a p e .

F ig u r e  2. (a )  V iew  o f  th e  f i b e r  en d , a n d  a  s c h e m a t i c  d ia g r a m  o f  m a g n e t o m e t e r  s e n s o r :
1 -  d i a m o n d  c r y s ta l ,  2  -  o p t i c a l  f i b e r ,  3  - t r a n s p a r e n t  g lu e ,  4  -  r e f l e c t iv e  c o a t in g ,  5  -  M W  

a n te n n a , 6  -  R F  a n te n n a . (b )  O D M R  s p e c t r a  r e c o r d e d  a t  e x t e r n a l  f i e l d  B  =  (0  v  1) m T  a l o n g  
(1 ,1 ,1 )  d i r e c t io n  w ith  a d d i t io n a l  R F  e x c i t a t io n  a t  fR F  =  5  M H z

A t  th e  o p t im a l  ( i .e .  p r o v i d i n g  th e  m a x i m a l  r e s o n a n c e  s t e e p n e s s )  v a l u e s  o f  M W  a n d  R F  

a m p l i t u d e s ,  th e  l i n e w id t h  ( H W H M )  o f  th e  r e s o n a n c e s  w a s  f o u n d  to  b e  a b o u t  1 .1  M H z .  T h e  

a m p l i t u d e  o f  t h e  p e a k s  i s  m a x i m a l  a t  z e r o  m a g n e t i c  f i e ld ,  a n d  i t  d e c r e a s e s  q u i c k ly  a s  th e  f i e l d  

in d u c t io n  d e c r e a s e s  ( F i g .  2 ) .  M o r e o v e r ,  th e  f r e q u e n c i e s  o f  b o t h  r e s o n a n c e s  p r o v e d  to  b e  

in s e n s i t i v e  to  B .  O n  th e  o t h e r  h a n d ,  th e  f a c t  t h a t  a c c o r d i n g  to  ( 2 )  th e  c o m b in a t io n  o f  r e s o n a n t  

M W  a n d  R F  f r e q u e n c ie s  d e p e n d s  o n l y  o n  D  m a k e s  t h e s e  p e a k s  v e r y  a t t r a c t iv e  f o r  th e  t a s k  o f  

f r e q u e n c y  s t a b i l i z a t io n .
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C o n d i t i o n s  o f  r e s o n a n c e  o b s e r v a t i o n  a r e  t y p i c a l  f o r  a  t w o - q u a n t u m  r e s o n a n c e ,  

r e p r e s e n t e d  b y  v e r t i c a l  a r r o w s  o n  F i g .  1  ( s i n g l e  a r r o w s  r e p r e s e n t  t h e  M W  d r i v e  f i e l d ,  d o u b l e  

a r r o w s  r e p r e s e n t  t h e  R F  d r i v e  f i e l d ) ;  a  v a r i e t y  o f  s i m i l a r  m u l t i - f r e q u e n c y  r e s o n a n c e s  a r i s i n g  

d u e  t o  e x c i t e d  s t a t e  L A C  i n  a  s t r o n g  ( 5 1  m T )  f i e l d  h a v e  b e e n  s t u d i e d  i n  [ 3 ] .  H o w e v e r ,  t h e  

r e s o n a n c e s  d i s c o v e r e d  i n  z e r o  f i e l d  i n  o u r  w o r k  s h o w  s o m e  p e c u l i a r i t i e s :  t h e y  a p p e a r  a s  d i p s  i n  

t h e  “ n o r m a l ”  o n e - q u a n t u m  O D M R  s i g n a l .  T h e r e f o r e ,  t h e i r  n a t u r e  m u s t  b e  s i m i l a r  t o  t h e  “ d a r k ”  

r e s o n a n c e s  d u e  t o  t h e  c o h e r e n t  p o p u l a t i o n  t r a p p i n g  e f f e c t  ( C P T )  i n  Л - s c h e m e s  [ 7 ] .

F ig u r e  3. O D M R  s p e c t r a  r e c o r d e d  a t  z e r o  e x t e r n a l  f i e l d  a t  d i f f e r e n t  r a d i o f r e q u e n c i e s  fRF/ 

l o w e s t  c u r v e  is  n o r m a l  O D M R  s ig n a l ,  tw o  s y m m e t r ic a l  h o l l o w s  a r e  tw o -q u a n tu m  r e s o n a n c e s  
a r i s in g  w h e n  c o n d it io n s  (2), (3 ) a r e  f u l f i l l e d

Conclusion
W e  r e p o r t  t h e  d e t e c t io n  o f  h i g h - c o n t r a s t  m a g n e t i c a l l y  i n d e p e n d e n t  t w o - q u a n t u m  

r e s o n a n c e s  i n  z e r o - f i e l d  O D M R  s p e c t r a  o f  N V  c e n t e r  i n  d i a m o n d ,  i n d u c e d  b y  a p p l y i n g  a n  

a d d i t i o n a l  m o d u l a t e d  R F  f i e l d .  T h e s e  r e s o n a n c e s  c a n  o n l y  b e  d r i v e n  a t  | 5 |  <  0 . 5  m T  ( i n  t h e  c a s e  

o f  o u r  d i a m o n d  s a m p l e ) ,  a n d  t h e r e f o r e  w e  c a n  a s s e r t  t h a t  t h e y  a r e  d u e  t o  t h e  z e r o - f i e l d  l e v e l  

a n t i - c r o s s i n g .  W e  a t t r i b u t e  t h e m  t o  c e r t a i n  t r a n s i t i o n s  i n  N V  c e n t e r ’ s  z e r o - f i e l d  s t r u c t u r e .
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MRI study of magnetic field distortions generated 
by cellulose microbeads labelled with iron oxide 

nanoparticles in phantom samples
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Introduction
M a g n e t i c  r e s o n a n c e  i m a g i n g  ( M R I )  i s  n o n - in v a s iv e  d i a g n o s t i c  m e t h o d ,  w h ic h  p r o v i d e s  

i m a g e  c o n t r a s t  d e p e n d in g  o n  d i f f e r e n c e s  in  n u c le a r  m a g n e t i c  r e l a x a t i o n  c h a r a c t e r i s t i c s  o f  

t i s s u e s .  T h i s  m e t h o d  h a s  f o u n d  w id e  a p p l i c a t i o n  in  m e d i c a l  a n d  c l in i c a l  f i e l d s  [ 1 ] .  F o r  

s u c c e s s f u l  M R I  d i a g n o s i s ,  a m o n g  s e v e r a l  a v a i l a b l e  c l a s s e s  o f  c o n t r a s t  a g e n t s ,  

s u p e r p a r a m a g n e t i c  s u b s t a n c e s  a r e  o f t e n  u s e d ,  p r o d u c in g  s i g n i f i c a n t  im p r o v e m e n t  o f  s i g n a l  

in t e n s i t y  [ 2 ] .  S u p e r p a r a m a g n e t i c  n a n o p a r t i c l e s  c a n  o f f e r  a  h ig h  p o t e n t ia l  f o r  s o m e  k i n d s  o f  

b io m e d ic a l  a p p l i c a t i o n s ,  s u c h  a s  t i s s u e  r e p a i r ,  c e l l u l a r  t h e r a p y ,  d r u g  d e l iv e r y ,  e t c .  S u c h  

n a n o p a r t i c l e s  p r o v i d e  th e  s h o r t e n i n g  o f  th e  t r a n s v e r s e  r e l a x a t i o n  t i m e  a n d ,  t h u s ,  a r e  u s e d  a s  

n e g a t iv e  a g e n t s  f o r  T 2 - w e i g h t e d  im a g in g .  P o l y m e r - b a s e d  m a g n e t i c  s p h e r e s  a r e  c o n v e n ie n t  f o r  

t h e r a p y ,  m a g n e t i c  d r u g  t a r g e t i n g  a n d  c e l l  l a b e l l i n g .  T h e r e f o r e ,  d e v e lo p m e n t  o f  s u c h  s u b s t a n c e s  

i s  o f  p a r t i c u l a r  in te r e s t .

In  t h i s  w o r k ,  w e  c h o o s e  c e l l u l o s e  m i c r o b e a d s  ( C M ) ,  w h ic h  a r e  a b o u t  1 m m  in  d ia m e t e r ,  

l o a d e d  w ith  s u p e r p a r a m a g n e t i c  i r o n  o x i d e  n a n o p a r t i c l e s  ( S P I O N s )  a s  a  c o n t r a s t  a g e n t .  I t  i s  

p r o p o s e d  th a t  C M / S P I O N s  s y s t e m s  m a y  a c t  a s  a  g o o d  m o d e l  f o r  M R  s t u d y  o f  m e s e n c h y m a l  

s t e m  c e l l s  [ 3 ] .

T h e  m a in  g o a l  o f  t h i s  w o r k  i s  t o  s t u d y  th e  in f lu e n c e  o f  s u c h  s y s t e m s  o n  th e  c o n t r a s t  

e n h a n c e m e n t  o f  s u r r o u n d in g  w a t e r  m o l e c u l e s  in  M R I  im a g e s .

Methods
C e l l u l o s e  m i c r o b e a d s  w e r e  c r e a t e d  b y  e m u l s i f i c a t i o n  c o n d e n s a t i o n  o f  c e l l u l o s e  s o l u t io n  

in  o i l .  T h e  S P I O N s  w e r e  p r e p a r e d  b y  c o - p r e c ip i t a t io n  o f  i r o n  s a l t s  F e 2+/ F e 3+ in  a lk a l in e  m e d i a  

a t  8 0  ° C .  M a g n e t i c  m i c r o s p h e r e s  ( C M / S P I O N s )  w e r e  f o r m e d  b y  a d d i t io n  o f  F e 3 O 4  

n a n o p a r t i c l e s  in to  th e  p o r e s  o f  c e l l u l o s e  m i c r o s p h e r e s .

S i x  p h a n t o m  s a m p l e s  (1  -  w ith  p u r e  c e l l u l o s e  m i c r o b e a d s ,  2 - 6  -  w ith  C M / S P I O N s  

s y s t e m s )  in  a g a r o s e  m a t r i x  w e r e  p r e p a r e d  in  2 0  m m  g l a s s  t u b e s .  E a c h  s a m p l e  c o n t a i n  o n l y  o n e  

c e l l u l o s e  m i c r o s p e r e .  S a m p l e s  f r o m  2  t o  6  a r e  e q u a l  t o  e v a l u a t e  c h a n g e s  in  th e  M R  i m a g e s  

c a u s e d  b y  th e  d i s t r i b u t i o n  o f  m a g n e t i c  d i p o l e  m o m e n t s  o f  C M / S P I O N s  s y s t e m s .  M R  i m a g e s  

w e r e  c o l l e c t e d  u s i n g  B r u k e r  A v a n c e  I I I  4 0 0  W B  s p e c t r o m e t e r  w ith  F L A S H  ( f a s t  l o w  a n g l e  s h o t )  

a n d M G E - T 2 s t a r _ m a p  ( m u l t ip l e  g r a d i e n t  e c h o )  p u l s e  s e q u e n c e s .  I m a g e s  w e r e  t a k e n  in  f r o n t a l  

p l a n e  a l i g n e d  w ith  th e  m a g n e t i c  f i e ld .
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F ig u r e  1. F L A S H  im a g e s  ( a )  a n d  T2 m a p s  (b )  o f  s a m p l e s  1 a n d  2  r e s p e c t iv e ly

Conclusions
•  T h e  M R  i m a g e s  o f  th e  p h a n t o m  s a m p l e s  e s t a b l i s h  th e  c o n t r a s t  e f f i c i e n c y  o f  

i n v e s t i g a t e d  C M / S P I O N s  s y s t e m s  a n d  s h o w  t h a t  t h e s e  s y s t e m s  b e h a v e  l i k e  a  s i n g l e

m a g n e t i c  d ip o le  ( B  =  3

•  O b t a in e d  T 2 m a p s  d e m o n s t r a t e  th e  c a p a b i l i t y  o f  m a g n e t i c  m i c r o b e a d s  t o  s e r v e  a s  

a  g o o d  n e g a t i v e  c o n t r a s t  a g e n t .
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Fluctuations of local electric fields at Li+, Cl-, and NO3- ions 
in aqueous solution studied by Car-Parrinello 

molecular dynamics simulations
M a r ia  I. E g o r o v a ,  A n d r e i  V. E g o r o v ,  V la d im ir  I. C h iz h ik

F a c u l t y  o f  P h y s ic s ,  S a in t - P e t e r s b u r g  S ta t e  U n iv ers ity , U l ia n o v s k a y a  1, 1 9 8 5 0 4 ,  
S a in t -P e t e r s b u r g ,  R u s s ia  
E - m a i l :  m a r y a v e r in a @ g m a i l .  c o m

N u c l e a r  q u a d r u p o la r  r e l a x a t i o n  ( t h i s  r e l a x a t i o n  m e c h a n i s m  i s  d o m i n a n t  f o r  th e  m o s t  

o f  n u c le i )  i s  a n  im p o r t a n t  t o o l  t o  e x p lo r e  th e  s t r u c t u r a l  a n d  d y n a m i c  p r o p e r t i e s  o f  l i q u i d  s y s t e m s .  

H o w e v e r ,  th e  u n a m b i g u o u s  in t e r p r e t a t io n  o f  e x p e r i m e n t a l  d a t a  i s  a  c o m p l i c a t e d  t a s k .  T h e  

s o u r c e  o f  r e l a x a t i o n  i s  th e  f lu c t u a t io n s  o f  th e  e l e c t r ic  f i e l d  g r a d i e n t  ( E F G )  a t  th e  s i t e  

o f  q u a d r u p o la r  n u c le u s .  E x t r a c t i n g  a n y  m i c r o s c o p i c  in f o r m a t io n  f r o m  r e l a x a t i o n  e x p e r i m e n t s  

r e q u i r e s  a  m o d e l  d e s c r i b i n g  th e  m o l e c u l a r  o r i g in  o f  s u c h  f lu c t u a t io n s .  I n  t h i s  c a s e ,  th e  c o m p u t e r  

s i m u la t i o n s  i s  a  p r o m i s i n g  t o o l  t o  a d d r e s s  th e  p r o b l e m  [1 ,  2 ] .  I n  o u r  w o r k  C a r - P a r r i n e l l o  

m o l e c u l a r  d y n a m i c s  ( C P M D )  s i m u la t i o n s  [3 ]  w e r e  c a r r i e d  o u t  to  i n v e s t i g a t e  th e  f lu c t u a t io n s  

o f  l o c a l  e l e c t r ic  f i e l d s  a t  m o n a t o m ic  ( L i+  a n d  C l - )  a n d  p o l y a t o m i c  ( N O 3- )  i o n s  in  a q u e o u s  

s o l u t io n s .  T h e  e s s e n c e  o f  C P M D  a p p r o a c h  c o n s i s t s  in  th e  f a c t  th a t  th e  f o r c e s  w h ic h  a c t  o n  a t o m s  

a r e  d e t e r m in e d  f r o m  f i r s t  p r in c i p le s  q u a n t u m  c h e m is t r y  m e t h o d s .  T h u s ,  t h e r e  i s  n o  n e e d  f o r  a n y  

m o d e l  d e s c r i b i n g  th e  m o l e c u l a r  in t e r a c t io n s .

I n  th e  p r e s e n t  s t u d y  th e  c o m p o n e n t s  o f  th e  E F G  t e n s o r  o n  q u a d r u p o la r  n u c le i  w e r e  

c a l c u l a t e d  f r o m  s i m u la t i o n  d a t a .  T h e  t e n s o r  w a s  d i a g o n a l i z e d  a n d  g i v e n  in  t e r m s  o f  th r e e  

p r in c i p a l  c o m p o n e n t s  -  V xx , V yy , a n d  V zz. T h e  d i s t r i b u t i o n s  o f  V zz v a l u e s  f o r  m o n o a t o m i c  

l i t h iu m  io n  a n d  n i t r o g e n  a t o m  o f  p o l y a t o m i c  n i t r a t e - a n io n  a r e  s h o w n  in  F ig .  1. T h e  c o r r e la t io n  

f u n c t io n s  f o r  E F G  t e n s o r  c o m p o n e n t s  w e r e  c a l c u l a t e d  a n d  c o r r e s p o n d in g  c h a r a c t e r i s t i c  t i m e s  

w e r e  e s t im a t e d .
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Crystallisation and Dynamics of Water Confined to MCM-41
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Introduction
U n d e r s t a n d in g  th e  p r o p e r t i e s  o f  w a t e r  in  c o n f in e m e n t  i s  a n  im p o r t a n t  t a s k  d u e  t o  i t s  

m a n y  a p p l i c a t i o n s  in  l i f e  s c i e n c e  a n d  t e c h n o lo g y .  T h e  c o m p l e x  b e h a v io u r  o f  w a t e r  h o w e v e r  

l e a v e s  m a n y  q u e s t i o n s  s t i l l  u n a n s w e r e d ,  s o m e  o w in g  t o  th e  i n a c c e s s i b i l i t y  o f  th e  ‘ n o  m a n ’ s  

l a n d ’ f o r  th e  b u l k  l i q u id .  In  t h i s  r e g i o n  b e t w e e n  1 5 0  a n d  2 3 5  K  w a t e r  im m e d i a t e l y  c r y s t a l l i s e s ,  

m a k i n g  e x p e r i m e n t s  w ith  b u l k  w a t e r  im p o s s i b l e .

N a n o - c o n f i n e m e n t  r e d u c e s  th e  c r y s t a l l i s a t i o n  t e m p e r a t u r e  o f  w a t e r  to  l o w e r  v a l u e s  a n d  

s u p e r c o o l i n g  to  t e m p e r a t u r e s  e v e n  b e l o w  th e  n u c le a t io n  t e m p e r a t u r e  i s  p o s s i b l e .  D i f f e r e n t  

e x p e r i m e n t a l  m e t h o d s  s h o w  a  d y n a m i c  c r o s s o v e r  in  t h e  s u p e r c o o l e d  r e g im e ,  th e  o r i g i n  o f  w h ic h  

i s  c o n t r o v e r s i a l l y  d i s c u s s e d  [ 1 ] .  O u r  p r e v i o u s  s t u d i e s  u s i n g  2H  N M R  s h o w  th e  e x i s t e n c e  o f  a  

s o l i d  w a t e r  f r a c t i o n  in s id e  th e  p o r e s  a n d  s u g g e s t  th e  c r o s s o v e r  b e i n g  c a u s e d  n o t  b y  a  

l i q u i d - l i q u i d  p h a s e  t r a n s i t i o n  b u t  r a th e r  a  c h a n g e  f r o m  b u l k - l i k e  to  in t e r f a c e - d o m in a t e d  

d y n a m i c s  [ 2 ,  3 ] .

Systems and Methods
U s i n g  h a r d  c o n f in e m e n t  in  th e  f o r m  o f  s i l i c a  n a n o p o r e s  ( M C M - 4 1 )  w ith  d i f f e r e n t  p o r e  

d i a m e t e r s  b e t w e e n  2  a n d  5  n m  w e  i n v e s t i g a t e  th e  e f f e c t  o f  c o n f in e m e n t  o n  th e  c r y s t a l l i s a t i o n  

o f  w a t e r  a n d  f o c u s  o n  th e  d i f f e r e n t  l i q u id  a n d  s o l i d  w a t e r  f r a c t i o n s  f o r m i n g  in s id e  th e  p o r e s .  B y  

c o m b in in g  n u c le a r  m a g n e t i c  r e s o n a n c e  ( N M R )  e x p e r i m e n t s  w ith  d i e l e c t r i c  s p e c t r o s c o p y  ( D S )  

a n d  d i f f e r e n t i a l  s c a n n in g  c a lo r i m e t r y  ( D S C )  w e  a r e  a b l e  to  p r o b e  w a t e r  d y n a m i c s  o v e r  a  b r o a d  

t e m p e r a t u r e  a n d  d y n a m i c  r a n g e .

W e  p e r f o r m  2H  a n d  17O  N M R  s p in - l a t t i c e  r e l a x a t i o n  a n d  s t im u la t e d - e c h o  e x p e r i m e n t s  

t o  d e t e r m in e  r o t a t i o n a l  c o r r e l a t io n  t i m e s .  W h i l e  2H  N M R  i s  w e l l  e s t a b l i s h e d  t o  s t u d y  th e  

r o t a t i o n a l  m o t i o n  o f  c o n f in e d  w a t e r  17O  N M R  h a s  n o t  b e e n  a p p l i e d  to  t h i s  q u e s t i o n  y e t .  A d je i -  

A c h e a m f o u r  e t  a l .  [4 ]  r e c e n t ly  in v e s t i g a t e d  u l t r a s lo w  d y n a m i c s  in  i c e  u s in g  17O  N M R  b y  

s e l e c t i v e  e x c i t a t io n  o f  th e  c e n t r a l  l in e .  T h i s  a p p r o a c h  y i e l d s  m a n y  n e w  p o s s i b i l i t i e s  to  e x p lo r e  

c r y s t a l l in e  w a t e r  p h a s e s  in s id e  c o n f in e m e n t s .

Results
B o t h  2H  N M R  a n d  D S  id e n t i f y  tw o  d y n a m i c a l l y  d i s t i n g u i s h a b l e  f r a c t i o n s  o f  w a t e r  

c o e x i s t i n g  w ith in  th e  p o r e s  a t  s u f f i c i e n t l y  lo w  t e m p e r a t u r e s .  T h e s e  f r a c t i o n s  c o r r e s p o n d  to  a  

l i q u id  in t e r f a c i a l  w a t e r  l a y e r  a n d  a  l e s s  m o b i l e  w a t e r  c o m p o n e n t  in  th e  p o r e  c e n te r ,  a n d  th e ir  

d y n a m i c s  c a n  b e  in v e s t i g a t e d  v i a  c o r r e l a t io n  t i m e s .  In  th e  l a r g e r  p o r e s  i c e  n u c le i  f o r m  a s  w e l l ,  

p o s s i b l y  in  tw o  d i f f e r e n t  f o r m s  c a u s e d  b y  h e t e r o g e n e o u s  a n d  h o m o g e n e o u s  n u c le a t io n .  In  th e  

s m a l l e r  p o r e  s i z e s  o n l y  th e  t w o  l i q u id  f r a c t i o n s  c a n  b e  o b s e r v e d  o v e r  a  w id e  r a n g e  o f  

t e m p e r a t u r e s .

T o  a n a l y s e  th e  d y n a m i c s  o f  th e  l e s s  m o b i l e  w a t e r  f r a c t i o n  17O  N M R  e x p e r i m e n t s  a r e  

a p p l ie d .

References
1. S .  C e r v e n y ,  F .  M a l l a m a c e ,  J .  S w e n s o n ,  M .  V o g e l ,  L .  X u .  C o n f i n e d  w a t e r  a s  m o d e l  o f

s u p e r c o o l e d  w a te r .  -  C h e m ic a l  r e v i e w s ,  1 1 6 ( 1 3 ) ,  7 6 0 8 - 7 6 2 5 ,  ( 2 0 1 6 ) .

162

https://www.fkp


Poster Session

2 .  M .  S a t t i g ,  M .  V o g e l .  D y n a m i c  c r o s s o v e r s  a n d  s t e p w i s e  s o l i d i f i c a t i o n  o f  c o n f in e d  
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Zonal harmonics calculation to compensate 
the magnetic field heterogeneity in a magnet gap

V. V. F r o l o v 1, P . A . K u p r iy a n o v 1, A . E . S h i l o v 2

2St. P e t e r s b u r g  S t a t e  U n iv e r s ity
2V N IIM  o f  t h e  D .I . M e n d e l e e v ,  S a in t  P e t e r s b u r g
E - m a i l :  v fr o l o v v @ b k .r u

Introduction
N o w  m a g n e t i c  f i e l d  in  n u c le a r  m a g n e t i c  r e s o n a n c e s  s p e c t r o m e t e r s  a n d  n u c le a r  m a g n e t i c  

r e s o n a n c e s  s c a n n e r s  i s ,  a s  a  r u le ,  c r e a t e d  b y  s u p e r c o n d u c t in g  s o l e n o i d s .  H o w e v e r  f o r  a  s o l u t io n  

o f  s o m e  t a s k s  ( m e d i c a l  M R I  o f  e x t r e m i t i e s ,  n o t  m e d ic a l  a p p l i c a t i o n s  M R I ,  a  m e a s u r e m e n t  o f  

r e l a x a t i o n  t i m e ,  m e t r o l o g y )  i t  i s  p r e f e r a b l y  to  u s e  n o r m a l  m a g n e t s  o r  e l e c t r o m a g n e t s  w ith  f l a t  

g a p s  in  v i e w  o f  t h e m  c o n s i d e r a b l y  s m a l l e r  c o s t .  A t  im p l e m e n t a t i o n  o f  s u c h  e q u ip m e n t  th e r e  i s  

a l w a y s  a  p r o b l e m  o f  h o m o g e n e i t y  o f  m a g n e t i c  f i e ld .  A  w i d e s p r e a d  w a y  o f  a  s o l u t io n  i s  t o  u s e  

th e  o r t h o g o n a l  c u r r e n t  c o m p e n s a t o r s  o f  th e  h e t e r o g e n e i t y  o f  m a g n e t i c  f i e ld .  T h e  l o n g  a g o  

k n o w n  [ 1 ]  s t a n d a r d  m e t h o d  o f  c a l c u la t i o n  i s  a  u s e  o f  s p h e r i c a l  h a r m o n ic s  o f  s c a l a r  p o t e n t ia l  o f  

s t a t ic  m a g n e t i c  f i e l d  Фрд. E a c h  h a r m o n ic  i s  c r e a t e d  b y  th e  l in e  c u r r e n t s  f l o w i n g  a lo n g  l i n e s  o f  

in t e r s e c t io n  o f  e q u ip o t e n t i a l  s u r f a c e s  w ith  a  s u r f a c e  o n  w h ic h  c u r r e n t s  f lo w .  U n f o r t u n a t e ly ,  th e  

m e t h o d  w e l l  w o r k s  o n l y  f o r  th e  c l o s e d  s u r f a c e s  ( th e  s p h e r e ,  e l l i p s o i d s )  th a t ,  o f  c o u r s e ,  i s  

u n a c c e p t a b l e  f o r  c o n s t r u c t iv e  r e a s o n s .  H o w e v e r  f o r  z o n a l  h a r m o n ic s  ( q = 0 )  w h ic h  b y  d e f in i t i o n  

h a v e  c y l in d r i c a l  s y m m e t r y  th e  t a s k  c a n  b e  s o l v e d  m u c h  m o r e  s i m p l y  a n d  a t  th e  s a m e  t i m e  w ith  

h ig h e r  a c c u r a c y .  I t  i s  im p o r t a n t  f o r  p r a c t i c e  th a t  m o s t  o f t e n  th e  lo n g i t u d i n a l  g r a d i e n t  ( Ф 2 0  ( z ,  

p ) ,  p  i s  r a d iu s  in  a  c y l in d r i c a l  c o o r d in a t e  s y s t e m ,  th e  m a in  f i e l d  i s  d i r e c t e d  a l o n g  z )  p u t s  th e  

m a in  c o n t r ib u t i o n  t o  f i e l d  h e t e r o g e n e i t y .  S u c h  f i e l d  d i s t o r t i o n  a r i s e s  a s  a  r e s u l t  o f  a  v i o l a t io n  o f  

s y m m e t r y  o f  a  m a g n e t  s y s t e m  t o  a  p l a n e  o f  s y m m e t r y .  I t  i s  a l s o  r e a s o n a b l e  t o  c o m p e n s a t e  a n d  

p o s s i b l e  d e v i a t io n  f r o m  lin e a r i ty ,  a t  l e a s t  in  f i r s t  o r d e r .  S u c h  c o m p e n s a t io n  i s  c a r r i e d  o u t  b y  

h a r m o n ic  Ф 40, c r e a t in g  a  f i e l d  w ith  c u b i c  d e p e n d e n c e  o f  a  f i e l d  o n  z .

In  th e  m a g n e t  s y s t e m  h a v i n g  a  p l a n e  o f  s y m m e t r y ,  a  f i e l d  c h a n g e s  s y m m e t r i c a l ly  a t  s h i f t  

f r o m  t h i s  p l a n e .  A s  a  f i r s t  a p p r o x i m a t io n  s u c h  c h a n g e  c a n  b e  c o m p e n s a t e d  b y  h a r m o n ic  Ф 30.
T h e  c a l c u l a t i o n  o f  a  s y s t e m  o f  z o n a l  h a r m o n ic s  c o m p e n s a t o r s  b a s e d  o n  e x p l i c i t  

e x p r e s s i o n s  o f  d e p e n d e n c e  o f  m a g n e t i c  f i e l d  o f  r in g  c u r r e n t s  o n  c o o r d i n a t e s  i s  p r e s e n t e d  in  th e  

s u b m it t e d  m e s s a g e .

Calculation method
T h e  c a l c u l a t i o n s  o f  m a g n e t i c  f i e ld  c o m p o n e n t s  in  p o l a r  c o o r d i n a t e s  (z, p , <p) w e r e  c a r r ie d  

o u t  u s i n g  th e  w e l l - k n o w n  f o r m u l a s  f o r  p = 0  a n d  in t e g r a l  f o r m u l a s  b a s e d  o n  th e  B i o - S a v a r t  -  

L a p l a c e  l a w  [ 2 ,  3 ] :

B Gz = У а ( Я  -  p c o s p )

и  =  z - Z  r n
U Gn =  Jr

[R2+ ( z - Z ) 2 + p 2 + 2 p c o s ^ ] 2  [fi2 +  (z + Z )2 + n 2 +  2 n c o s ^ ]2

c o s ^ d ^  z + Z  rn  c o s ^ d ^
П  J r

d $ ,

Gn n  J 0 [R2+ ( z - Z ) 2 + n 2+ 2  c o s ^ ] 3/2 n  J 0 [R2 + (z + Z )2 + n 2+ 2 n c o s ^ ] 3/2 '

( 1 )

( 2 )

H e r e  B Gz  a n d  B Gn a r e  th e  a x i a l  a n d  r a d i a l  c o m p o n e n t s  o f  th e  m a g n e t i c  f i e l d  o f  th e  g r a d i e n t  

s y s t e m ,  r e s p e c t i v e l y .  In  E q s .  ( 2 )  a n d  ( 3 )  a n d  b e l o w  th e  d i m e n s i o n l e s s  u n i t s  a r e  u s e d  f o r  f i e ld s :  

m a g n e t i c  f i e l d s  a r e  e x p r e s s e d  in  u n i t s  o f  ^ oIn /2 R , w h e r e  цо i s  th e  m a g n e t i c  c o n s t a n t ,  I  i s  th e  

e l e c t r ic  c u r r e n t  in  th e  c o i l s  ( a  f i l a m e n t a r y  c u r r e n t  a p p r o x i m a t i o n  i s  s u p p o s e d ) ;  n  i s  th e  n u m b e r  

o f  tu r n s ;  Z  i s  th e  p o s i t i o n  o f  th e  p l a n e  w ith  c u r r e n t s  a n d  R  i s  th e  r a d iu s  o f  c o i l s .

C a l c u l a t i o n  w a s  m a d e  in  s e v e r a l  s t a g e s .
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1 . F r o m  s p e c i f i c a t i o n s  in i t i a l  d i a m e t e r s  o f  tw o  o r  t h r e e  t h r e a d l ik e  c u r r e n t  r i n g s  w e r e  s e t  

a s  a  z e r o  a p p r o x i m a t io n .  T h e  d i r e c t i o n s  o f  c u r r e n t s  b e c a m e  o p p o s i t e  o n  d i f f e r e n t  p o l e  p i e c e s  

f o r  h a r m o n ic s  Ф 20 a n d  Ф 40 a n d  id e n t i c a l  f o r  Ф 30. T h e  s y s t e m  o f  e q u a t i o n s  w a s  f o r m e d  to  

d e t e r m in e  th e  c u r r e n t  r a t io  f o r  c o i l s :

H I  =  h ,  ( 3 )

w h e r e  H  i s  th e  m a t r i x  o f  c o e f f i c i e n t s  o f  a  s y s t e m  i s  d e t e r m in e d  a s

H ik =  J 0Z°  b ( z ) i b ( z ) k d z ;

h e r e  b ( z ) i i s  th e  f i e l d  o f  c o u p l e  o f  r in g  c u r r e n t s  l o c a t e d  o n  s u r f a c e s  o f  p o l e  p i e c e s ;

1  i s  a  v e c t o r - c o l u m n  o f  v a l u e s  o f  o p t im u m  c u r r e n t s  ( tu r n  o u t  a s  a  r e s u l t  o f  a  s o l u t io n  o f  ( 3 ) ) ;  

hi i s  a  v e c t o r - c o l u m n  o f  a b s o l u t e  t e r m s :

2 .  W it h in  d e s i g n  o p p o r t u n i t i e s  th e  r a d i u s e s  o f  r in g  c u r r e n t s  v a r i e d ,  p r o c e d u r e  1 r e p e a t e d  

a n d  th e  o p t im a l  v a r i a n t  w a s  s e le c t e d .

3 . E a c h  f o u n d  t h r e a d l ik e  c u r r e n t  w a s  r e p l a c e d  w i t h  s y m m e t r i c a l ly  l o c a t e d  g r o u p  o f  r in g  

c u r r e n t s .  T h e  r e l a t io n  o f  n u m b e r s  o f  r i n g s  in  e a c h  g r o u p  c o r r e s p o n d e d  to  th e  r e l a t io n  o f  c u r r e n t s  

f o u n d  a t  th e  s e c o n d  s t a g e .

4 .  C o n t r o l  o f  th e  c o n f i g u r a t i o n  o f  a  f i e l d  c r e a t e d  b y  th e  r e c e i v e d  g r o u p s  o f  c u r r e n t s  w a s

m a d e .

Results
E x a m p l e s  o f  th e  d e p e n d e n c e s  o f  a  f i e l d  o n  c o o r d i n a t e s  r e c e iv e d  a t  th e  s e c o n d  s t a g e  a r e  

g i v e n  in  f i g .  1 - 5 . F i g .  2  a n d  3  s h o w  th e  g o o d  a c c u r a c y  o f  r e p r o d u c t io n  o f  t h e  s e t  d e p e n d e n c e s  

o n  a n  a x i s  ( p = 0 ) .  H o w e v e r  a t  s h i f t  f r o m  a n  a x i s  o n  d i s t a n c e  o f  a n  o r d e r  o f  v a l u e  o f  a  g a p  o f  

a  m a g n e t  s t r o n g  d e v i a t i o n s  f r o m  s e t  ( f i g .  1 , 4  a n d  5 )  b e g in .  A s  a  r e s u l t  o f  th e  th ir d  s t a g e  r a d i u s e s  

o f  r in g s  o f  e a c h  g r o u p  a r e  d e t e r m in e d .  H a r m o n i c s  Ф 20 a n d  4 0  c o n t a i n  tw o  g r o u p s  o f  th e  6  a n d  

3  r in g s  o n  e a c h  p o l e  p i e c e .  T h e  h a r m o n ic  Ф 30 c o n s i s t s  o f  t h r e e  g r o u p s  ( 1 ,  3  a n d  6  r in g s ) .  C o n t r o l  

a t  th e  4 t h  s t a g e  s h o w e d  g o o d  r e p r o d u c t io n  o f  th e  s e t  d e p e n d e n c e s ,  t h o u g h  th e  w o r s t ,  th a n  a t  t h e  

f i r s t  s t a g e  ( s e e  a n  e x a m p l e  in  f i g .  6 ) .  In  T a b l e  1 th e  r e l a t iv e  s t a n d a r d  e r r o r  r e l a t iv e  to  th e  s e t  

d e p e n d e n c e s  r e c e i v e d  a t  th e  s e c o n d  a n d  f o u r t h  s t a g e s  a r e  c o m p a r e d .

p  (dimensionless) Z  (dimensionless)

-  2 ' 
-  0.4 -  0.2 0 0.2 0.4

Z  (dimensionless)

F i g u r e  1. Ф 20: F i e l d  F i g u r e  2. Ф 20: F i e l d
d e p e n d e n c e  o n  p  ( a r b i t r a r y  d e v ia t i o n  f r o m  s e t  ( r e la t iv e  

u n its)  u n its)

F ig u r e  3. Ф 40: 
B (z )  -  F i e l d  c r e a t e d ;  
b 0 (z )  -  T h e  s e t  f i e l d  

( a r b i t r a r y  u n its)
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F ig u r e  4. Ф 40: F i e l d  
d e p e n d e n c e  o n  p  
( a r b i t r a r y  u n its)

F ig .5 .  Ф 30:  F i e l d  d e p e n d e n c e  
o n  p  ( a r b i t r a r y  u n its)

F ig u r e  6. C o m p e n s a t o r  Ф 30 in  
th e  f o r m  o f  th e  p r i n t e d  c ir c u it  

b o a r d

T a b le  1

R e l a t i v e  S t a n d a r d  E r r o r

T h in  r in g s G r o u p s  o f  r in g s

Ф 20 2  -1 0 "6 7  - 1 0 -3

Ф 30 4  -1 0 "4 3 .4 - 1 0 -3

Ф 40 1 0 -3 4  - 1 0 -3

z n

F i g u r e  7. Ф 30, t h r e e  g r o u p s  o f  r in g s .  
c o n t r o l :  B z  - f i e l d  c r e a t e d ;  

b 1  -  th e  s e t  f i e l d  ( a r b i t r a r y  u n its)

T h e  n u m e r ic  c o m p u t a t i o n s  a n d  g r a p h i c s  w e r e  p e r f o r m e d  u s i n g  M a t h C a d  1 5 . T h e  

e x a m p l e  o f  a  p r in t e d  c i r c u i t  b o a r d  f o r  th e  c o m p e n s a t o r  Ф 30 i s  g i v e n  in  f i g .  6 .
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NMR studies of various perflouorosulfonated membranes in 
wide temperature range
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Introduction
T h e  c u r r e n t  in t e r e s t  in  p r o t o n - c o n d u c t iv e  p o l y m e r s  i s  r e la t e d  t o  t h e ir  p r a c t i c a l  

a p p l i c a t i o n  in  h y d r o g e n - a i r  f u e l  c e l l s  ( P E M F C ) .  A t  p r e s e n t ,  th e  m o s t  w id e s p r e a d  m e m b r a n e s  

a r e  N a f i o n ®  ( D u P o n t ™ ) .  T h i s  p o l y m e r  c o n s i s t s  o f  l o n g  p e r f lu o r in a t e d  h y d r o c a r b o n  c h a in s  w ith  

s i d e  b r a n c h e s  e n d in g  w i t h  s u l f o g r o u p s .  I n  l a s t  c o u p le  d e c a d e s  w e r e  s y n t h e s i z e d  a  n u m b e r  o f  

a n a l o g u e s  o f  N a f i o n  u n d e r  t r a d e m a r k s  F l e m i o n  ( A s a h i  G l a s s  C o . ) ,  A c i p l e x  ( A s a h i  

C h e m ic a l  C o . ) ,  F u m a p e m  ( F u M A - T e c h )  a n d  s o m e  o th e r s .  T h e  m o s t  s i g n i f i c a n t  b r e a k t h r o u g h  

in  n e w  m e m b r a n e  p r e p a r a t i o n s  w a s  m a d e  b y  S O L V A Y ®  C o .  w h ic h  s y n t h e s i z e d  n e w  

p e r f lu o r in a t e d  s u l f o p o l y m e r  A q u i v i o n ®  w ith  s h o r t e r  s i d e  c h a in s  in  c o m p a r i s o n  to  N a f i o n ™ .

T h e  m o s t  im p o r t a n t  c h a r a c t e r i s t i c  o f  p r o t o n - e x c h a n g e  m e m b r a n e s  i s  th e  v a l u e  o f  i t s  

p r o t o n  c o n d u c t iv i t y .  I t  w a s  e s t a b l i s h e d  [ 1 - 4 ]  t h a t  b o th  s u l f o g r o u p s  c o n c e n t r a t i o n  ( e q u iv a le n t  

w e i g h t )  a n d  th e  s i d e  c h a i n s  le n g t h  s t r o n g l y  e f f e c t  o n  p r o t o n ic  c o n d u c t iv i t y  o f  p e r f lu o r in a t e d  

p o l y m e r s .  A n o t h e r  t r a n s p o r t  p a r a m e t e r  w h ic h  e f f e c t e d  o n  P E M F C  p e r f o r m a n c e  a t  h ig h  c u r r e n t  

d e n s i t y  i s  H 2O  s e l f - d i f f u s i o n  c o e f f i c i e n t  d u e  to  f l o w  b a c k  w a t e r  f r o m  c a t h o d e  t o  a n o d e .  T h e  

r e s e a r c h e s  o f  t h i s  t r a n s p o r t  p a r a m e t e r  a r e  s i g n i f i c a n t l y  l e s s  th a n  th e  p r o t o n  c o n d u c t iv i t y  a n d  

w e r e  m a in ly  p e r f o r m e d  o n  N a f i o n  m e m b r a n e  b y  f i e l d  g r a d i e n t  s p in  e c h o  n u c le a r  m a g n e t i c  

r e s o n a n c e  [ 5 ] .  M o r e o v e r ,  t h e r e  i s  a  s i g n i f i c a n t  s p r e a d  in  th e  s e l f - d i f f u s i o n  c o e f f i c i e n t  v a l u e s  a t  

t e m p e r a t u r e s  a b o v e  r o o m  te m p e r a t u r e ,  a n d  in  th e  r e g io n  o f  n e g a t iv e  t e m p e r a t u r e s  w e r e  

p u b l i s h e d  c o n t r a d i c t io n  r e s u l t s  [ 6 ,7 ] .  I t  s h o u ld  b e  n o t e d  th a t  in  a  n u m b e r  o f  t h e  s e l f - d i f f u s i o n  

c o e f f i c i e n t  s t u d i e s  w e r e  c a r r i e d  o u t  o n  s a m p l e s  p r e p a r e d  in  d i f f e r e n t  w a y s  a n d  w i t h o u t  c o n t r o l  

o f  h u m id i t y  c o n d i t io n s  d u r in g  th e  m e a s u r e m e n t  p r o c e s s .  T h u s ,  i t  w a s  o f  in t e r e s t  t o  m e a s u r e  th e  

s e l f - d i f f u s i o n  c o e f f i c i e n t  o f  w a t e r  in  p r o t o n - e x c h a n g e  m e m b r a n e s  t a k i n g  in to  a c c o u n t  th e s e  

d i s a d v a n t a g e s .

In  th e  w o r k ,  w e  in v e s t i g a t e d  th e  d i f f u s i o n  c o e f f i c i e n t s  o f  d i f f e r e n t  m e m b r a n e s  in  a  w id e  

t e m p e r a t u r e  r a n g e  ( f r o m  - 9 0  t o  8 0 C )  w ith  h u m id i t y  c o n t r o l  b y  th e  s p in - e c h o  m e t h o d  in  th e  

m a g n e t i c  f i e l d  g r a d i e n t .  T h e  i n v e s t i g a t e d  m e m b r a n e s  p o s s e s s  d i f f e r e d  in  e q u iv a le n t  w e i g h t  a n d  

d i f f e r e n t  le n g t h  o f  th e  s i d e  c h a in s ,  w h ic h  a l l o w s  u s  t o  d e t e r m in e  th e  e f f e c t  o f  th e  c a r r ie r  

c o n c e n t r a t i o n  a n d  th e  s i z e  o f  th e  c h a n n e l s  o n  th e  d i f f u s i o n  c o e f f i c i e n t .

Sample preparations
In  t h e s e  r e s e a r c h e s ,  w e  u s e d  th e  f o l l o w i n g  m e m b r a n e s :

1. N a f i o n  2 1 2 ,  w ith  e q u iv a le n t  w e i g h t  ( E W )  = 1 1 0 0  g r / e q ,  l o n g  s i d e  c h a in .

2 .  C T P E M  4 ,  E W  = 1 0 0 0  g r  /  e q ,  l o n g  s i d e  c h a in .

3 . F u m a p e m  F S 9 3 0 ,  E W  = 9 3 0  g r  /  e q ,  s h o r t  s i d e  c h a in .

4 .  F u m a p e m  F 9 5 0 ,  E W  = 9 5 0  g  /  e q ,  l o n g  s i d e  c h a in .

P r e l im in a r y  a l l  m e m b r a n e s  w e r e  e x p o s e d  v i a  th e  id e n t i c a l  p r o c e d u r e  o f  p r o t o n a t io n ,  

p u r i f i c a t io n  f r o m  o r g a n i c  im p u r i t i e s  a n d  d r y i n g  u n d e r  v a c u u m  a t  8 0 C  ( 2 4 h ) .  T o  o b t a in  a  s a m p le
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w ith  a  c e r t a in  H 2O  c o m p o s i t i o n ,  t h e y  w e r e  k e p t  f o r  2  w e e k s  in  a  c h a m b e r  w ith  a  f i x e d  p a r t ia l  

p r e s s u r e  o f  w a t e r  v a p o r .

T h e  s e l f - d i f f u s i o n  c o e f f i c i e n t ,  D N M R ,  w a s  s t u d i e d  u s i n g  N M R  e c h o e s  in  a n  u l t r a h ig h  

s t a t ic  f i e l d  g r a d i e n t  ( S F G ) .  T h e  e x p e r i m e n t s  w e r e  p e r f o r m e d  a t  a n  N M R  f r e q u e n c y  o f  6 0  a n d  

1 6 2  M H z  a n d  a t  m a g n e t i c  f i e l d  g r a d i e n t s  o f  1 5  a n d  1 4 1  T / m .  C o m p a r e d  to  N M R  d i f f u s i o n  

s t u d i e s  in  p u l s e d  f i e ld  g r a d i e n t s ,  S F G  a r e  m u c h  s t r o n g e r  t h u s  a l l o w i n g  f o r  th e  m e a s u r e m e n t  o f  

s m a l l e r  d i f f u s i o n  c o e f f i c i e n t s .  T h e  a n o t h e r  a d v a n t a g e  o f  S F G  i s  d u e  t o  th e  n o n - n e c e s s i t y  o f  f i e l d  

s w i t c h in g  w h ic h  a l l o w s  d i f f u s i o n  s t u d i e s  in  th e  c a s e  o f  m u c h  s h o r t e r  s p in - s p in  r e l a x a t i o n  t im e s .

Results
T h e  t e m p e r a t u r e  d e p e n d e n c ie s  o f  s e l f - d i f f u s i o n  c o e f f i c i e n t ,  D ,  a l l  m e m b r a n e s  u n d e r  

in v e s t i g a t i o n s  in  th e  t e m p e r a t u r e  r a n g e  f r o m  5 C  t o  8 0 C ,  a t  3 0  a n d  8 0 %  w a t e r  h u m i l i t i e s  a r e  

p r e s e n t e d  o n  F i g u r e  1.

Nafion 212 
F 950
FS 930 RFS 
CTPEM 4 
RH 33

!

•  1

•

1000/T 1000/T

F i g u r e  1. T h e  t e m p e r a t u r e  d e p e n d e n c i e s  o f  s e l f - d i f fu s i o n  c o e f f i c i e n t  f o r  in v e s t ig a t e d  
m e m b r a n e s  a t  3 0  a n d  8 0 %  h u m il i t i e s

I t  c a n  b e  s e e n  th a t  th e  v a l u e s  o f  D  a r e  w e a k l y  d e p e n d  o n  th e  t y p e  o f  m e m b r a n e  a n d  a r e  

r e d u c e d  b y  a b o u t  7  t i m e s  a t  th e  s a m e  t e m p e r a t u r e  w ith  a  d e c r e a s e  in  h u m id i t y  f r o m  8 0  to  3 0 % .  

T h e  t e m p e r a t u r e  d e p e n d e n c e s  o f  th e  s e l f - d i f f u s i o n  c o e f f i c i e n t  a r e  w e l l  d e s c r i b e d  b y  th e  

A r r h e n iu s  e q u a t io n  D = D e e x p ( -E /k T )  a n d  c h a r a c t e r i z e d  b y  th e  a c t iv a t i o n  e n e r g y  E = 0 . 2  e V ,  

w h ic h  c o i n c i d e s  w ith  th e  a c t iv a t i o n  e n e r g y  o f  s e l f - d i f f u s i o n  in  w a t e r .  T h i s  in d ic a t e s  th e  

s i m i l a r i t y  o f  s e l f - d i f f u s i o n  m i c r o m e c h a n i s m s  in  p r o t o n - e x c h a n g e  m e m b r a n e s  a n d  in  th e  w a te r .

S t u d i e s  a t  th e  n e g a t iv e  t e m p e r a t u r e s  f r o m  - 5  t o - 9 0 C  w e r e  c a r r i e d  o u t  o n  th e  e x a m p l e  o f  

F u m a p e m  m e m b r a n e s ,  d i f f e r i n g  in  th e  le n g t h  o f  th e  s i d e  c h a in .  I t  w a s  f o u n d  th a t  a t  h ig h  w a t e r  

c o n c e n t r a t i o n  th e  d e p e n d e n c e s  o f  D ( T )  f o r  b o t h  m e m b r a n e s  c o in c id e  ( w i t h in  th e  e x p e r i m e n t a l  

e r r o r ) ,  b u t  b e c a m e  h ig h  o n  f a c t o r  ~ 2  a t  l o w  h u m id i t y  f o r  m e m b r a n e  w ith  a  s h o r t  s i d e  c h a in  in  

c o m p a r i n g  w ith  a  l o n g  s i d e  c h a in  m e m b r a n e .  T h e  a c t iv a t i o n  e n e r g y  v a l u e s  w e r e  w e a k l y  

d e p e n d e n t  o n  th e  h u m id i t y  a n d  e q u a l  t o  ~ 0 . 4  e V ,  w h ic h  i s  m u c h  h ig h e r  th a n  in  th e  h ig h  

t e m p e r a t u r e  r e g io n .  T h i s  f a c t  in d ic a t e s  a  c h a n g e  in  th e  m i c r o m e c h a n i s m  o f  s e l f - d i f f u s i o n  w ith  

d e c r e a s i n g  t e m p e r a t u r e .  A  s i m i l a r  b e h a v io r  w a s  o b s e r v e d  f o r  t e m p e r a t u r e  b e h a v i o r  o f  th e  

D e b y e  r e l a x a t i o n  t i m e  [ 8 ] ,  w h ic h  i n d i c a t e s  o n  a  c o m m o n  m e c h a n i s m  o f  t h e s e  t w o  p r o c e s s e s  in  

p r o t o n - e x c h a n g e  m e m b r a n e s .
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Solid-echo signal in a three-spin system with arbitrary 
dipole-dipole interaction constants

I r i n a  Yu. G o lu b e v a 1, G r ig o r i i  E .  K a r n a u k h ,  T a t ia n a  P . K u la g i n a 2

f a c u l t y  o f  fu n d a m e n t a l  p h y s i c a l  a n d  c h e m i c a l  e n g in e e r in g ,  M o s c o w  s t a t e  U n iv ers ity , 
M o s c o w , R u s s i a
2In s t i tu t e  o f p r o b l e m s  o f  c h e m i c a l  p h y s i c s  R A S , 1 4 2 4 3 2 , C h e r n o g o lo v k a ,  R u s s i a  
E - m a i l :  t a n @ ic p .a c . r u

Introduction
A  n e w  m e t h o d  f o r  c a l c u l a t i n g  th e  s o l id - e c h o  ( S E )  s i g n a l  in  t h r e e - s p in  s y s t e m s  w ith  

a r b i t r a r y  v a l u e s  o f  d i p o l e - d i p o l e  in t e r a c t io n  c o n s t a n t s  ( D D I )  i s  a p p l i e d .  T h e  b a s i s  o f  th e  m e t h o d  

i s  t h e  t h e o r e m  o f  r e d u c t io n  [ 1 ] ,  w h ic h  a l l o w s  t o  s i m p l i f y  c a l c u l a t i o n s  b y  r e d u c i n g  th e  d im e n s io n  

o f  th e  s p a c e  o f  s p in  S t a t e s .

Theorem about Cast Operation
T h e  s p a c e  o f  a l l  s p in  S t a t e s  R  i s  d i v i d e d  ( r e d u c e d )  in to  tw o  s u b s p a c e s  o f  S t a t e s ,  e v e n  

R e a n d  o d d  R o , w ith  r e s p e c t  t o  th e  п - p u l s e  (R  =  R e ®  R 0 ) .

R e =  Pe R  a n d R 0 =  P0 R,

w h e r e  Pe =  -  ^ Ё  +  e i—^  

s u b s p a c e s ,  E  -  u n it  o p e r a t o r ,
Л

a n d  P0 =  -  ^  E  — e ™ '  2' J  -  th e  p r o j e c t o r s  o n  t h e s e

-  th e  o p e r a t o r  o f  th e  in i t i a l  p o l a r iz a t i o n .

The method of calculating the signal
A l s o ,  th e  s y m m e t r y  a s s o c i a t e d  w ith  th e  s p in  e x c h a n g e  w a s  u s e d  in  th e  c a l c u la t i o n  o f  th e  

s i g n a l .  T h e  s p a c e  o f  a l l  s p in  S t a t e s  R  i s  d i v i d e d  in to  t w o  s u b s p a c e s  o f  s y m m e t r i c  R s  a n d  

a n t i s y m m e t r i c  R a  s t a t e s  r e l a t iv e  t o  s p in  e x c h a n g e  [1 ,  2 ] .

R s =  PSR  и  R a  =  Pa R ,

w h e r e  Ps =  -  ( E  +  E x ) ,  Pa  =  -  ( E  — E x )  -  th e  p r o j e c t o r s .

T h e n  th e  s p a c e  o f  a l l  s p in  S t a t e s  R  c a n  b e  d i v i d e d  in to  f o u r  s u b s p a c e s :

R  =  R e a ® R o a ® R e s ® R os,

R ea  =  P eP aR ,R o a  =  PoP aR ,R es =  PePSR ,R os =  PoPs R .

T h i s  m a k e s  i t  p o s s i b l e  to  r e d u c e  th e  c a l c u la t i o n  o f  th e  S E  s i g n a l  in  th e  t h r e e - s p in  s y s t e m  

f r o m  th e  8 t h - o r d e r  m a t r i x  t o  th e  c a l c u la t i o n  o f  th e  s i g n a l  o n  t w o  1 s t - o r d e r  m a t r i c e s  a n d  tw o  3 r d -  

o r d e r  m a t r i c e s .

Results and discussion
T h e  c a l c u la t i o n  w a s  c a r r i e d  o u t  f o r  s p in  s y s t e m s  w ith  a r b i t r a r y  v a l u e s  o f  d ip o le - d i p o l e  

in t e r a c t io n  c o n s t a n t s  ( D D I ) .  T h e  s o l id - e c h o  s i g n a l  i s  o b s e r v e d  a f t e r  th e  i m p a c t  o f  th e  p u l s e

s e q u e n c e  o n  th e  s p in  s y s t e m :  — t  — —  T .
у y  x  

C a l c u l a t i o n  f o r m u l a  o f  s i g n a l :

T r S x ( t ) S x =  T r S x ( t ) S x

T r ( s x ) 2 =  T r ’Z f ( s X ' ) 2

T r S x ( t ) S x T r S x ( t ) S x

n 2 n ~2 =  6
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w h e r e  S x ( t )  =  U 1S XU, U =  e lt^<iel 2̂  e lT^ .
T h e n  a n  a n a ly t i c a l  e x p r e s s i o n  f o r  S E  in  t h r e e - s p in  s y s t e m s .

A 2( t , t )
I  3

=  ( 2 7  c o s Ap  — 1 8  c o s 2p  +  7 ) -  ( c o s 2p  +  2  c o s p  +  1 ) c o s m 12( t  — t )
6 4  3 2
3  2 7

+  ( c o s 2p  — 2 c o s p  +  1 ) c o s w i3(T  — t )  +  ( c o s 4p  — 2 c o s 2p  +  1 ) c o s w 23(T  — t )
3 2  1 2 8
I I

— 3 2  ( 3 c o s 2p  +  2 c o s p  — V )o s m i2( t  +  t )  — —  ( 3 c o s 2p  — 2 c o s p  — 1 ) c o s w i3(T  +  t )

3
+  ( 9 c o s Ap  — 1 0 c o s 2p  +  1 ) c o s w 23(T  +  t )128

3 2
— 32 ( c o s 2P  — 1) ( c o s ( W i2T — W i3t )  +  c o s ( U i2t  — Ш13Т) )

3
— ( 3 c o s 3p  — c o s 2p  — 3 c o s f i  +  1) ( c o s ( ^ i 2T — Ы23t )  +  c o s ( ^ i 2t  — Ы23Т ) )

6 49
+  ( c o s 3p  — c o s 2p  — c o s p  +  1 ) ( c o s ( o > i3T — Ш23Р) +  c o s ( w i3t  — ш 23т ) )

6 4
3 2+  —  ( c o s 2p  — 1 ) ( c o s ( o > i2T +  Mi3t )  +  c o s ( w i2t  +  Mi3T ))

3
+  —  ( 3 c o s 3p  +  c o s 2p  — 3 c o s P _ 1 ) ( c o s ( o > i3T +  M23t )  +  c o s ( w i3t  +  ш 23т ) )

6 4
9 3 2— ( c o s 3p  — c o s 2p  — c o s p  +  1 ) ( c o s ( o > i2T +  Ш23Р) +  c o s ( w i2t  +  ш 23т ) )

6 4

1 3 2+  —  ( 9 c o s 3p  +  3 c o s 2p  — 5 c o s p  +  1 ) ( c o s w i2T +  c o s w i2t )

31 3 2
— —  ( 9 c o s 3p  — 9 c o s 2p  — c o s p  +  1 ) ( c o s w i3T +  c o s w i3t )

3
— ( 9 c o s ^ p  — 1 0 c o s 2p  +  1 ) ( c o s w 23T +  c o s w 23t )

6 4

w h e r e  c o s p  =  , a i  , a i  =  b i2 +  b 23 +  b 3 i , a 2 =  b i2b 23 +  b 23b 3 i  +  b 3 i b i2, b jj -  th e
j 9 o l - 2 i o 2

c o n s t a n t  D D I  [ 3 ] .

A c c o r d i n g  t o  t h i s  f o r m u la ,  th e  g r a p h s  o f  th e  s i g n a l s  o f  S E  a n d  th e  l in e  s h a p e  f o r  th e  

s a m e  a n d  d i f f e r e n t  c o n s t a n t s  D V  w e r e  c o n s t r u c t e d .

F i g u r e  1. S E  w ith  d i f f e r e n t  c o n s t a n ts  D D I

- 5  5 9  2  - 5
t  = 10 c, ^ i  = 2 ■ 10 c, ^ 2  = 5 ■ 10 c ,cos 0 .41 ,12  = 10 c
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Spin lattice relaxation of nuclei in magnetic semiconductor 
compound CuFeS2

S t a n is la v  O . G a r k a v y i ,  E c a t e r i n a  V. S c h m id t , V a d im  L . M a tu k h in , R u s t e m  R . K h u sn u td in o v ,  
G e o r g y  V. M o z z h u k h in , N i c o l a y  K . A n d r e e v

K a z a n  S t a t e  P o w e r  E n g in e e r in g  U n iv ers ity , K a z a n ,  4 2 0 0 6 6 , R u s s i a  
E - m a i l :  o l o l o i e v 7 7 @ m a i l . r u

Introduction
C h a lc o p y r i t e  C u F e S 2 i s  a  w e l l - k n o w n  s e m i c o n d u c t o r  m i n e r a l  p o s s e s s i n g  t h e r m o e l e c t r ic  

p r o p e r t i e s  [ 1 ,  2 ] .  T h e  c r y s t a l  s t r u c t u r e  o f  t h e  t e t r a g o n a l  p h a s e  C u F e S 2 ( c h a l c o p y r i t e  s t r u c t u r e )  

i s  r e p r e s e n t e d  a s  a l t e r n a t i n g  m e t a l  l a y e r s  s e p a r a t e d  b y  l a y e r s  o f  s u lp h u r .  In  e a c h  m e t a l  l a y e r ,  in  

a  s u c c e s s i v e  a l t e r n a t i o n  o f  c o p p e r  a n d  i r o n  a t o m s ,  th e  s p in s  o f  th e  i r o n  a t o m s  a r e  p a r a l l e l  a lo n g  

th e  c  a x i s ,  a n d  a n t i p a r a l l e l  in  th e  n e ig h b o r in g  l a y e r s ,  w h ic h  l e a d s  to  a n  a n t i f e r r o m a g n e t i c  

o r d e r in g  o f  th e  C u F e S 2 c r y s t a l  l a t t i c e  w ith  a  N e e l  t e m p e r a t u r e  o f  8 2 3  K .  T h e  s t u d y  o f  th e  s p in -  

l a t t i c e  r e l a x a t i o n  o f  n u c le i  p r o v i d e s  in f o r m a t io n  o n  th e  m a g n i t u d e  a n d  m e c h a n i s m  o f  

in t e r a c t io n s  b e t w e e n  n u c le a r  m a g n e t i c  d ip o le  a n d  q u a d r u p o le  m o m e n t s  a n d  f lu c t u a t in g  l o c a l  

m a g n e t i c  a n d  e l e c t r i c  f i e l d s  [ 3 ] .  T h e  a im  o f  t h i s  w o r k  w a s  t o  s t u d y  r e l a x a t i o n  o f  n u c le a r  s p in s  

in  m a g n e t i c  s e m i c o n d u c t o r  c o m p o u n d  C u F e S 2 b y  u s i n g  N M R  63,65C u  in  a  l o c a l  f i e l d  m e th o d .

Methods
S a m p l e s  f r o m  t w o  m i n e r a l  d e p o s i t s  “ T a l n a k h ”  a n d  “ S i b a i ”  w e r e  in v e s t i g a t e d .  

T h e  n u c le a r  m a g n e t i c  r e s o n a n c e  s p e c t r a  in  th e  l o c a l  f i e l d  a n d  th e  s p in - s p in  a n d  s p in - l a t t i c e  

r e l a x a t i o n  t i m e s  o f  th e  6365C u  n u c le i  w e r e  m e a s u r e d  w ith  a  T e c m a g - R e d s t o n e  m u l t ip u l s e  

N Q R / N M R  s p e c t r o m e t e r .  T h e  63,65C u  s p e c t r a  w e r e  o b t a in e d  u s i n g  th e  s t a n d a r d  s p in - e c h o  

s e q u e n c e  n /2 - T - n - e c h o .  M e a s u r e m e n t s  o f  N M R  s p e c t r a  w e r e  c a r r i e d  o u t  w ith  th e  d e l a y  t i m e  т  =  

5 5  ^ s .  T h e  s p in - s p in  r e l a x a t i o n  t i m e  Т 2 w a s  m e a s u r e d  w h e n  th e  d e l a y  t i m e  т  b e t w e e n  p u l s e s  

c h a n g e d  in  th e  т  =  5 0 - 1 3 5 0  ^ s  in t e r v a l  in  th e  s p in - e c h o - p u l s e  s e q u e n c e .  T h e  s p in - l a t t i c e  

r e l a x a t i o n  t i m e  T 1 w a s  m e a s u r e d  b y  th e  i n v e r s io n  r e c o v e r y  m e t h o d  o f  n u c le a r  

m a g n e t i z a t i o n  [ 4 ] .  T h e  s i g n a l  w a s  r e p e a t e d l y  a c c u m u l a t e d  w ith  th e  r e p e t i t i o n  t i m e  o f  5 T i  to  

i n c r e a s e  th e  s i g n a l - t o - n o i s e  r a t io .  T h e  n u m b e r  o f  a c c u m u l a t i o n s  u s e d  i s  1 0 0 0 .

Results
A s  i s  k n o w n ,  in  s e m i c o n d u c t o r  c o m p o u n d s ,  th e  r e l a x a t i o n  o f  q u a d r u p o le  n u c le i  i s  d u e  

to  th e  d ip o le  c o n t r ib u t i o n  d u e  to  th e  in t e r a c t io n  o f  th e  n u c le a r  m a g n e t i c  d i p o l e  m o m e n t  w ith  

c h a r g e  c a r r ie r s ,  a n d  th e  q u a d r u p o le  c o n t r ib u t i o n  d u e  to  th e  in t e r a c t io n  o f  th e  n u c le a r  e l e c t r ic  

q u a d r u p o le  m o m e n t  w ith  t h e  g r a d i e n t s  o f  th e  e l e c t r i c  f i e l d s  a t  t h e  lo c a t i o n  o f  th e  r e s o n a n t  n u c le i .  

T h e  n o t i c e a b le  d i f f e r e n c e  in  th e  v a l u e s  o f  g y r o m a g n e t i c  r a t i o s  г м  =  ( 65Y n / 63Y n )2 =  1 .1 6 7  a n d  

q u a d r u p o le  m o m e n t s  rQ =  ( 65Q / 63Q ) 2 =  0 . 8 7 2  n u c le i  o f  t w o  c o m m o n  c o p p e r  i s o t o p e s  a l l o w s  to  

s e p a r a t e  th e  m a g n e t i c  a n d  e l e c t r i c  q u a d r u p o le  c o n t r ib u t i o n s  to  th e  n u c le a r  s p in - l a t t i c e  

r e l a x a t i o n .  T h e  r a t e  o f  s p in - l a t t i c e  r e l a x a t i o n  t u r n s  o u t  to  b e  p r o p o r t io n a l  t o  th e  s p e c t r a l  d e n s i t y  

o f  f lu c t u a t io n s  o f  th e  in te r n a l  f i e l d s ,  w h ic h  c a u s e  r e l a x a t i o n  t r a n s i t i o n s  in  th e  n u c le a r  s p in  

s y s t e m .  T h e  c u r v e s  f o r  th e  r e c o v e r y  o f  th e  e q u i l ib r iu m  v a l u e  o f  n u c le a r  m a g n e t i z a t i o n  a t  a  

t e m p e r a t u r e  T  =  3 0 0  K  f o r  r e s o n a n c e  l i n e s  Vi ( C L )  ( i  =  6 3 ,  6 5 ) ,  c o r r e s p o n d in g  t o  c e n t r a l  

t r a n s i t i o n s  ( I z  =  1 / 2 « - 1 / 2 ) ,  w e r e  o f  o n e  e x p o n e n t i a l  n a tu r e ,  a s  a n  e x a m p l e  s a m p l e  f r o m  “ S i b a i ”  

m in e r a l  d e p o s i t  i s  p r e s e n t e d  in  F ig u r e .  1 . T h e  r a t i o  T 1( 63C u ) / T 1( 65C u )  =  1 .0 6  w a s  s l i g h t ly  l e s s  

th a n  th e  v a l u e  o f  г м . T h i s  r e s u l t  a l l o w s  u s  t o  e x c l u d e  f r o m  c o n s id e r a t io n  th e  q u a d r u p o le  

r e l a x a t i o n  m e c h a n i s m  a n d  t a k e  in to  a c c o u n t  th e  m a g n e t i c  r e l a x a t i o n  m e c h a n i s m  d u e  to  

f l u c t u a t io n s  o f  th e  d ip o le  l o c a l  f i e l d s .

173

mailto:ololoiev77@mail.ru


Poster Session

F ig u r e  1. 6365C u  m a g n e t iz a t io n  r e c o v e r y  o f  c e n t r a l  t r a n s i t io n s  in  a  l o c a l  f i e l d  a t  3 0 0 K  
in  C u F e S 2 s a m p l e  f r o m  "S i b a i " m i n e r a l  d e p o s i t

T o  f u r th e r  c o n f i r m  th e  m a g n e t i c  n a tu r e  o f  n u c le a r  r e l a x a t i o n ,  w e  m e a s u r e d  s p in - l a t t i c e  

r e l a x a t i o n  o n  th e  s a t e l l i t e  v  ( S L )  l in e  o f  th e  63C u  N M R  s p e c t r u m  c o r r e s p o n d in g  to  th e  I z  =  

3 / 2 ^ 1 / 2  t r a n s i t io n .  I n  t h i s  c a s e ,  th e  r e c o v e r y  c u r v e s  w e r e  a l s o  e x p o n e n t i a l  ( F i g .  2 )  a n d  th e  

r e s u l t i n g  v a l u e s  o f  th e  r e l a x a t i o n  r a t e  tu r n e d  o u t  to  b e  n o t i c e a b ly  lo w e r  th a n  th e  c o r r e s p o n d in g  

v a l u e s  o f  th e  r e l a x a t i o n  r a t e  f o r  th e  c e n t r a l  t r a n s i t io n .

F ig u r e  2. 63C u  m a g n e t iz a t io n  r e c o v e r y  o f  c e n t r a l  a n d  s a t e l l i t e  t r a n s i t io n  in  a  l o c a l  f i e l d  
a t  3 0 0 K  in  C u F e S 2 s a m p l e  f r o m  " S ib a i"  m i n e r a l  d e p o s i t

T h e  r e s u l t  o b t a in e d  i s  a n  a d d i t io n a l  c o n f i r m a t io n  o f  t h e  m a g n e t i c  m e c h a n i s m  o f  sp in -  

l a t t i c e  r e la x a t i o n .
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Introduction
T h e  s p in - w a v e  r e s o n a t o r  i s  a  p l a n e  r e c t a n g u la r  s a m p l e  o f  a  f e r r o m a g n e t i c  f i l m .  T h e  

d im e n s i o n s  o f  th e  r e s o n a t o r ,  i t s  s h a p e ,  m a g n e t i c  p a r a m e t e r s  o f  th e  f i l m  a n d  a  v a l u e  o f  th e  b i a s  

m a g n e t i c  f i e l d  d e t e r m in e  th e  r e s o n a n t  f r e q u e n c y  s p e c t r u m .  P r a c t i c a l ly ,  r e s o n a t o r s  b a s e d  o n  a n  

y t t r iu m  i r o n  g a r n e t  ( Y I G )  f i l m  a r e  u s e d  u s u a l l y  b e c a u s e  t h i s  m a t e r ia l  h a s  th e  l o w e s t  p a r a m e t e r  

o f  r e l a x a t i o n  o f  m a g n e t i z a t i o n  o s c i l l a t i o n s .  I t  i s  k n o w n  th a t  w ith  a n  in c r e a s e  in  th e  m i c r o w a v e  

s i g n a l  p o w e r  e x c i t i n g  o s c i l l a t i o n s  in  a  f e r r o m a g n e t i c  f i l m  r e s o n a t o r ,  v a r i o u s  n o n l in e a r  e f f e c t s  

c o u l d  b e  e m e r g e d .  T h e  e f f e c t  o f  b i s t a b i l i t y  [ 1 ]  i s  o b s e r v e d  a n d  w e l l  e n o u g h  s t u d i e d  in  n o r m a l ly  

m a g n e t i z e d  r e s o n a t o r s .  I n  th e  c a s e  o f  in - p la n e  m a g n e t i z e d  r e s o n a t o r s ,  a  n o n l in e a r  f r e q u e n c y  

s h i f t  a n d  n o n l in e a r  d a m p i n g  o f  m a g n e t i z a t i o n  o s c i l l a t i o n s  t a k e  p l a c e  [ 2 ,3 ] .  T h e  p u r p o s e  o f  t h i s  

w o r k  i s  e x p e r i m e n t a l  i n v e s t i g a t io n  o f  th e  n o n l in e a r  e f f e c t s  e m e r g e d  in  o b l i q u e l y  m a g n e t i z e d  

f e r r o m a g n e t i c  f i l m  r e s o n a t o r s .

Experimental prototype
T h e  r e s o n a t o r  r e p r e s e n t e d  a n  Y I G  f i l m  s a m p le  w ith  a  t h i c k n e s s  o f  7  ц т  a n d  la t e r a l  

d im e n s i o n s  a  =  b  =  1  m m ,  w h ic h  w a s  g r o w n  e p i t a x i a l l y  o n  a  0 . 5  m m  t h ic k  g a l l iu m  

g a d o l i n iu m  g a r n e t  ( G G G )  s u b s t r a t e .  T h e  f i l m  h a d  s a t u r a t i o n  m a g n e t i z a t i o n  o f  1 7 5 0  G .  T h e  

a n g l e  w a s  v a r i e d  f r o m  0  t o  5 0  d e g r e e s .  M a g n e t i z a t i o n  o s c i l l a t i o n s  w e r e  e x c i t e d  in  th e  r e s o n a t o r  

b y  a  m i c r o s t r ip  a n t e n n a  w ith  a  w id t h  o f  5 0  ^ m  a n d  a  le n g t h  o f  2  m m , o n e  e n d  o f  w h ic h  w a s  

c o n n e c t e d  to  a  s t a n d a r d  m i c r o s t r ip  t r a n s m i s s i o n  l in e  w ith  a  c h a r a c t e r i s t i c  i m p e d a n c e  o f  5 0  Q , 

a n d  th e  o th e r  e n d  w a s  g r o u n d e d .  T h e  r e s o n a t o r  w a s  p o s i t i o n e d  im m e d i a t e l y  o n  th e  m i c r o s t r ip  

a n t e n n a  a s  i s  s h o w n  in  F ig .  1 . T h e  m i c r o s t r ip  s t r u c t u r e  w ith  th e  r e s o n a t o r  w a s  p l a c e d  b e t w e e n  

p o l e s  o f  a  p e r m a n e n t  m a g n e t .  T h e  m e a s u r e m e n t  c e l l  w a s  r o t a t e d  in  a  m a g n e t i c  f i e l d  a t  a n  a n g l e  

f r o m  0  t o  3 6 0  d e g r e e s .

T h e  n o n l in e a r  p r o p e r t i e s  o f  th e  r e s o n a t o r  w e r e  s t u d i e d  w ith  m e a s u r e m e n t s  o f  th e  

m i c r o w a v e  a b s o r p t io n  s p e c t r a  a t  v a r i o u s  in p u t  p o w e r  l e v e l s  o f  th e  a p p l i e d  m i c r o w a v e  s i g n a l .

F ig u r e  1. S c h e m a t i c  d i a g r a m  o f  t h e  r e s o n a t o r  m a g n e t iz e d  th e  f i l m  a t  a n  a n g le  o f  a .  
(1 -  G G G  s u b s t r a t e ,  2  -  Y IG  f i l m  r e s o n a t o r ,  3  -  s h o r t  c ir c u it ,  4  -  m i c r o s t r ip  a n te n n a )
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Experimental results
T h e  r e s o n a t o r  r e f l e c t io n  s p e c t r u m  i s  s h o w n  in  F i g .  2 ( a ) .  T h i s  c h a r a c t e r i s t i c  w a s  

m e a s u r e d  a s  S 1 1 ( f )  =  1 0 l g ( P r e /( f \  w h e r e  f  i s  th e  m i c r o w a v e  f r e q u e n c y  a n d  P ;n c ( f )  i s  th e
Pin c ( f )

in c id e n t  m i c r o w a v e  p o w e r ,  a n d  PTef ( f )  i s  th e  r e f l e c t e d  s i g n a l  p o w e r .  T h e  m a g n e t i c  f i e l d  

s t r e n g th  H 0 w a s  2 0 0 0 ,  a n d  w a s  d i r e c t e d  a t  a n  a n g l e  o f  2 5  d e g r e e s ,  f o r  w h ic h  th e  r e s o n a t o r  

a b s o r b e d  a t  f r e q u e n c ie s  a b o v e  7 .3  G H z .

F i g u r e  2 ( b )  s h o w s  a  f r a g m e n t  o f  th e  r e s o n a t o r  r e f l e c t io n  s p e c t r u m  c o r r e s p o n d in g  t o  a  

m a in  m o d e  o f  th e  r e s o n a t o r  m e a s u r e d  f o r  d i f f e r e n t  in p u t  p o w e r  l e v e l s .  A s  i s  s e e n  f r o m  th e  

m e a s u r e d  d e p e n d e n c e s ,  a n  in c r e a s e  in  th e  p o w e r  l e v e l  l e a d s  to  a  c h a n g e  in  r e s o n a n t  f r e q u e n c y  

d u e  to  th e  e f f e c t  o f  a  n o n l in e a r  f r e q u e n c y  s h i f t .  M o r e o v e r ,  i t  l e a d s  t o  a n  in c r e a s e  in  th e  w id t h  

o f  th e  r e s o n a n c e  c u r v e  d u e  t o  th e  n o n l in e a r  d a m p i n g  o f  s p in  w a v e s .  I t  w a s  f o u n d ,  t h a t  th e  

n o n l in e a r  f r e q u e n c y  s h i f t  i s  n o n m o n o t o n ic  d e p e n d e n c e  o f  in p u t  p o w e r  ( s e e  F i g .  3 ) .  T h e  r e s o n a n t  

f r e q u e n c y  d e m o n s t r a t e  f i r s t  t h e  n e g a t iv e  s h i f t .  R e a c h i n g  th e  p o w e r  l e v e l  o f  1 3  d B m  th e  r e s o n a n t  

f r e q u e n c y  s h i f t  b e c o m e  p o s i t i v e .

b

F i g u r e  2. T y p i c a l  s p e c t r a  in  a  l i n e a r  m o d e  (a )  a n d  a  f a m i l y  o f  r e s o n a n c e  c u r v e s  
(b ) m e a s u r e d  f o r  a  r e s o n a t o r  m a g n e t iz e d  a t  a n  a n g le  a  =  2 5  d e g r e e s  t o  t h e  f i lm .  

(1 -  - 1 0  d B , 2  -  5  d B , 3  -  1 0  d B , 4  - 1 5  d B , 5  - 1 8  d B )

F ig u r e  3. Th e  n o n l in e a r  f r e q u e n c y  s h i f t  a s  a  fu n c t io n  o f  t h e  in c id e n t  p o w e r  
m e a s u r e d  f o r  a n  a n g le  o f  2 5  d e g r e e s
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Conclusion
I n v e s t i g a t io n  h a s  s h o w n  th a t  o b l i q u e l y  m a g n e t i z e d  f e r r o m a g n e t i c  f i l m  r e s o n a t o r  

d e m o n s t r a t e  a  n o n l in e a r  s h i f t  o f  th e  r e s o n a n t  f r e q u e n c y .  T h e  n o n l in e a r  f r e q u e n c y  s h i f t  i s  

n o n m o n o t o n ic  d e p e n d e n c e  o f  th e  r e s o n a t o r  in p u t  p o w e r .
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Adjustable tuning range RF-coil for heteronuclear MRI
V ia c h e s l a v  A . Iv a n o v , A n n a  A . H u r s h k a in e n , G e o r g i y  A . S o lo m a k h a ,  M i k h a i l  A . Z u b k o v

D e p a r t m e n t  o f  N a n o p h o t o n ic s  a n d  M e t a m a t e r ia ls ,  IT M O  U n iv ers ity , S t -P e t e r s b u r g ,  R u s s ia ,  
1 9 7 1 0 1
E - m a i l :  v ia c h e s la v . i v a n o v @ m e t a la b . i f m o .r u

I n  c l in i c a l  a n d  r e s e a r c h  M R I ,  h y d r o g e n  a t o m s  ( r e f e r r e d  c o m m o n ly  t o  a s  p r o t o n s )  a r e  

m o s t  o f t e n  u s e d  to  g e n e r a t e  a  d e t e c t a b l e  r a d io - f r e q u e n c y  s i g n a l .  H o w e v e r ,  in  a d d i t io n  to  

h y d r o g e n ,  s e v e r a l  o th e r  t y p e s  o f  n u c le i  t h a t  c a n  p r o v i d e  a  u s e f u l  m a g n e t i c  r e s o n a n c e  r e s p o n s e  

a r e  p r e s e n t  in  l i v in g  o r g a n i s m s  [ 1 ] .  M R  m e a s u r e m e n t s  u s in g  n o n - p r o t o n  n u c le i ,  t e r m e d  X -  

n u c le i ,  s u c h  a s  d e u t e r iu m  ( 2H ) ,  p h o s p h o r u s  ( 31P ) ,  s o d i u m  ( 23N a )  o r  f lu o r in e  ( 19F ) ,  a r e  a l s o  o f  

g r e a t  v a lu e  a s  t h e y  o f f e r  in f o r m a t io n  w h ic h  i s  c o m p le m e n t a r y  to  t h a t  o f  p r o t o n  M R I .  F o r  

e x a m p l e ,  th e  in f o r m a t io n  p r o v i d e d  b y  31P  M R !  o r  N M R - s p e c t r o s c o p y  c a n  b e  u s e d  t o  o b s e r v e  

c h a n g e s  in  e n e r g y  m e t a b o l i s m  a n d  in t r a - c e l l u l a r  p H  [ 4 - 6 ] ,  w h ic h  c a n  th e n  b e  u s e d  f o r  c l in i c a l  

s t u d i e s  in ,  f o r  e x a m p l e ,  o n c o l o g y  [ 7 - 9 ] .  T h e  m a in  i s s u e  w i t h  X - n u c l e i  N M R  s i g n a l  d e t e c t io n  i s  

t h a t  th e  r e l a t iv e  s e n s i t i v i t y  ( a  f u n c t io n  o f  g y r o m a g n e t i c  r a t i o )  a n d  th e  c o n c e n t r a t i o n  o f  X - n u c l e i  

in  o r g a n i c  t i s s u e  i s  m u c h  l e s s  th a n  t h a t  o f  'H .  T h a t ’ s  w h y  in  m o s t  c a s e s  X - n u c l e i  i m a g e s  h a v e  

s i g n i f i c a n t l y  lo w e r  S N R  a n d \ o r  r e s o lu t i o n .  T h e  la t t e r  i m p e d e s  o b t a in i n g  r e l i a b le  a n a t o m i c a l  

d a t a  f r o m  m o s t  X - n u c l e i  i m a g e s  a n d  t h u s  t h e y  h a v e  to  b e  c o m b in e d  w i t h  th e  r e f e r e n c e  

1H  im a g e s .

W h o le - b o d y  s m a l l - a n im a l  m e t a m a t e r i a l - in s p i r e d  c o i l  w a s  s u c c e s s f u l l y  a p p l i e d  f o r  in -  
v iv o  1H  m o u s e  s c a n n in g  [ 2 ] ,  a n d  p r o o f - o f - c o n c e p t  M R !  t e s t s  o f  p r e c l in i c a l  c o i l  f o r  d u a l - n u c l e i  

i m a g i n g  ( 19F / 1H )  w e r e  a l s o  p r o m i s i n g  [ 3 ] .  T h e s e  d e s i g n s  a l l o w  t o  o v e r c o m e  s e v e r a l  d r a w b a c k s  

w h ic h  c o n v e n t io n a l  c o i l s  h a v e  [ 2 ] .

W e  p r o p o s e  d o u b l e - c o i l  s e t - u p  to  a l l o w  h i g h - S N R  b r o a d - r a n g e  h e t e r o n u c le a r  i m a g i n g  

e x p e r i m e n t s :  t w o  in d e p e n d e n t  c o i l s ,  o n e  o f  t h e m  tu n e d  to  1H  f r e q u e n c y  to  g e t  a n a t o m i c a l  

i m a g e s ,  a n d  a n o t h e r  o n e ,  m e t a m a t e r i a l - in s p i r e d  c o i l  tu n e d  t o  th e  X - n u c l e i  f r e q u e n c y .  I n  t h i s  

w o r k  o u r  g o a l  w a s  to  d e s i g n  a  b r o a d - r a n g e  c o i l .  2H  a n d  31P  f r e q u e n c ie s  w e r e  c h o s e n  a s  m a r g i n  

f r e q u e n c i e s  f o r  th e  s e c o n d ,  X - n u c l e i  c o i l .  S u c h  N M R - a c t i v e  n u c le i  a s  7L i ,  U B ,  13C ,  23N a  f a l l  

in to  t h i s  r a n g e .  T h e  h ig h e r  i s  th e  v a lu e  o f  c o n s t a n t  m a g n e t i c  f i e l d  B o ,  th e  b i g g e r  i s  th e  a b s o lu t e  

f r e q u e n c y  g a p  b e t w e e n  th e  l o w e s t  a n d  th e  h ig h e s t  f r e q u e n c y  n u c le i .  F o r  e x a m p l e ,  in  1 1 .7  T e s l a  

f r e q u e n c y  g a p  b e t w e e n  2H  a n d  31P  i s  1 2 7 .7  M H z .  T o  h a v e  a n  o p p o r t u n i t y  o f  t u n in g  th e  c o i l  in  

s u c h  a  w id e  r a n g e ,  b o t h  s t r u c t u r a l  c a p a c i t a n c e  a n d  in d u c t a n c e  o f  th e  c o i l  w e r e  m a d e  v a r i a b le .

240

0 5 10 15 20 25 30 35

Overlapping, mm

F ig u r e  1. A d ju s t a b l e  tu n in g  r a n g e  R F - c o i l  F ig u r e  2. T u n in g  r a n g e  o f  X - n u c le i  c o i l

179

mailto:viacheslav.ivanov@metalab.ifmo.ru


Poster Session

F i g u r e  3. S im u la t e d  ( C S T M ic r o w a v e  S tu d io )  a n d  e x p e r im e n t a l  S - p a r a m e t e r s  o f  X -n u c le i  
c o i l  ( l e f t  p i c t u r e )  a n d  p r o t o n  c o i l  ( r ig h t  p ic t u r e ) .  X - n u c le i  c o i l  h e r e  i s  tu n e d  a t  1 2 3  M h z , 

w h ic h  a p p r o x im a t e ly  c o r r e s p o n d s  t h e  m id d le  o f  7 6 -2 0 3  M H z  f r e q u e n c y  r a n g e

W e  p r e s e n t  t h e  r e s u l t s  o f  n u m e r i c a l  s i m u la t i o n  a n d  in i t i a l  e x p e r i m e n t a l  im p l e m e n t a t i o n  

o f  w h o l e - b o d y  s m a l l  a n im a l  d o u b l e - c o i l  1 H - X  s y s t e m  w it h  w i d e  f r e q u e n c y  t u n in g  r a n g e  f o r  th e  

X - n u c l e i  f o r  1 1 .7  T  s c a n n e r .  I t  w a s  s h o w n  t h a t  th e  c o i l s  in  s u c h  s y s t e m  a r e  n o t  c o u p l e d  a n d  c a n  

b e  e f f e c t i v e l y  t u n e d  t o  t a r g e t  f r e q u e n c i e s :  5 0 0  M h z  f o r  p r o t o n  c o i l ,  7 6 - 2 0 3  M h z  f o r  X - n u c l e i  

c o i l  ( F i g .  3 ) .  N a r r o w  r a n g e  t u n in g  in  th e  1H  c o i l  i s  a c h ie v e d  v i a  lu m p e d  v a r i a b l e  c a p a c i t a n c e .  

B r o a d  t u n in g  r a n g e  in  t h e  m e t a m a t e r i a l - in s p i r e d  c o i l  i s  a c h ie v e d  b y  s i m u l t a n e o u s  c h a n g e  o f  

s t r u c t u r a l  c a p a c i t y  ( f o r m e d  b y  o n e - s id e  m e t a l l i z e d  P C B s  a n d  m e t a l  p a t c h e s  b e t w e e n  t h e m  

w h ic h  c a n  b e  s h i f t e d  a l o n g  e a c h  o t h e r )  a n d  s t r u c t u r a l  i n d u c t a n c e  ( f o r m e d  b y  b r a s s  t e l e s c o p i c  

w i r e s  w h ic h  c a n  v a r y  t h e i r  le n g t h )  ( F i g .  2 ) .
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Textured growth of magnetic nanoparticles in implanted TiO2 
and ZnO single crystals as revealed by FMR
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Abstract
In  t h i s  w o r k ,  f e r r o m a g n e t i c  r e s o n a n c e  s t u d i e s  o f  m a g n e t i c  n a n o m a t e r i a l s  p r o d u c e d  b y  

io n - b e a m  im p l a n t a t io n  o f  m a g n e t i c  3 d - i o n s  in to  T i O 2 a n d  Z n O  s i n g l e  c r y s t a l s  a r e  p r e s e n t e d .  

T h e  r e s u l t s  o f  F e r r o m a g n e t i c  R e s o n a n c e  ( F M R )  s t u d i e s  o f  f e r r o m a g n e t i c  l a y e r  f o r m e d  b y  h ig h  

f lu e n c e  im p l a n t a t io n  o f  3 d - i o n s  in  th e  s i n g l e  c r y s t a l  s u b s t r a t e  a r e  p r e s e n t e d .

Introduction
A n  in t e r e s t  t o  th e  s t u d i e s  o f  n a n o m a g n e t i c  m a t e r i a l s  a r e  d r i v e n  b y  t h e i r  c r u c i a l  p r o p e r t i e s  

f o r  b o th  f u n d a m e n t a l  s c i e n c e  a n d  t e c h n o l o g y  a p p l i c a t i o n s .  M a g n e t i c  r e s o n a n c e  t e c h n iq u e  h a s  

b e e n  p r o v e n  a s  o n e  o f  th e  m o s t  e f f e c t i v e  m e t h o d s  t o  p r o b e  v a r i o u s  p r o p e r t i e s  o f  m a g n e t i c  

m a t e r i a l s ,  s u c h  a s  th e  l o c a l  s i t e  s y m m e t r y  o f  d o p a n t s ,  th e  m a g n e t i c  a n i s o t r o p i e s ,  e x c h a n g e  

in t e r a c t io n  e n e r g ie s ,  d a m p i n g  p a r a m e t e r s ,  c r y s t a l  e l e c t r i c  f i e ld ,  e t c .  [ 1 - 3 ] .

D i lu t e d  m a g n e t i c  s e m i c o n d u c t o r s  b a s e d  o n  o x i d e  s y s t e m s ,  s u c h  a s  t i t a n iu m  d i o x i d e  

( T i O 2)  a n d  z i n c  o x id e  ( Z n O ) ,  d o p e d  w ith  t r a n s i t i o n  m e t a l  e l e m e n t s  h a v e  b e e n  s t u d i e d  

in t e n s i v e ly  s t u d i e d  d u e  to  t h e ir  p o t e n t ia l  a p p l i c a t i o n s  in  s p in t r o n ic s .  B o t h  T i O 2 a n d  Z n O ,  w h ic h  

a r e  k n o w n  a s  w id e - b a n d  I I - V I  s e m i c o n d u c t o r  m a t e r i a l s ,  h a v e  d r a w n  m u c h  a t t e n t io n  d u e  t o  th e  

t h e o r e t i c a l  p r e d ic t io n  [4 ]  th a t  t h e y  m a y  e x h ib i t  r o o m - t e m p e r a t u r e  f e r r o m a g n e t i s m  w h e n  d o p e d  

w ith  m a g n e t i c  3 d  io n s  [ 5 - 8 ] .

In  th e  p r e s e n t  s t u d y ,  w e  i n v e s t i g a t e  th e  e f f e c t  o f  io n - b e a m  im p l a n t a t io n  o n  m a g n e t i c  

p r o p e r t i e s  o f  c r y s t a l l in e  T i O 2 a n d  Z n O  s u b s t a n c e s .

Experimental
S i n g l e  c r y s t a l s  o f  ( 1 0 0 )  a n d  ( 0 0 1 )  T i O 2 s u b s t r a t e s  a s  w e l l  a s  ( 1 1 0 )  a n d  ( 0 0 0 1 )  Z n O  

s u b s t r a t e s  h a v e  b e e n  im p l a n t e d  a t  r o o m  t e m p e r a t u r e  b y  C o 2+ a n d  F e +  i o n s  w ith  e n e r g y  o f  4 0  

k e V  t o  h ig h  d o s e  o f  1 . 5 * 1 0 17 i o n s / c m 2 a n d  8 - 9  ц А / c m 2 b e a m  c u r r e n t  d e n s i t y  u s i n g  I L U - 3  io n  

a c c e l e r a t o r  o f  K a z a n  P h y s i c a l  T e c h n ic a l  I n s t i t u te .  T h e  m a g n e t i c  p r o p e r t i e s  o f  th e  im p l a n t e d  

s a m p l e s  w ith  d i f f e r e n t  c r y s t a l  o r ie n t a t io n  h a v e  b e e n  s t u d i e d  b y  F e r r o m a g n e t i c  R e s o n a n c e  

( F M R )  t e c h n iq u e  a t  r o o m  te m p e r a t u r e .  F M R  s p e c t r a  h a v e  b e e n  r e c o r d e d  b y  u s in g  B r u k e r  E M X  

X - b a n d  s p e c t r o m e t e r  ( 9 .8  G H z )  a t  r o o m  te m p e r a t u r e .  T h e  s t a t i c  m a g n e t i c  f i e l d  h a s  b e e n  v a r i e d  

in  th e  r a n g e  o f  0 - 1 6  k O e .  A n g u l a r  d e p e n d e n c e s  o f  s p e c t r a  h a v e  b e e n  r e c o r d e d  w ith  th e  s t a t ic  

m a g n e t i c  f i e l d  r o t a t e d  in  th e  p l a n e  o f  th e  p l a t e - l ik e  s a m p l e s  ( in - p l a n e  g e o m e t r y )  a n d  in  th e  

p e r p e n d i c u l a r  p l a n e  ( o u t - o f - p l a n e  g e o m e t r y ) .

Result and Discussion
O u r  in v e s t i g a t i o n s  d e m o n s t r a t e  th a t  m a g n e t i c  r e s o n a n c e  i s  v e r y  e f f e c t i v e  t e c h n iq u e  to  

s t u d y  th e  l o c a l  s t r u c t u r a l  a n d  m a g n e t i c  p r o p e r t i e s  o f  3 d - io n  im p l a n t e d  o x i d e s .  E l e c t r o n  

p a r a m a g n e t i c  r e s o n a n c e  ( E P R )  s i g n a l s  o f  M n 4+, C r 3+, F e 3+, C o 2+, a n d  o t h e r  p a r a m a g n e t i c  i o n s  

h a v e  b e e n  a l r e a d y  o b s e r v e d  in  th e  s i n g l e  c r y s t a l  T i O 2 a n d  Z n O  s u b s t r a t e s  im p l a n t e d  w ith  t h e s e  

i o n s  a n d  s u b s e q u e n t ly  a n n e a l e d  a t  h ig h  t e m p e r a t u r e s  [ 1 ,3 ,9 ] .  I t  h a s  b e e n  s h o w n  th a t  p o s t 

a n n e a l in g  p r o c e d u r e  f a v o u r s  th e  3 d - i o n s  to  e n te r  s u b s t i t u t io n a l ly  in to  T i 4+  ( Z n 2+ )  s i t e  o f  th e  h o s t  

c r y s t a l  s t r u c t u r e .
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In  th e  c a s e  o f  th e  T i O 2 a n d  Z n O  s i n g l e  c r y s t a l  s u b s t r a t e s  im p l a n t e d  w ith  th e  m a g n e t i c  

t r a n s i t i o n  m e t a l  i o n s  ( C o ,  F e ,  N i )  w ith  n o  a n n e a l in g  a p p l i e d  a f t e r  im p l a n t a t io n ,  th e  r o o m  

t e m p e r a t u r e  ( R T )  f e r r o m a g n e t i c  b e h a v io u r  h a v e  b e e n  o b s e r v e d .  W e  h a v e  s h o w n  t h a t  th e  

f e r r o m a g n e t i s m  o b s e r v e d  in  th e  a s - im p la n t e d  T i O 2 a n d  Z n O  s u b s t r a t e s  i s  m a in ly  r e la t e d  t o  th e  

f o r m a t i o n  o f  m e t a l  m a g n e t i c  n a n o p a r t i c l e s  in  th e  i m p l a n t e d  la y e r .

F ig u r e  1. I n  p l a n e  a n g u la r  d e p e n d e n c e s  a n d  o u t  o f  p l a n e  a n g u la r  d e p e n d e n c e s  o f  th e  F M R  
r e s o n a n c e  f i e l d s  o f  C o+  im p la n t e d  (1 0 0 )  T iO 2 s a m p l e  a t  r o o m  t e m p e r a tu r e

F i g .  1 s h o w s  th e  a n g u la r  b e h a v io u r  o f  f e r r o m a g n e t i c  r e s o n a n c e  l i n e s  in  o u t - o f - p l a n e  a n d  

in - p la n e  g e o m e t r i e s  f o r  th e  C o  im p l a n t e d  s a m p le s .  T h e s e  r e s u l t s  r e v e a l  s t r o n g  f e r r o m a g n e t i s m  

e v e n  a t  r o o m  t e m p e r a t u r e  w ith  b e h a v io u r ,  w h ic h  i s  t y p i c a l  f o r  th e  c o n t i n u o u s  e p i t a x i a l  

f e r r o m a g n e t i c  f i l m s .  T h e  o u t - o f - p l a n e  F M R  m e a s u r e m e n t s  ( s e e  in s e t )  r e f l e c t  a  h ig h  e f f e c t  o f  

th e  s h a p e  a n i s o t r o p y  o n  th e  F M R  s i g n a l  a n g u l a r  d e p e n d e n c e s  b e c a u s e  o f  h ig h  e f f e c t i v e  

m a g n e t i z a t i o n  v a lu e .  A t  th e  s a m e  t im e ,  th e  in - p la n e  F M R  r e s u l t s  s h o w  v e r y  l a r g e  c r y s t a l  

m a g n e t i c  a n i s o t r o p y  in  th e  s a m p le s .  T h e  a n g u l a r  b e h a v io u r  o f  F M R  in  th e  in - p la n e  g e o m e t r y  

r e v e a l  u n ia x ia l  c r y s t a l  m a g n e t i c  a n i s o t r o p y  f o r  th e  b o t h  s u b s t r a t e  o r ie n t a t io n s .

F i g u r e  2. I n - p la n e  a n d  o u t - o f -p l a n e  a n g u la r  d e p e n d e n c e s  o f  th e  F M R  r e s o n a n c e  f i e l d s  o f  C o+  
im p la n t e d  ( 0 0 0 1 ) - o r i e n t e d  Z n O  s a m p l e  a t  r o o m  t e m p e r a tu r e

F M R  m e a s u r e m e n t  r e s u l t s  o f  th e  s i n g l e  c r y s t a l  T i O 2 s u b s t r a t e s  i m p l a n t e d  w ith  F e  + i o n s  

( im p l a n t a t io n  c o n d i t io n s  w e r e  n e a r ly  s i m i l a r  t o  th e  s a m p l e s  im p l a n t e d  b y  C o )  h a v e  b e e n  

p r e s e n t e d  p r e v i o u s l y  in  w o r k  [ 5 ] .  A s  in  th e  c a s e  o f  C o - im p la n t e d  T i O 2, t h e  ( 1 0 0 )  T i O 2 s a m p le  

r e v e a l  th e  f e r r o m a g n e t i c  b e h a v i o u r  c o n v e n t io n a l  f o r  th e  s y s t e m  w ith  in - p la n e  u n ia x ia l  m a g n e t i c
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a n i s o t r o p y  o f  F M R  s i g n a l .  T h e  in - p la n e  d a t a  f o r  th e  ( 0 0 1 )  Т Ю 2 s a m p l e  s h o w s  f o u r  f o ld  

m a g n e t o c r y s t a l l in e  a n i s o t r o p y .  T h e  o b s e r v e d  b e h a v i o u r  i s  a t t r ib u t e d  t o  t e x t u r e d  g r o w t h  o f  

f e r r o m a g n e t i c  F e  n a n o p a r t i c l e s  n e a r  s u r f a c e  o f  b u l k  c r y s t a l  ( s e e  d e t a i l s  in  th e  w o r k  [ 5 ] ) .

F M R  m e a s u r e m e n t s  o f  th e  s i n g l e  c r y s t a l  Z n O  s u b s t r a t e s  im p l a n t e d  w i t h  C o +  io n s  a r e  

p r e s e n t e d  in  F i g .2 .  S i m i l a r  t o  th e  c a s e  o f  C o - im p la n t e d  T i O 2, F M R  s t u d i e s  r e v e a l  a  v e r y  s t r o n g  

r o o m - t e m p e r a t u r e  f e r r o m a g n e t i s m  in  C o - im p la n t e d  ( 0 0 0 1 )  o r ie n t e d  Z n O  s a m p l e  ( F i g .2 ) .  

A g a i n ,  a  s t r o n g  e f f e c t  o f  t h e  c r y s t a l  m a g n e t i c  a n i s o t r o p y  a n d  th e  h ig h  m a g n e t i z a t i o n  v a l u e  a r e  

o b s e r v e d  in  th e  in - p la n e  a n d  o u t - o f - p l a n e  a n g u l a r  d e p e n d e n c e s .  I t  s h o u ld  b e  n o t e d  th a t  in  s o m e  

s a m p l e s  w e  h a v e  a l s o  o b s e r v e d  w e a k  E P R  l i n e s  d u e  to  a  s m a l l  n u m b e r  o f  F e 3+ p a r a m a g n e t i c  

im p u r i t i e s  w ith  th e  s p in - H a m i l t o n i a n  p a r a m e t e r s  t h a t  a r e  t y p i c a l  f o r  th e  F e 3+ c e n t e r s  a t  Z n  s i t e s  

in  th e  z i n c  o x id e  h o s t .

Conclusions
In  s u m m a r y ,  m a g n e t i c  r e s o n a n c e  s t u d i e s  o f  s i n g l e  c r y s t a l  T i O 2 r u t i l e  a n d  Z n O  s u b s t r a t e s  

im p l a n t e d  w ith  C o +  a n d  F e +  i o n s  h a v e  b e e n  i n v e s t i g a t e d  a t  r o o m  te m p e r a t u r e .  W e  h a v e  s h o w n  

th e  s t r o n g  r o o m - t e m p e r a t u r e  f e r r o m a g n e t i s m  a n d  v e r y  l a r g e  c r y s t a l  m a g n e t i c  a n i s o t r o p y  o f  th e  

s i n g l e - c r y s t a l l in e  C o ( F e ) - T i O 2 a n d  C o - Z n O  s a m p l e s .  T h e  o b s e r v e d  b e h a v io u r  i s  a t t r ib u t e d  to  

t e x t u r e d  g r o w t h  o f  f e r r o m a g n e t i c  n a n o p a r t i c l e s  n e a r  s u r f a c e  o f  b u l k  c r y s t a l  f o r  t h e  b o th  s y s t e m s  

( T i O 2 a n d  Z n O ) .
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Introduction
N M R  i s  o n e  o f  th e  m o s t  u s e f u l  a n d  in f o r m a t iv e  m e t h o d s  in  e x p lo r a t io n  o f  s u b s t a n c e s .  

B e n e f i t s  o f  u s i n g  t h i s  t e c h n o lo g y  m i g h t  b e  s h o w e d  w ith  a n  e x a m p l e  o f  i o n i c  l i q u id .  M e t h o d  o f  

N M R - d i f f u s o m e t r y  i s  a  s t r a i g h t  w a y  t o  d e f in e  s e l f - d i f f u s i o n  c o e f f i c i e n t .  T h e r e f o r e  th e  p u r p o s e  

o f  o u r  s t u d y  i s  c a r y  o u t  s e l f - d i f f u s i o n  c o e f f i c i e n t  b y  u s i n g  N M R - d i f f u s o m e t r y  a n d  i t s  

t e m p e r a t u r e  d e p e n d e n c e .  T h e  o b je c t  o f  o u r  s t u d y  i s  i o n i c  l i q u id ,  o n  b a s e  o f  c a t io n  1 - B u t y l - 3 -  

m e t h y l i m id a z o l iu m  ( S e e  o n  F i g .  1 ).

F ig u r e  1. S t r u c tu r a l  f o r m u l a  o f  I o n i c  l i q u id s  1 -B u ty l-3 -m e th y l im id a z o l iu m  P F e .  

Experimental section
R e g i s t e r  p s e u d o  t w o - d im e n s io n a l  s p e c t r a  o f  i o n i c  l i q u i d  d e p e n d in g  o n  th e  m a g n e t i c  f i e ld  

g r a d i e n t  w a s  m e a s u r e d  o n  s p e c t r o m e t e r  B r u k e r  A v a n c e  5 0 0  M h z .  F u r t h e r  w e  G e t  th e  u s e f u l  

s p e c t r a  f r o m  s e t  o f  f r e e  in d u c t io n  d e c a y  b y  u s i n g  s o f t w a r e s  M e s t R e n o v a ,  M a g i c F l o t  b a s e d  o n  

F o u r i e r  t r a n s f o r m .  N o w  f o r  e a c h  t e m p e r a t u r e  w e  d e f in e  s e l f - d i f f u s i o n  c o e f f i c i e n t  o f  d i f e r e n t  

g r o u p s  o f  i o n i c  l i q u id .  C r e a t e  t h e  g r a p h  o f  i t s  t e m p e r a t u r e  d e p e n d e n c e .  A s  a  r e s u l t  o f  w o r k  

s p e c t r a  o f  i o n i c  l i q u id  w e r e  r e c e iv e d ,  th e y  w e r e  p r o c e s s e d  a n d  a n a ly z e d  b y  u s i n g  s o f t w a r e s  

M e s t R e n o v a ,  M a g i c F l o t .  W it h  t h e  h e lp  o f  t h e s e  p r o g r a m s  s e l f - d i f f u s i o n  c o e f f i c i e n t  a n d  i t s  

t e m p e r a t u r e  d e p e n d e n c e  w e r e  d e f in e d .
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Introduction
A l z e i m e r 's  d i s e a s e  i s  in c u r a b le  n e u r o d e g e n e r a t i v e  d i s e a s e s .  I n h ib i t io n  o f  a g g r e g a t i o n  o f  

a m y lo i d  p e p t id e s  i s  o n e  o f  th e  p r o m i s i n g  w a y s  o f  c o n t r o l  o f  t h i s  d i s e a s e  [ 1 ,  2 ] .  D e n d r i g r a f t s  a r e  

f r e q u e n t ly  u s e d  in  b i o m e d i c a l  a p p l i c a t i o n s  f o r  d r u g s  a n d  g e n e  d e l iv e r y .  a s  a n t i b a c t e r ia l ,  

a n t iv i r a l  a n d  a n t i a m y lo id  a g e n t s .  T h e  s t r u c t u r e  o f  d e n d r ig r a f t s  i s  s i m i l a r  t o  s t r u c t u r e  o f  s h o r t  

d e n d r i t i c  b r u s h e s  b u t  th e y  h a v e  s h a p e  a n d  p r o p e r t i e s  s i m i l a r  t o  t h a t  o f  l y s in e  d e n d t i m e r s  [ 3 ] .

M o l e c u l a r  d y n a m i c s  ( M D )  m e t h o d  w a s  f r e q u e n t ly  u s e d  f o r  s i m u la t i o n  o f  d e n d r im e r s  

a n d  d e n d r ig r a f t s  [ 4 - 2 7 ] .  I n  t h i s  w o r k  th e  M D  s i m u la t i o n  o f  in t e r a c t io n  o f  d e n d r ig r a f t  o f  2 nd 

g e n e r a t io n  w ith  s t a c k  o f  s h o r t  a m y lo i d  p e p t id e s  ( L V F F A E )  w a s  p e r f o r m e d  in  w a t e r  s o l v e n t  

w ith  e x p l i c i t  a c c o u n t  o f  c o u n t e r io n s  a t  t e m p e r a t u r e  T = 3 0 0 K  a n d  p r e s s u r e  P = 1 a t m  u s i n g  th e  

p r o g r a m  p a c k a g e  G r o m a c s - 4 . 5 .6  w ith  A M B E R 9 9 S B - i l d n  f o r c e  f ie ld .

The Results and discussion
S n a p s h o t s  o f  s y s t e m s  c o n s i s t i n g  o f  d e n d r ig r a f t ,  p e p t id e s  a n d  c o u n t e r io n s  d u r in g  

s i m u la t i o n  a r e  s h o w n  o n  F i g .  1 ( w a t e r  m o l e c u l e s  a r e  n o t  s h o w n  f o r  c l a r i t y ) .  O n e  c a n  s e e  t h a t  a t  

th e  b e g i n n i n g  o f  s i m u la t i o n  ( F i g .  1, a )  s t a c k  o f  p e p t id e  m o l e c u l e s  i s  r a th e r  f a r  f r o m  d e n d r ig r a f t .  

A f t e r  3 0 n s  ( F i g .  1, b ,  e )  t h e  s t a c k  w a s  a l r e a d y  d e s t r o y e d  b y  in t e r a c t io n  w ith  l y s in e  d e n d r im e r  

b u t  p e p t id e  m o l e c u l e s  a r e  o n ly  p a r t ly  a d s o r b e d  o n  d e n d r ig r a f t .  A t  1 0 0  n s  ( F i g .  1, c ,  f )  a l l  p e p t id e  

m o l e c u l e s  a r e  a d s o r b e d  o n  th e  s u r f a c e  o f  d e n d r ig r a f t .

t ф *
a) b) c)

F ig u r e  1 .S n a p s h o t s  o f p r o c e s s  o f  d e s t r u c t io n  o f  a m y lo i d  s t a c k  b y  D G 2  d e n d r ig r a f t  a n d  
d e n d r ig r a f t - p e p t id e  c o m p l e x  f o r m a t i o n  ( in it ia l, in t e r m e d ia t e  a n d f i n a l ) :  s y s t e m  c o n s is t in g  

o f  D G 2  d e n d r ig r a f t  a n d  8 p e p t i d e s  a t  t =  0  (a ) , t =  3 0  n s  (b ), t =  1 0 0  n s  (c )

T h e  d i s t a n c e  b e t w e e n  p e p t id e  m o l e c u l e s  in  a m y lo i d  s t a c k  ( F i g .  2 a )  i s  im p o r t a n t  

c h a r a c t e r i s t i c  o f  i t s  s t a b i l i t y .  T h i s  d i s t a n c e  d u r in g  th e  f i r s t  3 0 - 4 0  n s  ( d u r in g  th e  p e p t id e  s t a c k  

d e s t r u c t i o n )  in c r e a s e s .  A f t e r  3 0  n s  i t  b e c o m e  t o  d e c r e a s e  u n t i l  6 0 n s  ( b e c a u s e  p e p t id e  b e g i n  to  

a d s o r b  o n  d e n d r ig r a f t .  A n d  a f t e r  t h a t  th e  f u n c t io n  o n ly  f lu c t u a t e s  s l i g h t ly  s o  a l l  p e p t id e  a l r e a g y  

a d s o r b e d  o n  d e n d r ig r a f t  a n d  f o r m  s t a b l e  c o m p l e x  w ith  it.

W e  d e m o n s t r a t e d  t h a t  l y s i n e  d e n d r ig r a f t  d e s t r o y  s t a c k  o f  a m y l o i d  p e p t id e s  u s i n g  

m o l e c u l a r  d y n a m i c s  s i m u la t i o n  a p p r o a c h .  T h u s  l y s in e  d e n d r ig r a f t  c o u l d  b e  u s e d  in  f u t u r e  a s  

a n t i a m y lo id  a g e n t  in  c u r in g  o f  A l z h e i m e r  d i s e a s e .
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F i g u r e  2. C h a n g e s  in  d i s t a n c e s :  b e t w e e n  n e i g h b o r i n g  a m y lo i d  p e p t i d e s  d u r in g  d e s t r u c t io n  
o f  a m y lo i d  s t a c k  a n d  d e n d r ig r a f t - p e p t id e s  c o m p l e x  f o r m a t i o n  (a )  a n d  

b e t w e e n  d e n d r ig r a f t  a n d  a m y lo i d  p e p t i d e s
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Temperature dependences of NMR spectra of ionic liquid EAN 
with addition of inorganic nitrates

M . A . K h a s a n o v ,  A . V. I e v l e v

D e p a r t m e n t  o f  N u c le a r  P h y s ic s  R e s e a r c h  M e th o d s ,  F a c u l t y  o f  P h y s ic s ,  S a in t - P e t e r s b u r g  S ta t e  
U n iv ers ity
E - m a i l :  m a k h a s l 8 @ g m a i l . c o m

I o n ic  l i q u i d s  ( f u r th e r  I L )  a r e  m o l t e n  s a l t s  th a t  a r e  in  a  l i q u id  s t a t e  w ith  a  f a i r l y  w id e  

t e m p e r a t u r e  r a n g e .  T h e y  a r e  c a l l e d  io n i c  d u e  to  th e  f a c t  th a t  t h i s  m e l t  c o n t a i n s  o n l y  i o n s ,  o r  

r a t h e r  c o n s i s t s  o f  b u l k  o r g a n i c  c a t io n s  a n d  in o r g a n ic  o r  o r g a n i c  a n io n s .  H ig h  in t e r e s t  in  I L  i s  

a s s o c i a t e d  w ith  w id e  a p p l i c a t i o n  in  a p p l i e d  s c i e n c e s ,  b io t e c h n o lo g y ,  e n e r g y ,  e t c .  T h e  a d v a n t a g e  

i s  th a t  I L s  a r e  u s e d  m o r e  a n d  m o r e  in  “ g r e e n ”  c h e m is t r y .

T h e r e  i s  c u r r e n t ly  a  h ig h  in t e r e s t  in  s t u d y i n g  io n i c  l i q u i d s  w ith  a  m e l t in g  p o i n t  l o w e r  

th a n  w a t e r  ( 0  d e g r e e s  C e l s i u s .  O n e  o f  th e  w i d e l y  s t u d i e d  I L s  i s  e t h y la m m o n i u m  n i t r a t e  

( h e r e in a f t e r  E A N ) ,  w h ic h  h a s  th e  f o r m u l a  ( C2H5) N H +3-N O -3. E A N  h a s  m a n y  w a t e r - l ik e  

p r o p e r t i e s ,  s u c h  a s  m i c e l l e  f o r m a t i o n ,  h y d r o c a r b o n  a g g r e g a t i o n ,  n e g a t iv e  e n t h a lp y  a n d  g a s  

d i s s o l u t i o n  e n t r o p y ,  e t c .  L i k e  w a t e r ,  E A N  c a n  f o r m  t h r e e - d im e n s io n a l  h y d r o g e n  b o n d s .  In  

p a r t i c u l a r ,  E A N  i s  u s e d  a s  a n  e l e c t r i c a l l y  c o n d u c t iv e  s o l v e n t  in  e l e c t r o c h e m i s t r y  a n d  a s  a n  a g e n t  

f o r  p r o t e in  c r y s t a l l i z a t i o n .

In  t h i s  p a p e r ,  w e  c o n s i d e r  th e  N M R  s p e c t r a  o f  b o t h  p u r e  E A N  a n d  E A N  m i x t u r e s  w ith  

th e  a d d i t io n  o f  o t h e r  s a l t s ,  in  o u r  c a s e ,  a lu m in u m  a n d  m a g n e s i u m  n i t r a t e s .  T h e  t e m p e r a t u r e  

d e p e n d e n c e s  o f  XH  a n d  14N  o f  th e  E A N  N M R  s p e c t r a  w ith  th e  a d d i t io n  o f  M g ( N O 3 ^ 6 H 2 O  a n d  

A l ( N O 3 V 9 H 2 O  w e r e  o b t a in e d .  T h e  r e p o r t  w i l l  p r o v i d e  a  d e t a i l e d  a n a l y s i s  o f  t h e s e  

d e p e n d e n c ie s .

F ig u r e  1. P r o t o n  N M R  s p e c t r a  o f  d r i e d  s a l t  s o lu t io n s  in  E A N : 1) M g (N O 3) 2; 2 )  A l(N O 3)3
A l s o  t h i s  w o r k  i s  a  c o n t i n u a t io n  o f  th e  s t u d y  o f  s y s t e m s  b a s e d  o n  th e  E A N ,  c o n d u c t e d  

b y  u s  e a r l i e r  [ 1 ,  2 ] .  W e  d e c id e d  t o  p a y  a t t e n t io n  to  s y s t e m s  w ith  n i t r a t e s  o f  m a g n e s i u m  a n d  

a lu m in u m ,  o r  r a t h e r  s h i f t e d  th e  m a in  f o c u s  o f  o u r  w o r k  o n  th e  s t u d y  o f  th e  t e m p e r a t u r e  

d e p e n d e n c e s  o f  th e  N M R  s p e c t r a  a n d  th e  m e a s u r e m e n t  o f  th e  N M R  r e l a x a t i o n  o f  th e  r e s i d u a l  

w a t e r  l in e  in  t h e s e  s a m p l e s .  T h e  m a in  c o n c l u s i o n s  o f  t h i s  w o r k  w i l l  b e  p r e s e n t e d  in  a  r e p o r t  a t  

th e  c o n f e r e n c e .
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Introduction
R e c e n t l y ,  th e  g r o u p  o f  t r a n s p a r e n t  c o n d u c t iv e  o x i d e s  w ith  t h e  c h e m ic a l  f o r m u l a  C u M O 2, 

w h e r e  M  i s  a  t r i v a l e n t  m e t a l  ( M - A l ,  G a ,  S c ,  Y ,  C r ) ,  h a v e  a t t r a c t e d  s p e c i a l  a t t e n t io n  a s  th e  

m a t e r i a l s  f o r  p o s s i b l e  a p p l i c a t i o n  in  e n e r g y  t e c h n o l o g i e s  o f  d i r e c t  e n e r g y  c o n v e r s i o n  [ 1 ] .  T h e  

s e m i c o n d u c t in g  c o m p o u n d  C u A l O 2 b e l o n g s  t o  t h i s  g r o u p  o f  t r a n s p a r e n t  c o n d u c t iv e  o x i d e s  w ith  

p - t y p e  e l e c t r i c a l  c o n d u c t iv i t y .  T h e  p u r p o s e  o f  t h i s  w o r k  i s  t o  s t u d y  th e  n u c le a r  r e l a x a t i o n  o f  

c o p p e r  i s o t o p e s  a t  l o w  t e m p e r a t u r e s  b y  th e  m e t h o d  o f  n u c le a r  q u a d r u p o le  r e s o n a n c e  ( N Q R  

6365C u )  in  th e  s e m i c o n d u c t o r  c o m p o u n d  C u A l O 2.

Methods
T h e  63,65C u  N Q R  m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  o n  a  p u l s e  s p e c t r o m e t e r  A v a n c e  I I I  

5 0 0  ( “ B r u k e r ”  c o m p a n y )  in  c r y o s t a t  ( “ O x f o r d  I n s t r u m e n t s ”  c o m p a n y )  in  z e r o  e x t e r n a l  m a g n e t i c  

f i e ld .  T h e  63,65C u  s p e c t r a  w e r e  o b t a in e d  u s i n g  th e  s t a n d a r d  s p in - e c h o  s e q u e n c e  T-tdel-2T-tdel- 

e c h o .  M e a s u r e m e n t s  o f  N M R  s p e c t r a  w e r e  c a r r i e d  o u t  w ith  th e  d e l a y  t i m e  tdel = 4 0 - 9 0  ^ s .  T h e  

s p in - s p in  r e l a x a t i o n  t i m e  Т 2 w a s  m e a s u r e d  w h e n  th e  d e l a y  t i m e  tdel b e t w e e n  p u l s e s  c h a n g e d  in  

th e  tdel = 4 0 - 4 0 0  |x s in t e r v a l  in  th e  s p in - e c h o - p u l s e  s e q u e n c e .  T h e  s p in - l a t t i c e  r e l a x a t i o n  t i m e  T 1 
w a s  m e a s u r e d  b y  th e  m e t h o d  o f  in v e r s io n  a n d  s u b s e q u e n t  r e c o v e r y  o f  n u c le a r  m a g n e t i z a t i o n .  

F o r  t h i s  m e a s u r e m e n t ,  w e  u s e d  p u l s e  s e q u e n c e  2x-tin v-x-td el-2x-td el-ech o  w ith  a  c o n s t a n t  d e l a y  o f  

5 0 - 8 0  ^ s  in  th e  in t e r v a l  t in v = 1 0 - 9 0 0  m s .  T h e  s p in - s p in  a n d  s p in - l a t t i c e  r e l a x a t i o n  t i m e s  w e r e  

h a n d le d  b y  e x p o n e n t i a l  d e p e n d e n c ie s  M (2 td e l)= M 0 e x p (- 2 td e l/T 2 )  a n d  M (t in v )=

M 0 [ 1 - 2 e x p ( - t in v /T i) ] ,  r e s p e c t i v e l y  [ 2 ] .  M 0 i s  th e  e q u i l ib r iu m  n u c le a r  m a g n e t i z a t i o n  o f  t h e  s p in  

s y s t e m  a n d  M ( t )  i s  th e  n u c le a r  m a g n e t i z a t i o n  a t  t i m e  t. T h e  s i g n a l  w a s  r e p e a t e d l y  a c c u m u l a t e d  

w ith  th e  r e p e t i t i o n  t i m e  o f  4 T 1 t o  in c r e a s e  th e  s i g n a l - t o - n o i s e  r a t io .

Results
T h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  r a t e  o f  n u c le a r  s p i n  -  l a t t i c e  r e l a x a t i o n  r a t e  ( 1 / T 1) 

f o r  th e  m o s t  c o m m o n  c o p p e r  i s o t o p e  63C u  in  C u A l O 2 w a s  p r e v i o u s l y  in v e s t i g a t e d  [ 3 ] .  T h i s  

d e p e n d e n c e  h a s  a  w id e  m a x i m u m  in  th e  r a n g e  f r o m  1 0 0  t o  2 5 0  K ,  b u t  n o  s p e c i f i c  f e a t u r e s  in  

th e  b e h a v io r  o f  th e  s p e c t r a l  p a r a m e t e r s  o f  th e  63C u  N Q R  ( f r e q u e n c y  a n d  w id t h  o f  th e  r e s o n a n c e  

l i n e )  w e r e  d e t e c t e d  in  t h i s  t e m p e r a t u r e  r a n g e .  I t  s h o u ld  b e  n o t e d  th a t  th e  v a l u e  o f  th e  s p in - s p in  

r e l a x a t i o n  t i m e  in  th e  i n v e s t i g a t e d  t e m p e r a t u r e  r a n g e  a l s o  d o e s  n o t  c h a n g e .  I t  w a s  p r e v i o u s l y  

e s t a b l i s h e d  th a t  th e  d o m i n a n t  c o n t r ib u t i o n  t o  th e  r a t e  o f  n u c le a r  s p in - l a t t i c e  r e l a x a t i o n  i s  d u e  to  

q u a d r u p o le  in t e r a c t io n  [ 4 ]  a t  l o w  t e m p e r a t u r e s .  In  t h i s  c a s e ,  a n  i n c r e a s e  in  th e  r e l a x a t i o n  r a te  

s h o u ld  b e  a s s o c i a t e d  w ith  f lu c t u a t io n s  o f  th e  E F G  t e n s o r  V ap  =  S 2V  /  S x a S x p ,  w h e r e  V  i s  th e  

p o t e n t ia l  o f  th e  e l e c t r i c  f i e l d  a t  th e  lo c a t i o n  o f  th e  r e s o n a n t  n u c le i  [ 3 ] .  A s  i s  k n o w n ,  th e  r a t e  o f  

s p in - l a t t i c e  r e l a x a t i o n  ( 1 / T  1)  i s  p r o p o r t io n a l  t o  th e  s p e c t r a l  d e n s i t y  J  (ran ) o f  f lu c t u a t io n s  o f  th e  

in te r n a l  f i e l d s  c a u s i n g  t r a n s i t i o n s  in  th e  n u c le a r  s p in  s y s t e m  a t  th e  r e s o n a n c e  N Q R  f r e q u e n c y  

rn. In  th e  c a s e  o f  a n  e x p o n e n t i a l  c o r r e l a t io n  f u n c t io n  w ith  a  c o r r e l a t io n  t i m e  Tc ( < V a p  ( t )V a p  ( 0 ) >  

=  < V a p 2>  e x p  (- t/T c )), th e  r e l a x a t i o n  r a t e  i s  d e t e r m in e d  b y  th e  f o r m u la  [2 ] :

1 / T 1 ~ A 2t c ( T ) / [ 1  +  w 2 x  C ( T ) 2 ],
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w h e r e  Д  i s  th e  m a g n i t u d e  o f  th e  t r a n s i t i o n  m a t r i x  e l e m e n t  o f  th e  q u a d r u p o la r  in te r a c t io n .  T h i s  

v a lu e  i s  p r o p o r t io n a l  t o  th e  a m p l i t u d e  o f  th e  E F G  f l u c t u a t i o n s < V a  в >  a p p r o p r i a t e ly  a v e r a g e d  

o v e r  d i f f e r e n t  E F G  t e n s o r  c o m p o n e n t s .  A s s u m i n g  th e  a c t iv a t i o n  c h a r a c t e r  o f  t h e  t e m p e r a t u r e  

d e p e n d e n c e  T c (T )  =  Tc (д а ) e x p  ( E a / T )  f r o m  th e  a n a l y s i s  o f  [ T 1 ( T ) ] - 1, th e  a c t iv a t i o n  e n e r g y  o f  

th e  in te r n a l  m o v e m e n t  E a  =  4 5  ( 2 )  m e V  i s  o b t a in e d .

F lu c t u a t io n s  o f  t h e  E F G  t e n s o r  a t  l o w  t e m p e r a t u r e s  in  C u A l O 2 c a n  b e  a s s o c i a t e d  w ith  

h o p p i n g  c h a r g e  c a r r i e r s  —  h o l e s  b e t w e e n  d i f f e r e n t  l o c a l i z e d  s t a t e s .  E a r l i e r  i t  w a s  f o u n d  th a t  in  

th e  lo w - t e m p e r a t u r e  r e g i o n  ( T  < 1 9 0  K ) ,  th e  e l e c t r i c a l  c o n d u c t iv i t y  o b e y s  th e  h o p p i n g  

c o n d u c t iv i t y  m e c h a n i s m  w ith  v a r i a b l e  h o p  le n g th .  T h e  o b t a in e d  v a l u e  o f  th e  a c t iv a t i o n  e n e r g y  

c o r r e s p o n d s  to  th e  v a l u e s  o f  th e  a c t iv a t i o n  e n e r g y  o f  e l e c t r i c a l  c o n d u c t iv i t y  in  th e  h o p p i n g  

c o n d u c t iv i t y  m o d e  w ith  a  v a r i a b l e  j u m p  le n g t h  o b t a in e d  f o r  c o m p o u n d s  th a t  h a v e  a  d e l a f o s s i t e  

s t r u c t u r e  [5 ] .

T h e  r e s u lt s  w e r e  o b t a i n e d  w ith in  t h e  s t a t e  a s s ig n m e n t  o f  M in o b r n a u k i  o f  R u s s i a  ( th e m e  
"F u n c t io n  " N o . А А А А -А 1 9 -И 9 0 1 2 9 9 0 0 9 5 -0 ) .
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Modeling of dynamics and calculation of relaxation 
parameters for monomer of bovine insulin

N a i r a  R . K h u s n u td in o v a , A i d a r  R . Y u lm e to v

In s t i tu t e  o f  P h y s ic s ,  K a z a n  F e d e r a l  U n iv ers ity , K a z a n , R u s s i a  
E - m a i l :  n a i .k h u s @ y a n d e x .r u

Introduction
T h e  m a in  e f f e c t  o f  in s u l in  i s  t o  r e d u c e  th e  c o n c e n t r a t i o n  o f  g l u c o s e  in  th e  b lo o d .  I f  th e r e  

i s  in s u l in  d i s r u p t i o n  o f  w o r k  o r  s e c r e t io n  d i s o r d e r  o n e  m a y  s u f f e r  f r o m  d i a b e t e s  m e l l i t u s  ( D M ) .  

I t  i s  c l a s s i f i e d  in to  t y p e s :  1, 2 ,  g e s t a t io n a l  D M ,  a n d  o th e r  c a s e s  s u c h  a s  m o n o g e n i c  d i a b e t e s  

s y n d r o m e s  [ 1 ] .  A l l  p a t i e n t s  w ith  ty p e  1 D M  a n d  m a n y  s u f f e r i n g  f r o m  th e  o t h e r  t y p e s  h a v e  to  

t a k e  in s u l in  in je c t io n s .  S o ,  i t  i s  r e a l ly  im p o r t a n t  t o  s t u d y  m o l e c u l a r  p r o p e r t i e s  o f  in s u l in .  In  t h i s  

w o r k  c o m p u t e r  m o d e l  o f  b o v i n e  in s u l in  m o n o m e r  w a s  m a d e  a n d  w e r e  c a l c u l a t e d  p a r a m e t e r s  

s u c h  a s  c o r r e l a t io n  f u n c t io n  a n d  c r o s s - r e l a x a t i o n  r a te ,  c o m p a r e d  w ith  e x p e r i m e n t .

Theory
T h e  p r im a r y  s t r u c t u r e  o f  in s u l in  in  d i f f e r e n t  s p e c i e s  v a r i e s ,  a s  d o e s  i t s  im p o r t a n c e  in  th e  

r e g u l a t io n  o f  c a r b o h y d r a t e  m e t a b o l i s m .  C l o s e s t  t o  h u m a n  i s  p i g  in s u l in ,  w h ic h  d i f f e r s  w ith  o n ly  

o n e  a m in o  a c i d  r e s id u e ,  n e x t  c l o s e s t  v a r i a n t  i s  b o v i n e  in s u l in  -  i t  d i f f e r s  b y  t h r e e  a m in o  a c id  

r e s id u e s :  A l a 8 A - T h r 8 A ,  V a l 1 0 A - I l e 1 0 A ,  A l a 3 0 B - T h r 3 0 B  ( f o r m e r  r e s i d u e s  b e l o n g  t o  th e  

b o v i n e  f o r m ;  l a t t e r  -  h u m a n ) .  T h i s  d i f f e r e n c e  d o e s  n o t  a l t e r  th e  m o s t  c o n s e r v a t i v e  a n d  im p o r t a n t  

s e g m e n t s  o f  i n s u l in ,  A 1 - A 3 ,  A 1 2 - A 1 7 ,  a n d  B 8 - B 2 5  [2 ] .

S y n t h e s i s  o f  in s u l in  b e g i n s  w ith  p r o d u c t i o n  o f  a  l o n g e r  p e p t id e ,  th e n  d i s u l f i d e  b r i d g e s  

a r e  f o r m e d  a n d  a  s e g m e n t  o f  th e  c h a in  i s  r e m o v e d .  M a t u r e  in s u l in  m o l e c u l e  c o n s i s t s  o f  tw o  

c h a in s  c a l l e d  A  ( s h o r t e r )  a n d  B  ( lo n g e r ) .  S i x  in s u l in  m o l e c u l e s  a r e  a s s o c i a t e d  in  a  h e x a m e r  

( th r e e  s y m m e t r i c a l  a x e s  a r e  v i s i b l e ) .  M o l e c u l e s  h o ld  t o g e t h e r  h i s t id i n e  r e s i d u e s  b o u n d  b y  z i n c  

io n s .  T h e  in s u l in  i s  in je c t e d  u n d e r  th e  s k in  in  th e  f o r m  o f  a  h e x a m e r ,  g r a d u a l l y  b r e a k i n g  d o w n  

in to  b i o l o g i c a l l y  a c t i v e  m o n o m e r s  e n t e r in g  th e  b l o o d s t r e a m  [ 3 ] .

T h e  m a in  q u a n t i t y  f r o m  2 D  N O E  e x p e r i m e n t s  i s  th e  c r o s s - r e l a x a t i o n  r a t e  a ij  d e s c r i b i n g  

h o w  m a g n e t i z a t i o n  i s  t r a n s f e r r e d  b e t w e e n  s p i n s  i a n d  j v i a  d i p o l a r  c o u p l i n g .  T h e o r y ,  r e la t in g  

r e l a x a t i o n  r a t e s  f r o m  N O E  e x p e r i m e n t s  t o  c o r r e l a t io n  f u n c t io n s  d e s c r i b i n g  m o l e c u l a r  m o t i o n s  

h a s  b e e n  r e v i e w e d  in  p u b l i c a t io n s  [ 4 ,  5 ] :

* y  = f  К 4 й 2 [ 6 / у ( 2 ш )  -  J i j ( 0 ) ]  ( 1 )

w h e r e  rn -  L a r m o r  f r e q u e n c y ,  у  -  g y r o m a g n e t i c  r a t io  o f  p r o t o n s .  J ij  -  s p e c t r a l  d e n s i t i e s ,  

w h ic h  c h a r a c t e r i z e  th e  m o d u la t i o n  o f  d i p o l a r  c o u p l i n g  b e t w e e n  n u c le i  w i t h  t im e .

W h i l e  th e  s p e c t r a l  d e n s i t y  i s  th e  F o u r i e r  t r a n s f o r m  o f  th e  c o r r e l a t io n  f u n c t io n  o f  th e  d ip o le -  

d ip o le  in t e r a c t io n  [ 6 ] ,  w h ic h  m a y  b e  c a l c u l a t e d  b a s i n g  o n  c o o r d i n a t e s  o f  e a c h  n u c le i .

C ( t )  =
1 ,P2(hL,ij(t)U L ,ij(0 )), 

5 '  r?j(t)r? j(0 ) >
( 2 )

w h e r e  p.L ij  — u n i t  v e c t o r  in  th e  d i r e c t i o n  o f  th e  in t e r - p r o t o n  v e c t o r ,  r ij  ( 0 )  -  th e  d i s t a n c e  o f  th e  

t w o  p r o t o n s ,  P 2 -  s e c o n d  L e g e n d r e  p o l y n o m i a l .

Computer modelling
S t u d ie d  m o l e c u l e  w a s  m o d e l e d  w ith  G R O M A C s  [7 ]  p a c k a g e  ( f i g .  1 ) . M o n o m e r  o f  

b o v i n e  in s u l in  w a s  r e l a x e d  t h r o u g h  a n  e n e r g y  m i n im iz a t i o n ,  th e n  p l a c e d  in  w a te r .  T h e r e  w e r e  

m a d e  e q u i l ib r a t io n  c o n d u c t e d  in  t w o  p h a s e s  -  N V T ,  N P T  ( c o n s t a n t  N u m b e r  o f  p a r t i c l e s ,
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V o l u m e  ( o r  P r e s s u r e )  a n d  T e m p e r a t u r e ) .  A f t e r ,  t r a je c t o r i e s  o f  n u c le i  o f  t h i s  m o l e c u l e  in  w a t e r  

w e r e  c o l l e c t e d .

F ig u r e  1. M o n o m e r  o f  b o v in e  in su lin

W it h  M a t L a b  p a c k a g e  w a s  m a d e  c o d e  b a s e d  o n  G R O M A C s  t r a je c t o r i e s  d a ta .  

E x a m p l e  o f  s u c h  c o r r e l a t io n  f u n c t io n  f o r  I l e A 2  H a  - I l e A 2  H N  i s  g i v e n  b e l o w  ( f i g .  2 ) :

0 500 1000 1500 2000 2500

F ig u r e  2. C o r r e l a t io n  fu n c t io n

W it h  t h e s e  c o r r e la t io n  f u n c t io n s  w e r e  c a l c u la t e d  c r o s s - r e l a x a t i o n  r a t e s ,  w h ic h  m a y  b e  

c o m p a r e d  w ith  e x p e r i m e n t a l  o n e s .
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Magnetic resonance study of the peculiarities 
of the paramagnetic-ferromagnetic transition in manganites 

on the example of Lao.78Cao.22MnO3
I. A . K is e l e v ,  V. A . R y z h o v , V. V. D e r ig la z o v

P e t e r s b u r g  N u c l e a r  P h y s i c s  In s t i tu t e  n a m e d  b y  B . P . K o n s t a n t in o v  o f  N a t io n a l  R e s e a r c h  
C e n t r e  «K u r c h a t o v  In s t i tu t e »
E - m a i l :  K is e l e v _ I A @ p n p i .n r c k i .r u

C u r r e n t ly ,  d o p e d  m a n g a n i t e s  w ith  c o l o s s a l  m a g n e t o r e s i s t a n c e  ( C M R ) ,  s u c h  a s  

L a i - x C a x M n O 3, a r e  a m o n g  th e  m o s t  p r o m i s i n g  m a t e r i a l s  f o r  a p p l i c a t i o n s .  T h e y  e x h i b i t  s t r o n g  

c o r r e l a t io n s  b e t w e e n  c h a r g e ,  o r b i t a l ,  m a g n e t i c  a n d  la t t i c e  d e g r e e s  o f  f r e e d o m  l e a d in g  to  a  r ic h  

p h a s e  d i a g r a m .  In  th e  s t u d y  o f  s i n g l e  c r y s t a l  L a 0j s C a 0.22M n O 3 b y  th e  e l e c t r o n  m a g n e t i c  

r e s o n a n c e  ( E M R )  s p e c t r o m e t e r  o f  w id e  l i n e s  [ 1 ]  w e  a l l o c a t e d  a  s i g n a l  f r o m  s m a l l - r a d i u s  

p o l a r o n s ,  w h ic h  a r e  f o r m e d  a b o v e  th e  t e m p e r a t u r e  o f  a  p a r a m a g n e t i c - f e r r o m a g n e t i c  ( P F )  

t r a n s i t io n  (T c ~  1 8 6 K ) .  I n  a d d i t io n  t o  th e  P F  t r a n s i t io n ,  a n  in s u la t o r - m e t a l  ( I M )  t r a n s i t i o n  w ith  

T im  ~  2 0 1  K  a l s o  d e v e l o p s  in  t h i s  s y s t e m .  T h e  p e r c o la t i o n  t r a n s i t io n  o f  I M  o c c u r s  d u e  t o  a n  

i n c r e a s e  in  th e  n u m b e r  o f  f e r r o m a g n e t i c  m e t a l  c l u s t e r s  f o r m e d  in  a  p a r a m a g n e t i c  m a t r i x .  In  t h i s  

s y s t e m ,  p o l a r o n s  a p p e a r  a t  th e  t e m p e r a t u r e  Tpoi ~  2 3 4  -  2 3 9  K  ( f o r  d i f f e r e n t  t e m p e r a t u r e  

t r e a t m e n t s  o f  E M R ) ,  w h ic h  i s  c l o s e  to  th e  t e m p e r a t u r e  o f  a  h o m o g e n e o u s  n u c le a t io n  o f  

f e r r o c lu s t e r s  T# ~  2 4 0  K  [ 2 ] .  N o t e  th a t  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  th e  g - f a c t o r  o f  th e  p o l a r o n  

p e a k  c o r r e l a t e s  w ith  th e  t e m p e r a t u r e  d e p e n d e n c e  o f  th e  g - f a c t o r  o f  th e  p a r a m a g n e t i c  m a t r i x  a n d  

d i f f e r s  s h a r p ly  f r o m  th a t  o f  f e r r o c lu s t e r s .  T h i s  in d ic a t e s  a  r e l a t io n  b e t w e e n  p o l a r o n s  a n d  th e  

p a r a m a g n e t i c  m a t r i x  in  th e  s y s t e m  u n d e r  s t u d y .  S m a l l - r a d i u s  l a t t i c e  p o l a r o n s  w e r e  e a r l i e r  

d e t e c t e d  in  L a i - x C a x M n O 3  ( 0 .2 1  <  x  <  0 . 4 5 )  b y  n e u t r o n  d i f f r a c t io n  [ 3 ] .  In  [ 4 ] ,  w h e n  s t u d y i n g  

th e  f in e  s t r u c t u r e  o f  X - r a y  a b s o r p t io n ,  i t  w a s  s h o w n  th a t  in  L a 0.79C a 0.21M n O 3 p o l a r o n s  a r e  

f o r m e d  a t  T  ~  2 4 0  K ,  w h ic h  c o i n c i d e s  w i t h  o u r  E M R  d a ta .  F r o m  th e  m e a s u r e m e n t  o f  th e  

r e s i s t a n c e  R  ( T ) ,  i t  w a s  f o u n d  t h a t  th e  d e p e n d e n c e  ln  ( R / T )  o n  1 / T  in  L a 0j s C a 0.22M n O 3 s h o w s  a  

c r o s s o v e r  a t  Tcr ~  2 3 3  K ,  w h ic h  i s  a l s o  c l o s e  t o  Tpoi. T h e s e  d a t a  i n d ic a t e  th e  in f lu e n c e  o f  p o l a r o n s  

o n  th e  P F  a n d  I M  t r a n s i t i o n s ,  th e  f o r m a t i o n  o f  th e  p h a s e - s e p a r a t e d  m a g n e t i c  s t a t e  o f  th e  s y s t e m  

a n d  th e  C M R .
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Investigation of the spatial structure of different drugs, 
proteins & oligopeptides, and their complexes with models 
of cell membrane in solution by modern NMR spectroscopy

V. V. K l o c h k o v

N M R  L a b o r a t o r y ,  In s t i tu t e  o f  P h y s ic s ,  K a z a n  F e d e r a l  U n iv ers ity , 4 2 0 0 0 8 , 1 8  K r e m le v s k a y a  
S t., K a z a n , R u s s ia n  F e d e r a t i o n

Aims of study. Results
T h e  g o a l  o f  th e  i n v e s t i g a t io n  i s  t o  s t u d y  c o n f o r m a t i o n a l  f e a t u r e s  a n d  d y n a m i c s  o f  

d i f f e r e n t  p h a r m a c e u t i c a l  o b j e c t s  s u c h  a s  c h o le s t e r o l - l o w e r in g  d r u g s  ( s t a t in s ) ,  v i t a m in  B 6 ,  

c y c l o s p o r i n s .  A n o t h e r  a im  o f  t h i s  w o r k  i s  i n v e s t i g a t io n  o f  th e  m e c h a n i s m s  o f  in t e r a c t io n  

b e t w e e n  t h e s e  c o m p o u n d s  a n d  c e l l  m e m b r a n e s  u s i n g  m o d e l  m e m b r a n e s  b y  N M R  s p e c t r o s c o p y  

m e t h o d s .

B i o N M R  g r o u p  o f  N M R  l a b o r a t o r y  i s  i n v e s t i g a t i n g  th e  r o le  o f  v a r i o u s  p e p t i d e s  a n d  

p r o t e i n s  in  c e l l u l a r  p r o c e s s e s  a n d  d i s e a s e .  O u r  g o a l  i s  t o  u n d e r s t a n d  th e  f u n c t io n  o f  p e p t id e s  

a n d  t h e i r  m e c h a n i s m  o f  c e l l u l a r  t o x i c i t y  in  t e r m s  o f  s t r u c t u r e .  W e  u s e d  h ig h - r e s o lu t i o n  m a g n e t i c  

r e s o n a n c e  ( N M R )  s p e c t r o s c o p y  t o  d e t e r m in e  s t r u c t u r e s  o f  b i o l o g i c a l  m a c r o m o l e c u l e s  s u c h  a s  

a m y lo i d  P - p e p t i d e s ,  a n t i m ic r o b ia l  p e p t id e s  p r o t e g r in s  ( P G ) ,  o f  th e  N - t e r m in a l  f r a g m e n t s  o f  th e  

H I V  e n h a n c e r  p r o s t a t i c  a c i d  p h o s p h a t a s e  p e p t id e  ( P A P ) ,  o f  th e  N - t e r m in a l  d o m a in  o f  

t e lo m e r a s e ,  i n s u l in s  a n d  in t e g r a t e  o u r  s t r u c t u r a l  u n d e r s t a n d i n g  in to  f u r t h e r  f u n c t io n a l  s t u d i e s .

Experimental
A l l  N M R  e x p e r i m e n t s  w e r e  p e r f o r m e d  o n  a  B r u k e r  A v a n c e  I I I  H D  7 0 0  a n d  B r u k e r  

A v a n c e  I I  5 0 0  M H z  N M R  s p e c t r o m e t e r s  e q u i p p e d  w ith  5  m m  p r o b e s  a n d  u s i n g  s t a n d a r d  B r u k e r  

T o p S p i n  s o f t w a r e .  A s s i g n m e n t s  o f  'H  a n d  13C  N M R  s i g n a l s  o f  c o m p o u n d s  w e r e  a c h i e v e d  f r o m  

s i g n a l  m u l t ip l i c i t i e s ,  in t e g r a l  v a l u e s  a n d  c h a r a c t e r i s t i c  c h e m ic a l  s h i f t s  f r o m  th e  t h r o u g h - b o n d  

c o r r e l a t io n s  in  2 D  C O S Y  s p e c t r a ,  t h r o u g h - s p a c e  c o r r e l a t io n s  in  2 D  N O E S Y  s p e c t r a  a s  w e l l  a s  

f r o m  'H - 13C  h e t e r o n u c le a r  c o r r e l a t io n s  in  2 D  H S Q C  a n d  H M B C  s p e c t r a .

T h e  s p a t i a l  s t r u c t u r e  o f  d i f f e r e n t  d r u g s  a n d  p r o t e i n s  in  s o l u t io n  a n d  in  a  c o m p l e x  w ith  

d o d e c y l p h o s p h o c h o l in e  ( D P C )  a n d  s o d i u m  d o d e c y l  s u l f a t e  ( S D S )  m i c e l l e s  w a s  in v e s t i g a t e d  b y  

'H  n u c le a r  m a g n e t i c  r e s o n a n c e  s p e c t r o s c o p y  a n d  t w o - d im e n s io n a l  ( 2 D )  N M R  s p e c t r o s c o p y  

( t o t a l  c o r r e l a t io n  s p e c t r o s c o p y  a n d  n u c le a r  O v e r h a u s e r  e f f e c t  s p e c t r o s c o p y  ( N O E S Y ) ) .  

A n a l y s i s  o f  th e  in t e r p r o t o n  d i s t a n c e s  o b t a in e d  f r o m  th e  2 D  N O E S Y  N M R  s p e c t r a  w a s  u s e d  to  

r e v e a l  th e  s p a t i a l  s t r u c t u r e  o f  d i f f e r e n t  d r u g s  a n d  p r o t e i n s .  C o m p l e x  f o r m a t i o n  w a s  c o n f i r m e d  

b y  th e  a n a l y s i s  o f  'H  c h e m ic a l  s h i f t s  in  th e  N M R  s p e c t r a  o f  th e  d r u g s  a n d  th e  p r o t e i n s  a n d  b y  

th e  a n a l y s i s  o f  th e  s i g n s  a n d  v a l u e s  o f  N O E s  in  a  s o l u t io n  w ith  m i c e l l e s .
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NMR studies on ion dynamics in solid electrolytes 
for batteries

E d d a  K lo t z 1, S t e fa n  S p a n n e n b e r g e r 2, M a r c  D u c h a r d t 2, B e r n h a r d R o l i n g 2, a n d M i c h a e l  V o g e l1

d n ts t i tu t  f u r  F e s t k o r p e r p h y s i k ,  T U  D a r m s ta d t ,  G e r m a n y  
2D e p a r t m e n t  o f  C h e m is tr y , U n iv e r s ity  o f  M a r b u r g ,  G e r m a n y

Introduction
In  o r d e r  t o  im p r o v e  s a f e t y ,  l i f e t im e ,  a n d  e n e r g y  d e n s i t y  in  b a t t e r ie s ,  a l l - s o l i d  s t a t e  io n  

b a t t e r i e s  a r e  o f  g r e a t  s i g n i f i c a n c e  in  m o d e r n - d a y  r e s e a r c h .  O n e  o f  t h e i r  k e y  c o m p o n e n t s  a r e  

s o l i d  e l e c t r o ly t e s  w ith  h ig h  io n i c  c o n d u c t iv i t i e s .  In  t h i s  a r e a ,  v a r i o u s  m a t e r i a l s  b a s e d  o n  L i+ -  

i o n s  a s  w e l l  a s  N a + - i o n s  h a v e  b e e n  i n v e s t i g a t e d  a n d  f o u n d  to  h a v e  th e  p o t e n t ia l  t o  o u t p e r f o r m  

th e  l i q u id  e l e c t r o ly t e s  c u r r e n t ly  u s e d  in  i o n  b a t t e r i e s ,  in  p a r t i c u l a r  in  r e l a t io n  t o  s a f e t y  i s s u e s .

T h e  im p r o v e m e n t  o f  t h e s e  m a t e r i a l s ,  h o w e v e r ,  d e p e n d s  d i r e c t l y  o n  u n d e r s t a n d i n g  th e  

io n  d y n a m i c s  th a t  d e t e r m in e  th e  io n  c o n d u c t iv i t y .

Methods
B y  c o m b in in g  v a r i o u s  N M R  t e c h n iq u e s  s u c h  a s  s p in - l a t t i c e  r e l a x a t i o n ,  s t im u la t e d - e c h o  

a n d  l i n e - s h a p e  a n a l y s i s ,  w e  a r e  a b l e  t o  i n v e s t i g a t e  l o c a l  i o n  d y n a m i c s  in  b r o a d  t i m e  a n d ,  th u s ,  

t e m p e r a t u r e  r a n g e s .  A d d i t io n a l ly ,  s e l f - d i f f u s i o n  c o e f f i c i e n t s  a r e  d e t e r m in e d  u s i n g  s t a t i c  f i e l d  

g r a d i e n t  N M R  ( S F G ) .

Results
W e  a p p l y  t h o s e  m e t h o d s  t o  i n v e s t i g a t e  th e  e f f e c t s  o f  c e r a m iz a t i o n  in  g l a s s y  L i - i o n  

c o n d u c t o r s .  In  p a r t ic u l a r ,  w e  e x a m i n e  th e  a m o r p h o u s  s y s t e m  0 .3 3  L i I  +

0 . 6 7  ( 0 .7 5  L i 2S  +  0 .2 5  P 2S 5) , w h ic h  s h o w s  a  s i g n i f i c a n t  i n c r e a s e  o f  L i - c o n d u c t i v i t y  u p o n  h e a t  

t r e a t m e n t  a n d  p a r t ia l  c r y s t a l l i z a t i o n .

D u e  t o  r i s in g  e n e r g y  d e m a n d s  a n d  l i m i t e d  s u p p l y  o f  L i t h i u m ,  i t  i s  a l s o  c r u c i a l  t o  e x p a n d  

r e s e a r c h  to  a l t e r n a t i v e  m a t e r i a l s  f o r  s o l i d  s t a t e  b a t t e r ie s .  P r o m i s i n g  c a n d i d a t e s  f o r  th a t  a r e  

s e le n i d e -  a s  w e l l  a s  s u l f i d e - b a s e d  N a +  s u p e r io n i c  c o n d u c t o r s .  V i a  23N a  c e n t r a l  t r a n s i t io n  

e x c i t e t io n  w e  s t u d y  s a m p l e s  c o n i s t i n g  o f  N a n S n 2P S e 12 a n d  N a n S n 2P S 12 r e s p e c t i v e l y .

W e  s h o w  t h a t  l o c a l  d y n a m i c s  a n d  m a c r o s c o p i c  d i f f u s i o n  c a n  o f t e n  b e  c o n s i s t e n t ly  

d e s c r i b e d  b y  th e  s a m e  b r o a d  d i s t r i b u t i o n s  o f  a c t iv a t i o n  e n e r g ie s  [ 1] .

References
1. H a a k s  e t  a l . ,  P h y s .  R e v .  B  9 6 ,  1 0 4 3 0 1  ( 2 0 1 7 )

198



Poster Session

Studying of Cyclosporin D by High Resolution NMR: 
Obtaining Information on the Spatial Structure

P . P . K o b c h ik o v a ,  S . V. E f im o v , I . A . K h o d o v ,  V. V. K l o c h k o v

In s t i tu t e  o f  P h y s ic s ,  K a z a n  ( V o lg a  r e g i o n )  F e d e r a l  U n iv ers ity , R u s s i a  
E - m a i l :  p o l l y m o o n @ y a .  ru
h t tp s :/ / k p fu .r u /p h y s ic s / s t r u k t u r a /k a fe d r y /k q fe d r a - m e d ic in s k o j - f i z ik i

Introduction
T a r g e t e d  s y n t h e s i s  o f  s e l e c t i v e  b i o l o g i c a l l y  a c t i v e  s u b s t a n c e s ,  i .e .  s u b s t a n c e s  t h a t  h a v e  

n o  s i d e  e f f e c t s ,  h a s  b e e n  a  p o i n t  o f  in t e r e s t  f o r  s c i e n t i s t s  f o r  a  l o n g  t i m e .  M a n y  l a b o r a t o r i e s  b o th  

in  a c a d e m i c s  a n d  in  in d u s t r y  a r e  a im i n g  t o  e s t a b l i s h  a  l i n k  b e t w e e n  th e  s t r u c t u r e  o f  s u b s t a n c e s  

a n d  t h e i r  b i o l o g i c a l  p r o p e r t i e s .  A d d i t io n a l  k n o w l e d g e  in  th e  s p h e r e  o f  d r u g  d e s i g n  [ 1 ]  i m p a c t s  

c h e m is t r y ,  a s  w e l l  a s  b i o l o g y  a n d  m e d ic i n e .  A t  f i r s t ,  s c i e n t i s t s  o n l y  p a i d  a t t e n t io n  to  th e  

c h e m ic a l  c o m p o s i t i o n  o f  s u b s t a n c e s ,  b u t  t h e y  e v e n t u a l l y  r e a l i z e d  th a t  t h e i r  m o l e c u la r  

c o n f i g u r a t i o n  i s  j u s t  a s  im p o r t a n t .  A l t h o u g h  B a r t o n  [ 2 ]  h a s  c l e a r l y  s h o w n  th e  r o le  m o l e c u la r  

c o n f o r m a t i o n  p l a y s  in  c h e m i s t r y  a n d  b i o l o g y ,  th e r e  h a v e  o n l y  b e e n  w e a k  a t t e m p t s  to  s t u d y  th e  

r e l a t io n s h ip  b e t w e e n  c o n f o r m a t i o n  a n d  b i o l o g i c a l  a c t iv i t y  [ 3 ] .

T h e r e  h a s  b e e n  a  g r e a t  d e a l  o f  in t e r e s t  in  c y c l i c  p e p t i d e s  a s  s c a f f o l d s  in  th e  d e v e lo p m e n t  

o f  d r u g s  a g a i n s t  d i f f i c u l t  t a r g e t s  s u c h  a s  p r o t e i n - p r o t e in  in t e r a c t io n s ,  b a s e d  o n  th e  p r e m i s e  th a t  

l a r g e  m a c r o c y c l e s  a r e  b e t t e r  s u i t e d  t o  th e  in h i b i t i o n  o f  l a r g e  b in d i n g  s u r f a c e s .  S o l v i n g  

c o n f o r m a t i o n s  o f  c y c l i c  p e p t i d e s  c a n  p r o v i d e  in s i g h t  in to  s t r u c t u r e - a c t i v i t y  a n d  s t r u c t u r e -  

p r o p e r t y  r e l a t io n s h ip s ,  w h ic h  c a n  h e l p  in  th e  d e s i g n  o f  c o m p o u n d s  w ith  im p r o v e d  b io a c t iv i t y  

a n d / o r  A D M E  c h a r a c t e r i s t i c s .

Object
C o n s i d e r a b l e  p r o g r e s s  in  t r a n s p l a n t a t io n  o f  th e  l a s t  f e w  d e c a d e s  i s  d u e  t o  th e  

d e v e lo p m e n t  a n d  in t r o d u c t io n  o f  i m m u n o s u p p r e s s i v e  d r u g s  to  c l in i c a l  p r a c t ic e ,  th a t  in c r e a s e  

th e  s u r v iv a l  r a t e s  o f  b o th  p a t i e n t s  a n d  t r a n s p l a n t s  [ 4 ] .

C y c l o s p o r i n  D  i s  a  m e t a b o l i t e  o f  c y c l o s p o r i n  A ,  a n  im m u n o s u p p r e s s i v e  d r u g  th a t  b in d s  

to  c y c l o p h i l i n ,  in h i b i t i n g  th e  p h o s p h a t a s e  a c t i v i t y  o f  c a l c i n e u r in  in  T  c e l l s .  In  th e  c o m p o s i t i o n  

o f  C s D  t h e r e  a r e  11  a m in o  a c i d s ,  s o m e  o f  t h e m  h a v e  s e v e r a l  in s t a n c e s :

1 B m t  -  2 V a l  -  3 S a r  -  4 M l e  -  5 V a l  -  6 M l e  -  7 A l a  -  8 D - A l a  -  9 M l e  -  1 0 M l e  -  1 1 M v a .

D i f f e r e n t  t e n d e n c ie s  o f  c y c l o s p o r i n  m o l e c u l e s  A ,  D  e t c .  to  f o r m a t i o n  o f  c o m p l e x e s  w ith  

p r o t e i n s  ( e s p e c i a l l y ,  c y c l o p h i l i n s )  l e a d  t o  o b s e r v e d  d i f f e r e n c e s  in  t h e i r  b i o l o g i c a l  a c t iv i t y .  T h e  

r e a s o n  f o r  th a t  l i e s  in  s t r u c t u r a l  f e a t u r e s  o f  s p e c i f i c  p e p t id e s ,  w h ic h  in  c a s e  o f  c y c l o s p o r i n  a s  a  

r e p r e s e n t a t i v e  o f  c y c l i c  p e p t i d e s  s h o w s  s p e c i a l  p r o p e r t i e s  [ 4 ] :  r e l a t iv e  s t a b i l i t y  w ith in  o r g a n i s m  

a n d  th e  a b i l i t y  to  a d o p t  d i f f e r e n t  c o n f o r m a t i o n s .  E f f i c i e n c y  o f  C s A  a s  a n  im m u n o s u p p r e s s i v e  

d r u g  i s  c o n s i d e r a b l y  h ig h e r  th a n  th a t  o f  C s D .  H o w e v e r ,  C s D  i n t e r e s t s  u s ,  b e c a u s e  th e  q u e s t i o n  

o f  s i g n i f i c a n c e  o f  c o n f o r m a t i o n  a s  th e  m a in  f a c t o r ,  w h ic h  a f f e c t s  s u b s t a n c e ’ s  p r o p e r t i e s ,  i s  

r a i s e d .  T h e  o n l y  d i f f e r e n c e  b e t w e e n  C s D ’ s  a n d  C s A ’ s  c o m p o s i t i o n s  i s  th e  s e c o n d  a m in o  a c id  

r e s id u e .  T h e  s t r u c t u r e  o f  C s A  i s  p r e s e n t e d  b e l o w  in  f i g u r e  1 ; th e  p i c t u r e  a l s o  s h o w s  th e  p a r t  o f  

th e  m o l e c u le ,  w h ic h  i s  d i f f e r e n t  in  C s A  a n d  C s D .

Method
M e a s u r e m e n t s  w e r e  c a r r i e d  o u t  o n  a  B r u k e r  A v a n c e  I I I  H D  7 0 0  s p e c t r o m e t e r .  S i g n a l  

a s s i g n m e n t  w a s  m a d e  u s i n g  a  c o m b in a t io n  o f  2 D  s p e c t r a :  D Q F - C O S Y ,  T O C S Y ,  H S Q C  a n d  

H M B C ,  r e c o r d e d  a t  2 5 ° C .  S t r o n g  s i g n a l  o v e r l a p  r e g i o n s  h a m p e r  id e n t i f i c a t i o n  o f  s o m e  a t o m s ,  

in c lu d in g  M l e 4  H a  a n d  t w o  p r o t o n s  a t  th e  d o u b l e  b o n d  in  B m t 1  (—5 .3 5  p p m ) ;  a t o m s  B m t 1  H t|,  

H y  a n d  C H 2S  a l l  h a v e  c l o s e  s i g n a l s  in  th e  s a m e  r e g io n  t o g e t h e r  w ith  s o m e  o f  i n e q u i v a l e n t  C H 2
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p r o t o n s  o f  o t h e r  r e s i d u e s  ( 1 . 6 - 1 . 6 5  p p m ) .  H e t e r o n u c le a r  s p e c t r a  w e r e  n e c e s s a r y  t o  c l a r i f y  t h e s e  

o v e r l a p  r e g io n s ,  a s s i g n  N C H 3 g r o u p s ,  a n d  d e t e r m in e  th e  p l a c e  o f  e a c h  r e s id u e  in  th e  1 1 - m e m b e r  

c h a in  th r o u g h  th e  s i g n a l s  o f  c a r b o n y l  c a r b o n s .  H o m o n u c le a r  2 D  s p e c t r a  w e r e  r e c o r d e d  in  th e  

s p e c t r a l  w in d o w  o f  1 0 х 1 0  p p m  a n d  t i m e  d o m a in  s i z e  o f  2 0 4 8 х 5 1 2  p o in t s .  H S Q C  s p e c t r a  

c o v e r e d  th e  s p e c t r a l  w id t h  o f  1 0 х 1 4 0  p p m  ( c e n t e r e d  a t  6 5  p p m )  w ith  2 0 4 8 х 5 1 2  p o i n t s ;  H M B C  

h a d  th e  p a r a m e t e r s  1 0 х 2 0 0  p p m  ( th e  c e n t e r  a t  9 5  p p m )  a n d  4 0 9 6 х 5 1 2  d a t a  p o in t s .  H M B C  

s p e c t r a  w e r e  o p t im i z e d  f o r  th e  l o n g - r a n g e  s c a l a r  c o u p l i n g  o f  6  H z .

no
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F ig u r e  1. T h e  s t r u c tu r e  o f  C sA . T h e  s e c o n d  r e s id u e  o f  C s D  is  r e p l a c e d  w ith  V a l

Results
C y c l o s p o r i n  D  h a s  b e e n  s t u d i e d  b y  N M R  in  C D C b .  C h e m ic a l  s h i f t  v a l u e s  w e r e  o b t a in e d  

f r o m  h ig h  r e s o lu t i o n  N M R  s p e c t r a .  V a l u e s  f o r  C s A  w e r e  o b t a in e d  e a r l i e r  [ 5 ] .  R e s u l t s  f o r  C s D  

a n d  C s A  a r e  s h o w n  in  T a b l e  1.

T a b le  1. C h e m ic a l  s h i f t s  f o r  C s D  a n d  C sA

C s D C s A

R e s .  N o . C a H a C ' N H R e s .  n o . C a H a C ' N H

1 5 9 .0 0 5 .5 5 5 1 7 0 .7 2 1 5 8 .9 7 5 .4 6 1 1 7 0 .6

2 5 3 .9 7 4 .7 5 1 7 3 .9 0 7 .9 9 2 4 8 . 9 4 5 .0 2 1 1 7 4 7 .9 6 4

3 5 0 .5 1 4 .7 2 1 7 1 .2 0 3 5 0 .5 4 .7 2 5 1 7 1 .4

3 .1 8 3 3 .1 9 8

4 5 5 .5 7 5 .3 2 1 7 0 .0 2 4 5 5 .6 3 5 .3 3 4 1 7 0 .2

5 5 5 .6 3 4 .6 1 1 7 3 .8 0 7 .5 7 5 5 5 .5 6 4 . 6 4 6 1 7 4 7 .4 6 8

6 5 5 .3 4 4 .9 7 1 7 1 .5 3 6 5 5 .4 8 4 .9 7 3 1 7 1 .8

7 4 8 . 5 8 4 .5 3 1 7 1 .0 5 7 .6 7 7 4 8 . 7 7 4 .5 1 1 1 7 1 .4 7 .6 8 1

8 4 5 . 1 2 4 .8 3 1 7 3 .3 9 7 .1 5 8 4 5 .3 3 4 . 8 2 1 7 3 .7 7 .1 6 3

9 4 8 .2 5 5 .7 0 1 7 0 .3 0 9 4 8 .3 5 5 .6 8 7 1 7 0 .5

1 0 5 7 .6 4 5 .0 6 1 7 0 .0 8 1 0 5 7 .6 9 5 .0 6 9 1 7 0 .3

11 5 7 .8 6 5 .2 1 7 3 .6 4 11 5 8 .0 6 5 .1 1 9 1 7 3 .7

T h e n  T a b l e  2  w a s  c o m p o s e d ,  c o n s i s t i n g  o f  th e  d i f f e r e n c e s  b e t w e e n  th e  c h e m ic a l  s h i f t s  

o f  th e  t w o  s t u d i e d  p e p t id e s .  T h u s ,  t h e  s i t e s  w h e r e  th e  m o s t  n o t i c e a b le  c h a n g e s  o f  c h e m ic a l  s h i f t s  

o c c u r  d u e  t o  th e  r e p l a c e m e n t  o f  th e  s e c o n d  r e s i d u e  c a n  b e  r e v e a le d .
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T a b l e  2. D i f f e r e n c e s  b e t w e e n  c h e m i c a l  s h i f t s  f o r  C s D  a n d  C sA

p p m ( C s D )  -  p p m ( C s A )

R e s .  N o . C a H a C N H

1 0 .0 3 0 . 0 9 4 0 . 1 1 7

2 5 . 0 3 3 - 0 .2 7 3 - 0 .0 9 8 0 .0 3 1

3 0 . 0 1 6 - 0 .0 0 3 - 0 .1 9 8

- 0 .0 1 5

4 - 0 .0 5 7 - 0 .0 1 2 - 0 .1 7 6

5 0 . 0 7 4 - 0 .0 3 2 - 0 .1 9 2 0 . 1 0 6

6 - 0 .1 4 2 - 0 .0 0 1 - 0 .2 7 4

7 - 0 .1 8 7 0 .0 2 1 - 0 .3 5 1 7 5 - 0 .0 1 1

8 - 0 .2 0 8 0 .0 1 5 - 0 .3 0 8 5 - 0 .0 1

9 - 0 .1 0 2 0 .0 1 1 - 0 .1 9 4 7 5

1 0 - 0 .0 4 7 - 0 .0 0 9 - 0 .2 2 3

11 - 0 .1 9 9 0 . 0 0 2 - 0 .0 5 5

Conclusions
S u b s t i t u t i o n  o f  th e  s e c o n d  r e s id u e  w i t h  d i f f e r e n t  a m in o  a c i d s  i n f lu e n c e s  m a in ly  th e  

b a c k b o n e  c h e m ic a l  s h i f t s  in  p o s i t i o n s  2 ,  i t s  n e ig h b o r s  1 a n d  3 ,  a n d  in  m o r e  d i s t a n t  p o s i t i o n s  

5  ( v a l i n e )  a n d  8  (D - a l a n in e ) .  R e s i d u e s  5  a n d  8  w e r e  th e  m o s t  s e n s i t i v e  t o  th e  a m in o  a c id  

s u b s t i t u t io n  a t  th e  p o s i t i o n  2 .  F u r t h e r  d e t a i l e d  in f o r m a t io n  o n  th e  s p a t i a l  s t r u c t u r e  i s  n e e d e d  

to  c l a r i f y  h o w  th e  b a c k b o n e  a n d  s i d e  c h a in  o r i e n t a t i o n s  a r e  a l t e r e d ,  a n d  h o w  t h i s  m a y  m o d i f y  

th e  b i o l o g i c a l  b e h a v i o r  o f  c y c l o s p o r i n .
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Microstructure and dynamics of ions in mixtures 
of imidazolium-based ionic liquids with water.

A molecular dynamics simulation study
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Introduction
W a t e r  m i x t u r e s  w i t h  i m i d a z o l i u m - b a s e d  io n i c  l i q u i d s  ( I L )  h a v e  b e e n  e x t e n s i v e l y  s t u d i e d  

in  th e  r e c e n t  y e a r s  f o r  b o t h  f u n d a m e n t a l  a n d  t e c h n o l o g i c a l  r e a s o n s .  H o w e v e r ,  in  s p i t e  o f  

c o n s id e r a b l e  e f f o r t s ,  s e v e r a l  p r o b l e m s  a r e  s t i l l  u n s o l v e d .  I n  th e  p r e s e n t  s t u d y  a t o m i s t i c  

m o l e c u la r  d y n a m i c s  s i m u la t i o n s  w e r e  e m p l o y e d  t o  i n v e s t i g a t e  th e  e f f e c t  o f  w a t e r  p r e s e n c e  o n  

d y n a m i c s  o f  i o n s  in  w a t e r  m i x t u r e s  w i t h  1 - b u t y l - 3 - m e t h y l i m id a z o l iu m  n i t r a te  a n d  

t e t r a f lu o r o b o r a t e .

F i v e  s y s t e m s  ( 1 1 ,  2 0 ,  3 3 ,  5 0 ,  a n d  1 0 0  m o l %  o f  I L )  w e r e  c o n s id e r e d .  S i m u l a t i o n s  w e r e  

c a r r ie d  o u t  u s in g  th e  M D y n a M i x  p a c k a g e  [ 1 ] .  W a t e r  w a s  s i m u la t e d  w i t h  th e  r i g i d  f i v e - s i t e  

T I P 5 P  [2 ]  m o d e l .  T h e  io n s  w e r e  m o d e l e d  u s i n g  th e  p o t e n t i a l s  d e s c r i b e d  in  th e  R e f s .  [ 3 - 5 ] .  E a c h  

s y s t e m  w a s  s i m u la t e d  in  th e  N P T  e n s e m b le  a t  2 9 8  K  a n d  a t m o s p h e r i c  p r e s s u r e .  T h e  e f f e c t  o f  

w a t e r  c o n c e n t r a t i o n  o n  th e  m i x t u r e  s t r u c t u r a l  a n d  d y n a m i c a l  p r o p e r t i e s  w a s  s t u d i e d  in  d e t a i l s .  

A  s p e c i a l  a t t e n t io n  w a s  g i v e n  to  th e  w a t e r  e f f e c t  o n  s e l f - d i f f u s i o n  o f  i o n s  ( F ig .  1 ).

F ig u r e  1 .C o n c e n t r a t io n  d e p e n d e n c e  o f  s e l f - d i f fu s i o n  c o e f f i c i e n t s  (in  1 0  9 m 2/ s )  o f  m ix tu r e  
c o m p o n e n t s  a t  2 9 8  K  a n d  1 a tm . C o n c e n t r a t io n  is  g iv e n  in  m o l%  o f  IL
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Influence of fast fluctuation of Earth magnetic field 
on NMR-spectra

P a v e l  K u p r iy a n o v , V la d im ir  I. C h iz h ik

St. P e t e r s b u r g  S ta t e  U n iv ers ity , R u s s i a  
p .  k u p r iy a n o v @ s p b u .  ru

F lu c t u a t io n s  o f  th e  E a r t h  m a g n e t i c  f i e l d  p r e v e n t  th e  a c c u m u l a t io n  o f  N M R  s i g n a l s  in  

E a r t h  m a g n e t i c  f i e l d  t o  o b t a in  h ig h - r e s o lu t i o n  s p e c t r a  o f  l i q u i d s  w i t h  s m a l l  a b u n d a n c e  o f  

s t u d i e d  n u c le i .  T h e r e  a r e  a  f e w  m e t h o d s  f o r  th e  n e u t r a l iz a t io n  o f  in f lu e n c e  o f  th e  E a r t h  m a g n e t i c  

f i e l d  f lu c t u a t io n s  [ 1 - 3 ] .  U s i n g  th e  r e f e r e n c e  s i g n a l  f r o m  th e  s e c o n d  s e n s o r  w ith  a  s p e c i a l  l i q u id  

i s  v e r y  p r o m i s i n g  id e a .  B u t  t e c h n iq u e s ,  w h ic h  u s e  d i r e c t l y  th e  r e f e r e n c e  a n a l o g  N M R - s i g n a l  f o r  

th e  s y n c h r o n o u s  o r  q u a d r a t u r e  d e t e c t io n  o f  a  s i g n a l  f r o m  a  s t u d i e d  s a m p le ,  a r e  n o t  s u i t a b l e  f o r  

h ig h  r e s o lu t i o n  N M R - s p e c t r o s c o p y .  T h e  f a c t  i s  t h a t  in  t h i s  c a s e  th e  r e f e r e n c e  s i g n a l  h a s  

s i g n i f i c a n t  in t e r f e r e n c e s  a t  th e  e n d .  F o r  th e  h ig h - q u a l i t y  d e t e c t io n ,  i t  i s  b e t t e r  t o  h a v e  th e  

r e f e r e n c e  s i g n a l  ( s i n e  o r  a n o t h e r  m a t h e m a t i c a l  f o r m )  w ith  th e  c o n s t a n t  a m p l i t u d e .  T h e r e f o r e ,  

th e  m e t h o d  p r o p o s e d  in  th e  w o r k  [ 3 ]  i s  m o s t  s u i t a b l e ,  b u t  t h i s  w a y  a l s o  p o s s e s s e s  f l a w s .  I t  d o e s  

n o t  t a k e  in to  a c c o u n t  t h e  r a p i d  o s c i l l a t i o n s  o f  t h e  e a r t h 's  m a g n e t i c  f i e l d  d u r in g  r e g i s t r a t i o n  

N M R - s i g n a l .  W e  h a v e  i n v e s t i g a t e d  m e t h o d s  f o r  r e g i s t r a t i o n  s u c h  r a p i d  f lu c t u a t io n s  in  th e  N M R  

s i g n a l  ( f i g .  1 )  in  o r d e r  t o  e v a l u a t e  th e i r  e f f e c t  o n  th e  r e s u l t i n g  N M R  s p e c t r u m  a n d  f u r th e r  t a k e  

th e m  in t o  a c c o u n t  in  o u r  e x p e r i m e n t s .

F ig u r e  1. C o m p a r i s o n  o f  tw o  m e t h o d s  to  r e g i s t e r  th e  f lu c t u a t i o n s  o f  th e  N M R -s ig n a l  
f r e q u e n c y :  th e  s im p le  c a l c u la t io n  o f  a  p e r i o d  ( b lu e )  a n d  th e  s in c - in t e r p o l a t io n  ( r e d )
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Development and investigation of mixed-matrix membranes 
based on PVA modified by various organic nanoparticles

A n n a  I . K u z m in o v a ,  A n a s t a s i a  V. P e n k o v a ,  M a r i a  E . D m it r e n k o

St. P e t e r s b u r g  S t a t e  U n iv ers ity , St. P e t e r s b u r g ,  1 9 9 0 3 4  R u s s i a  
E - m a i l :  a i .k u z m in o v a @ m a il .r u

Introduction
N o w a d a y s ,  th e  e s s e n t i a l  im p r o v e m e n t  o f  th e  t r a n s p o r t  p r o p e r t i e s  o f  p o l y m e r  m e m b r a n e s  

c a n  b e  a c h i e v e d  b y  th e  m o d i f i c a t i o n  o f  th e  p o l y m e r  m a t r i x  b y  in o r g a n ic  f i l l e r  t h a t  y i e l d s  in  

d e v e l o p i n g  th e  m i x e d  -  m a t r i x  m e m b r a n e s  ( M M M s ) .  T h e  in t r o d u c t io n  o f  in o r g a n ic  f i l l e r  in  th e  

p o l y m e r  m a t r i x  o f  t h e  m e m b r a n e  a l l o w s  g e t t i n g  t a i l o r in g  p r o p e r t i e s .  H y b r id  o r  m i x e d  m a t r i x  

m e m b r a n e s  p r e p a r e d  b y  d i s p e r s i n g  o f  in o r g a n ic  f i l l e r  in  a  p o l y m e r i c  m a t r i x  o f f e r  th e  p o s s i b i l i t y  

t o  o v e r c o m e  th e  t r a d e - o f f  b e t w e e n  th e  p e r m e a b i l i t y  a n d  s e l e c t i v i t y  o f  th e  p o l y m e r i c  

m e m b r a n e s .  M M M s  c o m b in e  th e  s i m p l i c i t y  o f  p r o c e s s i n g  p o l y m e r  m e m b r a n e s  w ith  th e  

s u p e r io r  t r a n s p o r t  p r o p e r t i e s  o f  in o r g a n ic  p a r t i c l e s .  A m o n g  th e  in o r g a n ic  p a r t i c l e s  f u l le r e n e  

t a k e s  a n d  im p o r t a n t  p l a c e  a s  t h i s  n a n o p a r t i c l e  s a v e s  i t s  u n iq u e  п - e le c t r o n  s t r u c t u r e  in s id e  o f  th e  

p o l y m e r  m a t r i x .

In  th e  p r e s e n t  w o r k  th e  n o v e l  m e m b r a n e s  b a s e d  o n  p o l y v in y l  a l c o h o l  w e r e  p r e p a r e d  b y  

b u l k  a n d  s u r f a c e  m o d i f i c a t io n .  B u l k  m o d i f i c a t i o n  w a s  c a r r i e d  o u t  b y  in t r o d u c in g  th e  w a te r -  

s o l u b l e  f u l le r e n e  d e r iv a t iv e  ( f u l l e r e n o l )  a n d  p o l y e l e c t r o ly t e  ( p o l y a l l y l a m i n e  h y d r o c h lo r id e ) .  

S u r f a c e  m o d i f i c a t i o n  w a s  c a r r ie d  o u t  b y  l a y e r  b y  l a y e r  d e p o s i t i o n  w ith  a p p l i c a t i o n  o f  tw o  

p o l y e l e c t r o l y t e s  ( p o l y a l l y l a m i n e  h y d r o c h lo r id e  a n d  s o d i u m  p o l y s t y r e n e  s u l f o n a t e ) .  T h e  m o s t  

im p o r t a n t  i n v e s t i g a t i o n  o f  f i l l e r s  i n c lu s io n  in  p o l y m e r s  i s  a n a l y s i s  o f  m e m b r a n e s  b y  

s p e c t r o s c o p i c  m e t h o d s .  A m o n g  t h e s e  m e t h o d s ,  n u c le a r  m a g n e t i c  r e s o n a n c e  ( N M R )  i s  th e  b e s t  

t o o l  f o r  th e  i n v e s t i g a t i o n  o f  p o l y m e r  n a n o c o m p o s i t e  m a t e r i a l s .  N M R  a l l o w e d  to  s t u d y  th e  

in t e r a c t io n  b e t w e e n  f u l l e r e n o l  a n d  p o l y m e r  m a t r i x  a n d  to  c o n f i r m  th e  c o m p l e x  s t r u c t u r e  o f  

M M M s  in  th e  p r e s e n t  w o r k .  T h e  a d d i t io n a l  c h a r a c t e r i z a t io n s  o f  th e  p o l y m e r  s a m p l e s  w e r e  

s t u d i e d  b y  s c a n n in g  e l e c t r o n  m i c r o s c o p y  a n d  c o n t a c t  a n g l e  m e a s u r e m e n t s .  T r a n s p o r t  p r o p e r t i e s  

o f  th e  m e m b r a n e s  w e r e  in v e s t i g a t e d  b y  p e r v a p o r a t io n  d u r in g  s e p a r a t i o n  o f  w a t e r - o r g a n i c  b in a r y  

m i x t u r e s :  i s o p r o p y l  a l c o h o l  -  w a t e r  a n d  t e t r a h y d r o f u r a n  -  w a te r .
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Investigation of a nonlinear phase shifter 
based on spin waves
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Introduction
S t a b le  in t e n s i v e  s p i n  w a v e  ( S W )  p h e n o m e n a  s u c h  a s  n o n l in e a r  d a m p i n g  a n d  p h a s e  s h i f t  

a r e  o f  g r e a t  in t e r e s t  d u e  to  a  p o s s i b i l i t y  o f  th e ir  a p p l i c a t i o n  f o r  d e v e lo p m e n t  o f  n e w  m i c r o w a v e  

d e v i c e s  w ith  n o v e l  f u n c t io n a l i t i e s  [ 1 - 3 ] .  T h e  e x t e n s iv e  t h e o r y  d e s c r i b i n g  s t a b l e  n o n l in e a r  

e f f e c t s ,  w h ic h  a r e  t a k i n g  p l a c e  w h e n  o n e  s p in - w a v e  p r o p a g a t e  in  th e  m a g n e t i c  f i l m ,  w a s  

p r o v i d e d  in  th e  w o r k s  [ 1 ,  2 ] .  H o w e v e r ,  th e  s t a b l e  e f f e c t s  o f  s i m u l t a n e o u s  p r o p a g a t i o n  o f  tw o  

a n d  m o r e  s p in - w a v e s  in  t h e  f e r r i t e  f i l m s  a r e  p o o r l y  u n d e r s t o o d .  O n e  o f  th e  r e c e n t ly  in v e s t i g a t e d  

p h e n o m e n o n  i s  in t e n s i t y - d e p e n d e n t  p o w e r  e x c h a n g e  b e t w e e n  th e  s i d e - c o u p l e d  m a g n e t i c  f i l m  

w a v e g u i d e s  [ 3 ] .

I n  s p i t e  o f  th e  a f o r e m e n t i o n e d  w o r k s ,  to  o u r  k n o w l e d g e ,  th e r e  h a v e  b e e n  n o  

i n v e s t i g a t io n s  o f  th e  p h a s e  s h i f t  o f  tw o  n o n l in e a r ly  c o u p l e d  s p i n  w a v e s  p r o p a g a t i n g  in  o n e  

m a g n e t i c  w a v e g u id e .  T h e  p u r p o s e  o f  th e  p r e s e n t  w o r k  i s  t o  s t u d y  a  p e r f o r m a n c e  o f  a  n o n l in e a r  

p h a s e  s h i f t e r  o p e r a t in g  o n  a  p h e n o m e n o n  o f  a  c a r r i e r  s p in  w a v e  p h a s e  s h i f t  in d u c e d  b y  a  h ig h -  

p o w e r  p u m p  s p in  w a v e  o f  d i f f e r e n t  f r e q u e n c y .

Experimental prototype
T h e  n o n l in e a r  p h a s e  s h i f t e r  h a s  a  s t r u c t u r e  s h o w n  in  F i g .  1. T h e  m a i n  p a r t  o f  th e  s t r u c t u r e  

i s  a  f e r r i t e - f i lm  w a v e g u id e .  A n  e x t e r n a l  b i a s  m a g n e t i c  f i e l d  H  c r e a t e d  b y  e l e c t r o m a g n e t  w a s  

p e r p e n d i c u l a r  t o  th e  l o n g  d i r e c t i o n  o f  th e  Y I G  s t r ip .  T h e  e x p e r i m e n t s  u t i l i z e d  a  l o w  l o s s  Y I G  

f i l m  s t r ip  in  a  tw o  a n t e n n a s  M S W  p h a s e  s h i f t e r .  T h u s ,  a  s u p p l i e d  m i c r o w a v e  s i g n a l  e x c i t e d  

s u r f a c e  S W s  in  th e  Y I G  f i lm .

T h i s  d e v i c e  u t i l i z e s  tw o  s t a b l e  n o n l in e a r  p h e n o m e n a .  B o t h  o f  t h e m  o c c u r  d u e  to  th e  

f o u r - w a v e  in t e r a c t io n  p r o c e s s e s  d e v e l o p e d  w ith  in i t i a l  p o w e r  i n c r e a s i n g  o f  o p e r a t in g  

w a v e  ( P j ) ,  a s  w e l l  a s  p u m p i n g  w a v e  ( P 2 ) .  T h e  k e y  p h e n o m e n o n  in  t h i s  c a s e  i s  in f lu e n c e  o f  th e  

p u m p in g  w u v e  p c w e r  o n  th e  o p e r a t in g  w u v e  n o n l in e a r  p h a s e  sh i f t .

M ic ro s tr ip  Magnetic field H

A low-power A high-power
continuous wave pulsed microwave

operating microwave signal
signal

F ig u r e  1. S c h e m a t ic  d ia g r a m  o f  t h e  n o n l in e a r  s p in  w a v e  p h a s e  s h i f t e r

T h e  d a t a  p r e s e n t e d  h e r e  w e r e  o b t a in e d  f o r  th e  d e v i c e  p r o t o t y p e  f a b r i c a t e d  w ith  tw o  

5 0 -  p m  - w id e  a n d  2 - m m - lo n g  s h o r t  c i r c u i t e d  m i c r o s t r ip  a n t e n n a s  e v a p o r a t e d  o n t o  a  g r o u n d e d
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a lu m in a  s u b s t r a t e  o f  5 0 0  ц ш  t h i c k n e s s .  T h e  d i s t a n c e  b e t w e e n  th e  a n t e n n a s  d  w a s  5  m m . T h e  

a n t e n n a s  w e r e  f e d  b y  th e  m i c r o s t r ip  t r a n s m i s s i o n  l i n e s  o f  5 0  O h m  c h a r a c t e r i s t i c  im p e d a n c e .  A  

1 3 .6 - ц ш - t h ic k ,  2 - m m - w id e ,  a n d  4 0 - m m - lo n g  y t t r iu m  i r o n  g a r n e t  ( Y I G )  s i n g l e - c r y s t a l  f i l m  

s t r ip  w a s  u t i l i z e d  in  th e  n o n l in e a r  p h a s e  s h i f t e r .  T h e  f i l m  w a s  g r o w n  b y  l i q u id - p h a s e  e p i t a x y  o n  

5 0 0 - ц ш -t h i c k  g a d o l i n iu m  g a l l i u m  g a r n e t  ( G G G )  s u b s t r a t e .  T h e  Y I G  f i l m  d e m o n s t r a t e d  a  

n a r r o w  f e r r o m a g n e t i c  r e s o n a n c e  l in e w id t h  Д Н  o f  0 .5  O e  a t  th e  f r e q u e n c y  o f  5  G H z  a n d  a  

s a t u r a t i o n  m a g n e t i z a t i o n  4 n M 0 o f  1 7 5 0  G .  M a g n e t i c  f i e l d  w a s  1 2 6 0  O e  th a t  a l l o w e d  u s  to  c a r r y  

o u t  in v e s t i g a t i o n s  in  th e  f r e q u e n c y  r a n g e  o f  5 3 2 0 - 5 8 0 0  M H z .  T h e  Y I G / G G G  s t r ip  w a s  

p o s i t i o n e d ,  w ith  th e  Y I G  s i d e  d o w n ,  o v e r  th e  m i c r o s t r ip  a n t e n n a s .

Experimental results
F i g u r e  2  s h o w s  th e  a m p l i t u d e  f r e q u e n c y  c h a r a c t e r i s t i c s  ( A F C s )  o f  t h e  n o n l in e a r  p h a s e  

s h i f t e r .  T h e s e  c h a r a c t e r i s t i c s  w e r e  o b t a in e d  f o r  m i c r o w a v e  o p e r a t in g  s i g n a l  h a v i n g  r e l a t iv e ly  

s m a l l  in c id e n t  p o w e r  P1 =  - 1 0  d B m  . W it h  in c r e a s i n g  p u m p  s i g n a l  p o w e r  P 2 u p  to  2 4 .8 1  d B m  

e x c i t e d  a t  a  f r e q u e n c y  f 2  =  5 5 7 5  M H z ,  th e  in s e r t io n  l o s s  i l lu s t r a t e s  a  s l i g h t  in c r e a s e  e s p e c i a l l y  

a f t e r  5 5 0 0  M H z .

F i g u r e  2. A F C  o f  t h e  n o n l in e a r  p h a s e  s h i f t e r  m e a s u r e d  f o r  t h e  d i f f e r e n t  

in p u t  p o w e r  v a lu e s  P2 a s  i n d i c a t e d

o f  t h e  o p e r a t in g  s p in  w a v e  a s  a  fu n c t io n  o f  in p u t  p u m p in g  p o w e r  

f o r  v a r io u s  o p e r a t in g  f 1 (a )  a n d  p u m p in g  f 2 (b ) f r e q u e n c i e s
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F ig .  3  s h o w s  th e  e x p e r i m e n t a l  d e p e n d e n c e s  o f  th e  o p e r a t in g  w a v e  n o n l in e a r  p h a s e  s h i f t  

9 NL1 f r o m  p u m p in g  w a v e  p o w e r  P2 m e a s u r e d  f o r  th e  d i f f e r e n t  f r e q u e n c i e s  o f  th e  o p e r a t in g  

a n d  p u m p in g  s i g n a l s .  T h e  l i n e s  c o n n e c t i n g  th e  p o i n t s  a r e  a  g u i d e  f o r  th e  e y e s  o n ly .  A s  i s  e v i d e n t  

f r o m  F i g .  3 ( a )  i n c r e a s i n g  o f  P2 l e a d s  to  a  g r o w t h  o f  th e  n o n l in e a r  p h a s e  s h i f t  9 NL1 a t  a l l  

o p e r a t in g  f r e q u e n c ie s .  M o r e o v e r ,  a t  f 1 =  5 6 6 5  M H z  th e  in d u c e d  n o n l in e a r  p h a s e  s h i f t  9 NL1 

r e a c h e s  m o r e  th a n  1 8 0 °  th a t  i s  im p o r t a n t  f o r  th e  u t i l i z a t i o n  in  m i c r o w a v e  a p p l i c a t i o n s .  

F i g u r e  2 ( b )  i l lu s t r a t e s  s i m i l a r  d e p e n d e n c e  f o r  d i f f e r e n t  p u m p in g  f r e q u e n c ie s  a t  a  f i x e d  o p e r a t in g  

s i g n a l  o f  5 6 0 0  M H z .

Conclusions
T h e  m i c r o w a v e  s p in  w a v e  n o n l in e a r  p h a s e  s h i f t e r  b a s e d  o n  th e  Y I G  f i l m  h a s  b e e n  

in v e s t i g a t e d .  T h e  o b t a in e d  r e s u l t s  w i l l  b e  u s e f u l  f o r  f u t u r e  w o r k  o n  th e  n o n l in e a r  f e r r i t e - f i lm  

s p in  w a v e  d e v i c e s .
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T h a i  L y 12, R i c h a r d  Y o n g 1, J o h n  E . D a n i e l s 2, D a v i d  M i l j a k 1

1C S IR O  M i n e r a l  R e s o u r c e s ,  L u c a s  H e ig h t s ,  N e w  S o u th  W a le s , 2 2 3 4 , A u s t r a l i a
2S c h o o l  o f  M a t e r i a l s  S c i e n c e  a n d  E n g in e e r in g ,  U n iv e r s ity  o f  N e w  S o u th  W a le s , K e n s in g to n ,
N S W , 2 0 3 3 , A u s tr a l ia ,
E - m a i l :  th a i. l y @ c s i r o .  a u

A  s i n g u l a r  p u l s e  le n g t h  th a t  i s  g r e a t e r  th a n  th e  t r a n s v e r s e  r e l a x a t i o n  t i m e  c a n  b e  u s e d  to  

e f f e c t i v e l y  d e t e c t  in h o m o g e n e o u s l y  b r o a d e n e d  l i n e s  th a t  s p a n  g r e a t e r  th a n  1 0 0  k H z .  I t  i s  th e  

d i s t r i b u t i o n  o f  r e s o n a n t  f r e q u e n c i e s  th a t  c o n s e q u e n t l y  r e s u l t  in  a  s u b s t a n t i a l  f r e e  in d u c t io n  

d e c a y  ( F I D )  o n  r e s o n a n c e  a f t e r  t h e  p u l s e  i s  a p p l i e d .  T h e  g r e a t e s t  m a g n e t i z a t i o n  in t e n s i t y  o c c u r s  

f o r  l o w e r  a p p l i e d  m a g n e t i z a t i o n  l e v e l s  ( B 1)  th a n  th a t  r e q u ir e d  f o r  t r a d i t io n a l  s p in - e c h o  

s e q u e n c e s .  A d d i t io n a l ly ,  r e s o n a n c e  o f f s e t  e f f e c t s  a r e  n o t  r e q u ir e d  t o  r e t r ie v e  s i g n a l  in te n s i ty .  

T h e  d e p e n d e n c e  o n  B 1 a n d  p u l s e  le n g t h  f o r  63C u  N Q R  in  c o v e l l i t e  ( C u S )  w a s  i n v e s t i g a t e d  

e x p e r i m e n t a l l y  a n d  w e r e  t h e o r e t i c a l ly  v e r i f i e d  v i a  s i m u la t i o n  o f  th e  p h e n o m e n o lo g i c a l  

e q u a t io n s  o f  B l o c h .

Introduction
P u b l i s h e d  w o r k s  th a t  in v o l v e  a  s i n g u la r  l o n g  p u l s e  o f  q u a d r u p o la r  s p e c i m e n s  h a v e  

s h o w n  th a t  o n  r e s o n a n c e ,  th e r e  i s  n o  s i g n a l .  T o  r e t r ie v e  s i g n a l  in te n s i ty ,  e x c i t a t i o n  s o m e  

f r e q u e n c y  Д ю  a w a y  f r o m  th e  c e n t r e  o f  th e  l i n e w id t h  w a s  r e q u ir e d .  H o w e v e r ,  t h i s  w a s  e x p l o r e d  

f o r  s o l i d  s t a t e  s a m p l e s  s u c h  a s  s o l i d  a lu m in iu m  a n d  c o p p e r  a n d  c u p r i t e  ( C u 2O )  w h ic h  a l l  e x h ib i t  

a  l in e w i d t h  o f  < 1 0  k H z .  I n h o m o g e n e o u s l y  b r o a d e n e d  l i n e  w id t h s  ( o f  > 1 0 0  k H z )  c a n  b e  

e f f e c t i v e l y  d e t e c t e d  w ith  a  s i n g u la r  o n - r e s o n a n c e  r a d io f r e q u e n c y  ( R F )  p u l s e  a p p l i e d  f o r  lo n g e r  

th a n  th e  s a m p l e ’ s  t r a n s v e r s e  r e l a x a t i o n  t im e .  N a t u r a l l y - f o r m e d  c o p p e r - s u l f u r  m i n e r a l  s y s t e m s  

s u c h  a s  c o v e l l i t e  c a n  e x h ib i t  in h o m o g e n e o u s l y  b r o a d e n e d  l in e  w id t h s  d u e  t o  a  d i s t r i b u t i o n  o f  

e l e c t r ic  f i e l d  g r a d i e n t s  ( E F G )  a t  th e  63C u  s i t e .  T h e  a p p l i c a t i o n  o f  a  p u l s e  w i t h  le n g t h  t  > >  T 2 h a s  

b e e n  f o u n d  to  t a k e  a d v a n t a g e  o f  th e  w id e  l in e w i d t h  t o  p r o d u c e  a  s u b s t a n t i a l  f r e e  in d u c t io n  d e c a y  

( F I D )  s i g n a l .

W h i le  th e  R F  f i e ld  i s  a c t iv e ,  th e  t r a n s v e r s e  c o m p o n e n t  o f  m a g n e t i z a t i o n  d e c a y s  o n  th e  

o r d e r  o f  T 1 [ 1 ] .  T h i s  e x c i t a t io n  m e t h o d  m a y  b e  g r o u p e d  a s  a  “ s p i n - l o c k i n g ”  p u l s e  s e q u e n c e  

a lo n g  w ith  t y p ic a l  a r r a n g e m e n t s  s u c h  a s  a  t r a in  o f  R F  p u l s e s  o r  a  t w o  p h a s e  s h i f t e d  p u l s e  

s e q u e n c e  ( a  9 0  d e g r e e  p u l s e  f o l l o w e d  b y  a  l o n g  p u l s e ) .  H o w e v e r ,  R e d f i e l d ’ s  t h e o r y  o f  r o t a r y  

s a t u r a t i o n  d o e s  n o t  s a t i s f a c t o r i l y  e x p l a i n  th e  p h e n o m e n a  e x h ib i t e d .  A d d i t io n a l ly ,  o f f s e t  

r e s o n a n c e  e f f e c t s  d o  n o t  o c c u r ,  w h e r e  t y p i c a l l y  th e  n u l l  in  l o n g  p u l s e  s p e c t r a  c o r r e s p o n d s  t o  th e  

p e a k  o f  th e  l in e w id t h  a s  s e e n  in  l i t e r a t u r e  [ 2 - 4 ] .  I n  t h i s  p u b l i c a t io n ,  w e  s h o w  th a t  i t  i s  p o s s i b l e  

t o  c o m p le t e l y  r e s t o r e  th e  o n - r e s o n a n c e  m a g n e t i z a t i o n  f o r  w id e  l in e  q u a d r u p o la r  c h a l c o g e n i d e s  

a n d  a c h ie v e  t h e o r e t i c a l  v e r i f i c a t i o n  v i a  s i m u la t i o n  o f  th e  B l o c h  e q u a t io n s .

Results and Discussion
63C u  z e r o - f i e l d  N Q R  m e a s u r e m e n t s  w e r e  p e r f o r m e d  o n  s y n th e t ic  c o v e l l i t e  ( C u S ) .  

C o v e l l i t e  h a s  a n  N Q R  r e s o n a n c e  a t  1 4 .2 8  M H z  w ith  a  F W H M  o f  0 . 1 4 4  M H z .  T h e  T 1 a n d  T 2 o f  

6 . 2 3 m s ,  1 0 6 .7 3  ^ s  a n d  r e s p e c t i v e l y .

T h e  s i n g l e  p u l s e  m e t h o d  p r o v i d e s  a  F I D  w ith  a  s i g n a l  h e i g h t  th a t  i s  r e t a in e d  a f t e r  i t  i s  

s u b je c t e d  to  a  p u l s e  le n g t h  th a t  f a r  e x c e e d s  T 2 .  T h e  le n g t h  o f  t h i s  s i g n a l  i s  l o n g e r  t h e  d e a d  t im e  

o f  th e  r e c e iv e r ,  h o w e v e r ,  th e  t r u e  p e a k  o f  th e  s i g n a l  c a n n o t  b e  r e c o r d e d  d u e  t o  s y s t e m  r e s t r a in t s .  

T h e  t h e o r e t i c a l  s i m u l a t i o n s  o f  th e  B l o c h  e q u a t i o n s  d o  h o w e v e r ,  p r o v i d e  th e  t r u e  p e a k  o f  th e  

s i g n a l  b u t  s t a y i n g  c o n s i s t e n t  w ith  th e  e x p e r i m e n t a l  r e s t r a in t s ,  th e  s i g n a l  m a g n e t i z a t i o n  i s  

r e t r ie v e d  4 0  |^ s a w a y  f r o m  th e  p u l s e .  S i n c e  th e  F I D  d e c a y  t i m e  i s  in  th e  o r d e r  o f  T 2* ,  th e  r e t r ie v a l  

o f  th e  s i g n a l  t e n d s  t o  b e  e a s i e r  th a n  w ith  s t a n d a r d  e c h o  t e c h n iq u e s  w h e r e  d e a d  t i m e  m a y  c u t o f f  

th e  a p p e a r a n c e  o f  th e  e c h o .
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F i g u r e  1. S im u la t io n s  o f  B l o c h  e q u a t i o n s  (b lu e )  c o m p a r e d  w ith  e x p e r im e n t a l  r e s u lt s  
f o r  c o v e l l i t e  ( b la c k )  F I D  p e a k  m a g n e t iz a t io n  a s  a  r e s u lt  o f  p u ls e  le n g th  

t =  2 0 0  p s  ( le ft )  a n d  t =  1 5 0 0  p s  ( r ig h t)

F i g u r e  1 s h o w s  t h a t  a s  B i  in c r e a s e s ,  th e  s i g n a l  h e i g h t  o f  th e  F I D  r e a c h e s  a  m a x im u m  

a r o u n d  5 0 0 - 7 0 0  ц Т  a n d  th e n  d e c r e a s e s .  T h i s  a p p l i e s  f o r  a l l  p u l s e  l e n g t h s  g r e a t e r  th a n  T 2 o f  th e  

s a m p le .  A s  e v i d e n c e d  in  F i g u r e  1 , t h e  s i m u la t i o n  o f  t h e  s t e a d y - s t a t e  B l o c h  e q u a t io n s  v e r i f y  th e  

e x p e r i m e n t a l  r e s u l t s .  B o t h  t h e  t h e o r e t i c a l  a n d  e x p e r i m e n t a l  r e s u l t s  s h o w  t h e  r e d u c t io n  in  

m o d u la t i o n  a s  p u l s e  le n g t h  in c r e a s e s ,  t h i s  i s  i n d ic a t iv e  o f  t h e  e v e n t u a l  s u p p r e s s i o n  o f  t r a n s v e r s e  

c o m p o n e n t s  a s  p u l s e  le n g t h  i n c r e a s e s .  T h e s e  o b s e r v a t i o n s  a r e  c o m m o n  f o r  q u a d r u p o la r  

s p e c i m e n s ,  w h e r e  th e  g r e a t e s t  s i g n a l  in t e n s i t y  o c c u r s  a t  m a g n e t i z a t i o n  l e v e l s  m u c h  l e s s  th a n  

w h a t  i s  r e q u ir e d  in  a  H a h n  s p in  e c h o  p u l s e  s e q u e n c e  [2 , 3 ] .

In  c a s e s  w h e r e  R F  p o w e r  i s  l i m i t e d  a n d  l a r g e  s e n s i n g  e q u ip m e n t  i s  u s e d ,  a n  i n c r e a s e  in  

p o w e r  i s  r e q u ir e d  t o  s a t i s f a c t o r i l y  g e n e r a t e  th e  c o i l  c u r r e n t  in  g r e a t  s a m p l e  v o l u m e s .  T h e s e  

r e s u l t s  p r o v i d e  a  v a l u a b l e  a l t e r n a t i v e  m e t h o d  f o r  s u c h  c a s e s  t h a t  h a v e  l i m i t e d  p o w e r  s u p p ly .

FID Height Dependence on Pulse Length

F i g u r e  2. S im u la t io n  o f  B l o c h  e q u a t i o n s  ( b lu e )  c o m p a r e d  w ith  e x p e r im e n t a l  r e s u lt s  
f o r  c o v e l l i t e  ( b la c k )  f o r  F I D  m a g n itu d e  a s  a  r e s u lt  o f  in c r e a s in g  p u l s e  le n g th  

w ith  a  c o n s t a n t  B i  o f 4 0 0  p T

T h e  r e d u c t io n  in  m o d u la t i o n  a s  t h e  p u l s e  le n g t h  i n c r e a s e s  i s  a l s o  e v i d e n c e  o f  th e  e v e n 

t u a l  s u p p r e s s i o n  o f  t h e  t r a n s v e r s e  m e c h a n i s m s  ( l i k e  F i g u r e  1 ) . T h i s  s u p p r e s s i o n  i s  e v i d e n t  in  

th e  f o r m  o f  r e d u c t io n  in  m o d u la t i o n  o f  th e  s i g n a l  m a g n i t u d e  f o r  p u l s e  l e n g t h s  g r e a t e r  th a n  1 5 T 2  

( 1 5 0 0  q s ) .  In  th e  h ig h  f i e l d  r e g i m e  ( w h e r e  t h e  s a t u r a t i o n  c o n d i t io n  i s  s a t i s f i e d ) ,  i t  h a s  b e e n  

n o t e d  in  l i t e r a t u r e  t h a t  B l o c h  a n d  R e d f i e l d ’ s  t h e o r y  a r e  in  a g r e e m e n t  w h ic h  e x t e n d s  v a l i d i t y  to  

th e  s i m u la t i o n  [ 5 ,  6 ] .
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F i g u r e  3. a )  T h e  l in e w id th  o f  s y n th e t ic  c o v e l l i t e  u s in g  a  s in g le  lo n g  p u l s e  ( r e d )  vs.
H a h n  s p in  e c h o  p u l s e  s e q u e n c e  ( b la c k )  c o l l e c t e d  e x p e r im e n ta l ly .

T h e  s im u la t e d  o f f s e t  r e s o n a n c e  e f f e c t  is  p i c t u r e d  in  b)

It  h a s  b e e n  p u b l i s h e d  th a t  f o r  l i n e w i d t h s  l e s s  t h a n  1 0 k H z ,  t h e  p e a k  o f  t h e  l in e w id t h  

c o r r e l a t e s  t o  th e  n u l l  p o i n t  in  a  l o n g  p u l s e  f r e q u e n c y  s c a n  a n d  m a g n e t i z a t i o n  i s  r e t r i e v e d  Д ю  

a w a y  f r o m  r e s o n a n c e  [ 2 - 4 ] .  In  t h e  c u r r e n t  r e g im e ,  th e  u p p e r m o s t  p o i n t  o f  th e  f r e q u e n c y  s c a n  

a l s o  a p p e a r s  w h e r e  th e  p e a k  o f  t h e  l in e  i s  ( F i g u r e  3 ) .  L in e w id t h  s c a n s  u s i n g  s p i n  e c h o  p u l s e  

s e q u e n c e  c a n  l e a d  t o  c o n v o lu t i o n  i s s u e s  a s  t h e  p o p u l a t i o n  th a t  i s  p r o b e d  i s  e q u a l  t o  t h e  in v e r s e  

o f  t h e  l o n g e s t  p u l s e  ( i .e .  t h e  n  p u l s e  o f  t h e  H a h n  e c h o  p u l s e  s e q u e n c e ) .  U s i n g  a  l o n g  p u l s e  s u c h  

a s  2 0 0 0  ^ s  i s  e q u a l  t o  p r o b i n g  5 H z  w id e ,  a l l o w i n g  t h e  s p a c i n g  b e t w e e n  f r e q u e n c y  s c a n s  t o  b e  

s h o r t e n e d  t o  c a p t u r e  th e  f i n e r  f e a t u r e s  o f  th e  l in e w id t h  i f  n e e d e d .  H o w e v e r ,  t h e  s i g n a l  in t e n s i t y  

m a y  n o t  b e  a s  g r e a t  a s  t h o s e  g e n e r a t e d  v i a  s p i n  e c h o  m e t h o d s  a n d  s o  f i n e r  d e t a i l s  a t  th e  t a i l s  o f  

t h e  l in e w id t h  m a y  b e  d i f f i c u l t  t o  r e t r ie v e .
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C l a r e n d o n  P r e s s .

6 . S l i c h t e r ,  C . P . ,  P r in c ip l e s  o f  M a g n e t i c  R e s o n a n c e .  2 0 1 3 :  S p r i n g e r  B e r l i n  H e i d e l b e r g .
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Micelle formation of azobenzene-containing surfactant: 
investigation by molecular dynamics method

V e r o n ik a  V. M a m o n to v a ,  A n d r e i  V. K o m o lk in ,  I r in a  A . S i la n t e v a

D e p a r t m e n t  o f  P h y s ic s ,  S a in t  P e t e r s b u r g  S ta t e  U n iv ers ity , R u s s ia  
E - m a i l :  s t 0 4 8 8 4 8 @ s tu d e n t .  s p b u . ru

Introduction
S u r f a c e - a c t i v e  s u b s t a n c e s  ( s u r f a c t a n t s )  a r e  a b l e  t o  g e n e r a t e  th e  c o m p a c t  c o m p l e x e s  w ith  

D N A  [ 1 ] .  S u c h  c o m p l e x e s  c o u l d  b e  u s e d  f o r  d e l iv e r y  o f  g e n e t i c  m a t e r i a l  in t o  c e l l s ,  t i s s u e s ,  o r  

w h o l e  o r g a n s .  A c c o r d i n g  t o  e x p e r i m e n t s  [ 2 ,  3 ]  th e r e  i s  a  d e p e n d e n c e  b e t w e e n  c o n c e n t r a t i o n  o f  

s u r f a c t a n t  a n d  p r e c ip i t a t io n  o f  th e  s o lu t io n .  B e s i d e s  th e  p r e c ip i t a t e  a p p e a r s  in  th e  s o m e  r a n g e  

o f  c o n c e n t r a t io n s .

M o l e c u l a r  d y n a m i c s  m e t h o d  i s  u s e d  t o  r e s e a r c h  t h i s  p h e n o m e n a .  T h e  p r o b l e m  o f  t h i s  

w o r k  i s  i n v e s t i g a t i o n  o f  s u r f a c t a n t  ( 4 - b u t y l - 4 ’ - t r im e t h y l a m m o n i u m - h e x o x y - a z o b e n z e n e ,  

C 4- A z o - O C 6T M A )  a g g r e g a t e  f o r m a t i o n  in  a q u a  s o l u t io n  w ith  d i f f e r e n t  s a l t  c o n c e n t r a t i o n s .  A s  

e x p e r i m e n t s  o n  D N A  a r e  c o n d u c t e d  in  s a l in e ,  t w o  t y p e s  o f  s o l v e n t  w e r e  c h o s e n  in  t h i s  w o r k :  

s a l t - f r e e  a n d  s a l in e .

Investigated model
E a c h  s y s t e m  w a s  e x a m i n e d  in  c e l l  w ith  p e r io d i c  b o u n d a r y  c o n d i t io n s .  F i r s t  s y s t e m  ( I )  

c o n s i s t e d  o f  1 8  C 4- A z o - O C 6T M A  io n s ,  1 8  c h lo r i n e  io n s ,  a n d  a b o u t  2 4 0 0 0  a q u a  m o l e c u le s .  

C h lo r i n e  w a s  a d d e d  in to  c e l l  t o  o b s e r v e  th e  c o n d i t io n  o f  t o t a l  c e l l  c h a r g e  e q u a l i t y  t o  z e r o .  

S e c o n d  s y s t e m  ( I I )  c o n t a i n e d  1 8  C 4- A z o - O C 6T M A  io n s ,  6 4  s o d i u m  a n d  8 2  c l o r i n e  io n s ,  a n d  u p  

t o  2 3 0 0 0  a q u a  m o l e c u le s .  T h e  m o l a l i t y  o f  th e  s o l u t io n  b y  s o d i u m  w a s  e q u a l  t o  0 .1 5  m o l  p e r  

l i t e r  ( s a l in e ) .

C 4- A z o - O C 6T M A  in t e r a c t s  w i t h  D N A  in  t r a n s - c o n f o r m a t io n  o n ly  [ 1 ] .  S o  d u r in g  th e  

c a l c u la t i o n  t r a n s - c o n f o r m e r  ( f i g .  1 )  w a s  u s e d .

N ( C H 3) 3- g r o u p  h a v i n g  p o s i t i v e  c h a r g e  c a l l e d  “ h e a d ” , a n d  th e  o p p o s i t e  i s  “ t a i l ” .

Results and Discussion
S y s t e m  I  w a s  m o d e le d  d u r in g  2 4  n s ,  a n d  t i m e  o f  m o d e l i n g  o f  s y s t e m  I I  w a s  2 9  n s . 

A n a l y s i s  o f  m o l e c u l a r  d y n a m i c s  t r a je c t o r i e s  w a s  c a r r i e d  o u t  in  th e  l a s t  1 0  n s .  T h e r e  w a s  c o u n t e d  

a v e r a g e  p r o p o r t io n  o f  m o l e c u l e s  f o r m i n g  a g g r e g a t e s  o f  th e  a p p r o p r i a t e  s i z e  ( f i g .  2 ) .  T h e  

c r i t e r io n  f o r  l o c a t i o n  o f  m o l e c u l e  in  a g g r e g a t e  w a s  d i s t a n c e  b e t w e e n  b e n z e n e  r in g s  e q u a l  t o  o r  

l e s s  th a n  4 .8  A .
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D u r i n g  m o d e l i n g  th e  m o l e c u l e s  a g g r e g a t e d  c h a o t i c a l l y  in  b o th  s y s t e m s .  T h e r e  w e r e  

o r i g i n a l l y  f o r m e d  a g g r e g a t e s  o f  “ h e a d - t a i l ”  a n d  “ t a i l - t a i l ”  o r ie n t a t io n .  A n d  in  th e  l a t t e r  c a s e ,  

“ h e a d s ”  o f  C 4- A z o - O C 6T M A  r e p e l l e d  f r o m  e a c h  o th e r .

In  s a l in e  th e  a g g r e g a t e  g e n e r a t io n  w a s  f a s t e r ,  a n d  l a r g e r  a g g r e g a t e s  w e r e  f o r m e d .

F i g u r e  2. D is t r ib u t io n  o f  m o l e c u l e s  b y  a g g r e g a t e s  in  s a l t - f r e e  s o lu t io n  ( s t r i p e d  c o lu m n s )  
a n d  in  s a l i n e  ( f i l l e d  c o lu m n s )

S y s t e m  I w a s  c h a r a c t e r i z e d  b y  a  s m a l l  n u m b e r  o f  a g g r e g a t e s  c o n s i s t i n g  o f  2  o r  3  

m o l e c u le s .  T h e  l a r g e s t  a g g r e g a t e  c o n t a i n e d  6  m o l e c u le s .  S o m e  m o n o m e r s  w e r e  in  s o l u t io n  

t h r o u g h o u t  th e  s i m u la t i o n .

In  s y s t e m  II ,  l a r g e  a g g r e g a t e s  p r e v a i l e d .  T h e r e  w e r e  p r a c t i c a l l y  n o  a g g r e g a t e s  c o n s i s t i n g  

o f  a n  o d d  n u m b e r  o f  m o l e c u l e s  o r  c o n t a i n in g  2  m o l e c u l e s  o n ly .  T h e  m a x im u m  a g g r e g a t e  h a d  

th e  s i z e  o f  8 .

Conclusions
W h e n  m o d e l i n g  w a s  o b t a in e d  th e  r e s u l t  t h a t  th e  s a l t  i o n s  p r o m o t e  a g g r e g a t i o n  o f  C 4- 

A z o - O C 6 T M A  m o l e c u l e s  in  s y s t e m ,  s o  m i c e l l e  f o r m a t i o n  d e p e n d s  o n  s a l t  c o n t a i n in g  in  

s o l u t io n .  D u e  to  t h i s  f a c t  i t  i s  n e c e s s a r y  t o  a d d  s a l t  i o n s  to  s i m u la t e d  c e l l  o f  D N A  a n d  s u r f a c t a n t  

m o l e c u l e s  in  a q u a  s o lu t io n .
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Investigation of complex of lysine dendrimer of 2nd 
generation with 8 molecules of therapeutic vezugen peptide 

by computer simulation
S. E . M ik ta n iu k , V. V. B e z r o d n y i ,  E . I. F a t u l la e v ,  A . A. M a r c h e n k o ,

E . I. B y c h k o v a ,  I. M . N e e lo v

St. P e t e r s b u r g  N a t io n a l  R e s e a r c h  U n iv e r s ity  o f  I n fo r m a t io n  T e c h n o lo g i e s ,  M e c h a n i c s  a n d  
O p t ic s  ( IT M O  U n iv ers ity ), K r o n v e r k s k i y p r .4 9 ,  S t .P e t e r s b u r g ,  1 9 7 1 0 1 , R u s s i a  
E - m a i l :  i .n e e l o v @ m a i l . r u

Introduction
D e n d r im e r s  a r e  h ig h l y  b r a n c h e d  m o l e c u l e s  w ith  r e g u l a r  s p h e r i c a l  b r a n c h in g  f r o m  

c e n t r a l  c o r e  [ 1 ] .  D e n d r im e r s  a r e  u s e d  in  d i f f e r e n t  b io m e d i c a l  a p p l i c a t i o n s  i n c lu d in g  d r u g  a n d  

g e n e  d e l iv e r y  [ 2 ] .  L y s i n e  d e n d r im e r s  a r e  s p e c i a l  t y p e  o f  d e n d r im e r s  o n  th e  b a s e  o f  o n ly  o n e  

l y s in e  a m in o a c i d  r e s i d u e s  w h ic h  h a v e  p o s i t i v e l y  c h a r g e d  a m in e  g r o u p s  [ 3 ] .  T h e y  c o u l d  b e  u s e d  

a s  a n t iv i r a l ,  a n t i b a c t e r ia l  a n d  a n t i a m y lo id  a g e n t s  a n d  c o u l d  m a k e  c o m p l e x e s  w ith  o p p o s i t e l y  

c h a r g e d  m o l e c u l e s  f o r  e x a m p l e  D N A ,  p o l y s a c c h a r i d e s  a n d  p e p t id e s .

W e  h a v e  c h o s e n  t o  s t u d y  v e z u g e n  p e p t id e  ( L y s - G l u - A s p )  a s  a  r e p r e s e n t a t i v e  o f  th e  c l a s s  

o f  s h o r t  r e g u l a t o r y  d r u g  p e p t id e s  [ 4 - 5 ]  a n d  c h e c k  d o e s  m o l e c u l e  o f  t h e s e  p e p t id e s  m a k e  

c o m p l e x  w ith  ly s in e  d e n d r im e r s .  O u r  s i m u la t i o n  w a s  p e r f o r m e d  u s i n g  th e  G R O M A C S  4 . 5 .6  

s o f t w a r e  a n d  o n e  o f  th e  m o s t  m o d e r n  A M B E R _ 9 9 S B - i l d n  f o r c e  f i e l d s  [ 6 ,  7 ] .  M o l e c u l a r  

d y n a m i c s  s i m u la t i o n  a p p r o a c h  u s e d  h e r e  w a s  d e s c r i b e d  e l s e w e r e  [ 8 - 2 0 ] .  W e  s t u d i e d  th e  s y s t e m  

c o n s i s t i n g  o f  o n e  d e n d r im e r  a n d  8  v e z u g e n  p e p t id e s  in  w a t e r  w ith  e x p l i c i t  c o u n t e r io n s .  W e  

u s e d  N P T  e n s e m b le  ( a t  t e m p e r a t u r e  3 0 0  K  a n d  p r e s s u r e  1 A T M )  a n d  P M E  a lg o r i t h m  f o r  

c a l c u la t i o n  o f  e l e c t r o s t a t i c  in t e r a c t io n s .

Results and discussion
T o  c h a r a c t e r i z e  th e  s i z e  o f  th e  s u b s y s t e m s  c o n s i s t i n g  o f  d e n d r im e r  o r  d e n d r im e r  a n d  

p e p t id e  m o l e c u l e s  d u r in g  th e  e q u i l ib r a t io n  th e  m e a n  s q u a r e d  g y r a t i o n  r a d i u s  R g ( t )  w a s  u s e d .  

T h i s  f u n c t io n  w a s  c a l c u la t e d  u s i n g  g _ g y r a t e  f u n c t io n  o f  G R O M A C S  s o f t w a r e .  T h e  t i m e  

d e p e n d e n c e  o f  g y r a t i o n  r a d iu s  R g  a t  th e  b e g i n n i n g  o f  c a l c u la t i o n  d e s c r i b e s  th e  p r o c e s s  o f  

c o m p a c t io n  o f  s u b s y s t e m  c o n s i s t i n g  o f  d e n d r im e r  a n d  p e p t id e  m o l e c u l e s  d u r in g  f o r m a t i o n  o f  

c o m p l e x  ( s e e  F i g .  2 ) .

Hi------f ----- I -------1-------т-------т-------1-------t—

“!\ л М
°0  40000 80000

T im e (ps)

F ig u r e  1. T im e  d e p e n d e n c e  o f  s i z e  R g ( t )  o f  s u b s y s t e m s  c o n s is t in g  o f  G 2  a n d  8  m o le c u l e s  
o f p e p t i d e  (a ) , d is t a n c e  d  (b )  a n d  n u m b e r  o f  h y d r o g e n  b o n d s  (c )  b e t w e e n  th e m

F r o m  F i g .  1 i t  c a n  b e  s e e n  t h a t  c o m p l e x  o f  d e n d r im e r  w ith  8  m o l e c u l e s  o f  v e z u g e n  

p e p t id e  f o r m s  w ith in  5 0  n s .  F i g  1 a  d e m o n s t r a t e s  t i m e  d e p e n d e n c e  f o r  s i z e  o f  c o m p l e x  R g .  A t  

th e  b e g i n n i n g  ( a t  t = 0 )  th e  p e p t id e  a r e  f a r  e n o u g h  f r o m  d e n d r im e r .  T h e n  th e  s i z e  d e c r e a s e  f o r  

a b o u t  5 0  n s  d u e  t o  a t t r a c t iv e  in t e r a c t io n s  b e t w e e n  d e n d r im e r  a n d  p e p t id e  m o l e c u le s .  A f t e r  t h i s
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t i m e  th e  c o m p l e x  s i z e  R g  f lu c t u a t e  s l i g h t ly ,  b u t  i t s  a v e r a g e  v a l u e  p r a c t i c a l l y  d o e s  n o t  c h a n g e  

w ith  t i m e .  T h e  d i s t a n c e  b e t w e e n  d e n d r im e r  a n d  p e p t id e  m o l e c u l e s  ( F i g .  1 b )  a l s o  d e c r e a s e  

d u r in g  5 0  n s  a n d  a f t e r  t h i s  t i m e  p r a c t i c a l l y  d o e s  n o t  c h a n g e .  A n o t h e r  q u a n t i t y  t h a t  c a n  

c h a r a c t e r i z e  th e  r a t e  o f  c o m p l e x  f o r m a t i o n  i s  th e  to t a l  n u m b e r  o f  h y d r o g e n  b o n d s  b e t w e e n  

d e n d r im e r  a n d  8  p e p t id e  m o l e c u l e s  ( F i g .  1 c ) .  T h i s  f u n c t io n  q u i c k l y  i n c r e a s e  a n d  r e a c h e s  

e q u i l ib r iu m  p l a t e a u  a f t e r  5 0  n s .  T h e r e f o r e ,  w e  c a n  a s s u m e  f r o m  a l l  t h e s e  r e s u l t s  th e  c o m p l e x  

f o r m s  d u r in g  f i r s t  5 0 n s  a n d  b e c o m e  c l o s e  to  e q u i l ib r iu m  s t a t e  a f t e r  t h i s  t im e .

T h e  v a l u e  o f  s i z e  R g  o f  c o m p l e x  a n d  d e n d r im e r  in  e q u i l ib r iu m  s t a t e  a r e  e v a l u a t e d  b y  

in e r t ia  r a d i u s  a v e r a g e d  t h r o u g h  th e  t i m e  t  a f t e r  e q u i l ib r a t io n  o f  th e  s y s t e m  ( s e e  t a b le  1 ) .

T a b l e  1. S iz e  Rg, m a in  c o m p o n e n t s  o f  in e r t i a  t e n s o r  R g 11, R g 22 a n d  R g 33 a n d  a x i a l  r a t io

R g 33/R g 11

System R g11, (nm) R g22, (nm) R g33, (n m ) R g, (nm) R g33/Rg11

G 2 + 8  v e z u g e n 0 ,8 5 1 , 3 5 1 , 4 3 1 , 5 2 1 ,6 8

G 2 0 ,5 9 0 ,8 9 0 ,9 5 1 ,0 0 1 ,0 6

I t  w a s  o b t a in e d  th a t  in  e q u i l ib r iu m  s t a t e  th e  s i z e s  o f  th e  c o m p l e x  c o n s i s t i n g  o f  G 2  

d e n d r im e r  a n d  8  m o l e c u l e s  o f  v e z u g e n  p e p t i d e s  ( s e e  T a b l e  1 )  i s  a b o u t  1 .5  t i m e  g r e a t e r  th a n  

s i z e  o f  d e n d r im e r  i t s e l f .  T h e  s h a p e  o f  th e  c o m p l e x  c a n  b e  c h a r a c t e r i z e d  b y  m a in  c o m p o n e n t s  

( R g 1 1 ,  R g 2 2  a n d  R g 3 3 )  o f  in e r t i a  t e n s o r  f r o m  T a b l e  1 w h e r e  R g 1 1  i s  m i n im a l  a n d  R g 3 3  i s  

m a x i m a l  e i g e n v a l u e  o f  in e r t i a  t e n s o r .  T h e  r o u g h  e v a l u a t io n  o f  a n i s o t r o p y  o f  d e n d r im e r  a n d  

c o m p l e x  c o u l d  b e  d o n e  u s in g  a x i a l  r a t io  R g 3 3  /  R g 1 1 .  T h i s  r a t io  i s  e q u a l  1 .6 8  f o r  d e n d r im e r .  

T h e  a d d i t io n  o f  p e p t id e  m a k e  i t  m o r e  i s o t r o p i c  w ith  r a t io  R g 3 3  /  R g 1 1 = 1 . 0 6  I t  m e a n s  th a t  

m o l e c u l e s  o f  p e p t id e  a r e  d i s t r i b u t e d  o n  d e n d r im e r  s u r f a c e  b y  s u c h  a  w a y  th a t  c o m p l e x  b e c o m e  

a l m o s t  s p h e r i c a l .

In  t h i s  p a p e r  w e  d e m o n s t r a t e d  th e  f o r m a t i o n  o f  d e n d r im e r - p e p t id e  c o m p l e x  b e t w e e n  

ly s in e  d e n d r im e r  a n d  v e z u g e n  p e p t id e .  W e  a l s o  o b t a in e d  i t s  e q u i l ib r iu m  s i z e  a n d  s h a p e .
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Partitioning of solutes between micelles and water studied 
by diffusion NMR and micellar liquid chromatography

A n a s t a s i a  V. N a m , A l in a  S. K o n e v a ,  P e t e r  M . T o ls to y

St. P e t e r s b u r g  S ta t e  U n iv ers ity , In s t itu t e  o f  C h e m is tr y , 1 9 8 5 0 4 , S a in t  P e t e r s b u r g ,  R u s s i a  
E - m a i l :  n v .a @ in b o x .r u

Introduction
S u r f a c t a n t s  a r e  s u b s t a n c e s  w h ic h  c o n t a in  h y d r o p h i l i c  a n d  h y d r o p h o b ic  p a r t s .  W it h  

i n c r e a s i n g  s u r f a c t a n t  c o n c e n t r a t i o n  in  a q u e o u s  s o l u t io n ,  m i c e l l e s  a r e  f o r m e d  a s  s o o n  a s  th e  

s u r f a c t a n t - s p e c i f i c  t h r e s h o ld  c o n c e n t r a t i o n  v a l u e  i s  r e a c h e d ,  c a l l e d  th e  c r i t i c a l  m i c e l l e  

c o n c e n t r a t i o n  ( c m c ) .  M i c e l l e s  a r e  s e l f - a s s e m b l e d  s u p r a m o l e c u l a r  a g g r e g a t e s  c o n t a i n in g  

h y d r o p h i l i c  s h e l l  a n d  h y d r o p h o b ic  c o r e ,  s e e  F i g .  1 a , w h ic h  c a n  s o l u b i l i z e  p o o r l y  w a t e r - s o l u b l e  

o r g a n i c  s u b s t a n c e s .  T h i s  p r o p e r t y  i s  u s e d ,  f o r  e x a m p le ,  in  e x t r a c t io n  [ 1 ] .  T h e  c r i t e r io n  f o r  

c h o o s i n g  a  s u i t a b l e  s u r f a c t a n t  i s  th e  s o l u b i l i z a t io n  c a p a c i t y  o f  i t s  m i c e l l e .  In  t h i s  w o r k  w e  

a t t e m p t  to  d e t e r m in e  th e  m a x i m u m  n u m b e r  o f  m o l e c u l e s  o f  m o d e l  o r g a n i c  s u b s t a n c e s  w h ic h  

c a n  b e  s o l u b i l i z e d  b y  o n e  m i c e l l e  o f  n o n i o n ic  s u r f a c t a n t  B r i j - 3 5 .

Nonionic surfactant Brij-35
P o ly o x y e t h y l e n e  la u r y l  e t h e r  ( B r i j - 3 5 )  ( F i g .  1 b )  i s  o n e  o f  t h e  n o n i o n ic  s u r f a c t a n t s  

w i d e l y  u s e d  b o t h  in  b i o c h e m i c a l  a n d  c h e m ic a l  p r o c e s s e s  b e c a u s e  o f  i t s  h ig h  s t a b i l i t y ,  h ig h  

s o l u b i l i t y  in  w a t e r  a n d  a b i l i t y  t o  e a s i l y  m i x  w ith  o th e r  s u r f a c t a n t s  f o r  i t s  u s a g e  in  m i x e d  m i c e l l e s  

[ 2 ] .  I t  h a s  b e e n  r e p o r t e d  t h a t  o n e  B r i j - 3 5  m i c e l l e  c o n t a i n s  a p p r o x i m a t e l y  4 0 - 5 0  s u r f a c t a n t  

m o l e c u l e s  [ 3 ]  T h e  c h a r a c t e r i s t i c  p r o p e r t y  o f  B r i j - 3 5  m i c e l l e s  i s  l a r g e  h y d r o p h i l i c  s h e l l ,  w h ic h  

a l s o  p a r t i c ip a t e s  in  th e  p r o c e s s  o f  s o l u b i l i z a t i o n  [3 ] .

F ig u r e  1. a  -  s c h e m e  o f  s p h e r i c a l  m ic e l l e ,  b  -  s t r u c tu r e  o f  B r i j - 3 5

Partitioning of solutes between micelles and water
In  a n a l o g y  w ith  b in a r y  t w o - p h a s e  s y s t e m s ,  th e  d is t r i b u t i o n  o f  s o l u t e s  b e t w e e n  th e  

a q u e o u s  p h a s e  a n d  th e  m i c e l l e s  c a n  b e  d e s c r i b e d  b y  p a r t i t i o n  c o e f f i c i e n t  [ 4 ] ,  w h ic h  i s  d e f in e d  

a s
pM W  _  xmic 

xfr e e

w h e r e  x m ic  i s  th e  f r a c t i o n  o f  o r g a n i c  m o l e c u l e s  in  m i c e l l a r  p h a s e ,  X fr e e  i s  th e  f r a c t i o n  o f  o r g a n i c  

m o l e c u l e s  in  a q u e o u s  p h a s e .  T h e  m i c e l l e / w a t e r  p a r t i t i o n  c o e f f i c i e n t  i s  a  m e a s u r e  f o r  th e  

s o l u b i l i s a t i o n  c a p a c i t y  o f  m i c e l l a r  s o l u t io n  [ 5 ] .  T h e  p a r t i t i o n  c o e f f i c i e n t  i s  u s u a l l y  m e a s u r e d  b y  

m i c e l l a r  l i q u id  c h r o m a t o g r a p h y  ( M L C )  in  th e  l i m i t  o f  in f in i t e  d i l u t io n  o f  o r g a n i c  s u b s t a n c e  [ 6 ] .  

U s i n g  t h i s  m e t h o d ,  w e  h a v e  m e a s u r e d  P MW f o r  a  s e r i e s  o f  s u b s t a n c e s  s h o w n  in  F i g .  2 .

F ig u r e  2. S t r u c tu r e s  o f  o r g a n i c  s u b s t a n c e s  s t u d i e d  in  th is  w o r k  
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A p a r t  o f  p a r t i t i o n  c o e f f i c i e n t  th e  s o l u b i l i z i n g  p r o p e r t i e s  o f  m i c e l l e s  c a n  b e  d e s c r i b e d  b y  

th e  m a x i m u m  n u m b e r  o f  o r g a n i c  m o l e c u l e s  w h ic h  c a n  f i t  in to  a  m i c e l l e .  T h i s  n u m b e r  d e p e n d s  

o n  th e  s i z e  o f  s o l u t e s  a n d  th e  n u m b e r  a n d  lo c a t i o n  o f  t h e i r  f u n c t io n a l  g r o u p s .  In  t h i s  w o r k ,  w e  

h a v e  t r i e d  t o  e s t i m a t e  th e  c a p a c i t y  o f  B r i j - 3 5  m i c e l l e s  u s i n g  d i f f u s i o n  N M R .

Diffusion NMR in micellar solution
T h e  c h e m ic a l  s h i f t s  o f  p r o t o n s  o f  f r e e  m o l e c u l e s  a n d  m i c e l l e s  o f  B r i j - 3 5  a r e  v e r y  s i m i l a r  

a n d  c o r r e s p o n d in g  s i g n a l s  d o  n o t  r e s o l v e  in  'H  N M R  s p e c t r a .  H o w e v e r ,  th e  d i f f u s i o n  

c o e f f i c i e n t s  o f  f r e e  m o l e c u l e s  a n d  m i c e l l e s  d i f f e r  b y  a n  o r d e r  o f  m a g n i t u d e :  c a .  1 0 -10 m 2/ s  f o r  

f r e e  m o l e c u l e s ,  c a .  1 0 -11 m 2/ s  f o r  m i c e l l e s .  T h u s ,  th e  d i f f u s i o n  c o e f f i c i e n t  o f  c a .  1 0 -11 m 2/ s  

w o u l d  b e  c h a r a c t e r i s t i c  a l s o  f o r  s o l u t e s  in c o r p o r a t e d  in to  a  m i c e l l e .  L u c k i l y ,  th e  s i g n a l s  o f  

s o l u t e s  in  m i c e l l e s  a n d  w a t e r  a r e  s o m e t i m e s  r e s o l v e d  a s  s h o w n  in  F i g .  3  f o r  a n  a ld e h y d e  p r o t o n  

o f  v a n i l l i n .  C o m p a r i n g  th e  d i f f u s i o n  c o e f f i c i e n t s  m e a s u r e d  f o r  t h e s e  s i g n a l s  w ith  t h o s e  

p r e v i o u s l y  e s t a b l i s h e d  f o r  B r i j - 3 5  m i c e l l e s ,  o n e  c o u l d  a s s i g n  th e  s i g n a l s  t o  f r e e  v a n i l l i n  

m o l e c u l e s  a n d  v a n i l l i n  m o l e c u l e s  i n c a p s u l a t e d  in to  th e  m i c e l l e .  U s i n g  th e  r e la t iv e  in t e g r a t e d  

i n t e n s i t i e s  o f  th e s e  s i g n a l s  th e  p a r t i t i o n in g  o f  v a n i l l i n  m o l e c u l e s  c a n  b e  e s t i m a t e d ,  a n d  th u s  th e  

c a p a c i t y  o f  th e  m i c e l l e s .  F o r  e x a m p l e ,  F i g .  3 b  s h o w s  th a t  u p o n  a n  i n c r e a s e  o f  v a n i l l i n  

c o n c e n t r a t i o n s  f r o m  0 . 0 2  m M  to  0 . 1 6  m M  th e  r e la t iv e  in t e g r a t e d  i n t e n s i t i e s  o f  s i g n a l s  -  a n d  

t h u s  th e  f r a c t i o n  o f  v a n i l l i n  in  m i c e l l e s  -  c h a n g e .  H o w e v e r ,  th e  a b s o lu t e  a m o u n t  o f  v a n i l l i n  

m o l e c u l e s  in  m i c e l l e s  s t a y s  a l m o s t  c o n s t a n t  ( i t  g r o w s  f r o m  0 . 0 1 7  m M  to  0 . 0 2 6  m M ) ,  r e f l e c t in g  

th e  f a c t  th a t  th e  m a x im u m  c a p a c i t y  o f  m i c e l l e s  h a s  b e e n  p r a c t i c a l l y  r e a c h e d .  W e  e s t i m a t e  th a t  

n o  m o r e  th a n  o n e  v a n i l l i n  m o l e c u le  c a n  f i t  in to  o n e  B r i j - 3 5  m i c e l l e .

F i g u r e  3. a  -  m o l e c u l e  o f  v a n il l in , b  -  1H  N M R  s p e c t r a  o f  a l d e h y d e  g r o u p s  a r e a  o f  v a n il l in  
in  m i c e l l a r  s y s t e m  B r i j - 3 5  in  d e u t e r a t e d  w a t e r  (p H  2 )
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Phosphine oxides as probes in study of halogen bonds: 
quantum chemistry approach

A . S. O s tr a s , P . M . T o ls to y

St. P e t e r s b u r g  S ta t e  U n iv ers ity , In s t itu t e  o f  C h e m is tr y , St. P e t e r s b u r g ,  R u s s i a  
E - m a i l :  s t 0 5 2 0 5 5 @ s tu d e n t .  s p b u . ru

Introduction
H a l o g e n  b o n d  ( X B )  i s  o n e  o f  th e  m o s t  a b u n d a n t  n o n - c o v a le n t  in t e r a c t io n s ,  w h ic h  c a n  

b e  f o r m e d  b y  e l e c t r o n  d o n o r s  a n d  h a lo g e n - c o n t a in i n g  ( C l ,  B r ,  I , in  s o m e  c a s e s  F  a n d  A t )  

m o l e c u l e s  a n d  io n s ,  in  w h ic h  h a lo g e n  a t o m  i s  b o n d e d  t o  a n  e l e c t r o n - w it h d r a w in g  g r o u p .  

T h e r e f o r e ,  h a lo g e n  a t o m  h a s  a n  e l e c t r o n  p o o r  r e g io n ,  s o - c a l l e d  а - h o le ,  d u e  t o  w h ic h  i t  a c t s  a s  

a n  e l e c t r o n  d e n s i t y  a c c e p t o r  ( i . e .  h a lo g e n  d o n o r ) .  V a r i o u s  m o l e c u l e s ,  i o n s  a n d  in d iv id u a l  a t o m s  

( e .g .  H a l ,  O , S ,  S e ,  N  e t c . )  c a n  a c t  a s  e l e c t r o n - d o n a t in g  h a lo g e n  b o n d  a c c e p t o r s .

Detection of halogen bonding
H a l o g e n  b o n d s  c a n  b e  o b s e r v e d  in  s o l i d s ,  in  s o l u t io n  a n d  in  g a s  p h a s e .  T h e y  p l a y  a n  

im p o r t a n t  r o l e  in  c a t a l y s i s ,  d r u g  d e s i g n ,  c r y s t a l  e n g in e e r in g  a n d  d e s i g n  o f  n e w  m a t e r i a l s  w ith  

v a r i o u s  u s e f u l  p r o p e r t i e s  ( e .g .  lu m i n e s c e n t  e m it t e r s ) .  H a l o g e n  b o n d s  a r e  u s u a l l y  d e t e c t e d  b y  

t h e i r  g e o m e t r i c  ( v a l e n c e  a n g l e s  a n d  b o n d  l e n g t h s )  o r  e n e r g e t i c  c h a r a c t e r i s t i c s .  W h i l e  g e o m e t r i c  

p a r a m e t e r s  c a n  b e  r a th e r  s t r a i g h t f o r w a r d l y  d e t e r m in e d  f o r  s i n g l e  c r y s t a l s  b y  X - R a y  a n a l y s i s ,  

c o m p l e x a t i o n  e n e r g y  i s  n o t o r i o u s ly  h a r d  t o  d e t e r m in e ,  e s p e c i a l l y  in  o th e r  m e d i a  ( l i q u i d s  a n d  

s o l u t io n s ,  w h e r e  th e  in f o r m a t io n  o n  in t e r a t o m ic  d i s t a n c e s  i s  a b s e n t )  a n d  e s p e c i a l l y  f o r  

i n t r a m o le c u l a r  h a lo g e n  b o n d s  ( w h e r e  th e  c o m p l e x a t i o n  e n e r g y  n e e d s  a n  a d d i t io n a l  d e f in i t io n ) .  

B e s i d e s ,  i t  i s  d e s i r a b l e  t o  d e s i g n  t o o l s  f o r  p r e d ic t io n  o f  th e  c o m p l e x ’ s  c h a r a c t e r i s t i c s  b a s e d  o n  

th e  e l e c t r o n ic  p r o p e r t i e s  o f  h a l o g e n  d o n o r  m o l e c u le s .

J
ДЕ (BSSE) BCP (3;-l)

F ig u r e  1. E q u i l ib r iu m  s t r u c tu r e  o f  h a l o g e n - b o n d e d  c o m p l e x  
o f  t r im e th y lp h o s p h in e  o x id e  (С Н з)зР О  a n d  t r i f lu o r o io d o m e t h a n e  C F 3I
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Novel method of determining of parameters of halogen bond
O u r  f i r s t  g o a l  i s  to  e v a l u a t e  th e  p o s s i b i l i t y  t o  u s e  31P  N M R  c h e m ic a l  s h i f t ,  S ( 31P ) ,  a n d  

P = O  s t r e t c h in g  v ib r a t io n a l  f r e q u e n c y ,  v ( P = O ) ,  a s  d e s c r i p t o r s  o f  h a l o g e n  b o n d  e n e r g y  a n d  

g e o m e t r y .  O u r  s e c o n d  g o a l  i s  to  a n a ly z e  th e  Q T A I M  ( Q u a n t u m  T h e o r y  o f  A t o m s  In  M o l e c u l e s )  

p a r a m e t e r s  a t  t h e  h a lo g e n  b o n d  c r i t i c a l  p o in t  ( 3 ;  - 1 )  in  o r d e r  t o  c o n s t r u c t  c o r r e l a t io n s  t h a t  w o u l d  

a l l o w  o n e  t o  u s e  t o p o l o g i c a l  a n a l y s i s  o f  th e  e l e c t r o n  d e n s i t y  in  o r d e r  t o  p r e d ic t  th e  e n e r g y  a n d  

g e o m e t r y  o f  O - - - X R  h a lo g e n  b o n d s .
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Projection reconstruction in ultralow field MRI
V la d is la v  P a n o v , O l e g  D m itr ie v , K o n s ta n t in  T yu tyu kin , V ia c h e s l a v  F r o l o v

F a c u l t y  o f  P h y s i c s  o f  S a in t  P e t e r s b u r g  S t a t e  U n iv ers ity , St. P e t e r s b u r g .  R u s s i a  
E - m a i l :  s t 0 6 9 3 0 2 @ s t u d e n t .s p b u .r u

Introduction
T h e  m a in  d i f f i c u l t y  o f  n u c le a r  m a g n e t i c  r e s o n a n c e  in  th e  lo w  f i e ld  i s  a  s m a l l  s i g n a l  

s t r e n g th  th a t  r e s u l t s  in  th e  l o n g  a c c u m u l a t io n  f o r  o b t a in i n g  th e  i m a g e .  O n e  o f  o b s t a c l e s  to  

a c c e l e r a t e  th e  r e c e p t io n  o f  N M R  s i g n a l s  i s  th e  l o n g  t i m e  d e m a n d e d  f o r  r e s t i t u t io n  o f  

m a g n e t i z a t i o n  a f t e r  a c t io n  o f  a  9 0 ° - p u l s e .  O n e  o f  p a t h s  to  o v e r c o m e  t h i s  d i f f i c u l t y  i s  r e c e iv i n g  

a  s e r i e s  o f  s i g n a l s  in  a  s i n g l e  in t e r v a l  b e t w e e n  tw o  9 0 ° - p u l s e s .  I n  p a r t ic u l a r ,  i t  i s  p o s s i b l e  to  

r e a l i z e  th e  p r o j e c t io n  r e c o n s t r u c t io n  m e t h o d  w ith  r e c e i v i n g  s e v e r a l  p r o j e c t i o n s  in  o n e  s e r i e s  o f  

s i g n a l s  o f  a  s p in  e c h o .

R e s u l t s  o f  a n  e x p e r i m e n t  o n  r e c o n s t r u c t io n  o f  th e  i m a g e  o n  th e  p r o j e c t i o n s  r e c e iv e d  b y  

m e a n s  o f  a  s p in  e c h o  in  u l t r a l o w  m a g n e t i c  f i e l d  a r e  g i v e n  in  t h i s  m e s s a g e .

Method
F o r  r e c o n s t r u c t io n  th e  s t a n d a r d  m e t h o d  [ 1 ]  a l l o w i n g  to  r e c e iv e  2 D  d i s t r i b u t i o n  o f  

n u c le a r  m a g n e t i z a t i o n  f ( x ,  y )  w a s  u s e d :

2n  со
f ( x , y )  =  I d p  I V R 4, ( v , p ) e i^ x c o s y + y s i n ^ d v  

о 0

w h e r e  Я ф & , р )  i s  F o u r i e r  t r a n s f o r m  o f  th e  R a d o n  fu n c t io n .  A t  d a t a  T o  in te r p r e t  th e  

e x p e r i m e n t a l  d a t a  th e  d i s c r e t e  o p t io n  o f  R a d o n  t r a n s f o r m a t io n  R  ( s ,  ф )  w h ic h  in  tu r n  t u r n s  o u t  

a s  a  r e s u l t  o f  F o u r i e r  t r a n s f o r m  o f  a  N M R  s i g n a l  in  a  m a g n e t i c  f i e l d  w ith  a  g r a d i e n t  a lo n g  

d i r e c t i o n  s  i s  u s e d .

Experiment
T h e  e x p e r i m e n t  i s  e x e c u t e d  o n  th e  s e l f - m a d e  m i n i t o m o g r a p h  in  f i e l d  7  m T .  In  f i g .  1 

e x a m p l e s  o f  s i g n a l s  o f  a n  e c h o  f r o m  t w o  c o n t a i n e r s  w ith  w a t e r  w ith  a d d i t io n  o f  a  p a r a m a g n e t i c  

r e c e iv e d  a t  th e  g r a d i e n t s  d i r e c t e d  a l o n g  th e  b a s e  m a g n e t i c  f i e l d  ( a )  a n d  u n d e r  4 0 °  ( b )  t o  i t  a r e  

g iv e n .

F ig u r e  l a  F ig u r e  l b

In  f i g .  2  th e  c o r r e s p o n d in g  p r o j e c t i o n s  ( a ,  b )  a f t e r  F o u r i e r  t r a n s f o r m  o f  t h e s e  s i g n a l s  a r e  

s h o w n ,  a n d  o n  f i g .  3  th e  t u r n e d - o u t  i m a g e s  a r e  s u b m it t e d .
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F ig u r e  2 a  F ig u r e  2 b

T h e  p r o c e s s e d  i m a g e s  o f  s e c t i o n  o f  t w o  t e s t  t u b e s  r e c e iv e d  w ith  u s e  o f  6  p r o j e c t io n s  

w ith  a  s t e p  o f  3 0 °  a r e  p r o v i d e d  o n  f i g .  4 .

F ig u r e  3 F i g u r e  4
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Isotopic shift of Xe nuclei precession frequencies caused by 
spatial inhomogeneity of optically oriented alkali atoms

V la d im ir  I. P e t r o v 1, A n a to ly  S. P a z g a l e v 2 a n d  A n to n  K . V er s h o v s k i i2 

C o n c e r n  C S R I  E l e c t r o p r i b o r
2I o f f e  In st itu te , 2 6  P o l i t e k h n ic h e s k a y a ,  St. P e t e r s b u r g  1 9 4 0 2 1  R u s s ia  
E - m a i l :  a n t v e r @ m a i l . i o f f e . r u

Introduction
T h e  e f f e c t  o f  th e  i s o t o p i c  s h i f t ,  o r  p r e c e s s i o n - f r e q u e n c y  m i s m a t c h  a r i s i n g  b e t w e e n  129X e  

a n d  131X e  x e n o n - i s o t o p e  n u c le i  in  th e  p r e s e n c e  o f  o p t i c a l l y  o r ie n t e d  a l k a l i  a t o m s  ( C s  o r  R b )  h a s  

b e e n  d i s c o v e r e d  r e c e n t ly  [ 1 ] ,  a n d  i t  w a s  s h o w n  t h a t  i t  d r a s t i c a l l y  a f f e c t s  th e  c h a r a c t e r i s t i c s  o f  

g y r o s c o p i c  d e v i c e s  b a s e d  o n  b a l a n c e d  s c h e m e s  w i t h  s p in - e x c h a n g e  p u m p in g  o f  x e n o n  

i s o t o p e s  [ 2 ] .  T h e  f i r s t  a t t e m p t  t o  e x p l a i n  t h i s  e f f e c t  w a s  m a d e  in  [ 3 ] ;  h e r e  w e  p r e s e n t  o u r  r e c e n t  

e x p e r i m e n t a l  r e s u l t s  a p p r o v i n g  o u r  th e o r y .

Experimental
T h e  e x p e r i m e n t  w a s  c a r r i e d  o u t  o n  a  s e t u p  b a s e d  o n  th e  s t a n d a r d  s c h e m e  [ 1 ,  3 ]  w ith  

a  l o n g i t u d i n a l  ( i . e . ,  o r ie n t e d  p a r a l l e l  t o  th e  d c  m a g n e t i c  f i e ld )  c i r c u l a r l y  p o l a r i z e d  o p t i c a l  

p u m p i n g  b e a m  a n d  t r a n s v e r s e  l i n e a r l y  p o l a r i z e d  d e t e c t io n  b e a m .  B e s i d e s ,  w e  h a v e  a d d e d  a  

s y s t e m  o f  m a g n e t i c  c o i l s  in  a n t i - H e lm h o l t z  c o n f i g u r a t i o n  f o r  f o r m i n g  a  m a g n e t i c  f i e ld  g r a d i e n t  

a l o n g  th e  o p t i c a l  p u m p in g  a x i s  ( z  a x i s ) .  T h e  g a s  c e l l  c o n t a i n e d  C s  v a p o r ,  n i t r o g e n ,  a n d  n a t u r a l  

x e n o n  ( c o n t a i n in g  2 6 . 4 %  129X e ,  2 1 . 2 %  131X e ) .  T h e  m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  in  a  

m u l t i l a y e r  m a g n e t i c  s h i e l d .  T h e  m a g n e t i c  f i e l d  w a s  s t a b i l i z e d  b y  th e  o p t i c a l l y  p u m p e d  q u a n t u m  

85R b  m a g n e t o m e t e r .  C o m p a r i n g  to  [ 3 ] ,  th e  g r a d i e n t  c o i l s  s e t u p  w e r e  m o d i f i e d ,  a n d  t w o  

c o m p e n s a t in g  c o i l s  w e r e  a d d e d  in  o r d e r  to  m i n im iz e  th e  in f lu e n c e  o f  th e  s c a t t e r e d  c e l l  g r a d i e n t  

f i e l d  o n  th e  85R b  m a g n e t o m e t e r .  T h e  i s o t o p i c  s h i f t  e f f e c t  w a s  m e a s u r e d  a t  4 5  -  9 5  ° C  

t e m p e r a t u r e s  a n d  th e  m a g n e t i c  f i e l d  g r a d i e n t  r a n g e  o f  ± 4 0 0  n T / c m .
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Conclusion
W e  c o n c l u d e  t h a t  m a in  p a r t  o f  i s o t o p i c  s h i f t  ( o r  th e  e f f e c t  o f  p r e c e s s i o n  f r e q u e n c y  

m i s m a t c h  b e t w e e n  129X e  a n d  131X e )  i s  o r i g in a t e d  f r o m  p e c u l i a r i t i e s  o f  X e  i s o t o p e s  s p in -  

e x c h a n g e  p u m p in g  a n d  d i f f u s i o n  in  th e  p r e s e n c e  o f  n o n - u n i f o r m  d i s t r i b u t i o n  o f  th e  o p t i c a l  

p u m p e d  a l k a l i  a t o m s .  T h u s ,  w e  c o n f i r m e d  th e  i s o t o p i c  s h i f t  d e p e n d e n c e  o n  th e  m a g n e t i c  f i e l d  

g r a d ie n t ,  a n d  o n  th e  d i f f e r e n c e  o f  th e  n u c le a r  s p i n s  r e l a x a t i o n  t i m e s .  I t  i s  s h o w n  th a t  t h e  i s o t o p i c  

s h i f t  c o u l d  b e  m i n im iz e d  b y  in t r o d u c in g  th e  g r a d i e n t  o f  th e  e x t e r n a l  m a g n e t i c  f i e ld ,  w h ic h  

c o m p e n s a t e s  th e  g r a d i e n t  o f  th e  c e l l  in te r n a l  f i e ld .  I s o t o p i c  s h i f t  c o u l d  b e  a s  w e l l  e l im in a t e d  b y  

m a in t a in i n g  th e  c e l l  a t  th e  t e m p e r a t u r e ,  p r o v i d in g  th e  e q u a l  r e l a x a t i o n  t i m e s  o f  x e n o n  i s o t o p e s .
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On the realization of an extremely small TFC value at 
a magnetic resonance frequency 6.834 GHz in rubidium 

atomic clocks on 87Rb absorption cell with two anti-relaxation 
components (coating + buffer gas)

E v g e n y  P e s t o v 1, D m itr y  P e s t o v 1, A l l a  B e s e d i n a 2, S e r g e i  E r m a k 3 a n d R o m a n  L o z o v 3

1T h e  F e d e r a l  S t a t e  S c ie n t i f i c  /  P r o d .  E n t e r p r i s e  “G e o l o g o r a z v e d k a ”, S a in t -P e t e r s b u r g ,
1 9 2 0 1 9 , R u s s i a
2J o i n t -  S t o c k  C o m p a n y  " R u ss ia n  In s t i tu t e  o f  R a d i o  N a v ig a t io n  a n d  T im e" (" R IR T " ), S a in t -  
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s p a c e  t e c h n o lo g i e s ,  St. P e t e r s b u r g ,  1 9 5 2 5 1 , R u s s i a  
E - m a i l :  in f r a - b a l t @ p e t e r l in k .  ru

Introduction
I t  i s  k n o w n  th a t  th e  b a s i c  d e v i c e s  o f  m o d e r n  g l o b a l  n a v ig a t io n  s a t e l l i t e  s y s t e m s  ( G P S ,  

G L O N A S S ,  G a l i l e o ,  e t c . )  a r e  a t o m i c  c l o c k s  ( q u a n t u m  f r e q u e n c y  s t a n d a r d s ) ,  in  w h ic h  m a g n e t i c  

r e s o n a n c e  ( M R )  i s  r e a l i z e d  a t  t h e  h y p e r f in e  0 - 0  t r a n s i t io n ,  in  p a r t ic u l a r ,  in  87R b  a t o m s  a t  v0_ 0 =  
6 . 8 3 4  G H z  f r e q u e n c y  u n d e r  o p t i c a l  p u m p in g  c o n d i t io n s ,  l a m p  ( o r  l a s e r ) ,  in  a b s o r p t io n  c e l l s  

w ith  b u f f e r  ( in e r t )  g a s e s .

A c h i e v i n g  th e  r e la t iv e  in s t a b i l i t y  o y  ( t )  o f  th e  o u t p u t  f r e q u e n c y  o f  th e  r u b i d iu m  a t o m i c  

f r e q u e n c y  s t a n d a r d  ( R A F S )  a t  th e  l e v e l  ( 1  +  3 )  • 1 0 “ 13 • t _ 1 / 2 , w h e r e  t  =  ( 1 0 3 +  1 0 4 )  s, 

r e q u i r e s  s o l v i n g  c o m p l e x  p h y s i c a l  p r o b l e m s  t o  e n s u r e  h ig h  s t a b i l i t y  o f  th e  q u a n t u m  f r e q u e n c y  

d i s c r im in a t o r  p a r a m e t e r s  ( M i l s t a r  a n d  A E H F  p r o g r a m s )  [ 1 ] .

T h e  c e n t r a l  e l e m e n t  o f  th e  d i s c r im in a t o r  i s  a b s o r p t i o n  c e l l  w ith  o p e r a t in g  a t o m i c  g a s  

87R b .  T h e  c e l l  c o n t a i n s  a n t i - r e l a x a t io n  ( A R )  c o m p o n e n t :  b u f f e r  g a s  o r  w a l l  c o a t in g  (  ~  1 0 ц  t h i c k )  

f r o m  r e f r a c t o r y  p a r a f f i n  ( f o r  e x a m p l e ,  t e t r a c o n t a n e ,  C 40 Щ 2).

C e l l s ,  t h a t  a r e  m a d e  b y  u s i n g  th e  A R - c o a t i n g  t e c h n o l o g y  o f  c e l l  w a l l s  in  a  v a c u u m ,  h a v e  

a n  o b v i o u s  a d v a n t a g e  o v e r  c e l l s  w ith  b u f f e r  g a s e s .  T h e y  h a v e  h ig h e r  v a l u e s  o f  e f f e c t i v e  

r e l a x a t i o n  t i m e s  t i  a n d  T2, s i g n a l - t o - n o i s e  r a t io  ( S / N )  a n d  a l s o  h a v e  n a r r o w e r  M P  l i n e  w id t h  in  

d i s c r im in a t o r .  F o r  th e  f i r s t  t i m e  e v e r ,  133C s  c e l l s  w ith  a n  A R - c o a t i n g  w e r e  u s e d  in  th e  U S S R  

( I Z M I R  A N ,  M o s c o w )  in  c o s m i c  q u a n t u m  133C s  m a g n e t o m e t e r s  in s t a l l e d  o n  th e  “ K o s m o s - 3 2 1 ”  

a n d  “ K o s m o s - 3 5 6 ”  s a t e l l i t e s  ( 1 9 6 9 ;  1 9 7 1 )  w h o s e  q u a n t u m  s e n s o r s  o p e r a t e d  in  r o u g h  c o n d i t io n s  

o f  o p e n  s p a c e  [ 2 ] .

N e v e r t h e l e s s ,  th e  u s e  o f  c e l l s  w ith  A R - c o a t i n g  in  r u b i d iu m  f r e q u e n c y  s t a n d a r d s  ( R A F S )  

w a s  r e s t r a i n e d  b y  th e  o p i n io n  o f  p o s s i b l e  i n s t a b i l i t y  o f  t h e  c o a t in g  f o r  a  l o n g  t i m e .  H o w e v e r ,  

d u e  to  th e  h ig h  e f f i c i e n c y  o f  l a s e r  p u m p in g  o f  87R b  a t o m s  [3 , 4 ] ,  in t e r e s t  in  th e  s t u d y  o f  A R  

c o a t i n g s  a n d  th e  u s e  o f  s u c h  87R b  c e l l s  in  R A F S  h a s  s h a r p ly  in c r e a s e d .

S o ,  in  [ 5 ] ,  i t  w a s  f o u n d  t h a t  th e  A R - c o a t i n g  i s  v e r y  w e a k l y  “ a g i n g ” . F o u r  t y p e s  o f  c e l l s  

m a n u f a c t u r e d  d u r in g  4 0  y e a r s  b y  d i f f e r e n t  m a n u f a c t u r e r s  s h o w e d  th e  f r e q u e n c y  d r i f t  o f  M R  

q u a n t u m  t r a n s i t io n  in  t i m e  o f  l e s s  th a n  1 0  H z  o v e r  3 0  y e a r s ,  w h ic h  c o n f i r m e d  th e  lo n g - t e r m  

s t a b i l i t y  o f  A R  c o a t in g  p r o p e r t i e s .  In  s u c h  a  87R b - c e l l  ( 0  4 0  m m ) ,  th e  l i n e  w id t h  A v  ~  4 7  H z  

w a s  a c h i e v e d  [ 5 ] ,  w h ic h  i s  1 4  t i m e s  l e s s  th a n  in  c o m m e r c i a l  87R b - s t a n d a r d s  o n  c e l l s  w ith  b u f f e r  

g a s e s .  T h e  f r e q u e n c y  s h i f t  S v  o f  th e  m a g n e t i c  r e s o n a n c e  f r o m  c o l l i s i o n s  o f  87R b  a t o m s  w ith  th e  

c o a t in g  m a t e r i a l  r e la t iv e  t o  th e  r e f e r e n c e  v a l u e  v0_ 0 w a s  -  6 8  H z  v e r s u s  +  4 0 0 0  H z  in  c e l l s  

w ith  m i x t u r e s  o f  b u f f e r  g a s e s .

T h e  p r o b l e m ,  e s p e c i a l l y  o f  s p a c e  R A F S ,  i s  th e  n e c e s s i t y  to  r e a l i z e  T F C  a t  th e  l e v e l  o f  

~ 1 0 “ 13 H z / ° C  a n d  t o  e x p a n d  th e  t e m p e r a t u r e  z o n e  o f  f r e q u e n c y  s h i f t s  c o m p e n s a t io n ,  ~  1 ° C , 

in  c o n d i t io n s  o f  h ig h  o p e r a t in g  t e m p e r a t u r e  ~  ( 6 5 + 7 5 )  ° C  o f  87R b - c e l l s  w ith  a  b u f f e r  g a s e s
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m ixtu re. S o lv in g  th is  p ro b lem  w ill a llo w  us to  o b ta in  th e requ ired  in s ta b ility  o f  R A F S  freq u en cy  
О у ( т ) ~ 1 0 - 14 in  th e d a ily  av e rag in g  tim e  in terv al.

B a s e d  on  th e  resu lts  o f  stu d ies [6 -9 ] ,  th e au thors su g g ested  so lv in g  th e p ro b lem  o f  
red u cin g  T F C  to  th e  le v e l o f  1 0 _13 H z/°C at a  lo w e r tem p eratu re o f  th e  R A F S  d iscrim in ato r in  

th e op eratin g  tem p eratu re ran ge o f  ( -  3 5  +  +  4 5 )  °C , w h ich  is  se t in s id e  th e  sa te llite  [1 ].
T h e  pro p o sal w as to  use a  n ew  ty p e o f  c e ll  w ith  th e  co m b in a tio n  o f  tw o d iffere n t-ty p e  

A R  co m p o n en ts in  th is  c e ll  (co a tin g  + b u ffe r  g a s) fo r  e f f ic ie n c y  o f  tem p eratu re fre q u e n cy  sh ifts  
5 v ( T )  co m p en sa tio n  fro m  th ese  A R -co m p o n e n ts : p o sitiv e  from  th e  co a tin g , + 5  vc o a t ( T ) , and 
n eg ativ e , - S vbuf f ( T ) , fro m  th e  b u ffe r  (in e rt) g as in  a  certa in  tem p eratu re ran ge. A r 40 w as 

ch o se n  a s  th e  in e rt gas.

This paper presents the following
1. In  o rd er to  o b ta in  th e m in im u m  v alu e o f  T F C , th e te ch n o lo g ica l stage o f  in creasin g  

th e rip en in g  tim e  o f  th e  co a tin g  m ateria l (te traco n tan e , C 40 Ш 2) in  th e rubid ium  
a b so rp tio n  c e ll  w as ad d itio n a lly  perform ed .

2 . T h e  o p tim al in e rt g as (A r 4 0 ) pressu re h as b een  d eterm in ed  to  ex p an d  th e tem p eratu re 

zo n e  o f  fre q u e n cy  sh ift co m p en sa tio n , + 5  vc o a t ( T )  and - S vb u f f ( T ) .

3. E x p erim en ta l d ep en d en ces (s e e  F ig . 1 ) o f  th e fre q u e n cy  ch an g e  (v  =  6 .8 3 4  G H z ) o f  
ru b id ium  a to m s m a g n etic  re so n an ce  o n  th e  ab so rp tio n  c e l ls  tem p eratu re in  th e  ran ge 
o f  (3 5  +  6 3 )  oC  (w ith  A R -c o a tin g , p o s .1 , and w ith  a  c o m b in a tio n  o f  A R -  co m p o n en ts, 

co a tin g  + b u ffe r  gas, A r 40 , p o s .2 )  w ere ob ta in ed . C y lin d rica l c e lls : 0 2 2 x 2 2  m m .

4 . A  T F C  v alu e o f  3  • 1 0 _13 H z/°C w as o b ta in ed  in  th e tem p eratu re 'A  - B '  ran ge o f  
(3 5  +  4 4 )  °C (F ig . 1, p o s .2 ), w h ich  g iv e s  grounds fo r  in cre a sin g  th e  av erag e  tim e 
sta b ility  o f  th e R A F S  fre q u e n cy  to  a y (  t ) ~ 1 0 “ 14 .

5. T h e  fre q u e n cy  m easu rem en t erro r fo r  d e p en d en ces 1 and 2  (F ig . 1 ) w as le ss  th an  0 .0 2  
H z. (T h e  re fe re n ce  fre q u e n cy  o f  th e h y d ro g en  g e n e ra to r w as u sed  in  th e 
m easu rem en ts). T h e  s ta b ility  o f  th e  tem p eratu re value at e ach  re fe re n c e  p o in ts  did 
n o t e x c e e d  0 .0 5  °C.

Conclusion
T h e  e x p erim en t sh o w ed  th a t th e tem p eratu re fre q u e n cy  c o e ff ic ie n t, T F C , ca n  b e  re a lized  

at th e  le v e l ~ 1 0 _ 1 3 H z/oC in  a  w id e ran g e o f  a  tem p eratu re ch an g e , ~  8 °C , in  th e  R A F S  
quantu m  d iscrim in ato r w h en  usin g an  87R b  ab so rp tio n  c e ll  w ith  tw o d iss im ila r A R  -co m p o n e n ts  
(co a tin g  +  b u ffe r  g a s) due to  th e  e f fe c tiv e  co m p en sa tio n  o f  freq u en cy  sh ifts  w ith  a  d iffere n t 

s ig n  o f  th ese  co m p o n en ts, +  5  vc o a t ( T ') and 5  vb u f f  ( T ) .
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F ig u r e  1. D e p e n d e n c e s  o f  th e  87R b  a t o m s  m a g n e t ic  r e s o n a n c e  f r e q u e n c y  v(T) =  6 .8 3 4  G H z  
o f  th e  a t o m ic  c l o c k s  (R A F S ) q u a n tu m  d is c r im in a t o r  o n  th e  c h a n g e  

in  th e  t e m p e r a t u r e  o f  th e  a b s o r p t i o n  c e l ls .
1 -  d e p e n d e n c e  v  ( Т )  f o r  th e  a b s o r p t i o n  c e l l  w ith  A R - c o a t i n g ;

2  -  d e p e n d e n c e  v ( T )  f o r  a  c e l l  w ith  a  c o m b in a t i o n  o f  A R -c o m p o n e n ts ,  
c o a t i n g  +  b u f f e r  g a s  ( A r 40)
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9 .  P e s t o v  E . N . ,  P e s t o v  D .E .  a n d  A z a r o v  V .P .  “ R u b i d i u m  a b s o r p t io n  c e l l ”  -  P a t e n t  

R u s s i a ,  №  1 5 1 1 9 2  ( 2 0 1 4 ) .
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Electronic spin resonance in the study of the processes 
of association of gallstones
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In s t i tu t e  o f  N a t u r a l  a n d  T e c h n i c a l  S c ie n c e s ,  S u r g u t  S t a t e  U n iv ers ity , L e n i n a  a v e n u e  1, S u rg u t, 
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E - m a i l :  a l in a .c o m 9 @ m a i l . r u  
h t tp :/ /w w w .s u r g u . ru

Introduction
G a l l s t o n e s  a r e  d i v i d e d  in to  t h r e e  t y p e s  ( c h o le s t e r o l ,  p i g m e n t  a n d  m i x e d ) ,  w i t h  th e  m o s t  

c o m m o n  t y p e  b e i n g  c h o le s t e r o l  [ 1 ] .  C u r r e n t ly ,  t h e r e  i s  n o  c o n s e n s u s  o n  th e  m e c h a n i s m  o f  

g a l l s t o n e  f o r m a t i o n .  S o  a c c o r d in g  t o  m a n y  a u t h o r s  [ 2 - 5 ]  th e  f o r m a t i o n  o f  g a l l s t o n e s  o c c u r s  a s  

a  r e s u l t  o f  c h a n g e s  in  th e  c o m p o s i t i o n  o f  b i l e  a n d  th e  f o r m a t i o n  o f  f r e e  r a d i c a l s  in  it . S o  in  a  

n o r m a l  s t a t e ,  th e  m a in  c o m p o n e n t s  o f  b i l e  a r e  p r im a r y  l i p i d s  - b i l e  a c id s ,  p h o s p h o l i p i d s  a n d  

c h o le s t e r o l .  I n  a d d i t io n  to  p r im a r y  l i p i d s ,  c o m p o n e n t s  s u c h  a s  w a te r ,  l i p i d s ,  e l e c t r o ly t e s  ( N a +  

a n d  K + ) ,  f a t t y  a c i d s ,  p o l y s a c c h a r i d e s ,  c a r b o n a t e s  a n d  p r o t e i n s  a r e  p r e s e n t  in  b i l e  [ 6 ,  7 ] .  A s  a  

r e s u l t  o f  v a r i o u s  p a t h o g e n i c  d i s o r d e r s  ( a g e ,  n u tr i t io n ,  e c o l o g y ) ,  b i l e  u n d e r g o e s  c h a n g e s  a n d  i t s  

c h o le s t e r o l  i s  o v e r s a t u r a t e d .  B i l e  s u p e r s a t u r a t e d  w ith  c h o le s t e r o l  i s  c h a r a c t e r i z e d  b y  a n  e x c e s s  

o f  c h o le s t e r o l  c r y s t a l s ,  o n  w h ic h  o t h e r  i n s o lu b le  c o m p o n e n t s  a r e  p r e c ip i t a t e d ,  w h ic h  

s u b s e q u e n t ly  f o r m  a  g a l l s t o n e .  S i n c e  th e  p r o c e s s  o f  f o r m a t i o n  o f  g a l l s t o n e s  i s  n o t  c o m p le t e l y  

c l e a r ,  i t  i s  r e l e v a n t  t o  s t u d y  th e  p r o c e s s e s  o f  a s s o c i a t i o n  o f  g a l l s t o n e s .

Results
A c c o r d i n g  to  X - r a y  p h a s e  a n a l y s i s  ( X R D ) ,  th e  g a l l s t o n e s  e x a m i n e d  a r e  a  m i x t u r e  o f  

c h o le s t e r o l  p h a s e s  ( C 27H 46O , P D F  N o .  0 0 - 0 0 7 - 0 7 4 2 ) ,  d e s m o s t e r o l  ( C 27H 44O , P D F  N o .  0 0 - 0 1 0 

0 6 2 7 )  a n d  c a l c i u m  c a r b o n a t e  in  th e  f o r m  o f  tw o  p o l y m o r p h i c  m o d i f i c a t i o n s  -  c a l c i t e  (  C a C O 3 ,  

P D F  N o .  0 1 - 0 7 2 - 4 5 8 2 )  a n d  v a t e r i t e  ( C a C O s ,  P D F  N o .  0 0 - 0 2 5 - 0 1 2 7 ) .  D a t a  o f  e l e m e n t a l  

a n a l y s i s  s h o w e d  th a t  s u c h  s t o n e s  a s  C a ,  C u ,  M n ,  F e ,  Z n ,  K ,  P , S ,  C l  a r e  p r e s e n t  in  t h e s e  s t o n e s .

A c c o r d i n g  to  e l e c t r o n  s p in  r e s o n a n c e  ( E S R )  d a t a ,  g a l l s t o n e s  c o n t a i n  c e n t e r s  

c h a r a c t e r i s t i c  o f  b i l i r u b i n  r a d i c a l s ,  a s  w e l l  a s  c e n t e r s  r e la t e d  t o  h ig h - s p in  i r o n ( I I I ) ,  

m a n g a n e s e ( I I )  a n d  c o p p e r ( I I ) ,  a n d  b io - o r g a n ic  c o m p l e x e s  o f  c o p p e r ( I I ) .  D e s p i t e  th e  f a c t  th a t  

th e  s p in  c e n t e r s  in  a l l  s t u d i e d  g a l l s t o n e s  a r e  a l m o s t  th e  s a m e ,  t h e y  d i f f e r  in  t h e i r  d i f f e r e n t  

c o n t e n t s  a n d  t h e i r  e n v ir o n m e n t  ( T a b l e  1 ) . T h i s  f a c t  i n d i c a t e s  th a t  r a d i c a l  p r o c e s s e s  t a k e  p l a c e  

in  th e  p r o c e s s  o f  g a l l s t o n e  f o r m a t i o n  in  th e  h u m a n  b o d y .

T h e  s t u d y  o f  th e  a s s o c i a t i o n  o f  g a l l s t o n e s  w a s  c a r r i e d  o u t  b y  d i s s o l v i n g  t h e m  in  b e n z e n e  

( a t  r a t i o s  f r o m  1 - 1 0  t o  1 - 1 0 0 ) ,  f o l l o w e d  b y  p r e c ip i t a t io n  w ith  h e x a n e .  T h e  p a r t i c l e  s i z e  in  th e  

r e s u l t i n g  s y s t e m s  w a s  m e a s u r e d  b y  th e  m e t h o d  o f  p h o t o n  c o r r e la t io n  s p e c t r o s c o p y .

W h e n  d i s s o l v i n g  g a l l s t o n e s  in  b e n z e n e ,  a  c o l l o i d a l  s y s t e m  i s  f o r m e d ,  b a s e d  o n  e x c h a n g e  

in t e r a c t io n s .  I n  s u c h  a  s y s t e m ,  t h e r e  i s  a  d e c r e a s e  in  p a r t i c l e  s i z e  w i t h  a n  i n c r e a s e  in  th e  a m o u n t  

o f  s o l v e n t .  T h u s ,  w h e n  th e  r a t io  o f  g a l l s t o n e  to  b e n z e n e  i s  1 - 1 0 ,  th e  p a r t i c l e  s i z e  in  th e  c o l l o id a l  

s y s t e m  i s  a b o u t  2 0 0 0  n m , a n d  w h e n  th e  r a t i o  o f  g a l l s t o n e  t o  b e n z e n e  i s  1 - 1 0 0 ,  th e  p a r t i c l e  s i z e  

d e c r e a s e s  to  2 5 0  n m . T h i s  f a c t  c a n  b e  e x p l a i n e d  b y  th e  f a c t  th a t  in  th e  c o l l o i d a l  s y s t e m  

" g a l l s t o n e  -  b e n z e n e "  w i t h  a  l o w  s o l v e n t  c o n t e n t  p a r t i c l e s  a r e  c l o s e  t o  e a c h  o th e r ,  a s  a  r e s u l t  o f  

w h ic h  t h e y  c a n  c o l l i d e  w ith  e a c h  o th e r ,  i .e .  t h e i r  a g g l o m e r a t i o n  o c c u r s ,  w ith  th e  f o r m a t i o n  o f  a  

l a r g e r  a s s o c i a t e .  W it h  th e  in t r o d u c t io n  o f  m o r e  s o l v e n t  a g g l o m e r a t i o n  o f  p a r t i c l e s  i s  v e r y  s lo w ,  

o r  d o e s  n o t  o c c u r ,  b e c a u s e  th e  e n e r g y  o f  i n t e r a c t io n  b e t w e e n  th e  p a r t i c l e s  d e c r e a s e s ,  d u e  t o  th e  

f a c t  th a t  t h e y  a r e  a t  l a r g e  d i s t a n c e s  f r o m  e a c h  o th e r .
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T a b l e  1. E S R  d a t a  o n  g a l l s t o n e s
S

a
m

p
le

C general,

s p i n / g

P e a k  I P e a k  I I P e a k  I I P e a k  I V

g
C i,

s p i n / g
g

C ii,

s p i n / g
g

C iii,

s p i n / g
g

C iv ,

s p i n / g

N o .  1
4 ,6 6  ■ 

1 0 18
2 , 0 0 1

4 ,0 0  ■ 

1 0 18

N o .  2
1 , 1 7  ■ 

1 0 19
2 ,0 4 9

2 , 1 8  ■ 

1 0 18
1 ,9 9 8

1 , 7 4  ■ 

1 0 16

N o .  3
1 , 8 5  ■ 

1 0 20
5 , 6 1 5

6 ,9 0  ■ 

1 0 17
2 ,0 0 4

3 , 6 2  ■ 

1 0 16

N o .  4
1 , 9 1  ■ 

1 0 19
4 , 1 8 9

2 , 5 0  ■ 

1 0 17
2 , 3 6 6

3 , 1 2  ■ 

1 0 16
2 , 1 4 0

8 ,4 5  ■ 

1 0 16
2 ,0 0 4

4 ,4 8  ■ 

1 0 15

N o .  5
9 ,6 0  ■ 

1 0 18
4 , 2 3 8

2 , 3 9  ■ 

1 0 15
2 ,0 0 4

2 , 1 0  ■ 

1 0 15

N o .  6
5 , 5 1  ■ 

1 0 18

1 , 1 5  ■ 

1 0 18
2 ,0 0 3

1 , 5 7  ■ 

1 0 18

N o .  7
2 ,6 3  ■ 

1 0 19
2 ,0 0 4

9 ,9 7  ■ 

1 0 15

N o .  8
9 , 3 7  ■ 

1 0 19
2 , 0 0 1

2 , 3 3  ■ 

1 0 14

W h e n  i n t r o d u c e d  i n t o  s u c h  a  c o l l o i d a l  s y s t e m  o f  h e x a n e ,  t h e  p a r t i c l e s  p r e s e n t  i n  t h e  

d i s p e r s e d  s y s t e m  a r e  c o m b i n e d .  T h u s ,  w i t h  t h e  i n t r o d u c t i o n  o f  0 , 1  m l  o f  h e x a n e  i n  t h e  c o l l o i d a l  

s y s t e m ,  a  p r o c e s s  o f  g r a d u a l  e n l a r g e m e n t  o f  t h e  p a r t i c l e s  b e g i n s .  A s  a  r e s u l t ,  l a r g e  a s s o c i a t e s  

a r e  f o r m e d ,  w h i c h ,  r e a c h i n g  t h e i r  m a x i m u m  s i z e ,  p r e c ip i t a t e  i n  t h e  f o r m  o f  a n  a g g l o m e r a t e .  

T h i s  p r o c e s s  i s  r e p e a t e d  m a n y  t i m e s ,  b e c a u s e  i t  i s  d y n a m i c  ( t a b l e .  2 ) .  T h i s  p r o c e s s  i s  r e p e a t e d  

u n t i l  t h e  c o n c e n t r a t i o n  o f  r a d i c a l  p a r t i c l e s  b e c o m e s  m i n i m a l .  A s  a  r e s u l t ,  t h e  c o l l o i d a l  s y s t e m  

w i l l  b e  o b s e r v e d  f o r m a t i o n  o f  a  l a r g e  a s s o c i a t e  -  a g g l o m e r a t e ,  w h i c h  w i l l  p r e c ip i t a t e .

T a b l e  2. T h e  a v e r a g e  r a d iu s  o f  t h e  p a r t i c l e s  in  th e  s y s t e m  “g a l l s t o n e - b e n z e n e  ” w ith  th e  
a d d i t io n  o f  n - h e x a n e
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V  ( C 6H 14) ,  m l

0 , 1 0 , 2 0 , 3 0 , 4 0 , 5 0 , 6 0 , 7 0 , 8 0 ,9 1 , 0
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o

£

1  : 5 0
2 1 4 0

± 1 0 0

3 7 8 0

± 1 0 0

6 9 0 ±

4 0
3 1 ± 5

1 0 4 5

± 9 0

6 3 0 ±

4 0
7 ± 1 2 0 ± 5 1 8 ± 5 —

ОО U
)

0
 

0 H- 5 1 6 ±  

4 0

6 4 5 ±

4 0

1 3 9 0

± 9 0
2 3 ± 5 3 8 ± 5

1 0 4 1

± 9 0
— — —
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T o  c o n f i r m  th a t  th e  p r o c e s s  o f  A s s o c i a t i o n  o f  g a l l s t o n e s  i s  r a d i c a l ,  i .e .  w ith  th e  

p a r t i c ip a t io n  o f  p a r t i c l e s  w ith  u n p a i r e d  e l e c t r o n s ,  E S R  s p e c t r a  o f  s o l u t i o n s  o f  g a l l s t o n e s  a n d  

r e s i d u e s  f r o m  d i s s o l u t i o n  -  p r e c ip i t a t io n  w e r e  r e m o v e d  ( t a b le .  3 ) .

T a b l e  3. E S R  d a t a  o n  g a l l s t o n e  s o lu t io n s

S a m p l e Cgeneial, s p in / g
Cgeneral, s p in / g  

n a r r o w  p e a k  ( g = 2 , 0 )

S a m p l e  N o .  8  in  C 6 H 6  ( 1 - 5 0 )  s o l u t io n 8 , 5 8 - 1 0 17 5 , 4 9 - 1 0 12

S a m p l e  N o .  8  in  C 6 H 6 + 0 ,2 C 6 H m  ( 1 - 5 0 )  s o l u t io n 1 , 3 3 - 1 0 18 1 , 0 6 - 1 0 13

S a m p l e  N o .  8  in  C 6 H 6 + 0 ,4 C 6 H m  ( 1 - 5 0 )  s o l u t io n 1 , 1 9 - 1 0 18 5 , 6 6 - 1 0 12

T h u s ,  i t  c a n  b e  c o n c l u d e d  th a t  d u r in g  th e  d i s s o l u t i o n  o f  th e  g a l l s t o n e  in  b e n z e n e ,  a  

c o l l o i d a l  s y s t e m  i s  f o r m e d ,  in  w h ic h  a n  in c r e a s e  in  th e  p a r t i c l e  s i z e  i s  o b s e r v e d .  P a r t  o f  th e  

p a r t i c l e s  w ith  u n p a i r e d  e l e c t r o n s  a c t s  a s  a s s o c i a t i v e  c o m b in a t io n s  th a t  a r e  e v e n l y  d i s t r i b u t e d  

t h r o u g h o u t  th e  v o lu m e  o f  t h e  c o l l o i d a l  s y s t e m  a n d  a r e  c h a r a c t e r i z e d  b y  a  c e r t a in  s i z e ,  w h ic h  i s  

d e t e r m in e d  b y  p h o t o n  c o r r e l a t io n  s p e c t r o s c o p y .
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Application of solid-state NMR to the study of water sorption 
with hydrolysis lignin
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Introduction
L ig n in ,  th e  s e c o n d  m o s t  a b u n d a n t  b i o p o l y m e r  in  n a tu r e  ( a f t e r  c e l l u l o s e ) ,  c a n  b e  

c o n s id e r e d  a s  th e  m o s t  im p o r t a n t  r e n e w a b le  s o u r c e  o f  v a l u a b l e  a r o m a t i c  c o m p o u n d s .  T h e  

h y d r o l y s i s  l i g n i n  ( H L )  i s  th e  m a in  c o m p o n e n t  o f  p u lp  a n d  p a p e r  in d u s t r y  w a s t e .  H o w e v e r ,  th e  

s t r u c t u r e  a n d  p r o p e r t i e s  o f  H L  a r e  d i f f i c u l t  t o  s t u d y  b e c a u s e  i t  i s  i n s o lu b le  in  o r g a n i c  s o l v e n t s  

a n d  a l k a l i s  [ 1 ] .

T h e  a b i l i t y  o f  H L  t o  a b s o r b  a n d  r e t a in  s o m e  w a t e r  i s  a n  im p o r t a n t  a s p e c t  f o r  th e  s t u d y  

o f  i t s  p r o p e r t i e s  a n d  f o r  d e v e lo p m e n t  o f  i t s  m o d i f i c a t i o n  m e t h o d s ,  b e c a u s e  th e  w a t e r  in  p o l y m e r  

c a n  a f f e c t  i t s  m e c h a n ic a l  a n d  c h e m ic a l  p r o p e r t i e s .  T h e  s t u d y  o f  th e  w a t e r  s o r p t i o n  p r o c e s s e s  in  

l i g n i n  a n d ,  in  p a r t ic u l a r ,  th e  i d e n t i f i c a t i o n  o f  p r io r i t y  s o r p t i o n  c e n t e r s  in  m a c r o m o l e c u l e s  i s  th e  

u r g e n t  t a s k  w h ic h  c a n  b e  s o l v e d  w ith  s o l id - s t a t e  N M R  s p e c t r o s c o p y .

Experimental part
A s  a  r e s e a r c h  o b je c t ,  s o f t w o o d  h y d r o l y s i s  l i g n i n  w a s  u s e d ,  o b t a in e d  a t  th e  K i r o v  

B i o c h e m i c a l  P l a n t  a n d  c o n t a i n in g  6 5 . 2 %  l i g n i n  ( a c c o r d i n g  t o  K l a s o n ) ,  1 4 .3 %  o f  e x t r a c t iv e  

s u b s t a n c e s  a n d  1 2 .5 %  o f  r e s id u a l  p o l y s a c c h a r i d e s ,  th e  a s h  c o n t e n t  w a s  7 . 6 %  [2 ] .

D u r i n g  th e  s a m p l e s  p r e p a r a t i o n  d r y  l i g n i n  s a m p l e s  w e r e  s a t u r a t e d  w ith  w a t e r  in  

d e s i c c a t o r s  w ith  v a r i o u s  f i x e d  r e l a t iv e  a i r  h u m id i t y  ( R H )  a t  t h e  r o o m  t e m p e r a t u r e  u n t i l  th e  r e a c h  

o f  c o n s t a n t  w e ig h t .  T h e  *H  a n d  13C  N M R  s p e c t r a  w e r e  r e g i s t e r e d  w ith  N M R  s p e c t r o m e t e r  

B r u k e r  A V A N C E  I I I  6 0 0  M H z .  W e  u s e d  s t a n d a r d  o n e - p u l s e  s e q u e n c e  f o r  1H - N M R  s p e c t r a  a n d  

C P / M A S  f o r  13C - N M R  s p e c t r a .  M A S  r a te  w a s  e q u a l  t o  7  k H z  in  a l l  e x p e r i m e n t s ,  s p e c t r a  w e r e  

r e g i s t e r e d  a t  th e  r o o m  te m p e r a t u r e .  N M R  s p e c t r a  w e r e  p r o c e s s e d  in  s t a n d a r d  s o f t w a r e  

“ T o p S p i n ” .

Results and discussion
3H NMR spectra of lignin

T h e  m o s t  in t e n s e  s i g n a l  in  th e  1H - N M R  s p e c t r a  o f  th e  s t u d i e d  l i g n i n  s a m p l e s  i s  o b s e r v e d  

in  th e  r e g io n  o f  5 - 1 0  p p m  ( F i g .  1 ). T h e  s e t  o f  s i g n a l s  i s  o b s e r v e d  b e t w e e n  2  a n d  4  p p m ,  th e ir  

c h e m ic a l  s h i f t  s l i g h t l y  v a r i e s  d e p e n d in g  o n  th e  m o i s t u r e  c o n t e n t  o f  th e  s a m p le .

T h e  p o s i t i o n  o f  th e  1H - N M R  s i g n a l  i s  d e t e r m in e d  b y  th e  s o r p t i o n  c a p a c i t y  o f  th e  

p o l y m e r  r e l a t iv e  t o  th e  w a t e r  s o r b e d  f r o m  th e  a i r  a t  a  d e t e r m in e d  r e l a t iv e  h u m id i t y .  T h e  v a l u e s  

o f  th e  s o r p t i o n  c a p a c i t y  ( F i g .  1 )  a r e  7 , 4 %  ( 2 ) ,  1 0 ,6 %  ( 3 ) ,  1 4 ,8 %  ( 4 ) ,  3 1 , 6 %  ( 5 )  a n d  3 9 , 7 %  ( 6 ) .

T h e  N M R  s i g n a l  w id t h  K v \/2 i s  d e t e r m in e d  b y  th e  t r a n s v e r s e  r e l a x a t i o n  t i m e  T 2, a n d  

d e c r e a s e  o f  th e  s i g n a l  w id t h  i n d i c a t e s  th e  i n c r e a s e  in  th e  m o b i l i t y  o f  a  c o r r e s p o n d in g  g r o u p  o f  

a t o m s ,  a n d  v i c e  v e r s a  [3 ] .

T h e  d e p e n d e n c e s  o f  th e  w id t h  o f  th e  m o s t  in t e n s e  1H - N M R  s i g n a l  o n  m o i s t u r e  c o n t e n t  

a r e  p r e s e n t e d  in  F ig .  2 .

A c c o r d i n g  to  d a t a  o f  1H - N M R  s p e c t r a ,  w e  c a n  c o n c l u d e  th a t  th e  e n t ir e  s a m p l e  v o l u m e  

i s  h y d r a t e d  d u r in g  m o i s t u r e  s a t u r a t io n ,  th e  w a t e r  p e n e t r a t e s  in to  d e e p e r  s t r u c t u r e s  o f  th e  n a tu r a l  

p o l y m e r  d u r in g  s w e l l in g ,  a n d  th e  m a jo r i t y  o f  p r o t o n s  a r e  in v o l v e d  in  f a s t  e x c h a n g e  p r o c e s s e s .  

O n e  p o w e r f u l  s i g n a l  i s  o b s e r v e d  in  th e  1H - N M R  s p e c t r a  o f  h y d r o l y s i s  l i g n in ,  w h ic h  i s  th e  

w e i g h t e d  a v e r a g e  s u m  o f  th e  s i g n a l s  o f  m o s t  p r o t o n s .  B e c a u s e  o f  t h i s ,  th e  m e c h a n i s m  o f
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h y d r a t io n  a n d ,  p a r t i c u l a r ly ,  th e  d i s t r i b u t i o n  o f  w a t e r  s o r p t i o n  s i t e s  in  th e  l i g n i n  s e e m  t o  b e  

in t e r e s t in g .

F ig u r e  1. : H -N M R  s p e c t r a  o f  t h e  h y d r o ly s is  lig n in  F ig u r e  2. T h e  d e p e n d e n c i e s  o f  th e  m o s t  
s a m p l e s  p r e p a r e d  a t  R H : 1 — 0 % ; 2  — 3 2 % ; in t e n s iv e  b a n d  w id th  in  !H -N M R

3  — 5 8 % ; 4  — 7 5 % ; 5  — 9 5 % ; 6  — 1 0 0 %  s p e c t r u m  o n  w a t e r  c o n t e n t

13C-NMR spectra of lignin
A f t e r  r e g i s t r a t i o n  o f  th e  13C  N M R  s p e c t r a  o f  th e  s a m p l e s ,  i t  w a s  o b s e r v e d  t h a t  th e  

r e s id u a l  p o l y s a c c h a r i d e s  in  th e  s a m p l e s  p l a y  a  s i g n i f i c a n t  r o l e  in  th e  p r o c e s s e s  o f  w a t e r  s o r p t i o n

[ 4 ] .  F i g .  3  s h o w s  th e  s t r u c t u r e  o f  a  c e l l u l o s e  u n it  a s  a  p o l y s a c c h a r i d e ,  p r e d o m i n a n t l y  p r e s e n t  in  

th e  t e c h n ic a l  l i g n in .  W it h  f u r th e r  a s s i g n m e n t  o f  s p e c t r u m  b a n d s ,  th e  p r e s e n c e  o f  

p o l y s a c c h a r i d e s  w a s  t a k e n  in to  a c c o u n t .

W h e n  th e  r e l a t iv e  h u m id i t y  c h a n g e s ,  th e  c h e m ic a l  s h i f t s  o f  th e  13C - N M R  s i g n a l s  r e m a in  

a l m o s t  c o n s t a n t ,  b u t  th e  r e s o lu t i o n  o f  th e  s p e c t r a  i m p r o v e s  a s  th e  m o i s t u r e  c o n te n t  in c r e a s e s ,  

w h ic h  m e a n s  t h a t  th e  w id t h  o f  th e  s i g n a l s  c h a n g e s .  T h u s ,  th e  m o b i l i t y  o f  g r o u p s  o f  a t o m s  

c o r r e s p o n d in g  to  th e  s e l e c t e d  s i g n a l s  a l s o  c h a n g e s .

F i g .  4  s h o w s  th e  d e p e n d e n c e  o f  th e  l in e w id t h  o f  s o m e  13C - N M R  s i g n a l s  o n  th e  m o i s t u r e  

c o n t e n t  o f  th e  s a m p l e s .

F ig u r e  3. S t r u c tu r e  o f  t h e  c e l lu l o s e  m o n o m e r
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F ig u r e  4. T h e  d e p e n d e n c i e s  o f  b a n d  w id th s  in  th e  13C -N M R  s p e c t r a  o n  r e l a t iv e  h u m id ity  w ith  

c h e m i c a l  s h i f t s  1 0 6 .7 p p m  ( ♦ ) ,  7 6 .7 p p m  (▲ ), 7 3 .9 p p m  ( x ) ,  6 6 .6 p p m  (* ) ,
6 3 .5  p p m  (■ ), 5 8 .3  p p m  (+ ) , 3 1 .8  p p m  (• )

W e  a s s i g n e d  th e  o b s e r v e d  s i g n a l s  t o  th e  a t o m i c  g r o u p s  a c c o r d i n g  t o  th e  t a b l e s  o f  

c h e m ic a l  s h i f t s  [ 5 ]  a n d  a s s i g n m e n t  o f  s p e c t r u m  b a n d s  [ 4 ] .  T a b l e  1 s h o w s  th e  r e l a t iv e  c h a n g e s  

in  th e  p e a k  w id t h  o f  th e  s e l e c t e d  s i g n a l s  w h e n  th e  m o i s t u r e  c o n te n t  v a r i e s  f r o m  0 %  t o  1 0 0 % .

B a s e d  o n  th e  r e l a t iv e  c h a n g e s  in  th e  p e a k  w id t h  o f  th e  s e l e c t e d  s i g n a l s ,  w e  c a n  c o n c l u d e  

t h a t  th e  s a m p l e  f r a g m e n t s  a r e  h y d r a t e d  d i f f e r e n t ly ,  a n d  s o m e  g r o u p s  a b s o r b  w a t e r  m o r e  a c t iv e ly  

th a n  o th e r s .  A s s u m i n g  t h a t  a l l  a b s o r b e d  w a t e r  a c c u m u l a t e s  a r o u n d  t h e s e  f u n c t io n a l  g r o u p s ,  i t  i s  

p o s s i b l e  t o  c a l c u la t e  th e  r e l a t iv e  s h a r e s  o f  t h e  t o t a l  a m o u n t  o f  w a t e r  p e r  t y p e  o f  g r o u p .  T h e  

r e s u l t s  o f  th e  c a l c u l a t i o n s  a r e  p r e s e n t e d  in  t a b le  1.

T a b le  1. A  V1/2 (H z) b a n d  w id th s  in  th e  13C -N M R  s p e c t r a  o f  h y d r o ly z e d  l ig n in  w ith  d i f f e r e n t  
m o is tu r e  c o n t e n t  (R H ) a n d  m a s s  f r a c t i o n s  o f  w a t e r  a b s o r b e d  b y  v a r io u s  f u n c t i o n a l  g r o u p s

6 , ppm Groups*

Band widths, Hz Width
change

multiplicity

Amount 
of weight 

parts

W a te r
m ass

frac tio n ,
%

RH = 0% RH = 100%

31.8
CH3COO-
(hemicell.) 525.4 599.1 0.877 - -

58.3 -OCH3 (aliph.) 427.7 423.8 1.009 - -

63.5 -OCH3 (aryl.) 807.2 353.5 2.283 1.51 25.89

66 .6 C-6 372.0 250.7 1.484 1.00 16.82

73.9
C-2, C-3, C-5, C-OH 
(aliph.) 872.0 482.2 1.808 1.22 20.50

76.7
C-2, C-3, C-5, C-OH 
(aliph.) 845.3 516.7 1.636 1.10 18.55

106.7 -CH-(aryl.), C-1 589.8 366.5 1.609 1.08 18.24

*c a rb o n  atom s are num bered accord in g to position s in  ce llu lo se  m onom er (F ig . 3).

A c c o r d i n g  t o  c a l c u la t i o n s ,  th e  l a r g e s t  a m o u n t  o f  w a t e r  i s  a c c u m u l a t e d  a r o u n d  th e  

m e t h o x y l  a n d  h y d r o x y l  g r o u p s  o f  l i g n i n  a n d  p o l y s a c c h a r i d e s .  S in c e  th e  m o b i l i t y  o f  a t o m s  th a t  

a r e  n o t  a s s o c i a t e d  w ith  t h e s e  g r o u p s  a l s o  in c r e a s e s  w ith  i n c r e a s i n g  m o i s t u r e  c o n te n t ,  i t  i s  

a s s u m e d  t h a t  h y d r o p h o b ic  f r a g m e n t s  o f  m a c r o m o l e c u l e s  a r e  h y d r a t e d  t o  a  c e r t a in  e x te n t .
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Conclusion
W e  p r o p o s e d  th e  a p p r o a c h  to  th e  s t u d y  o f  w a t e r  b in d i n g  b y  h y d r o l y s i s  l i g n in ,  b a s e d  o n  

th e  u s e  o f  s o l id - s t a t e  N M R  s p e c t r o s c o p y .  I t  h a s  b e e n  e s t a b l i s h e d  th a t  t e c h n ic a l  h y d r o l y s i s  l i g n i n  

i s  a b l e  to  s o r b  u p  t o  4 0 %  o f  w a t e r  b y  m a s s  f r o m  th e  g a s  p h a s e .  H y d r a t io n  o f  a  h ig h - m o l e c u la r  

c o m p o u n d  p r o c e e d s  th r o u g h  b o th  th e  h y d r o p h i l i c  a n d  h y d r o p h o b ic  r e g i o n s  o f  th e  

m a c r o m o l e c u le s ,  w ith  th e  b u l k  o f  th e  a d s o r b e d  w a t e r  ( ~  6 4 % )  a s s o c i a t e d  w i t h  th e  h y d r o x y l  a n d  

m e t h o x y l  g r o u p s  o f  l i g n i n  a n d  p o l y s a c c h a r i d e  r e s id u e s .
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Introduction
T h e  d e v e lo p m e n t  o f  c u r r e n t  c o m p u t a t i o n  t e c h n o l o g i e s  i s  c l o s e l y  r e la t e d  t o  c r e a t io n  o f  

n e w  t y p e  m a t e r i a l s  b a s e d  o n  th e  a p p l i c a t i o n  o f  q u a n t u m  s t a t e s  s u c h  a s  m e t a l - o r g a n i c  g r i d s .  

C a l i x a r e n e s  d o p e d  b y  r a r e - e a r t h  m e t a l  i o n s  a r e  a  p r o m i s in g  m o l e c u l a r  p l a t f o r m  f o r  th e  

r e a l i z a t io n  o f  m e t a l - o r g a n i c  g r i d s ,  a n d ,  a c c o r d in g ly ,  h a v e  g r e a t  p o t e n t ia l  f o r  u s e  a s  f u n c t io n a l  

m a t e r i a l s .

The studied samples and experimental methods
T h e  s t u d i e d  s u b s t a n c e s  w e r e  B u S < tC H 2C O O H  c a l i x a r e n e s  d o p e d  b y  r a r e - e a r t h  m e t a l  

i o n s  L u 3+, L a 3+, G d 3+, Y b 3+, E r 3+ a n d  S 8C H 2C O O H  d o p e d  b y  T b 3+, D y 3+ io n s .  S a m p l e s  w e r e  

s y n t h e s i z e d  in  L a b o r a t o r y  o f  O r g a n ic  C h e m i s t r y  a t  th e  I n s t i t u te  o f  C h e m i s t r y  o f  K F U  [ 1 ] .  F o r  

th e  E P R  s t u d i e s  c a l i x a r e n e s  d o p e d  b y  L u 3+, L a 3+, T b 3+, G d 3+, Y b 3+, E r 3+ a n d  D y 3+ i o n s  w e r e  

g r o w n  in  th e  f o r m  o f  c r y s t a l s  b y  e v a p o r a t i n g  f r o m  s a t u r a t e d  s o l u t io n .  I m p o r t a n t  t o  n o te ,  

c a l i x a r e n e s  w e r e  d o p e d  b y  r a r e - e a r t h  m e t a l  i o n s  d u r in g  th e  s y n t h e s i s  o f  th e  m o l e c u l e s  in  o r d e r  

t o  a l l o w  m e t a l  i o n s  t o  t a k e  p l a c e  in  th e  in n e r  c a v i t y  o f  th e  c a l i x a r e n e ’ s  m o l e c u le .

T h e  E P R  s p e c t r a  w e r e  m e a s u r e d  b y  W - b a n d  E l e x s y s - 6 8 0  ( B r u k e r )  s p e c t r o m e t e r ,  a t  a  

t e m p e r a t u r e  o f  1 5 - 3 0 0 K  in  th e  C W  m o d e .

I t  i s  im p o r t a n t  t o  p o i n t  o u t  th e  c a l i x a r e n e  c r y s t a l s  a r e  s t o r e d  in  a  s p e c i a l  s o l u t io n .  B e f o r e  

th e  E P R  s t u d i e s ,  th e  s a m p l e s  w e r e  p l a c e d  o n  th e  a b s o r b e n t  s o l u t io n  s u r f a c e  a n d  d r i e d  

th o r o u g h ly .  T h e r e  a r e  th e n  t w o  c a s e s :

1. T h e  a m p o u l e ‘ s  v o l u m e  i s  f i l l e d  w ith  d i s o r d e r e d  m i c r o c r y s t a l s  ( > 2 0 0 ) .  T h i s  i s  d o n e  

f o r  b e t t e r  E P R  s e n s i t i v i t y .

2 .  T h e  l a r g e s t  c r y s t a l  f r o m  th e  s e t  i s  c h o s e n  a n d  o r ie n t e d  in  th e  a m p o u le  in  a  w a y  t h a t  

th e  b a s i c  p l a n e  i s  p e r p e n d i c u l a r  to  th e  m a g n e t i c  f i e ld .  In  t h i s  c a s e ,  th e  m a g n e t i c  f i e l d  o r ie n t a t io n  

d e p e n d e n c ie s  o f  th e  m i c r o c r y s t a l  c o u l d  b e  r e g i s t e r e d ,  b u t  th e  s e n s i t i v i t y  o f  th e  E P R  

s p e c t r o m e t e r  w a s  n o t  e n o u g h  t o  m e a s u r e  a l l  o f  th e  p r e s e n t e d  s a m p l e s  w ith in  a  r e a s o n a b l e  

t im e f r a m e .

The optic microscopy of the samples
In  o r d e r  t o  a s c e r t a i n  th a t  th e  s t u d i e d  s u b s t a n c e s  w e r e  m i c r o c r y s t a l s ,  a n d  a l s o  in  o r d e r  to  

m e a s u r e  th e  s i z e  o f  th e  b i g g e s t  m i c r o c r y s t a l s ,  o p t i c  m i c r o s c o p y  w a s  d o n e .  T h e  p h o t o  o f  th e  

t h i a c a l i x [ 4 ] a r e n e s  d o p e d  b y  L u 3+  i o n s  m i c r o c r y s t a l s  t a k e n  w i t h  a  C a r l  Z i e s s  J e n a  o p t ic a l  

m i c r o s c o p e  a t  th e  z o o m  x 2 5  i s  s h o w n  in  f i g u r e  1. O n e  m a y  s e e  f r o m  th e  p h o t o ,  th e  s t u d i e d  

s u b s t a n c e  c o n s i s t s  o f  m i c r o c r y s t a l l i n e  p l a t e s  in  a  f lu id .  T h e  s i z e  o f  th e  b i g g e s t  m i c r o c r y s t a l s  

w a s  a b o u t  1 0 0 x 1 0 0 x 4  ^ m  ( f i g .  1 ) . G e n e r a l l y ,  th e  s i z e  o f  th e  m i c r o c r y s t a l s  r a n g e d  f r o m  2 0 x 2 0 x 2  

u p  t o  3 0 0 x 3 0 0 x 1 0 0  ^ m .
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F ig u r e  1. BU S4C H 2C O O H  c a l i x a r e n e  c r y s t a l s  d o p e d  b y  r a r e - e a r t h  m e t a l s  io n  L u 3+

EPR studies of rare-earth metal ions in calixarenes
The EPR spectra of rare-earth metal ions in the thiacalix[4]arenes powders

T h e  l i n e s  o f  th e  E P R  s p e c t r a  o f  B U S 4C H 2C O O H  c a l i x a r e n e s  d o p e d  b y  L u 3+, L a 3+ io n s ,  

a n d  S 8C H 2C O O H  d o p e d  b y  T b 3+ w e r e n ’ t  o b s e r v e d  in  th e  m e a s u r e d  s p e c t r a  d u e  to  L u 3+, L a 3+ 

a n d  T b 3+ b e i n g  n o n p a r a m a g n e t i c  i o n s .  T h u s  u n w a n t e d  p a r a m a g n e t i c  d o p a n t s  w e r e n ’ t  d e t e c t e d  

in  th e  s a m p l e s .

T h e  E P R  s p e c t r a  o f  B u S 4C H 2C O O H  d o p e d  b y  G d 3+, Y b 3+, E r 3+ io n s  a n d  s p e c t r a  o f  

S 8C H 2C O O H  d o p e d  b y  D y 3+ io n s  a r e  s h o w n  in  f i g u r e  2 .  T h e  s h a p e  o f  th e  l i n e s  w a s  c o m p l i c a t e d  

to  c a l c u la t e  s p e c t r o s c o p i c  p a r a m e t e r s  d i r e c t l y  s o ,  t o  d e a l  w i t h  it , th e  a p p r o x i m a t i o n  w a s  h o ld .  

T h e  a p p r o x i m a t io n  r e s u l t s  a r e  s h o w n  in  f i g u r e  2  b y  d o t t e d  l i n e s ,  a n d  i t s  p a r a m e t e r s  a r e  p r e s e n t e d  

in  t a b le  1.

F ig u r e  2. C o n t in u o u s  w a v e  E P R  s p e c t r a  o f  B u S 4C H 2C O O H  d o p e d  b y  G d 3+, Y b 3+, E r 3+ io n s  
a n d  s p e c t r a  o f  S 8C H 2C O O H  d o p e d  b y  D y 3+ io n s

T h e  c a l c u l a t e d  g - f a c t o r s  o f  r a r e - e a r t h  m e t a l  i o n s  in  th e  c a l i x a r e n e s  w e r e  c o m p a r e d  w ith  

th e  g - f a c t o r s  o f  f r e e  G d 3+, Y b 3+, E r 3+ , D y 3+ io n s  a n d  th e  g - f a c t o r s  o f  G d 3+, Y b 3+, E r 3+, D y 3+ io n s  

in  C a W O 4 [ 2 ] .  T h e  c o m p a r i s o n  s h o w e d  th e  p r o x i m i t y  o f  t h e  c a l c u l a t e d  g - f a c t o r  v a l u e s  to  th e  

v a l u e s  o b t a in e d  f o r  th e  i o n s  in  C a W O 4 a n d  th e  s t r o n g  d i s c r e p a n c y  w i t h  th e  g - f a c t o r  o f  f r e e  i o n s  

v a lu e s .

The EPR spectra of rare-earth metal ions in a single thiacalix[4]arene 
microcrystal

A  s t a n d a r d  t e s t  o f  a  d o p a n t  l o c a l i z a t i o n  in s id e  th e  m i c r o c r y s t a l  i s  th e  r e g i s t r a t i o n  o f  

m a g n e t i c  f i e l d  o r ie n t a t i o n  d e p e n d e n c ie s  o f  th e  m i c r o c r y s t a l .
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T a b le  1. C o m p a r is o n  o f  g - f a c t o r s

S g zz gyy gxx
D

( M H z )

g - f a c t o r s  o f  

f r e e  i o n s

g - f a c t o r s  in  

C a W O 4  [2 ]

S 8 - T b 3 /2 - - - - 1 .5 1 7 .7 - 1 7 .8

S 4 - G d 7 / 2 2 . 0 1 ( 1 ) 1 .9 8 ( 1 ) 1 .9 8 ( 1 ) 8 8 0 ( 9 ) 2 1 . 9 9 1 5 - 1 .9 9 1 6

S 4 - Y b 1 /2 4 . 7 0 ( 5 ) 6 . 9 5 ( 5 ) 7 . 5 0 ( 5 ) -- 1 .1 1 .0 5 - 3 .9 0

S 4 - E r 1 /2 9 . 5 ( 1 ) 1 3 .0 ( 1 ) 1 6 .8 ( 1 ) -- 1 .2 1 .2 5 - 8 .3 8

S 8 - D y 1 /2
1 9 .8 ( 5 ) 1 6 .5 ( 5 ) 1 2 .0 ( 5 ) --

1 .3 5 .5 - 7 .5
1 3 .0 ( 5 ) 5 . 7 ( 5 ) 5 . 7 ( 5 ) --

A t  f i r s t ,  th e  o r ie n t a t i o n  d e p e n d e n c e  o f  t h e  t h i a c a l i x [ 4 ] a r e n e  m i c r o c r y s t a l  d o p e d  b y  G d 3+ 

i o n s  w a s  m e a s u r e d .  H o w e v e r ,  c h a n g e s  in  th e  E P R  s p e c t r a  w e r e  p o o r l y  e x p r e s s e d  b e c a u s e  o f  

t h e  w i d e  w id t h  o f  t h e  l i n e s .  T o  r e d u c e  t h e  s p i n  in t e r a c t io n ,  a n d  b y  e x t e n s i o n  t h e  l i n e  w id t h ,  th e  

c a l i x a r e n e s  m u s t  c o n t a i n  b o t h  p a r a m a g n e t i c  a n d  n o n p a r a m a g n e t i c  r a r e - e a r t h  m e t a l  i o n s  in  1 :9 9  

r a t i o  o r  l e s s .  U n f o r t u n a t e ly ,  t h e  s e n s i t i v i t y  o f  t h e  s p e c t r o m e t e r  d id  n o t  a l l o w  to  r e g i s t e r  t h e  E P R  

s p e c t r u m  o f  t h i a c a l i x [ 4 ] a r e n e s  d o p e d  b y  G d 3+ /L u 3+ i o n s  in  a  1 :9 9  r a t io .

H o w e v e r ,  t h e  s e n s i t i v i t y  o f  t h e  s p e c t r o m e t e r  w a s  s u f f i c i e n t  to  r e c o r d  t h e  E P R  s p e c t r a  o f  

o n e  t h i a c a l i x [ 4 ] a r e n e  m i c r o c r y s t a l  d o p e d  b y  E r 3+ /L u 3+ i o n s  in  a  1 :9 9  r a t io  ( f i g .  3 ) .  T h e  

s p e c t r u m s  s h o w n  in  th e  f i g u r e  3  d e m o n s t r a t e  th e  m a g n e t i c  f i e l d  o r i e n t a t i o n  d e p e n d e n c ie s  o f  th e  

m i c r o c r y s t a l  a n d  p o i n t  o u t  th e  l o c a l i z a t i o n  o f  d o p a n t s  i n s id e  th e  m i c r o c r y s t a l .

F ig u r e  3. M a g n e t ic  f i e l d  o r ie n t a t io n  d e p e n d e n c i e s  o f  o n e  p a r t i c l e  (m ic r o c r y s t a l)  
B U S4C H 2C O O H  c a l i x a r e n e  w ith  E r 3+ (1 % )
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Analyzing the parameters of atom-atom interactions for 
Molecular dynamics simulations of micelle formation

A. M . R y z h k o v , N. A . A n to n o v a , A . V. K o m o lk in

F a c u l t y  o f  p h y s ic s ,  S a in t  P e t e r s b u r g  S ta t e  U n iv ers ity , 7 -9  U n iv e r s it e ts k a y a  e m b a n k m e n t ,
S a in t  P e t e r s b u r g  1 9 9 0 3 4 , R u s s ia  
E - m a i l :  s t 0 5 4 8 9 2 @ s t u d e n t .s p b u .r u

Introduction
V a r i o u s  p a r a m e t e r s  o f  a t o m - a t o m  i n t e r a c t i o n s  a r e  u s e d  i n  s t u d i e s  o f  i o n i c  s u r f a c t a n t s  b y  

m o l e c u l a r  d y n a m i c s  m e t h o d .  W i d e l y  u s e d  p a r a m e t e r s  a r e  A M B E R ,  C H A R M M ,  O P L S - A A  

[ 1 - 3 ] .  C h a r g e s  o f  i o n s  i n  a l l  t h e  p a r a m e t e r s  a r e  m u l t i p l e  o f  e l e c t r o n  c h a r g e ,  f o r  e x a m p l e ,  N a + ,  

C a 2 + , C l - , [ C 5 H 1 1 C O O ] - . I n  t h e  c a s e  o f  o r g a n i c  a n i o n s  t h e  t o t a l  c h a r g e  i s  d i s t r i b u t e d  a m o n g  

a t o m s  o f  a c i d  r e s id u e .  S u c h  c h a r g e s  m a y  l e a d  t o  i m p r o p e r  a g g r e g a t io n  o f  a m p h i p h i l e s  [ 4 ] .  I n  

t h e  b e g i n n i n g  o f  t h i s  w o r k ,  d u r i n g  t h e  s i m u l a t i o n  o f  c o n c e n t r a t e d  a q u e o u s  s o l u t i o n  o f  s o d i u m  

s a l t  o f  c a r b o x y l i c  a c i d s  a n  i n v e r s e  b i l a y e r  w a s  f o r m e d .  T h e  c o n c e n t r a t i o n  o f  t h e  s a l t  w a s  e q u a l  

t o  4  C M C  ( c r i t i c a l  m i c e l l e  c o n c e n t r a t i o n )  ( f i g .  1 ) .  A m p h i p h i l i c  m o l e c u l e s  g l u e d  t o g e t h e r  b y  

h y d r o p h i l i c  p a r t s  t h r o u g h  s o d i u m  i o n ,  a n d  h y d r o p h o b i c  p a r t s  w e r e  d i s s o l v e d  i n  w a t e r .  T h e  s a m e  

a g g r e g a t e s  w e r e  f o u n d  i n  t h e  f o l l o w i n g  s i m u l a t i o n s  w i t h  s m a l l e r  c o n c e n t r a t i o n  ( f i g .  2 ) .  A l s o  

t h e r e  w a s  s o d i u m - s o d i u m  c o u p l e s  a t  a  d i s t a n c e  o f  s e v e r a l  a n g s t r o m s ,  n o t  s e p a r a t e d  b y  a  w a t e r  

m o l e c u l e .

D u e  t o  n o n - p h y s i c a l  s i m u l a t i o n  r e s u l t s ,  t h e  f o l l o w i n g  g o a l  w a s  s e t :  t o  v a r y  t h e  

p a r a m e t e r s  o f  i n t e r a c t i o n s  o f  i o n s  i n  o r d e r  t o  r e p r o d u c e  s p h e r i c a l  f o r m  o f  m i c e l l e s  i n  a  

c o n c e n t r a t e d  m e d i a .  I n  t h i s  p a p e r ,  t h e  m o d e l  c h a r g e s  o f  i o n s  w e r e  s t u d i e d .

F ig u r e  1. I n v e r s e  b i l a y e r  in  w a t e r  s o lu t io n  F ig u r e  2. I n v e r s e  b i l a y e r  in  w a t e r  s o lu t io n
w ith  s a l t  c o n c e n t r a t io n  e q u a l  to  4  C M C  w ith  s a l t  c o n c e n t r a t io n  e q u a l  to  1 .5  C M C

Computer model
F o r  t h e  e x p e r i m e n t ,  t h e  s o d i u m  s a l t  o f  h e x a n o i c  a c i d  w a s  c h o s e n  a s  a  s u b s t a n c e  t h a t  c a n  

f o r m  m i c e l l e s .  T h e  s o l v e n t  u s e d  w a s  p l a i n  w a t e r .  P a r a m e t e r s  o f  a t o m - a t o m  i n t e r a c t i o n s  f o r  t h e  

a c i d  r e s i d u e  w e r e  t a k e n  f r o m  t h e  O P L S - A A  [ 3 ]  d i r e c t o r y ,  f o r  s o d i u m  i o n  f r o m  t h e  a r t i c l e  b y  

D a n g  [ 5 ] ,  w a t e r  m o d e l  w a s  S P C / E  [ 6 ] .  T h e  c h a r g e s  o f  i o n s  w e r e  s u b j e c t s  t o  v a r y .

T h r e e  s y s t e m s  w e r e  c r e a t e d  a n d  m o d e l e d .  F o r  t h e  f i r s t  s y s t e m  c h a r g e  w a s  t a k e n  f r o m  

t h e  O P L S - A A .  F o r  t h e  s e c o n d  a n d  t h i r d  s y s t e m s ,  t h e  c h a r g e s  w e r e  c o n s i d e r e d  u s i n g  q u a n t u m  

c h e m i s t r y  m e t h o d s .  T h e  H a r t r e e - F o c k  a n d  D F T  m e t h o d s  ( 6 - 3 1 G * * + + / B 3 L Y P )  w e r e  u s e d  t o  

f i n d  t h e  o p t i m a l  g e o m e t r y  o f  t h e  s y s t e m ,  c o n s i s t e d  o f  o n e  m o l e c u l e  o f  s u b s t a n c e  a n d  s e v e r a l
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w a t e r  m o l e c u le s .  T h a n  th e  io n  c h a r g e s  w e r e  f o u n d  u s in g  th e  M u l l ik e n  a n d  L o w d in  m e t h o d s  

w ith  6 - 3 1 G  b a s i s .  T h e  c a l c u l a t i o n s  w e r e  c a r r i e d  o u t  f o r  a  d i s s o c i a t e d  m o l e c u le  ( th e  d i s t a n c e s  

b e t w e e n  th e  C  a t o m  o f  th e  C O O  g r o u p  a n d  N a  v a r i e d  f r o m  3  A  t o  5 .5  A  w ith  a  s t e p  o f  0 .2 5  A ) 

s u r r o u n d e d  b y  w a t e r  m o l e c u l e s .  T h e r e  w a s  a  t e n d e n c y  to  i n c r e a s e  th e  io n  c h a r g e  a t  a  d i s t a n c e .  

T h e  r e s u l t i n g  c h a r g e s  w e r e  a v e r a g e d  o v e r  d i s t a n c e s  a n d  p r e s e n t e d  in  th e  t a b le  1.

M o l e c u l a r  d y n a m i c s  m e t h o d  u s e d  f o r  s i m u la t i n g  s y s t e m s  w ith  3  d i f f e r e n t  c h a r g e  

d i s t r i b u t i o n  o f  io n s .  I t  w e r e  s i m u la t e d  s e q u e n t i a l ly  in  th e  f o l l o w i n g  o r d e r :  r e c o m m e n d e d  O P L S -  

A A  c h a r g e s ,  c h a r g e s  b y  M u l l ik e n  a n d  c h a r g e s  b y  L o w d in .  E q u i l i b r a t i o n  o f  e a c h  f o l l o w i n g  

s y s t e m  t o o k s  1 n s .  D a t a  w a s  r e c o r d e d  f o r  2  n s ,  e a c h  n a n o s e c o n d  b e i n g  a n a ly z e d  s e p a r a t e l y  to  

e n s u r e  th a t  th e  s y s t e m  w e n t  t o  e q u i l ib r iu m .  T o  v e r i f y  th a t  th e  s i m u la t i o n  r e s u l t  d o e s  n o t  d e p e n d  

o n  th e  in i t i a l  a r r a n g e m e n t  o f  a t o m s ,  th e  s i m u la t i o n  s e q u e n c e  w a s  r e p e a t e d .

T a b l e  1 : c h a r g e  d is t r ib u t io n  o f  t h e  s o d iu m  s a l t  o f  h e x a n o i c  a c i d

N a + C O O  g r o u p F i r s t  m e t h y le n e  g r o u p  f r o m  

a c i d  r e s id u e

O t h e r  m e t h y le n e  g r o u p s M e t h y l  g r o u p

C O C H C H C H

O P L S - A A 1 0 . 7 -0 .8 - 0 . 1 2 0 .0 6 - 0 . 1 2 0 .0 6 - 0 . 1 8 0 .0 6

M u l l i c e n 0 .7 0 .7 6 - 0 . 7 8 - 0 . 1 2 0 . 1 1 - 0 . 1 2 0 .0 6 - 0 . 1 8 0 .0 6

L o w d i n 0 .5 0 .4 -0 .5 - 0 . 1 2 0 . 1 1 - 0 . 1 2 0 .0 6 - 0 . 1 8 0 .0 6

Results and discussion
A s  a  r e s u l t ,  th e  f o l l o w i n g  c h a r a c t e r i s t i c s  w e r e  o b t a in e d :  d i f f u s i o n  c o e f f i c i e n t s  o f  i o n s  

a n d  w a te r ;  r a d i a l  d i s t r i b u t i o n  f u n c t io n s  ( R D F )  o f  p a i r s :  N a - N a  ( f i g .3 ) ,  C O O - C O O ,  H 2O - C O O ,  

H 2O - N a ;  th e  r e s id e n t  t i m e s  o f  th e  w a t e r  m o l e c u le  in  th e  s o d i u m  h y d r a t io n  s h e l l ;  th e  d i s t r i b u t i o n  

o f  th e  r e s u l t i n g  a g g r e g a t e s  in  s i z e  a n d  t h e i r  s h a p e .

In  th e  f i g u r e  3 , th e  f i r s t  p e a k  o n  R D F  f o r  N a 1+ a g r e e s  w ith  th e  r e s u l t s  o f  e a r l y  

s i m u la t i o n s  [ 7 ] .  I t  c o r r e s p o n d s  to  tw o  io n s  o f  N a 1+ s e p a r a t e d  b y  3  A  a n d  w i t h o u t  a n y  w a t e r  

m o l e c u le  b e t w e e n  th e m .  In  th e  r e a l  s o l u t io n  t h i s  s t a t e  w o u l d  b e  u n s t a b le  a n d  th e  a t o m s  w i l l  

r e p e l  b y  th e  C o u l o m b ’ s  f o r c e s .  C o n t r a r y ,  th e  R D F  f o r  N a 0 5 +  h a s  n o  m a x i m a  a f t e r  a c h ie v i n g  

u n it  v a l u e .  I t  m e a n s  u n i f o r m  d i s t r i b u t i o n  o f  i o n s  th r o u g h o u t  th e  v o lu m e .

D u r i n g  th e  s i m u la t i o n  th e  a g g r e g a t e s  o f  a c i d  r e s i d u e s  w e r e  f o r m e d  in  e a c h  s im u la t e d  

s y s t e m  ( f i g .  4 ) .  T h e  d i s t a n c e  b e t w e e n  a l i p h a t i c  p a r t  o f  th e  a n io n  in  a n  a g g r e g a t e  i s  l e s s  th a n  4 .8  

A .  T h e  n u m b e r  o f  m o l e c u l e s  in  o n e  a g g r e g a t e  r e a c h e d  5 2  m o l e c u l e s  f o r  th e  L o w d i n  c h a r g e  

d i s t r ib u t io n .  T h e  s m a l l e s t  a g g r e g a t e  s i z e  w a s  o b s e r v e d  in  th e  s y s t e m  w ith  s t a n d a r d  c h a r g e  

d i s t r ib u t io n .
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F ig u r e  3. R a d i a l  d is t r ib u t io n  fu n c t io n s  f o r  s o d iu m -s o d iu m  p a i r s  w ith  d i f f e r e n t  c h a r g e s

F ig u r e  4. S n a p s h o t  o f  th e  s im u la t e d  s y s t e m  w ith  a g g r e g a t e s  s h o w e d  in  d i f f e r e n t  c o lo r s .  
T h e  m o n o m e r s  a n d  d im e r s  a r e  c o l o r e d  in  l ig h t

Conclusion
P o t e n t ia l ly ,  th e  m o d e l i n g  o f  h ig h  c o n c e n t r a t e d  s o l u t i o n s  w h ic h  c o n s i s t  o f  a m p h i p h i l i c  

m o l e c u l e s  n e e d s  to  u s e  t h e  c h a r g e  d is t r i b u t i o n  n o t  e q u a l  t o  ± 1  e l e c t r o n  c h a r g e  f o r  i o n s  in  o r d e r  

t o  g e t  m o r e  r e a s o n a b l e  r e s u l t s .
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Protein unfolding (denaturation) as monitored by PFG NMR 
measurements of translational diffusion

V. A . S a l i k o v 1, I .  S . P o d k o r y t o v 1, B . B . K h a r k o v 1 a n d  N . R . S k r y n n ik o v 1,2

l a b o r a t o r y  o f  B i o m o l e c u l a r  N M R , S P b S U , St. P e t e r s b u r g ,  1 9 9 0 3 4 , R u s s i a  
2D e p a r t m e n t  o f  C h e m is tr y , P u r d u e  U n iv ers ity , W es t  L a fa y e t t e ,  I N  4 7 9 0 6 , USA  
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T i t r a t i o n  o f  a  p r o t e i n  w ith  d e n a t u r a n t  ( s u c h  a s  u r e a )  l e a d s  to  p r o g r e s s i v e  l o s s  o f  p r o t e in  

s t r u c t u r e  a n d ,  u l t i m a t e l y ,  t r a n s f o r m a t io n  o f  a  p r o t e in  m o l e c u le  in to  a  r a n d o m - c o i l  p o l y p e p t i d e  

c h a in .  T h i s  p r o g r e s s i o n  c a n  b e  m o n i t o r e d  b y  a  n u m b e r  o f  d i f f e r e n t  e x p e r i m e n t a l  t e c h n iq u e ,  e .g .  

c i r c u l a r  d i c h r o i s m ,  t r y p t o p h a n  f lu o r e s c e n c e ,  1 D  N M R  s p e c t r o s c o p y ,  e t c .  In  t h i s  r e p o r t ,  w e  

in t r o d u c e  a n  a l t e r n a t i v e  m e t h o d  b a s e d  o n  p u l s e d - f i e l d  g r a d i e n t  N M R  m e a s u r e m e n t s  o f  

t r a n s l a t i o n a l  d i f f u s i o n .  O f  n o te ,  t h i s  m e t h o d  i s  c o m p le m e n t a r y  to  o t h e r  t e c h n iq u e s  s i n c e  it  

p r o b e s  d i f f e r e n t  p r o p e r t i e s  o f  a  p r o t e in .  S p e c i f i c a l l y ,  p r o t e in  d i f f u s i o n  i s  s e n s i t i v e  to  th e  d e g r e e  

o f  e x p a n s i o n  o f  th e  p o l y p e p t i d e  c h a in ,  u n d e r g o in g  o r d e r - t o - d i s o r d e r  t r a n s i t io n .

F o r  t h i s  s t u d y ,  w e  h a v e  c h o s e n  a  w e l l - k n o w n  g l o b u l a r  p r o t e in ,  u b iq u i t in .  I t  h a s  b e e n  

e x p r e s s e d  in  E . c o l i  ( R o s e t t a  s t r a in )  a n d  p u r i f i e d  a s  d e s c r i b e d  p r e v i o u s l y  [ 1 ] .  T h e  s a m p le  

c o n d i t io n s  ( r o o m  te m p e r a t u r e ,  D 2O - b a s e d  s o l v e n t ,  p H  5 .0 ,  5 0  m M  s o d i u m  a c e t a t e  b u f f e r )  h a v e  

b e e n  c h o s e n  b a s e d  o n  th e  p r e v i o u s  c i r c u l a r  d i c h r o i s m  s t u d y  [ 2 ] .  T h e  s a m p l e s  h a v e  b e e n  

p r e p a r e d  w ith  lo w  p r o t e in  c o n c e n t r a t io n ,  2 3 0  ц М , in  o r d e r  t o  a v o i d  th e  in f lu e n c e  o f  ( w e a k )  

u b i q u i t i n  d im e r i z a t io n  [ 3 ] .  S p e c i a l  p r e c a u t io n s  h a v e  b e e n  t a k e n  t o  a c c o u n t  f o r  th e  i n c r e a s e d  

v i s c o s i t y  o f  th e  u r e a - c o n t a in i n g  s o l v e n t .  T o  f a c t o r  o u t  t h i s  e f f e c t ,  w e  h a v e  u s e d  1 ,4 - d i o x a n e  a s  

in te r n a l  s t a n d a r d  [ 4 ] .  F o r  P F G - N M R  m e a s u r e m e n t s ,  w e  h a v e  u s e d  th e  s t a n d a r d  s t im u la t e d  e c h o  

e x p e r i m e n t ,  e m p l o y i n g  b i p o l a r  g r a d i e n t s  [ 5 ] .  T h e  s e r i e s  o f  e x p e r i m e n t s  h a s  b e e n  c o n d u c t e d  f o r  

u r e a  c o n c e n t r a t i o n  in  th e  r a n g e  f r o m  0  t o  1 0  M .  T h e  d a t a  w e r e  p r o c e s s e d  u s i n g  th e  s c r ip t s  

w r i t t e n  in - h o u s e ,  in c lu d in g  s p e c i a l  s c r ip t  f o r  b a s e l i n e  c o r r e c t io n .  T h e  o b t a in e d  v a l u e s  o f  

t r a n s l a t i o n a l  d i f f u s i o n  c o e f f i c i e n t  o f  u b i q u i t i n  p l o t t e d  a s  a  f u n c t io n  o f  u r e a  c o n c e n t r a t i o n  f o l l o w  

th e  s i g m o i d a l  p r o f i le .  T h i s  r e s u l t  d e m o n s t r a t e s  t h a t  m e a s u r e m e n t s  o f  t r a n s l a t i o n a l  d i f f u s i o n  a r e  

in d e e d  s u i t a b l e  to  m o n i t o r  th e  p r o c e s s  o f  p r o t e in  u n f o ld in g  ( d e n a t u r a t i o n ) .

A s  a  s e c o n d  p a r t  o f  t h i s  s t u d y ,  w e  in t e n d  to  o b t a in  a  s i m i l a r  c h a r a c t e r i s t i c  f o r  th e  

in t r in s i c a l ly  d i s o r d e r e d  p r o t e in ,  a - s y n u c le in .  T h e  r e s u l t s  s h o u ld  s h e d  n e w  l i g h t  o n  th e  p r e s e n c e  

o f  r e s id u a l  s e c o n d a r y / t e r t i a r y  s t r u c t u r e  in  a - s y n u c l e i n  in  r e l a t io n  t o  th e  r a n d o m - c o i l  p o l y p e p t i d e  

c h a in .  In  a d d i t io n ,  w e  w i l l  a l s o  i n v e s t i g a t e  th e  s a m p l e  o f  p e p t id e  H 4 ,  im i t a t i n g  th e  s e q u e n c e  o f  

th e  c o r r e s p o n d in g  h i s t o n e  t a i l ,  w h ic h  i s  b e l i e v e d  to  b e  a l m o s t  c o m p l e t e l y  u n s t r u c t u r e d .  

F u r t h e r m o r e ,  w e  w i l l  a l s o  u s e  a  t r i p e p t i d e  G S F  in  o r d e r  t o  e l u c id a t e  th e  e f f e c t  o f  u r e a  “ c o a t ”  

a r o u n d  th e  p e p t id e  m o l e c u le .
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Introduction
In  r e c e n t  y e a r s ,  i o n i c  l i q u i d s  ( I L )  h a v e  b e e n  i n c r e a s i n g l y  u s e d  a s  c o m p o n e n t s  o f  p o l y m e r  

e l e c t r o ly t e s  f o r  n e w  c u r r e n t  s o u r c e s .  T h e y  h a v e  s e v e r a l  a d v a n t a g e s ,  s u c h  a s  l o w  f l a m m a b i l i t y ,  

l o w  v a p o r  p r e s s u r e ,  a  w i d e  s p a c e  o f  t h e r m a l ,  c h e m ic a l  a n d  e l e c t r o c h e m i c a l  s t a b i l i t y  [ 1 ] ,  w h ic h  

m a k e  i t  p o s s i b l e  to  p r o d u c e  m o r e  e n v i r o n m e n t a l ly  f r i e n d l y  c u r r e n t  s o u r c e s  o n  th e  b a s i s  o f  I L .  

O n e  o f  th e  m o s t  in f o r m a t iv e  m e t h o d s  o f  s t u d y i n g  io n i c  l i q u i d s  i s  n u c le a r  m a g n e t i c  r e s o n a n c e ,  

a n d  in  p a r t i c u l a r ,  th e  N M R  r e l a x a t i o n  m e t h o d .  F o r  s e v e r a l  d e c a d e s ,  t h i s  m e t h o d  h a s  b e e n  a n  

e f f e c t i v e  t o o l  f o r  s t u d y i n g  th e  s t r u c t u r e  o f  I L  a n d  th e  p r o c e s s e s  o c c u r r in g  in  th e m .

T h e  a im  o f  t h i s  w o r k  w a s  to  s t u d y  a n  i o n i c  l i q u id  b a s e d  o n  th e  l - B u t y l - 3 - m e t h y l -  

i m i d o z i l i o n  c a t io n ,  w h ic h  c o u l d  b e  u s e d  in  n e w  c u r r e n t  s o u r c e s  in  th e  f u t u r e .  T h e  in t e r e s t  in  th i s  

o b je c t  in  th e  l i t e r a t u r e  [2 ]  [3 ]  h a s  r e c e n t ly  in c r e a s e d ,  b u t  th e  p r o p e r t i e s  o f  t h i s  c a t io n  h a v e  n o t  

b e e n  f u l l y  u n d e r s t o o d  y e t .  T h e  p r o p e r t i e s  o f  th e  r e s u l t i n g  io n i c  l i q u id  a l s o  s t r o n g l y  d e p e n d  o n  

th e  a n io n ,  w h ic h  c a n  b e  e i t h e r  m o n a t o m ic ,  f o r  e x a m p l e  C l " ,  B r " ,  I - , [ 4 ] ,  o r  p o l y a t o m i c ,  f o r  

e x a m p l e  B F 4 " ,  P F 6 " ,  C H 3 C O O " ,  T F S I " ,  S C N "  [ 5 ] .  In  o u r  o p i n io n ,  th e  l e a s t  s t u d i e d  a n io n  i s  th e  

a c e t a t e  i o n  C H 3 C O O " .  T h e r e f o r e ,  in  o u r  w o r k  w e  p a i d  a t t e n t io n  t o  th i s  c o u n t e r io n .  I n  t h i s  s t u d y  

w e  h a d  to  d e t e r m in e  th e  r e l a x a t i o n  r a t e  a n d  th e  c o r r e l a t io n  t i m e  o f  e a c h  n o n e q u iv a le n t  p r o t o n  

g r o u p  in  th e  I L  m o l e c u le .
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Experimental section
T h e  m a in  g o a l  o f  t h i s  e x p e r i m e n t  w a s  t o  d e t e r m in e  th e  t e m p e r a t u r e  d e p e n d e n c e  o f  th e  

r e l a x a t i o n  r a t e  o f  e a c h  n o n e q u iv a le n t  g r o u p  o f  a t o m s ,  a s  w e l l  a s  t o  f in d  th e i r  c o r r e l a t io n  t i m e s .  

T h e  m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  in  th e  t e m p e r a t u r e  r a n g e  f r o m  2 9 8 K  t o  3 6 3 K  a t  a  p r o t o n  

r e s o n a n c e  f r e q u e n c y  o f  3 0 0  M H z  u s i n g  th e  e q u ip m e n t  o f  th e  S P S U  s c i e n c e  p a r k .  T h e  e r r o r  in  

o b t a in i n g  e x p e r i m e n t a l  d a t a  d i d n ’ t  e x c e e d  3 % .  T h e  s a m p l e  f o r  th e  s t u d y  i s  p l a c e d  in  a  r a d io  

f r e q u e n c y  c i r c u i t  l o c a t e d  in s i d e  a  c o n s t a n t  m a g n e t i c  f i e l d  c r e a t e d  b y  a  s u p e r c o n d u c t in g  

s o l e n o i d .  In  o u r  s t u d y  w e  h a v e  u s e d  i n v e r s io n - r e c o v e r y  m e t h o d :  n  — т  — | .  T i m e  o f  d e l a y  т  

c h a n g e d  f r o m  1 0  ^ s  u p  to  1 2  s .  A f t e r  th e  p r o c e s s i n g  o f  th e  r e l a x a t i o n  c u r v e s ,  w e  h a v e  d e f in e d  

th e  d e p e n d e n c e  o f  th e  r e l a x a t i o n  r a t e  o n  th e  r e v e r s e d  t e m p e r a t u r e :

T a b le  1 :  R e la x a t io n  r a t e  o f  in d iv id u a l  s p e c t r a l  l in e s

T , K 1000/T , K -1 R , S -1
4H 5H C H 2-N C H 3-N C H 2 C H 3-C O O C H 2 CH 3

298 3,36 1,19 1,08 1,84 1,22 2,10 1,32 1,92 1,48
303 3,30 1,19 1,08 2 ,06 1,30 2,32 1,38 1,98 1,47
308 3,25 1,18 1,10 2 ,17 1,39 2,46 1,38 1,98 1,46
313 3,19 1,25 1,11 2 ,40 1,50 2,50 1,38 1,93 1,39
318 3,14 1,26 1,13 2,53 1,60 2,45 1,37 1,87 1,35
323 3,10 1,27 1,15 2 ,65 1,72 2,41 1,37 1,79 1,29
328 3,05 1,27 1,14 2 ,72 1,80 2,34 1,32 1,68 1,22
333 3,00 1,27 1,14 2 ,75 1,86 2,24 1,27 1,60 1,16
338 2 ,96 1,23 1,12 2 ,74 1,90 2,14 1,20 1,47 1,07
343 2 ,92 1,19 1,09 2 ,70 1,90 2,03 1,14 1,38 1,01
348 2 ,87 1,12 1,02 2,61 1,87 1,88 1,05 1,27 0,92
353 2,83 1,05 0 ,96 2 ,48 1,81 1,72 0 ,97 1,16 0,85
358 2 ,79 0,99 0 ,90 2 ,37 1,74 1,64 0,91 1,08 0,79
363 2 ,75 0,92 0 ,84 2 ,22 1,65 1,50 0,83 0,99 0,72

з

0.5

о --------- •--------- 1--------- *--------- 1--------- *--------- 1--------- *--------- 1--------- *---------
2.4 2.6 2.8 3 3.2 3.4

1000/T

F ig u r e  2. D e p e n d e n c e  o f  r e l a x a t i o n  r a t e  o n  in v e r s e  t e m p e r a tu r e

In  t h i s  f i g u r e  w e  c a n  s e e  t h a t  th e  m a x im u m  r e l a x a t i o n  r a t e  f o r  e a c h  l i n e  i s  r e a c h e d  a t  

d i f f e r e n t  t e m p e r a t u r e s .  T h i s  c a n  b e  e x p la in e d  b y  th e  f a c t  t h a t  e a c h  g r o u p  h a s  a  d i f f e r e n t  

m o b i l i t y .

A s  w e  w a n t e d  t o  f in d  o u t  h o w  th e  p r o t o n  m o b i l i t y  b e h a v e s  in  i m i d a z o l i u m  r in g ,  w e  h a v e  

f o u n d  т с f o r  2 H ,  4 H  и  5 H ,  u s i n g  r e l a x a t i o n  B . P .P .  m o d e l .  F i g u r e  3 r e p r e s e n t s  th e  d e p e n d e n c e  

o f  th e  c o r r e la t io n  t i m e  o f  t h e s e  g r o u p s  o n  th e  in v e r s e  t e m p e r a t u r e :
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Introduction
T h e  p o l y - L - l y s i n e  h o m o p e p t i d e s  c o n s i s t i n g  o f  o n l y  l y s in e  a m in o  a c i d  r e s i d u e s  w ith  

a -  a n d  e - a m i n o  g r o u p  h a v e  m a n y  b i o m e d i c a l  a p p l i c a t i o n s .  T h e r e  a r e  t w o  t y p e s  o f  s u c h  l i n e a r  

p e p t id e s :  p o l y ( a - L - l y s i n e )  c h a in s  a n d  p o l y ( e - L - l y s i n e )  c h a in s  in  a c c o r d a n c e  w ith  t y p e  o f  a m in o  

g r o u p s  w h ic h  f o r m  p e p t id e  b o n d s .  W e  s t u d y  h e r e  th e  d i f f e r e n c e  in  o r ie n t a t i o n a l  m o b i l i t y  o f  tw o  

o f  s u c h  s h o r t  c h a in s  c o n s i s t i n g  o f  8  l y s in e  r e s id u e s .  T h e  f r a g m e n t s  o f  t h e s e  p o l y ( a - L - l y s i n e )  

a n d  p o l y ( e - L - l y s i n e )  c h a i n s  a s  w e l l  a s  t h e i r  c o m b in a t io n s  e x i s t  a l s o  in  th e  p o l y - L - l y s i n e  

d e n d r im e r s ,  p o l y - L - l y s i n e  d e n d r ig r a f t s  a n d  p o l y - L - l y s i n e  b r u s h e s .  I t  w a s  s h o w n  e a r l i e r  b y  

M a r k e lo v  e t  a l .  th a t  t e r m in a l  a n d  s i d e  ( e  - L - l y s i n e )  g r o u p s  o f  l y s in e  d e n d r im e r s  a r e  m o r e  m o b i l e  

th a n  th e  s a m e  g r o u p s  b u t  in  m a in  c h a in  ( in n e r  C H 2 g r o u p s )  o f  d e n d r im e r .  I n  p r e s e n t  w o r k  w e  

c o m p a r e  o r ie n t a t i o n a l  d y n a m i c s  o f  H - H  v e c t o r s  o f  t h e  s a m e  C H 2 g r o u p s  o f  l y s in e  r e s i d u e s  in  

s i d e  c h a i n s  o f  a - L - l y s i n e  l i n e a r  p e p t id e  a n d  in  m a in  c h a in  o f  e - L - l y s i n e  l i n e a r  p e p t id e .  

W e  p e r f o r m e d  th e  m o l e c u l a r  d y n a m i c s  s i m u la t i o n  o f  o r ie n t a t i o n a l  m o b i l i t y  [ 1 - 6 ]  in  t h e s e  tw o  

d i f f e r e n t  p o l y - L - l y s i n e  c h a i n s  c o n s i s t i n g  o f  th e  s a m e  n u m b e r  o f  l y s in e  m o n o m e r s  in  w a t e r  

s o l v e n t  w ith  e x p l i c i t  a c c o u n t  o f  c o u n t e r io n s  a t  t e m p e r a t u r e  T = 3 0 0 K  a n d  p r e s s u r e  P = 1 a t m  u s in g  

th e  p r o g r a m  p a c k a g e  G r o m a c s - 4 . 5 .6  w ith  A M B E R 9 9 S B - i l d n  f o r c e  f ie ld .

The difference in the orientational dynamics
W e  e s t i m a t e d  m o b i l i t y  o f  th e  c h o s e n  v e c t o r  d  b e t w e e n  t w o  h y d r o g e n s  in  th e  l a s t  

h y d r o c a r b o n  C H 2 o f  e - a m i n o  g r o u p  u s i n g  th e  f i r s t  o r d e r  a u t o c o r r e l a t i o n  f u n c t io n  ( A C F )  P i ( t )

P i ( t )  =  <
( d ( t ) ,  d ( 0 ) )  

| d ( t ) | | d ( 0 ) |
>

a n d  th e  s e c o n d  o r d e r  a u t o c o r r e l a t i o n  f u n c t io n  ( A C F )  P 2( t )

P 2 ( t )
3  < ( d ( t ) ,  d ( 0 ) ) 2 > _ 1  

2  <| d ( t ) | 2 1 d ( 0 )  | 2 > 2

M o n o m e r s  o f  p o l y ( a - L - l y s i n e )  p e p t i d e s  h a s  3  c h e m ic a l  b o n d s  in  m a in  c h a in  a s  in  a l l  

n o r m a l  a - p e p t i d e s .  A t  th e  s a m e  t i m e  e a c h  m o n o m e r  o f  p o l y ( e - L - l y s i n e )  c h a in  c o n t a i n s  7  

c h e m ic a l  b o n d s  in  i t s  m a in  c h a in .  D u e  to  t h i s  r e a s o n  th e  p o l y ( a - L - l y s i n e )  h a s  m o r e  th a n  2  t i m e s  

s h o r t e r  c o n t o u r  le n g t h  a n d  c o r r e s p o n d i n g l y  s m a l l e r  g l o b a l  e n d - t o - e n d  o r ie n t a t i o n a l  r e l a x a t i o n  

t i m e .  W e  f o u n d  th a t  th e  l o c a l  o r ie n t a t i o n a l  m o b i l i t y  o f  H - H  v e c t o r  in  C H 2 g r o u p  n e ig h b o r in g  

to  N H 2 g r o u p  in  s i d e  c h a i n s  o f  p o l y ( a - L - l y s i n e )  ( s e e  F i g .1 ,  th e  r ig h t  p a n e l )  i s  a l s o  s m a l l e r  th a n  

m o b i l i t y  o f  H - H  v e c t o r  in  C H 2 g r o u p  n e a r e s t  t o  N H  g r o u p  in  m a in  c h a in  o f  p o l y ( e - L - l y s i n e ) .  

T h e  r e s u l t s  o f  t h i s  w o r k  a r e  in  a g r e e m e n t  w ith  th e  t h e o r e t i c a l  p r e d ic t io n s  a b o u t  a n i s o t r o p y  o f  

l o c a l  o r ie n t a t i o n a l  m o t i o n  in  l i n e a r  p o l y m e r s  ( i . e .  a b o u t  d i f f e r e n t  m o b i l i t y  o f  v e c t o r s  o r ie n t e d  

a lo n g  a n d  p e r p e n d i c u l a r  to  m a in  c h a in  o f  p o l y m e r )  o b t a in e d  b y  G o t l ib  e t  a l  [ 7 - 9 ]  a n d  r e s u l t s  f o r  

ly s in e  d e n d r im e r s  o b t a in e d  b y  M a r k e l o v  e t  a l .  [ 3 ]  a n d  o u r  p r e v i o u s  r e s u l t s  o n  l o c a l  m o b i l i t y  in  

ly s in e  d e n d r im e r s  [ 1 1 - 1 8 ] .
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e n d - t o - e n d  v e c t o r  o f  e  -L - ly s in e  (1 ,2 )  a n d  a - L - ly s in e  (1 ’,2  ’) .  T h e  r ig h t  p a n e l :  A C F s  o f  1 s t  a n d

2 n d  o r d e r  f o r  v e c t o r  H - H  in  in n e r  C H 2 g r o u p s  (1 a n d  2 ) a n d  in  t e r m in a l  C H 2 g r o u p s
(1 ’ a n d  2  ’) .T h e  f i r s t  o r d e r  P 1(t) a n d  th e  s e c o n d  o r d e r  P 2(t) A C F s  d e p i c t e d  o n  g r a p h s  a s  

n u m b e r  1 ( 1 ’)  a n d  2  (2  ’)  c o r r e s p o n d in g ly
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Molecular dynamics simulation of global and local dynamics 
in dendrigraft of second generation

O le g  V. S h a v y k in , M a x im  Yu. I l y a s h 1, E m i l  I . F a t u l l a e v 1, I g o r  M . N e e l o v 1, D e n is  A . M a r k e l o v 1

1St. P e t e r s b u r g  N a t i o n a l  R e s e a r c h  U n iv e r s ity  o f  I n fo r m a t io n  T e c h n o lo g i e s ,  M e c h a n i c s  a n d  
O p t ic s  (IT M O  U n iv ers ity ), K r o n v e r k s k i y p r .4 9 ,  S t .P e t e r s b u r g ,  1 9 7 1 0 1 , R u s s i a  
2S t .P e t e r s b u r g S t a t e  U n iv e r s ity  (S P b S U ), 7 /9  U n iv e r s it e t s k a y a  n a b . ,  S t .P e t e r s b u r g ,  1 9 9 0 3 4 ,  
R u s s i a
E - m a i l :  k u p a l a - 8 9 @ m a i l .  ru

Introduction
T h e  d e n d r ig r a f t s  a r e  in t e r e s t in g  o b je c t  f o r  m a n y  b i o m e d i c a l  a p p l i c a t i o n s  in c lu d in g  d r u g  

a n d  g e n e  d e l iv e r y .  T h e  t o p o l o g i c a l  s t r u c t u r e  o f  t h e s e  m o l e c u l e s  i s  s i m i l a r  to  s t r u c t u r e  o f  s h o r t  

d e n d r i t i c  b r u s h e s .  L o n g  d e n d r i t i c  b r u s h e s  h a v e  c y l in d r i c a l  s h a p e  a n d  l a r g e  r e l a x a t i o n  t i m e s .  

H o w e v e r  th e  d e n d r ig r a f t s  a n d  in  p a r t i c u l a r  l y s in e  d e n d r ig r a f t s  h a v e  a  s h a p e  c l o s e  to  s p h e r i c a l  

a n d  s i z e  c l o s e  to  s i z e  o f  l y s in e  d e n d r im e r s  [ 1 - 6 ]  c o n s i s t i n g  o f  th e  s a m e  n u m b e r  o f  a m i n o a c i d  

r e s id u e s .  D u e  t o  t h i s  r e a s o n  i t  c a n  b e  a s s u m e d  th a t  r o t a t io n  o f  t h e s e  m o l e c u l e s  a s  a  w h o le  c o u l d  

c o n t r ib u t e  s i g n i f i c a n t l y  t o  l o c a l  o r ie n t a t i o n a l  m o b i l i t y ,  a s  i t  o c c u r s  in  th e  c a s e  o f  d e n d r im e r s .  In  

t h i s  w o r k  th e  m o l e c u l a r  d y n a m i c s  s i m u la t i o n  o f  o r ie n t a t i o n a l  m o b i l i t y  o f  d e n d r ig r a f t  o f  2 nd 

g e n e r a t io n  w a s  p e r f o r m e d  in  w a t e r  s o l v e n t  w ith  e x p l i c i t  a c c o u n t  o f  c o u n t e r io n s  a t  t e m p e r a t u r e  

T = 3 0 0  K  a n d  p r e s s u r e  P = 1  a tm  u s i n g  th e  p r o g r a m  p a c k a g e  G r o m a c s - 4 . 5 .6  w ith  A M B E R 9 9 S B -  

i ld n  f o r c e  f i e ld .

The comparison of orientational mobility of inner and terminal 
groups

W e  e s t i m a t e d  m o b i l i t y  o f  th e  c h o s e n  v e c t o r  d  b e t w e e n  tw o  h y d r o g e n s  in  th e  l a s t  

h y d r o c a r b o n  C H 2 o f  e - a m i n o  g r o u p  u s i n g  th e  f i r s t  o r d e r  a u t o c o r r e l a t i o n  f u n c t io n  ( A C F )  P i ( t )

P i ( t )  =  <
( d ( t ) ,  d ( 0 ) )  

| d ( t ) | | d ( 0 ) |
>

a n d  th e  s e c o n d  o r d e r  a u t o c o r r e l a t i o n  f u n c t io n  ( A C F )  P i ( t )

=  3  < ( d ( t ) ,  d ( 0 ) ) 2 > _ 1  

r 2 ( t )  2  < | d ( t ) | 2 | d ( 0 ) | 2 > 2

T h e  g l o b a l  o r ie n t a t i o n a l  m o b i l i t y  ( F i g u r e  1, l e f t  p a n e l )  w a s  c h a r a c t e r i z e d  b y  

a u t o c o r r e l a t i o n  f u n c t io n s  ( A C F s )  o f  1st a n d  2 nd o r d e r  f o r  e n d - t o - e n d  v e c t o r  ( s e e  F i g u r e  1 , l e f t  

p a n e l ) .  T h e  l o c a l  m o b i l i t y  w a s  c h a r a c t e r i z e d  b y  A C F s  o f  1 st a n d  2 nd o r d e r  f o r  H - H  v e c t o r s  in  

in n e r  a n d  in  t e r m in a l  С е Ш  g r o u p s ,  c o r r e s p o n d i n g l y  ( F i g u r e  1 , r ig h t  p a n e l ) .

I t  w a s  s h o w n  th a t  g l o b a l  o r ie n t a t i o n a l  t i m e  i s  e s s e n t i a l l y  g r e a t e r  ( m o r e  th a n  o n e  o r d e r  

p f  m a g n i t u d e )  th a n  l o c a l  o r u e n t a t io n a l  t i m e s .  A n d  l o c a l  o r ie n t a t i o n a l  t i m e s  f o r  in n e r  H - H  

v e c t o r s  i s  in  tu r n  i s  e s s e n t i a l l y  g r e a t e r  ( m o r e  th a n  o n e  o r d e r  o f  m a g n i t u d e )  th a n  o r ie n t a t i o n a l  

t i m e s  f o r  t e r m in a l  H - H  v e c t o r s .

T h e  r e s u l t s  o f  t h i s  w o r k  a r e  in  a c c o r d a n c e  w i t h  t h e o r e t i c a l  p r e d ic t io n  o f  a n i s o t r o p y  o f  

l o c a l  o r ie n t a t i o n a l  m o b i l i t y  in  l i n e a r  p o l y m e r s  ( i . e .  a b o u t  d i f f e r e n t  m o b i l i t y  o f  v e c t o r s  o r ie n t e d  

a lo n g  a n d  p e r p e n d i c u l a r  to  m a in  c h a in  o f  p o l y m e r )  o b t a in e d  b y  G o t l i b  e t  a l  [ 7 - 1 0 ]  a n d  r e s u l t s  

f o r  ly s in e  d e n d r im e r s  o b t a in e d  b y  M a r k e lo v  e t  a l .  [3 ]  a n d  o u r  p r e v i o u s  r e s u l t s  o n  l o c a l  m o b i l i t y  

in  ly s in e  d e n d r im e r s  [ 1 1 - 1 8 ] .
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F ig u r e  1. T h e  a u t o c o r r e l a t io n  fu n c t io n  (A C F ).
T h e  l e f t  p a n e l :  A C F s  o f  1st (1 ) a n d  2 nd (2 ) o r d e r  f o r  e n d - t o - e n d  v e c to r .

T h e  r ig h t  p a n e l :  A C F s  o f  1st a n d  2 nd o r d e r  f o r  v e c t o r  H - H  in  in n e r  C H 2 g r o u p s  (1 a n d  2 ) a n d  
in  t e r m in a l  C H 2 g r o u p s  (1 ’ a n d  2  ’) .  T h e  f i r s t  o r d e r  P f t )  a n d  th e  s e c o n d  o r d e r  P 2(t) A C F s  

d e p i c t e d  o n  g r a p h s  a s  n u m b e r  1 ( 1 ’)  a n d  2  (2  ’) ,  c o r r e s p o n d in g ly
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c r y s t a l s  b y  th e  m e t h o d  o f  B r o w n i a n  d y n a m i c s  / /  M a c r o m o l e c u l a r  T h e o r y  a n d  

S im u l a t io n s .  1 9 9 3 ,  2 ( 4 ) ,  5 2 3 - 5 3 0 .
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9 . D a r i n s k i i  A . ,  G o t l i b  Y . ,  L u k y a n o v  M . ,  L y u l in  A . ,  N e e l o v  I. C o m p u t e r  s i m u la t i o n  o f  

th e  m o l e c u l a r  m o t i o n  in  L C  a n d  o r ie n t e d  p o l y m e r s  / /  P r o g r e s s  in  C o l l o i d  &  P o ly m e r  

S c i e n c e  1 9 9 3 .  С .  1 3 - 1 5 .

1 0 . D a r i n s k i i ,  A . A . ,  G o t l ib ,  Y u .Y a . ,  L y u l in ,  A . V . ,  N e e l o v ,  I .M .  C o m p u t e r  s i m u la t i o n  o f  

l o c a l  d y n a m i c s  o f  a  p o l y m e r  c h a in  in  th e  o r ie n t i n g  f i e l d  o f  th e  L C  t y p e  / /  

V y s o k o m o l e k u l a r n y e  S o e d i n e n iy a .  S e r iy a ,  1 9 9 1 ,  A  ( 6 ) ,  с .  1 2 1 1 - 1 2 2 0  ( E n g l i s h  

t r a n s la t i o n :  P o ly m e r  S c i e n c e ,  1 9 9 1 ,  3 3 , 1 1 1 6 )

1 1 . O k r u g i n  B . M . ,  N e e l o v  I .M . ,  B o r i s o v  O .V . ,  L e e r m a k e r s  F .A . M .  S t r u c t u r e  o f  

a s y m m e t r i c  p e p t id e  v d e n d r im e r s :  in s i g h t  g i v e n  b y  s e l f - c o n s i s t e n t  f i e l d  t h e o r y  / /  

P o ly m e r ,  2 0 1 7 ,  1 2 5 ,  2 9 2 - 3 0 2 .

1 2 . S h a v y k i n  O .V . ,  M i k h a i l o v  I .V . ,  D a r i n s k i i  A . A . ,  N e e l o v  I .M . ,  L e e r m a k e r s  F .A .  E f f e c t  

o f  a n  a s y m m e t r y  o f  b r a n c h in g  o n  s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  d e n d r im e r s  r e v e a l e d  b y  

B r o w n i a n  d y n a m i c s  s i m u l a t i o n s  / /  P o ly m e r ,  2 0 1 8 ,  1 4 6 ,  2 5 6 - 2 6 6 .

1 3 . S h a v y k i n  O .V . ,  L e e r m a k e r s  F .A . ,  N e e l o v  I .M . ,  D a r i n s k i i  A . A .  S e l f - a s s e m b l y  o f  

l y s i n e - b a s e d  d e n d r i t i c  s u r f a c t a n t s  m o d e le d  b y  th e  s e l f - c o n s i s t e n t  f i e l d  a p p r o a c h  // 

L a n g m u i r ,  2 0 1 8 ,  3 4  ( 4 ) ,  1 6 1 3 - 1 6 2 6

1 4 . O k r u g i n ,  B . ,  I l y a s h ,  M . ,  M a r k e lo v ,  D . ,  N e e l o v ,  I. L y s i n e  d e n d r ig r a f t  n a n o c o n t a i n e r s .  

I n f l u e n c e  o f  t o p o l o g y  o n  t h e i r  s i z e  a n d  in te r n a l  s t r u c t u r e  / /  P h a r m a c e u t i c s ,  2 0 1 8 ,

1 0 ( 3 ) ,  1 2 9 .

1 5 . N e e l o v  I .M . ,  O k r u g i n  B . M ,  M a r k e lo v  D .A .  I n f l u e n c e  o f  th e  c h a r g e d  p e p t id e  

d e n d r ig r a f t s  t o p o l o g y  o n  th e  l a r g e - s c a l e  p r o p e r t i e s  a n d  t h i r  in te r n a l  s t r u c t u r e  / /  

M a g n e t i c  R e s o n a n c e  a n d  i t s  a p p l i c a t i o n ,  2 0 1 8 ,  9 9 - 1 0 0 .

1 6 . B e z r o d n y i  V . V . ,  N e e l o v  I .M . ,  П о п о в а  Е . В .  E f f e c t  o f  d e n d r im e r  g e n e r a t io n  o n  th e  

k i n e t i c s  o f  p e p t id e  c o m p l e x  f o r m a t i o n  / /  M a g n e t i c  R e s o n a n c e  a n d  i t s  a p p l i c a t i o n ,

2 0 1 8 ,  2 3 2 .

1 7 . S h e v e l e v a  N .N . ,  M a r k e lo v  D .A . ,  V o v k  M .A . ,  M i k h a i l o v a  M . E . ,  T a r a s e n k o  I .I . ,

N e e l o v  I .M . ,  L a h d e r a n t a  E .  S t u d y  o f  l o c a l  o r ie n t a t i o n a l  m o b i l i t y  in  ly s in e  d e n d r im e r s  

b y  N M R  m e t h o d  / /  M a g n e t i c  R e s o n a n c e  a n d  i t s  a p p l i c a t i o n ,  2 0 1 8 ,  2 4 2 .

1 8 . S h e v e l e v a  N .N . ,  M a r k e lo v  D .A . ,  V o v k  M .A . ,  M i k h a i l o v a  M . E . ,  T a r a s e n k o  I .I . ,

N e e l o v  I .M . ,  L a h d e r a n t a  E .  N M R  s t u d i e s  o f  e x c l u d e d  v o l u m e  in t e r a c t io n s  in  p e p t id e  

d e n d r im e r s  / /  S c i e n t i f i c  R e p o r t s  - 2 0 1 8 ,  V o l .  8 , p p .  8 9 1 6

1 9 . S h a v y k i n  O .V . ,  M i h a i l o v  I .V . ,  N e e l o v  I .M . ,  D a r i n s k i i  A . A .  I n f l u e n c e  o f  a s y m m e t r y  o f  

b r a n c h in g  o n  s t r u c t u r a l  p r o p e r t i e s  o f  d e n d r im e r .  B r o w n i a n  d y n a m i c s  s i m u la t i o n / /  

M a g n e t i c  R e s o n a n c e  a n d  i t s  a p p l i c a t i o n ,  2 0 1 8 ,  2 3 9 - 2 4 1

2 0 .  S h a v y k i n  O .V . ,  D a r i n s k i i  A . A . ,  N e e l o v  I .M . ,  L e e r m a k e r s  F .A . M .  T h e  s e n s i v i t y  o f  

l o c a l  d y n a m i c s  a n d  i t s  m a n i f e s t a t i o n s  in  N M R  t o  e x c l u d e d  v o l u m e  in  d e n d r im e r s  / /  

M a g n e t i c  R e s o n a n c e  a n d  i t s  a p p l i c a t i o n ,  2 0 1 7 ,  8 9 .
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Multinuclear NMR for structural study 
of lamellar mordenite and ZSM-5 zeolites

M . G . S h e ly a p in a 1, E . A . K r y lo v a 1, Yu. Z h e le z n ia k 1, V. P e t r a n o v s k i i2,
R . Y o c u p ic io - G a x io l a 2, J .  A n tu n e z -G a r c ia 2, S. F u e n t e s 2

1S a in t  P e t e r s b u r g  S t a t e  U n iv ers ity , 7 /9  U n iv e r s it e t s k a y a  n a b . ,  St. P e t e r s b u r g ,  R u s s i a  1 9 9 0 3 4  
2C N yN , U n iv e r s id a d N a c io n a l A u t o n o m a  d e  M e x ic o ,  E n s e n a d a  2 2 8 6 0 , B a j a  C a l i fo r n ia ,  
M e x ic o
E - m a i l :  k r y l o v a e a 2 8 0 3 @ m a i l .  ru

O r g a n ic - in o r g a n ic  l a y e r e d  h y b r id  n a n o m a t e r i a l s  h a v e  d r a w n  g r e a t  a t t e n t io n  d u e  to  t h e ir  

w id e s p r e a d  u s e  in  v a r i o u s  a r e a s .  L a y e r e d  z e o l i t e  p r e c u r s o r  i s  a n  a t t r a c t iv e  in t e r m e d i a t e  to  d e s i g n  

h ie r a r c h i c a l  m e s o p o r o u s / n a n o p o r o u s  c a t a l y s t s .  T o  c o n t r o l  th e  g r o w t h  o f  2 D  z e o l i t e  n a n o s h e e t s  

in  h y d r o t h e r m a l  s y n t h e s i s ,  s o m e  c o m p l e x  s u r f a c t a n t s  a r e  e m p l o y e d .  F o r  th e  s u c c e s s f u l  

d e v e lo p m e n t  o f  t h e s e  c o m p o s i t e  o r g a n i c - i n o r g a n i c  n a n o m a t e r i a l s ,  k n o w l e d g e  o n  th e  s t r u c t u r e  

a n d  d y n a m i c s  o f  b o th  s t r u c t u r a l  p a r t s  i s  e s s e n t i a l .  N o w a d a y s  N u c l e a r  M a g n e t i c  R e s o n a n c e  

( N M R )  s p e c t r o s c o p y  a n d  r e l a x a t i o n  h a v e  b e c o m e  v e r y  p o w e r f u l  t e c h n iq u e s  f o r  c h a r a c t e r i z in g  

h y b r id  o r g a n i c / in o r g a n ic  n a n o m a t e r i a l s  s i n c e  t h e y  c a n  p r o v i d e  in f o r m a t io n  o n  s t r u c t u r a l  a n d  

d y n a m i c  i s s u e s  a s s o c i a t e d  w ith  b o th  o r g a n i c  i n t e r c a l a t e d  m o l e c u l e s  a n d  th e  in o r g a n ic  p a r t  a s  

w e l l .

H e r e  w e  r e p o r t  th e  r e s u l t s  o f  o u r  m u l t in u c le a r  'H ,  13C ,  15N ,  23N a ,  27A l ,  29S i  N M R  a t  9 .4  

T  s t u d i e s  o f  t w o  c l a s s  o f  m a t e r i a l s :  m e s o s t r u c t u r e d  z e o l i t e  m a t e r i a l s ,  w ith  th e  M O R  a n d  Z S M - 5  

s t r u c t u r e s ,  g r o w n  a s  l a m e l l a r  p h a s e s  u s i n g  c e t y l t r im e t h y la m m o n iu m  b r o m id e  a n d  p o l y e t h y l e n e  

g l y c o l  ( C T A B - P E G )  a s  a  m e s o p o r e  c r e a t in g  a g e n t  in  a  o n e - p o t  s y n t h e s i s .  13C  a n d  15N  M A S  

s p e c t r a  w e r e  o b t a in e d  in  c r o s s  p o l a r i z a t i o n  r e g im e .

T h e o r e t i c a l  c a l c u l a t i o n s  o f  X R D  p a t t e r n s  w e r e  p e r f o r m e d ,  a n d  c o m p a r e d  w ith  th e  

e x p e r i m e n t a l l y  o b t a in e d  d a t a  to  c o n f i r m  th e  l a m e l l a r  a r r a y  o f  th e  b o th  z e o l i t e  s t r u c t u r e s  a n d  

d e t e r m in e  t h e i r  c r y s t a l l o g r a p h i c  o r ie n t a t io n .  T h i s  a l l o w s  th e  c e l l  p a r a m e t e r s  a n d  th e  s p a t i a l  

a r r a n g e m e n t  o f  th e  a b o v e - m e n t io n e d  s y s t e m s  to  b e  e s t i m a t e d .  T h e  l a m e l l a r  s t r u c t u r e  o f  th e  

o b t a in e d  m a t e r i a l s  i s  c o n f i r m e d  b y  T E M  d a ta .

T h e  N M R  s t u d i e s  p r o v e  th e  r e g u l a r i t y  o f  th e  z e o l i t e  f r a m e w o r k .  T o  s u p p o r t  th e  

t h e o r e t i c a l  r e s u l t s  c o n c e r n in g  th e  b in d i n g  a n d  s t a k in g  m o d e  o f  th e  o r g a n i c  m o l e c u l e s  t w o 

d i m e n s io n a l  'H - 29S i  a n d  'H - 13C  H E T C O R  N M R  e x p e r i m e n t s  w e r e  p e r f o r m e d .
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Precise definition of у 133Cs with resolved structure 
in magnetic fields higher than 0.8 mT

V. Y a. S h ifr in 1, D . I . B e ly a k o v 1. D . D . K o s e n k o v 12, a n d  A . E . S h i lo v 1 

1N IL -2 2 0 5 , V N IIM  o f  t h e  D . I. M e n d e l e y e v ,  S a in t - P e t e r s b u r g
2F a c u l t y  o f  C o n t r o l  S y s t e m s  a n d R o b o t o t e c h n i c s ,  IT M O  U n iv ers ity , S a in t - P e t e r s b u r g  
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F o r  im p l e m e n t a t i o n  o f  a  p r o b l e m  o f  t r a n s f e r  o f  th e  T  u n it  s i z e  f r o m  G E T 1 2 - 2 0 1 1 to  th e  

a r e a  o f  “ m e d iu m ”  f i e l d s ,  in  th e  r a n g e  o f  1 -  2 5  m T ,  in  V N I I M  th e  p r o t o t y p e  o f  q u a n t u m  A M R  

M Z  t y p e  m a g n e t o m e t e r  [ 1 ] )  w o r k in g  a t  th e  r e s o l v e d  s t r u c t u r e  o f  a t o m s  o f  c a e s i u m  w a s  

d e v e l o p e d  a n d  m a d e  ( K T s M ) .  K T s M  b a s e d  o n  a  m e t h o d  o f  a  d o u b l e  r a d io  o p t i c a l  a t o m i c  

m a g n e t i c  r e s o n a n c e  w h ic h  i s  B a s i c  E l e m e n t  o f  th e  c o m p a r a t o r  o f  u n it  o f  M I  o f  “ m e d iu m ”  f i e ld s .  

T h e  m e t h o d  i s  w i d e l y  a p p l i e d  w ith  th e  g e o m a g n e t i c  m e a s u r e m e n t  r a n g e  o f  M I  ( 2 0  0 0 0  -  

1 0 0  0 0 0  n T ) ,  h o w e v e r  in  th e  c o n s id e r e d  a r e a  o f  s t r o n g e r  m a g n e t i c  f i e l d s ,  in  p r a c t i c e  o f  m a g n e t i c  

m e a s u r e m e n t s  a r e  im p l e m e n t e d  f o r  th e  f i r s t  t im e .

A d v a n t a g e  o f  th e  d e v e l o p e d  c a e s i u m  m a g n e t o m e t e r  b e f o r e  t r a d i t io n a l  n u c le a r  m a g n e t i c  

r e s o n a n c e s  a n d  A M R  m a g n e t o m e t e r s  in  t h i s  a p p l i c a t i o n ,  i s  th e  p o s s i b i l i t y  to  s i g n i f i c a n t l y  

r e d u c e  s e n s o r  v o l u m e  ( th e  s p h e r e  o f  0  o f  1 0  m m ) ,  w h i le  s a v i n g  r a t h e r  h ig h  s i g n a l - t o - n o i s e  r a t io  

in  A M R  f r e q u e n c y  r a n g e ,  o p t im u m  f o r  c r e a t io n  o f  a n  e l e c t r o n ic  p a r t  o f  t h e  e q u ip m e n t  ( 3 .5  -  

9 0  M H z ) .

B y  e x p e r i m e n t a l  a s s e s s m e n t  th e  a c c id e n t a l  c o m p o n e n t  o f  a n  e r r o r  o f  m e a s u r e m e n t s  o f  

f r e q u e n c y  o f  A M R  t h e  c a e s i u m  m a g n e t o m e t e r  T s M K  d o e s  n o t  e x c e e d  1 • 1 0 -7 in  a l l  th e  f r e q u e n c y  

r a n g e  o f  a  m a g n e t i c  r e s o n a n c e  f r o m  3 .5  -  9 0  M H z .

F o r  m e a s u r e m e n t s  o f  M I  o n  th e  b a s i s  o f  A M R  in  C s m ,  a p p l i c a t i o n  o f  q u a n t u m  

t r a n s i t i o n s  b e t w e e n  m a g n e t i c  s u b t o t a l s  o f  m F = 4 ^ m F = 3  a n d  m F = - 3 ^ m F = - 4  i s  p r o v i d e d ,  a t  

a n g u la r  m o m e n t u m  F = 4 ,  p r o v i d in g  th e  m a x i m u m  s i g n a l  A M R  a m p l i t u d e  in  a  s e r i e s  o f  

r e s o n a n c e s .

T h e o r e t i c a l  r e s e a r c h e s  o f  th e  m a g n e t o m e t e r  s h o w e d  th a t  th e  d e p e n d e n c e  o f  th e  

m e a s u r e d  in d u c t io n  o f  B  o n  th e  m e a s u r e d  f r e q u e n c y  o f  f  r e p r e s e n t s  a  p o l y n o m  o f  th e  f i f t h  o r d e r :

B  =  K ± - f  +  K 2 - f 2 +  K 3 - f 2 +  K i  • f 4 +  K ^ f 5

F o r  a s s e s s m e n t  o f  c o e f f i c i e n t s  o f  a  p o l y n o m  ( K 1, K 2, K 3, K 4, K 5)  tw o  s e r i e s  o f  c h e c k in g s  

w e r e  c a r r i e d  o u t :  c h e c k in g  w ith  E G M  f r o m  s t r u c t u r e  o f  G E T 1 2 - 2 0 1 1  in  th e  r a n g e  0 . 8  -  2  m T  

a n d  c h e c k in g  w ith  s p e c i a l l y  d e v e l o p e d  n u c le a r  m a g n e t i c  r e s o n a n c e  t e s l a m e t e r  f o r  r a n g e  8  -  

2 5  m T .

W h e n  c h e c k in g  in  th e  r a n g e  0 .8  -  2  m T  in  a  w o r k  s p a c e  o f  E T M K  f u l l  a u t o m a t ic  

c o m p e n s a t io n  o f  a n  e x t e r n a l  m a g n e t i c  f i e ld ,  in c lu d in g  m a g n e t i c  n o i s e s  o f  a n  a l t e r n a t in g  

m a g n e t i c  f i e l d  o f  t h e  in d u s t r i a l  f r e q u e n c y  o f  5 0  H z  i s  c a r r ie d  o u t .  A f t e r  th a t  in  th e  c e n t e r  o f  a  

m e a s u r e  o f  E T M K  tw o  r e f e r e n c e  q u a r t z  C 4 - 2  a n d  E S T V  s o l e n o i d s  a r e  b e i n g  in s t a l l e d ,  t h e ir  

m a g n e t i c  a x e s  a r e  g u i d e d  v e r t i c a l l y  a n d  th e  c e n t e r s  o f  w o r k  s p a c e s  a r e  c o m b in e d .  A s  r e s e a r c h e s  

s h o w e d ,  u n i f o r m i t y  o f  M I  c r e a t e d  b y  M I  p a c k a g e  o f  m e a s u r e s  i t  i s  s u f f i c i e n t  f o r  e n s u r in g  

r e q u ir e d  a c c u r a c y  o f  c h e c k i n g s  o f  tw o  m a g n e t o m e t e r s  w ith  s i g n i f i c a n t l y  d i f f e r e n t  s i z e s  o f  

d e t e c t o r s  -  a  c y l in d r i c a l  f o r m  d i a m e t e r  a n d  4 0  m m  l o n g  ( N e 4 )  a n d  s p h e r e  w ith  a  d i a m e t e r  o f  

1 0  m m  ( C s 133) . G e n e r a t i o n  o f  c u r r e n t  in  s o l e n o i d s  i s  m a d e  b y  m e a n s  o f  th e  c u r r e n t  r e g u l a t o r  

S T - 2  f r o m  s t r u c t u r e  o f  G E T 1 2 - 2 0 1 1 o f  L C a r d 3 4 - 4  D A C  w h ic h  i s  in  a d d i t io n  s t a b i l i z e d  in  th e  

s y s t e m  o f  f e e d b a c k  c o u p l i n g  o n  th e  b a s i s  o f  th e  A g i l e n t  3 4 5 8 A  v o l t m e t e r  a n d  m a n a g e d .  

A d d i t io n a l  s t a b i l i z a t io n  o f  S T - 1  a l l o w s  to  s u p p o r t  c u r r e n t  w ith  r e l a t iv e  in s t a b i l i t y  a t  th e  l e v e l  

o f  1 ■ 1 0 -7.
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C h e c k in g  o f  m a g n e t o m e t e r s  in  th e  r a n g e  8  -  2 5  m T  i s  m a d e  in  th e  c o m p a r a t o r  w h ic h  i s  

s p e c i a l l y  d e v e l o p e d  q u a n t u m  a t o m i c  a n d  r e s o n a n t .  B a s i c  e l e m e n t s  o f  th e  c r e a t e d  c o m p a r a t o r  

a r e :  c a e s i u m  A M R  m a g n e t o m e t e r  T s M K ,  4 th  a  s e c t i o n  m e a s u r e  c o m p a r a t o r  o f  M K M I  w ith  th e  

g e n e r a t o r  o f  a  s t a b l e  d i r e c t  c u r r e n t ,  d e v i c e s  o f  m e a s u r e m e n t s  o f  c u r r e n t ,  c o r r e c t io n  o f  

u n i f o r m i t y  o f  M I  a n d  c o m p e n s a t io n  o f  m a n - m a d e  in t e r fe r e n c e .

T h e  s c h e m e  o f  th e  c o m p a r a t o r  p l a c e d  in  f i g u r e  1 i s  s t r u c t u r a l ,  in c l u d e s  a l s o  n u c le a r  a n d  

r e s o n a n t  t e s l a m e t e r  f o r  c h e c k i n g s  w ith  T s M K  in  M K M I  m e a s u r e  c o m p a r a t o r ,  th e  p e r s o n a l  

c o m p u t e r  w ith  th e  s p e c i a l  s o f t w a r e  f o r  p r o c e s s  c o n t r o l  o f  m e a s u r e m e n t s  o f  f r e q u e n c ie s  o f  a  

m a g n e t i c  r e s o n a n c e ,  t e m p e r a t u r e  a n d  s t a b i l i z a t io n  o f  c u r r e n t  o f  a  m e a s u r e  o f  M K M I  a n d  a l s o  a  

s e t  o f  m e a s u r in g  in s t r u m e n t s  o f  c u r r e n t  in t e n s i t y  o n  th e  b a s i s  o f  a  p r e c i s i o n  m u l t im e t e r  o f  

A g i l e n t  3 4 5 8 A  a n d  a  m e a s u r e  o f  e l e c t r i c a l  r e s i s t a n c e  w ith  th e  f a c e  v a l u e  o f  1 O h m s .

A s  e x p e r i m e n t a l  d a t a  s h o w e d ,  th e  d e p e n d e n c e  o f  in d ic a t io n s  o f  th e  m a g n e t o m e t e r  o n  

c h a n g e  o f  p o s i t i o n  o f  th e  c e n t e r  o f  a  d e t e c t o r  o f  th e  c a e s i u m  s e n s o r  o n  th e  c e n t e r  o f  a  m e a s u r e  

d o e s  n o t  e x c e e d  1 • 1 0 -7 / 2  m m .

F ig u r e  1. T h e  b l o c k  d i a g r a m  o f  t h e  q u a n tu m  c o m p a r a t o r  o f  u n it  o f  m a g n e t ic  in d u c t io n  
o f  c o n s t a n t  f i e l d  1 -  2 5  m T

T h e  s p e c i a l  s e t t le m e n t  p r o g r a m  w a s  d e v e l o p e d  f o r  a s s e s s m e n t  o f  c o e f f i c i e n t s  

o f  p o l y n o m i a l  r e g r e s s io n .  C a l c u l a t i o n  in  th e  p r o g r a m  c o n s i s t s  o f  tw o  s t a g e s .

A t  th e  f i r s t  s t a g e ,  p r o c e s s i n g  d a t a  o f  c h e c k in g  w ith  E G M ,  th e  p r o g r a m  b y  m e a n s  o f  a  

m e t h o d  o f  th e  s m a l l e s t  s q u a r e s  e s t i m a t e s  c o e f f i c i e n t s  o f  K 1  a n d  K 2  a t  th e  s e n i o r  o r d e r s  o f  

r e g r e s s io n .  C o e f f i c i e n t s  a r e  f i x e d  in  m e m o r y  o f  th e  p r o g r a m  a n d  la t e r  a r e  u s e d  a t  th e  s e c o n d  

s t a g e  o f  c a l c u la t i o n  a s  se t .

T h e  l o g i c  o f  th e  p r o g r a m  o f  th e  s e c o n d  s t a g e  d i f f e r s  f r o m  l o g i c  o f  th e  f i r s t  p r o g r a m .

U n l ik e  c h e c k i n g s  w ith  E G M  w h e r e  u n it  o f  m a g n e t i c  in d u c t io n  o f  t h e  c o n s t a n t  f i e l d  i s  

a c t u a l l y  t r a n s f e r r e d  f r o m  G E T 1 2 - 2 0 1 1 ,  w h e n  c h e c k in g  in  “ a v e r a g e ”  f i e l d s  K T s M  i t  i s  c o m p a r e d  

w ith  Y a M R - t e s l a m e t r o m ,  h a v i n g  c h e c k e d  in  p r a c t i c e  a n d  l i n e a r i t y  o f  c o e f f i c i e n t  o f  

t r a n s f o r m a t io n ,  s u f f i c i e n t  f o r  th e  c a r r i e d - o u t  e x p e r i m e n t ,  in  th e  c o n s i d e r e d  r a n g e .

A s s e s s m e n t  o f  c o e f f i c i e n t s  o f  th e  h ig h e s t  o r d e r s  w a s  c o n s t r u c t e d  a s  f o l l o w s .  T h e  s i z e  

M I  m e a s u r e d  Y a M R - t e s l a m e t r o m  i s  c o n s i d e r e d  w ith  e x p e r i m e n t a l l y  c e r t a in  m u l t ip l ie r ,  f o r  th e  

r e s t  a s s e s s m e n t  o f  c o e f f i c i e n t s  i s  m a d e  s i m i l a r  to  th e  f i r s t  p r o g r a m .
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T h e  u s e r  h a s  a n  a b i l i t y  to  s e t  a n  in t e r v a l  o f  v a l u e s  o f  a  m u l t ip l i e r  a n d  a  s t e p  o f  i t e r a t io n  

o f  s e a r c h .  T h e  p r o g r a m  in  th e  a u t o m a t i c  m o d e  c a l c u l a t e s  c o e f f i c i e n t s  a n d  S K O  o f  a  r o w  f o r  a l l  

c o e f f i c i e n t s  f r o m  th e  s p e c i f i e d  in t e r v a l  a n d  f i n d s  th e  v a l u e s  c o r r e s p o n d in g  t o  th e  m i n im u m  

S K O .  T h e  r e g r e s s i o n  c o e f f i c i e n t s  c o r r e s p o n d in g  t o  th e  m i n im u m  S K O  a r e  r e c o g n i z e d  a s  r e a l  

c o e f f i c i e n t s  o f  r e g r e s s io n .

A s  a  r e s u l t  o f  im p l e m e n t a t i o n  o f  th e  s i m i l a r  p r o c e d u r e ,  b y  t r a n s f e r  o f  th e  s i z e  o f  u n it  o f  

M I  t o  th e  r a n g e  o f  “ a v e r a g e ”  f i e l d s ,  t o t a l  S K O  o f  m e a s u r e m e n t s  i t  w a s  r e d u c e d  t o  s i z e  o f  2 1 0 -6.
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Experimental results of an impact of the spin echo pulse 
sequence on a J-coupled two-spin system

S. A . S h u b in , V. V. F r o lo v ,  K . V. T yu tyu kin

St. P e t e r s b u r g  S ta t e  U n iv ers ity , 1, U ly a n o v s k a y a  s tr ., St. P e t e r s b u r g ,  1 9 8 5 0 4 , R u s s ia n  
F e d e r a t i o n
E - m a i l :  s h u b in s a 1 @ g m a i l . c o m

Introduction
T h i s  w o r k  p r e s e n t s  th e  e x p e r i m e n t a l  r e s u l t s  o f  th e  d i s p l a y  o f  p h o s p h o r u s - c o n t a in i n g  

c o m p o n e n t s  b y  th e  m e t h o d s  o f  d o u b l e  m a g n e t i c  r e s o n a n c e ,  p e r f o r m e d  in  a  w e a k  m a g n e t i c  f i e l d  

( 7  m T ) .  T h e  w o r k in g  s u b s t a n c e  i s  th e  c o m p o u n d  T r im e t h y l  p h o s p h a t e  -  ( C H 3 O )  3 P O .  

O b t a in in g  M R  i m a g e s  o f  th e  d is t r i b u t i o n  o f  p h o s p h o r u s  in  a  s a m p l e  i s  b a s e d  o n  th e  s p in  e c h o  

d o u b l e  r e s o n a n c e  ( D R S E )  t e c h n iq u e .  W h e n  th e  9 0 - x - 1 8 0 - x - e c h o  p u l s e  s e q u e n c e  a c t in g  o n  

p r o t o n s ,  w h i l e  a t  th e  t i m e  o f  th e  a c t io n  o f  1 8 0 0 p u l s e  a t  th e  h y d r o g e n  f r e q u e n c y ,  1 8 0 0 p u l s e  a r e  

s e n t  a t  th e  p h o s p h o r u s  f r e q u e n c y .  R F  p u l s e  s e q u e n c e  a p p l i e d  t o  th e  1H  -  31P  t w o - s p in  s y s t e m  i s  

s h o w n  in  F i g .  1.

F ig u r e  1. R F  p u l s e  s e q u e n c e  a p p l i e d  to  th e  1H  -  31P  tw o -s p in  s y s te m

T h e  a p p l y i n g  o f  t h i s  m e t h o d  a l l o w s  t o  o b t a in i n g  a n  M R  i m a g e  o f  th e  d is t r i b u t i o n  o f  

p h o s p h o r u s  w ith  a  s e n s i t i v i t y  o f  1 6  t i m e s  g r e a t e r  th a n  th e  d i r e c t  m e th o d .  T h i s  i s  d u e  t o  th e  f a c t  

t h a t  th e  i m a g e  i s  o b t a in e d  in d ir e c t ly ,  d u e  t o  th e  s u b t r a c t i o n  f r o m  th e  M R  i m a g e  o b t a in e d  f r o m  

a l l  p r o t o n s  in  th e  s a m p l e  M R  i m a g e  o f  p r o t o n s  t h a t  a r e  n o t  c o n n e c t e d  b y  in d ir e c t  s p in - s p in  

in t e r a c t io n  w ith  p h o s p h o r u s  n u c le i .  A s  a  r e s u l t ,  w e  o b t a in  a n  M R  i m a g e  o f  1H  n u c le i  a s s o c i a t e d  

w ith  31P  n u c le i ,  w h ic h  i s  id e n t i c a l  t o  th e  d is t r i b u t i o n  o f  31P  n u c le i .

T o  im p l e m e n t  th e  e x p e r i m e n t ,  a  t r a n s m i t - r e c e iv e  c h a n n e l  f o r  p h o s p h o r u s  w a s  

d e v e lo p e d ,  c o n s i s t i n g  o f :

•  A  t w o - c h a n n e l  h ig h - f r e q u e n c y  g e n e r a t o r  ( c h a n n e l  1H  -  h y d r o g e n  a n d  31P  -

p h o s p h o r u s )  a t  3 0 0  a n d  1 2 5  k H z ,  r e s p e c t i v e l y .

•  P o w e r  a m p l i f i e r  a t  th e  N M R  f r e q u e n c y  o f  p h o s p h o r u s .

•  D u a l  f r e q u e n c y  s e n s o r .

•  E l e c t r o n i c  c o n t r o l  s o f t w a r e .
P canal

E le c t r o n ic
'  ^  ■ c o n tro l so ftw a re G enera to r P """ >  

,-------------N P o w e r  a m p li f ie r D u a l  f r e q u e n c y

H chanal
s e n s o r

(hydrogenel) ^

--------------------- ► keys

F ig u r e  2. B l o c k  d ia g r a m  t r a n s m it - r e c e iv e  c h a n n e l  f o r  p h o s p h o r u s
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F ig u r e  3. S a m p l e  w a t e r - T r i m e t h y lp h o s p h a t e

U s i n g  th e  th e o r y  o f  t h e  a v e r a g e  H a m i l t o n ia n ,  o n e  c a n  o b t a in  t h e  f o r m u l a  f o r  th e  in t e n s i t y  

o f  t h e  o b s e r v e d  s i g n a l  f r o m  p h o s p h o r u s :

S ( t )  =  T r { ( I x ( c o s ( 2 n j T )  +  2 ly S z s i n ( 2 n j T ) )  +  S z ) ( I x  +  Hy ) } .

S in c e  in  th e  e x p e r i m e n t  o n ly  th e  f i r s t  t e r m  i s  d i r e c t l y  d e t e c t e d ,  f o r  m i n im iz a t i o n  o f  th e  

o b s e r v e d  s i g n a l  f r o m  t h e  c o u p le d  1H  -  31P  p a i r s ,  th e  f o l l o w i n g  c o n d i t io n  m u s t  b e  f u l f i l l e d :  

2 n J r  =  ^ ,  w h ic h  l e a d s  t o  т  =

Experimental results

TE/2, ms
---echo amplitude (phosphorus pulse OFF)

---echo amplitude (phosphorus pulse ON)

F ig u r e  4. T h e  r a t i o  o f  th e  a m p l i t u d e s  o f  th e  F ig u r e  5. T h e  d e p e n d e n c e  o f  th e  e c h o
e c h o  w h e n  o f f  a n d  o n  th e  p u l s e  t o  p h o s p h o r u s  a m p l i tu d e  f r o m  т (t = T E /2 )

f r o m  т (t = T E /2 )

In  F i g .  4  a n d  F i g .  5 ,  r e d  d o t s  in d ic a t e  th e  s i g n a l  in t e n s i t y  a n d  т v a l u e s  a t  w h ic h  M R  

i m a g e s  w e r e  t a k e n  ( s e e  F i g .  6 ).

t  =  3 4  m s  t  =  4 5  m s  t  =  5 6  m s  t  =  6 7  m s  t  =  9 0  m s

F i g u r e  6. M R  im a g e s  w ith  s u p p r e s s e d  p h o s p h o r u s  s ig n a l  a t  d i f f e r e n t  v a lu e s  o f  th e  т
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Summary
T h e  g r a p h s  p r e s e n t e d  in  F ig .  4 ,  F i g .  5  a n d  M R  i m a g e s  w ith  s i g n a l  s u p p r e s s i o n  f r o m  31P  

in  F ig .  6  s h o w s  th a t  t h e  t h e o r e t i c a l  c a l c u la t i o n  i s  f u l l y  c o n s i s t e n t  w ith  th e  o b t a in e d  e x p e r i m e n t a l  

d a t a .  T h e  m a x im u m  e f f e c t ,  s u p p r e s s i o n  o f  th e  s i g n a l  f r o m  31P , i s  o b s e r v e d  a t  т  =  ■—■.
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Multiparameter MRI protocol for evaluating the results 
of surgical treatment of brain gliomas
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Relevance
G l i o m a s  a c c o u n t  f o r  u p  t o  7 0 %  o f  a l l  p r im a r y  b r a in  t u m o r s .  E a c h  y e a r ,  th e  in c id e n c e  o f  

m a l i g n a n t  g l i o m a s  i s  3 - 5  c a s e s  p e r  1 0 0 ,0 0 0  p o p u l a t io n  w ith  a  s l i g h t  p r e d o m i n a n c e  o f  m a le s .  

T r e a t m e n t  t a c t i c s  a n d  p r o g n o s i s  d e p e n d  o n  th e  d e g r e e  o f  g l i o m a  m a l i g n a n c y .  S o  th e  m e d ia n  

s u r v iv a l  in  a s t r o c y t o m a  i s  a b o u t  5  y e a r s ,  w ith  a n a p l a s t i c  a s t r o c y t o m a  - 2 . 5  y e a r s  a n d  w ith  

g l i o b l a s t o m a  - 1 y e a r .  F i v e - y e a r  s u r v iv a l  f o r  g l i o b l a s t o m a  d o e s  n o t  e x c e e d  5 %  [ 1 ,  2 ] .

T h e  s t a n d a r d  o f  t r e a t m e n t  f o r  h ig h - g r a d e  g l i o m a s  o f  t h e  b r a in  i s  s a f e  a n d  m o s t  r a d i c a l  

s u r g i c a l  r e s e c t io n  f o l l o w e d  b y  a d ju v a n t  r a d i a t i o n  o r  c h e m o r a d i o t h e r a p y  [ 3 ] .

T h e  p o s t o p e r a t iv e  a s s e s s m e n t  o f  th e  v o lu m e  o f  th e  r e s id u a l  tu m o r ,  th e  s e v e r i t y  o f  

c e r e b r a l  e d e m a  a n d  e a r l y  p o s t o p e r a t iv e  c h a n g e s  i s  im p o r t a n t  f o r  d e t e r m in i n g  th e  f u r t h e r  t a c t i c s  

o f  t r e a t in g  p a t i e n t s  w i t h  g l i o m a s  [ 4 ] .

T h e  u s e  o f  s t a n d a r d iz e d  M R I  p r o t o c o l s  in  th e  e a r l y  p o s t o p e r a t i v e  p e r io d  d o e s  n o t  a l w a y s  

g i v e  a  c o m p le t e  p i c t u r e  o f  th e  e x t e n t  o f  th e  s u r g e r y  p e r f o r m e d .  D i f f e r e n t i a l  d i a g n o s i s  o f  r e s id u a l  

t u m o r s  o n  t h e  b a c k g r o u n d  o f  th e  p r e s e n c e  o f  h e m o s t a t i c  m a t e r i a l s ,  i m p a i r e d  b lo o d - b r a i n  b a r r ie r ,  

a n d  h e m o r r h a g i c  i m p r e g n a t i o n  o f  th e  t u m o r  b e d  i s  a n  e x t r e m e ly  d i f f i c u l t  t a s k .

Purpose of the study
A s s e s s  th e  c a p a b i l i t i e s  o f  m o d e r n  m a g n e t i c  r e s o n a n c e  i m a g i n g  t e c h n iq u e s ,  s u c h  a s  

s p e c t r o s c o p y ,  t r a c t o g r a p h y  a n d  p e r f u s io n ,  in  a s s e s s i n g  th e  r a d i c a l  n a tu r e  o f  s u r g i c a l  t r e a t m e n t  

in  th e  e a r l y  ( u p  to  2  d a y s )  a n d  r e m o t e  (1 m o n t h )  p e r i o d s  a f t e r  s u r g e r y .

Material and methods
T h e  s t u d y  w a s  c o n d u c t e d  o n  a  P h i l i p s  I n g e n i a  h ig h - f i e ld  t o m o g r a p h  w i t h  3 T  m a g n e t i c  

f i e l d  in d u c t io n  a t  S t .  P e t e r s b u r g  S t a t e  U n i v e r s i t y  in  S t .  P e t e r s b u r g  C i t y  H o s p i t a l  M a r i in s k y  

H o s p i t a l .  M R - s p e c t r o s c o p y ,  M R - p e r f u s io n ,  M R - t r a c t o g r a p h y  w ith  s u b s e q u e n t  p o s t p r o c e s s i n g  

w e r e  c a r r i e d  o u t  f o r  m u l t ip a r a m e t r i c  e v a l u a t io n  o f  p r e -  a n d  p o s t o p e r a t iv e  c h a n g e s  in  a  p a t i e n t  

w ith  g l i o b l a s t o m a .

Results
T h e  u s e  o f  M R I  s p e c t r o s c o p y  p a t i e n t  S .  w ith  a  n e o p l a s m  o f  t h e  l e f t  h e m i s p h e r e  o f  th e  

b r a in  d u r in g  th e  p r e o p e r a t iv e  p e r io d  a l l o w e d  d i f f e r e n t i a l  d i a g n o s i s  o f  th e  i d e n t i f i e d  t u m o r  

b e t w e e n  th e  v a r i o u s  v o l u m e  l e s i o n s  o f  th e  c e n t r a l  n e r v o u s  s y s t e m ,  w h ic h  d e t e r m in e d  th e  

in d ic a t io n s  a n d  r a d i c a l i s m  o f  th e  s u b s e q u e n t  s u r g i c a l  p r o c e d u r e  ( F i g .  1 ).

T h e  u s e  o f  M R  p e r f u s io n  in  th e  p r e o p e r a t iv e  p e r io d  a l l o w e d  u s  t o  e s t i m a t e  th e  d e g r e e  

o f  b l o o d  s u p p ly  t o  th e  f o r m a t i o n ,  t o  r e l i a b l y  d e t e r m in e  th e  v o l u m e  o f  th e  r e s id u a l  t u m o r  in  th e  

e a r l y  p o s t o p e r a t iv e  p e r io d ,  a n d  t o  d e t e r m in e  th e  c o n t i n u e d  g r o w t h  o f  g l i o b l a s t o m a  in  th e  

b a c k g r o u n d  o f  p r o n o u n c e d  p o s t o p e r a t iv e  c h a n g e s  in  th e  r e m o t e  p e r io d  b a s e d  o n  th e  d y n a m i c s  

o f  p e r f u s io n  p a r a m e t e r s  ( F i g .  2 ) .
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F i g u r e  1. M r  s p e c t r o s c o p y  P a t i e n t  S ., g l i o b l a s t o m a .  H ig h  p e a k s  o f  c h o l i n e  (C h o ) , a  d e c r e a s e  
in  th e  p e a k  o f  N - a c e t y la s p a r t a t e  (NA A ), a n  in c r e a s e  in  th e  c o n t e n t  o f  l i p id s  (L ip )  a n d  la c t a t e  

(L a c )  a r e  c h a r a c t e r i s t i c  o f  tu m o r s  o f  t h e  g l i a l  s e r ie s .  T h e  r a t i o s  o f  m e t a b o l i t e s  in d ic a t e  a  h ig h  
d e g r e e  o f  m a l ig n a n c y  o f  t h e  tu m o r

F ig u r e  2. M R  p e r f u s i o n  w ith  o v e r la y  o f  p e r fu s i o n  c a r d s  o n  n a t iv e  im a g e s .  P a t i e n t  S., 
g l i o b l a s t o m a .  M R  p e r f u s i o n  d e m o n s t r a t e s  tu m o r  v o lu m e  b e f o r e  s u r g e r y  (A). O n  th e  2 n d  d a y  
a f t e r  s u r g i c a l  t r ea tm e n t , t h e  r e s id u a l  tu m o r  t is s u e  is  r e v e a l e d  (B ). A t  1 m o n th  a f t e r  su r g e r y ,  

t h e  c o n t in u e d  g r o w th  o f  g l i o b l a s t o m a  (C ) is  d e t e r m in e d

W it h  th e  s t a n d a r d  p r o t o c o l  o f  th e  M R  s t u d y ,  i t  i s  n o t  p o s s i b l e  to  d i f f e r e n t i a t e  th e  

c o n t in u e d  t u m o r  g r o w t h  w i t h  o t h e r  p o s t o p e r a t i v e  c h a n g e s  ( F i g .  3 ) .

T h e  u s e  o f  M R - t r a c t o g r a p h y  w i t h  s u b s e q u e n t  3 D  r e c o n s t r u c t io n  a l l o w e d  u s  to  v i s u a l i z e  

th e  c o n d u c t iv e  p a t h s  o f  w h i t e  m a t t e r ,  t o  e v a l u a t e  t h e ir  t o p o g r a p h y  a n d  in t e g r i t y  in  th e  f i e ld  o f  

l o c a l i z a t i o n  o f  th e  v o lu m e t r i c  p r o c e s s .  T h e s e  d a t a  a l l o w e d  u s  to  s p e a k  in d ir e c t ly  a b o u t  th e  

h i s t o l o g y  o f  th e  t u m o r  a n d  th e  d e g r e e  o f  i t s  m a l i g n a n c y ,  a s  w e l l  a s  t o  p l a n  th e  s u r g i c a l  t r e a t m e n t  

a n d  i t s  v o l u m e  w i t h o u t  th e  r i s k  o f  im p a ir m e n t  o f  v i t a l  c e r e b r a l  f u n c t io n s .  I n  th e  p o s t - o p e r a t io n  

p e r io d ,  th e  v i s u a l i z a t i o n  o f  th e  t r a c t s  m a d e  i t  p o s s i b l e  to  a s s e s s  t h e ir  c o n d i t io n  a f t e r  th e  r e s e c t io n  

o f  th e  t u m o r  ( F i g .  4 ) .
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F ig u r e  3. T 1 -V I  w ith  c o n t r a s t  e n h a n c e m e n t .  P a t i e n t  S ., g l i o b l a s t o m a ,  
1 m o n th  a f t e r  s u r g i c a l  t r e a tm e n t

F ig u r e  4. M R  t r a c t o g r a p h y .  P a t i e n t  S ., g l i o b l a s t o m a .  D e p le t io n  a n d  d e s t r u c t io n  o f  p a t h s  in  
th e  a r e a  o f  l o c a l i z a t io n  o f  a  m a l ig n a n t  n e o p la s m  a r e  d e t e r m in e d

Findings
T h e  u s e  o f  th e  m u l t ip a r a m e t r i c  p r o t o c o l  M R I  in  p a t i e n t s  w i t h  b r a in  g l i o m a s  in  th e  

p o s t o p e r a t i v e  p e r i o d  i s  p r o m i s i n g  f o r  s o l v i n g  c o m p l e x  d i f f e r e n t i a l  d i a g n o s t i c  p r o b l e m s  in  

e v a l u a t in g  th e  r a d i c a l  n a tu r e  o f  th e  s u r g i c a l  t r e a tm e n t .
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Influence of morphology on the magnetic behavior 
in nano-EuFeO3: NMR study

A . S k ly a r o v a 1, V. I . P o p k o v 2, I. V. P l e s h a k o v 2, V. V. M a tv e e v 3, a n d H .  S t e p a n k o v a 1

d e p a r t m e n t  o f  L o w  T e m p e r a t u r e  P h y s ic s ,  F a c u l t y  o f  M a th e m a t ic s  a n d  P h y s ic s ,  C h a r l e s  
U n iv ers ity , P r a g u e ,  C z e c h  R e p u b l i c
2 I o f f e  In st itu te , 2 6 P o ly t e k h n i c h e s k a y a  S tr., St. P e t e r s b u r g ,  R u s s ia n  F e d e r a t i o n  
3St. P e t e r s b u r g  S t a t e  U n iv ers ity , 7 /9  U n iv e r s it e t s k a y a  n a b . ,  St. P e t e r s b u r g ,  R u s s ia n  
F e d e r a t i o n
E - m a i l :  a s k l y a r o @ g m a i l .  c o m

In  t h i s  t o p i c  th e  m a g n e t i c  p r o p e r t i e s  s t u d y  o f  E u F e O 3 m a t e r i a l s  u s i n g  N M R  w il l  

p r e s e n t e d .  B e i n g  p e r s p e c t iv e  f o r  s p in t r o n ic s  a p p l i c a t i o n ,  n a n o - M F e O 3 ( M  =  B i ,  Y ,  T b ,  E u . . . )  

m a t e r i a l s  s h o w  th e  r e la t io n  b e t w e e n  t h e ir  f u n c t io n a l  p r o p e r t i e s  a n d  u s e d  s y n t h e s i s  r o u t e ,  w h ic h  

i s  r e s p o n s i b l e  f o r  t h e  m o r p h o l o g y  o f  p r o d u c e d  m a t e r i a l .  H e r e  w e  w i l l  s h o w  th e  l o c a l  p r o p e r t i e s  

s t u d y  a n d  th e  c o m p a r i s o n  o f  m ic r o -  a n d  n a n o - E u F e O 3 c a r r i e d  o u t  w ith  a  p u r p o s e  to  c l a r i f y  th e  

e m e r g in g  p a t t e r n s  b e t w e e n  th e  o b t a in e d  p a r t i c l e  s i z e ,  s u r f a c e  c o n d i t io n  a n d  c r y s t a l  s t r u c t u r e  o f  

t h e s e  n a n o m a t e r i a l s  a n d  t h e ir  m a g n e t i c  p r o p e r t ie s .
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NMR characterization of structure of cyclosporin B
A. V. S liv k a , S. V. E f im o v , O. V. A g a n o v a ,  V. V. K lo c h k o v

In s t itu te  o f  P h y s ic s ,  K a z a n  F e d e r a l  U n iv ers ity , K a z a n , 4 2 0 0 0 8  R u s s ia  
E - m a i l :  a s l i v k a 9 5 @ m a i l . r u

Introduction
C y c l o s p o r i n s  b e l o n g  t o  a  s e r i e s  o f  p e p t id e s  p r o d u c e d  b y  f u n g i ,  p a r a s i t e s  o f  in s e c t s ;  

a m o n g  t h e s e  p e p t id e s  i m m u n o s u p p r e s s i v e  c o m p o u n d s  w e r e  f o u n d  w h ic h  a r e  u s e d  in  t r e a t m e n t  

o f  a u t o i m m u n e  d i s e a s e s  a n d  a f t e r  o r g a n  t r a n s p l a n t a t io n s  [ 1 ] .  C y c l o s p o r i n s  a r e  p r o d u c e d  b y  

v a r i o u s  f u n g i  g e n e r a ,  in c lu d in g  T r i c h o d e r m a ,  T o l y p o c l a d i u m ,  F u s a r iu m ,  e t c .  T y p i c a l l y  t h e s e  

p e p t i d e s  p o s s e s s  a n t i f u n g a l  a c t iv i t y  [2 ,  3 ] .  C y c l o s p o r i n  A  i s  w i d e l y  u s e d  in  m e d ic i n e  a s  

i m m u n o s u p p r e s s i v e  a g e n t  a n d  h a s  b e e n  w i d e l y  s t u d i e d  [ 4 ] .

Object
L i t t l e  i s  k n o w n  a b o u t  c y c l o s p o r i n e  v a r i a n t s  o th e r  th a n  C s A .  C y c l o s p o r i n  B  ( C s B )  w a s  

c h o s e n  a s  th e  o b je c t  o f  in v e s t i g a t io n .  I t  d i f f e r s  f r o m  C s A  b y  a  s i n g l e  a m in o  a c id  r e p la c e m e n t :  

A b u 2 ^ A l a 2 ,  w h ic h  s o m e h o w  l e a d s  t o  in a c t iv a t io n  o f  im m u n o s u p p r e s s i v e  a c t iv i t y .  T h e  a im  o f  

o u r  w o r k  i s  t o  r e v e a l  c h a n g e s  w h ic h  c a n  b e  r e s p o n s i b l e  f o r  t h i s  f a c t  w ith  th e  a id  o f  N M R  

s p e c t r o s c o p y .  C h e m ic a l  f o r m u l a  o f  C s B  i s  p r e s e n t e d  in  F i g u r e  1.

F ig u r e  1. S t r u c tu r a l  f o r m u l a  o f  C s B

Method
T h e  s t u d i e d  p e p t id e  w a s  d i s s o l v e d  in  d e u t e r a t e d  c h lo r o f o r m  ( 0 .7  m g ,  c o n c e n t r a t io n  

c  =  0 .9 8  m M ) .  N M R  s p e c t r a  w e r e  a c q u i r e d  o n  a  B r u k e r  A v a n c e  I I I  H D  s p e c t r o m e t e r  ( o p e r a t in g  

a t  7 0 0 .1 3  M H z  in  th e  1H  c h a n n e l )  a t  2 9 8  K .  S p e c t r a  w e r e  p r o c e s s e d  a n d  a n a ly z e d  u s i n g  

N M R P i p e  a n d  S p a r k y  s o f t w a r e  [ 5 ,  6 ] . T w o - d im e n s io n a l  h o m o n u c le a r  e x p e r i m e n t s  ( D Q F -  

C O S Y ,  T O C S Y )  w e r e  u s e d  t o  a s s i g n  th e  N M R  s i g n a l s  ( C O S Y  a l l o w s  f i n d in g  th e  n e a r e s t  

n e ig h b o r  o f  a  g i v e n  p r o t o n  in  th e  c h e m ic a l  s t r u c t u r e ) .  R O E S Y  e x p e r i m e n t s  a r e  u s e f u l  f o r  

d e t e r m in i n g  th e  s e q u e n c e  o f  a m in o  a c id  r e s id u e s ,  a n d  a l s o  a l l o w  o b s e r v i n g  s l o w  c h e m ic a l  

e x c h a n g e .  A m b i g u o u s  a s s i g n m e n t s  w e r e  c l a r i f i e d  w ith  th e  a id  o f  h e t e r o n u c le a r  e x p e r i m e n t s  

H S Q C  a n d  H M B C .

Results
T o t a l  1H  s i g n a l  a s s i g n m e n t  o f  c y c l o s p o r i n  B  w a s  m a d e  b y  in t e r p r e t in g  c r o s s - p e a k s  in  

th e  m e n t i o n e d  2 D  s p e c t r a  ( s e e  e x a m p l e  in  F i g .  2 ) .  I n t e g r a l  in t e n s i t i e s  o f  th e  s i g n a l s  in  R O E S Y  

s p e c t r a ,  o b t a in e d  w ith  d i f f e r e n t  m i x i n g  t i m e s ,  w e r e  m e a s u r e d .  A  l i s t  o f  n u c le i  w ith  th e ir  

c h e m ic a l  s h i f t s  a n d  c o r r e s p o n d in g  R O E S Y  s i g n a l  in t e n s i t i e s  w a s  p r e p a r e d ,  w h ic h  w e r e  

t r a n s f o r m e d  th e n  in to  th e  in t e r n u c l e a r  d i s t a n c e s  ( T a b l e  1).
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F ig u r e  2. R e g io n  o f  H a - H p  r e s o n a n c e s  o f  t h e  2 D  T O C S Y  s p e c t r u m  o f  C s B  in  C D C I3
I n t e g r a l  i n t e n s i t i e s  o f  R O E S Y  c r o s s - p e a k s  in c r e a s e  a s  th e  m i x i n g  t i m e  i n c r e a s e s  ( u n t i l  

r e l a x a t i o n  l o s s e s  b e g i n  to  p r e v a i l ) .  R a t i o  o f  th e  b u i ld u p  r a t e s  01/ 02 i s  r e la t e d  to  th e  p r o t o n -  

p r o t o n  d i s t a n c e s  d i  a n d  d.2 in  th e  c o r r e s p o n d in g  p a i r s  a s  d i / d 2  =  ( o 2/ o i ) 1/6 [ 7 ] .  T y p i c a l  a c c u r a c y  

o f  d i s t a n c e  m e a s u r e m e n t s  b y  t h i s  m e t h o d  i s  a b o u t  ± 0 , 3  A

T a b l e  1. E x p e r im e n t a l  c h e m i c a l  s h i f t s  o f  s e l e c t e d  p r o t o n s  o f  C s B  in  C D C h  ( a c c o r d in g  
t o  T O C S Y ); in t e g r a l  v a lu e s  o f  R O E S Y  s ig n a l s  a n d  t h e i r  d is t a n c e s

?mix, m s —— 0 .1 4  0 .2  0.3

C h e m ic a l sh ift, p p m In te n sity D ista n c e , A

ra1 ю2 d1
B m tH a-A la2N H 5.46 8.04 -4 .6 E + 0 8 -6 .2 E + 0 8 -6 .5 3 E + 0 8 2.28

B m tH d 11-H d 12 2 .44 1.67 -1 .6 E + 0 9 -2 .4 E + 0 9 -2 .2 5 E + 0 9 1.89

M v aH a-H gl 5 .17 1.05 -2 .6 E + 0 8 -4 E + 0 8 -5 .8 7 E + 0 8 2 .07

M v aH g 1 -Ha 1.05 5 .16 -4 .8 E + 0 8 -5 .2 E + 0 8 -6 .6 1 E + 0 8 2 .27

A la2H b-H a 1.29 5 .27 -8 .2 E + 0 8 -1 E + 0 9 -8 .8 2 E + 0 8 3 .04

A la2N H -H b 8.06 1.28 -1 .1 E + 0 8 -1 .3 E + 0 8 -1 .8 0 E + 0 8 2.65

M le4H a-H d1 5.38 0.95 -3 .4 E + 0 8 -4 .3 E + 0 8 -5 .8 6 E + 0 8 2.16

V al5H a-H g2 4 .72 0 .94 -2 .8 E + 0 8 -4 E + 0 8 -4 .2 5 E + 0 8 2.40

V al5N H -H a 7.43 4.71 -1 .6 E + 0 8 -2 E + 0 8 -2 .2 4 E + 0 8 2.75

A la7N H -H b 7.66 1.38 -2 .5 E + 0 8 -2 .4 E + 0 8 -3 .1 0 E + 0 8 2.70

A la 8H a-N H 4.85 7 .17 -1 .6 E + 0 8 -2 .1 E + 0 8 -1 .8 5 E + 0 8 3.32

A la8H a-M le9H 4.85 3 .14 -5 .6 E + 0 8 -5 .6 E + 0 8 -9 .4 9 E + 0 8 1.99

A la 8N H -M le6H g 7.18 1.76 -1 .1 E + 0 8 -1 .8 E + 0 8 -1 .7 9 E + 0 8 2.72

A la 8N H -H b 7 .17 1.28 -1 .4 E + 0 8 -2 .2 E + 0 8 -2 .6 8 E + 0 8 2.42

M le10H b 2-H a 1.26 5.11 -3 .5 E + 0 8 -4 E + 0 8 -5 .0 1 E + 0 8 2.35

SarH a1-H a2 3.23 4 .7 4 -7 .7 E + 0 8 -1 .2 0 E + 0 9 -1 .5 4 E + 0 9 1.80
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Measurements of molecular velocity auto-correlation of water 
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Abstract
T h e  N M R  o f  m od u lated  g rad ien t spin  ech o  is  o n ly  m eth od  a llo w in g  d irect 

m easu rem en ts o f  th e lo w  fre q u e n cy  part o f  v e lo c ity  auto co rre la tio n  (V A S )  o f  m o le cu le s  in  
liqu id s and th e  m o n ito rin g  o f  its  ev o lu tio n  during th e  d iffu sio n  th rou gh  n o n -h o m o g e n e itie s  in  
a  m ed iu m . M eth o d  w as used  to  study th e  m o le c u la r  d y n am ics o f  w ater in  m ix tu res  w ith  the 
g ly ce ro l in  th e  fre q u e n cy  ran ge b e tw ee n  fe w  5 0  H z to  10  kH z. T a k in g  in to  a c co u n t th e S to k e s- 
E in s te in  re la tio n , w e b e lie v e  th a t o b ta in ed  sp e ctra  o f  m ix tu res  o f  ab o v e 10  v o l%  fra ctio n  o f  
g ly ce ro l sh ow  th e ir  v is c o s ity  th ick en in g  prop erty . It m ig h t e x p la in  th e m e ch a n ism s th a t lie s  
b eh in d  th e ir  ro le  in  th e p ro ce ss  o f  sp o n tan eo u s fo ld in g  o f  d isord ered  p o ly -p ep tid es in to  
b io lo g ic a lly  a c tiv e  p rotein  m o lecu les .

Introduction
A lth o u g h  th e ea r lie s t m o d els  o f  liqu id s as to ta lly  d isord ered  stru ctu res h ave b een  

rep laced  b y  th e  m o d els  o f  a  lo n g  ran g e-d iso rd ered  and sh o rt ran g e-o rd ered  sy stem  in  w h ich  the 
a sso c ia tio n s  o f  m o le cu la r  c lu ste rs  can  b e  created  due to  in term o lecu la r in teractio n , th ere is  still 
la c k  o f  u n derstand in g ab o u t th e m o le cu la r  d y n am ics  in  liqu id s, w h ich  p lay  an  im p o rtan t ro le  in  
b io lo g ica l sy stem s. It co n c e rn s  p articu larly  th e  liqu id s w ith  th e  h yd rogen  b on d in g  as  w ater, 
a lco h o ls , g ly ce ro l an d  th e ir  m ix tu res, in  w h ich  un kn ow n  m o le cu la r  m e ch a n ism s sp o n tan eo u sly  
fo ld s  a  d isord ered  p o ly -p ep tid es in to  a  un ique structu re o f  b io lo g ic a lly  a c tiv e  p rotein  m o le cu le s  
and p rev en ts o rg a n e lle  d isru p tion  b y  freez in g . V e lo c ity  au to co rre la tio n  fu n c tio n  (V A F )  h as a 
deep m ean in g  in  th e  s ta tis tica l p h y sics  o f  flu id  b y  co n ta in in g  in fo rm atio n  ab o u t th e  un derly in g  
p ro ce s se s  o f  m o le c u la r  in teractio n , w h ich  is re la ted  to  m an y  p h y sica l p ro p erties  o f  th e  system  
su ch  as  th erm al an d  m ass  d iffu sio n , sound p rop agation , e .t .c ., h avin g  e ith er a  s in g le -p a rtic le  o r 
a  c o lle c t iv e  n ature. V A F  is  q u ite  g e n e ra lly  co n sid ere d  as q u an tity  th a t ca n n o t b e  m easu red  
d irectly . S o m e  in fo rm a tio n  can  b e  o b ta in ed  b y  sca tterin g  ex p erim en ts, lik e  w ith  n eu tron  and 
lig h t scatterin g , bu t a  sh o rt tim e  sca le  o f  th ese  m eth o d s lim its  th e e x tra c tio n  o f  its  a sy m p to tic  
lo n g  tim e  b eh a v io r in  liq u id s and th e ir  m ix tu res. It lead s to  th e  co n c lu s io n  th a t th e  co m p u ter 
sim u latio n  o f  m o le cu la r  d y n am ics see m s to  b e  th e  m o st su itab le  to o l fo r  th e  study o f  th e 
tran sla tio n a l d y n am ics  in  m o le cu la r  sy stem s. T h e  cu rren t un derstand in g  o f  liqu id  is m o stly  
d erived  fro m  th e  ex p erim en ta l resu lts  in  co m b in a tio n  w ith  th e resu lts  o f  co m p u ter sim u lation s, 
bu t th e y  are en tire ly  d ep en d en t upon o n  th e  m o d els  o f  resu ltin g  in tera to m ic  and in term o lecu la r 
fo rce  fie ld s  and th e  c o n c lu s io n s  d erived  fro m  th ese  m o d els  co n cern in g  m o le cu la r  structu re and 
d y n am ics rem ain  in co n c lu siv e .

Measurement of velocity autocorrelation by NMR MGSE method
T h e  N M R  o f  m od u lated  g rad ien t sp in  ech o  is  (M G S E )  o n ly  m eth od  a llo w in g  d irect 

m easu rem en ts o f  th e  lo w  fre q u e n cy  p art o f  v e lo c ity  auto co rre la tio n  (V A S )  o f  m o lecu les . 

M G S E  is  b a s ic a lly  a  C a r r -P u rc e ll-M e ib o o m -G ill seq u en ce  (C P M G ) co n s is tin g  o f  in itia l n /2 - 

R F -p u lse  and  th e  tra in  o f iV  п-R F  p u lse s sep arated  b y  tim e  in terv a ls  T, ap p lied  in  th e  b ack g ro u n d  
o f  f ix e d  th e m ag n etic  fie ld  gradien t, G , (M F G ). A lth o u g h  th e C P M G  seq u en ce  w as in it ia lly
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in t r o d u c e d  to  r e d u c e  th e  e f f e c t  o f  d i f f u s i o n  o n  m e a s u r e m e n t  o f  s p in  r e l a x a t i o n  b y  s h o r t e n in g  

th e  p u l s e  s p a c in g ,  b u t  th e  p r e s e n c e  o f  M F G  im p r i n t s  a l s o  in f o r m a t io n  o n  th e  s p e c t r u m  o f  

v e l o c i t y  a u t o c o r r e l a t i o n  ( V A S )  [ 1 ,  2 ] .  T h e  a p p l i c a t i o n  o f  t h i s  m e t h o d  f o r  th e  m e a s u r e m e n t s  in  

l i q u id s ,  r e q u i r e s  t h a t  c o n s id e r a t io n  b e  g i v e n  t o  o th e r  s p in  i n t e r a c t io n s  b e s i d e s  th a t  w ith  M F G .  

A l t h o u g h ,  th e  r a p i d  m o l e c u l a r  m o t i o n  o n  th e  t i m e  s c a l e  o f  p i c o -  o r  n a n o s e c o n d s  n u l l i f i e s  th e  

s p in  d ip o le - d i p o l e  a n d  f i r s t  o r d e r  q u a d r u p o le  in t e r a c t io n s  c o m p le t e l y ,  s p in  in t e r a c t io n s  w ith  

e l e c t r o n s  in  th e  m o l e c u l a r  o r b i t a l s  r e m a in  in  l i q u id s ,  r e s u l t i n g  in  th e  c h e m ic a l  s h i f t s  o f  N M R  

s p e c t r u m ,  a n d  th e  e l e c t r o n  m e d ia t e d  s p in - s p in  in t e r a c t io n s ,  c o n s id e r e d  a s  a  . / - c o u p l in g s .  

W e  h a v e  s h o w n  [5 ]  th a t  w ith  a  f i x e d  a n d  s t r o n g  e n o u g h  M F G ,  t h e s e  in t e r a c t io n s  c a n  b e  

n e g l e c t e d  a n d  th e  a t t e n u a t io n  o f  th e  s p in  e c h o  d e c a y  c a n  d e s c r i b e d  b y

T

E ( r , m ) =  £ E 0le  T

8 / 2G 2

л 2а>2Dz i (t,®)t

w h e r e  th e  D zz i(T ,ra ) i s  th e  v a l u e  o f  th e  t e n s o r  in  th e  d i r e c t i o n  o f  a p p l i e d  M F G  a t  th e  m o d u la t i o n  

f r e q u e n c y  co= л/ T  a n d  w h e r e  T21 d e s c r i b e s  th e  s p i n  r e l a x a t i o n  o f  l - th  s u b - e n s e m b l e .  T h e  m e t h o d  

g i v e s  th e  V A S  in  a  f r e q u e n c y  r a n g e  th a t  i s  l i m i t e d  a b o v e  w ith  th e  R F  t r a n s m i t t e r  p o w e r  a n d  th e  

s i z e  o f  th e  M F G  a n d  d o w n  w ith  s p in  r e l a x a t i o n .  T h e  a d v a n t a g e  o f  th e  n e w  M G S E  t e c h n iq u e  

w a s  d e m o n s t r a t e d  b y  m e a s u r e m e n t s  o f  th e  V A S  o f  r e s t r i c t e d  d i f f u s i o n ,  th e  V A S  o f  th e  g r a n u la r  

d y n a m i c s  in  f l u i d i z e d  g r a n u la r  s y s t e m s  a n d  b y  th e  d i s c o v e r y  o f  a  n e w  lo w  f r e q u e n c y  m o d e  in  

th e  V A S  o f  m e l t e d  p o l y m e r s  [ 3 ] .  T h e  m e t h o d  m a y  a l s o  u s e  th e  in te r n a l  M F G  in  p o r o u s  s y s t e m s ,  

g e n e r a t e d  b y  th e  s u s c e p t i b i l i t y  d i f f e r e n c e s  o n  in t e r f a c e s ,  t o  o b t a in  in f o r m a t io n  o n  th e  p o r e  

m o r p h o l o g y  a n d  th e  d i s t r i b u t i o n  o f  in te r n a l  M F G  [ 4 ] .

Results and discussion
F i g u r e s !  s h o w  th e  c h a n g e s  o f  A D C  s p e c t r a  a f t e r  th e  a d d i t io n  o f  g l y c e r o l  t o  w a te r .

G/W 0 vol% G/W 10 vol%

G/W 20 vol%

F i g u r e  1. 3 D  f r e q u e n c y / t e m p o r a l  p l o t  o f  v e lo c i ty  a u t o - c o r r e l a t lo n  s p e c t r a  o f  th e  
g ly c e r o l / w a t e r  m ix tu r e s

T h e  c h a r a c t e r i s t i c  b u l g e  in  th e  3 D  t e m p o r a l  f r e q u e n c y  p l o t  o f  V A S  f o r  w a t e r  [6 ] i s  

d i s a p p e a r i n g  in  m i x t u r e s  w i t h  th e  in c r e a s e  o f  g l y c e r o l  c o n c e n t r a t io n .  B u t  t h e r e  a p p e a r  a l s o  a  

n e w  s p e c t r u m  w ith  a  p e a k  r i s in g  t o w a r d  z e r o  f r e q u e n c y ,  w h ic h  i s  l e v e l e d  in  th e  h ig h  f r e q u e n c y  

r a n g e  a b o v e  5 0 0  H z .
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W e  a s s u m e  th a t  a  n e w  s p e c t r u m  b e l o n g s  to  th e  f o r m a t i o n  o f  c l u s t e r s  o f  w a t e r  m o l e c u l e s  

a c c u m u l a t e d  a r o u n d  th e  g l y c e r o l  m o l e c u le .  T h e  f o r m  o f  th e  s p e c t r a  s h o w s  th a t  th e  m i x t u r e s  

h a v e  a  v i s c o s i t y  t h i c k e n in g  p r o p e r t y ,  g i v e n  th e  v a l i d i t y  o f  th e  S t o k e s - E i n s t e i n  r a t io .

Conclusion
In  c o n c l u s i o n  w e  c a n  s t a t e  th a t  M G S E  m e a s u r e m e n t s  u n v e i l  th e  lo w  f r e q u e n c y  V A S  o f  

w a t e r  a n d  i t s  m i x t u r e  w ith  g l y c e r o l .  T h e  s p e c t r u m  o f  w a t e r  c a n  b e  e x p l a i n e d  a s  a  c o m b in a t io n  

o f  m o l e c u l a r  s e l f - d i f f u s i o n  a n d  e d d y  d i f f u s i o n  p r o c e s s e s  in  th e  v o r t e x e s  o f  h y d r o d y n a m ic  

f lu c t u a t io n ,  w h i le  th e  e x p e c t e d  lo n g  t i m e  t a i l  i s  s u p p o s e d  t o  b e  h id d e n  b y  in t e r m o le c u l a r  

in t e r a c t io n s  [ 5 ] .  In  th e  m i x t u r e  w ith  g l y c e r o l  th e  m o l e c u l a r  d y n a m i c s  i s  s t r o n g l y  a f f e c t e d  b y  a  

s t r o n g  in t e r a c t io n  b e t w e e n  w a t e r  a n d  g l y c e r o l  m o l e c u le s .  T h e y  f o r m  c l u s t e r s ,  w h ic h  e f f e c t  th e  

h y d r o d y n a m ic  o f  m i x t u r e  th a t  r e s u l t s  in to  th e  v i s c o s i t y  t h ic k e n in g  p r o p e r t y  o f  t h e s e  m ix t u r e .  I t  

m i g h t  e x p l a i n s  th e  m o l e c u la r  m e c h a n i s m  b e h in d  o f  t h e ir  r o le  in  th e  p r o c e s s  o f  s p o n t a n e o u s  

f o l d i n g  o f  d i s o r d e r e d  p o l y - p e p t i d e s  in to  b i o l o g i c a l l y  a c t i v e  p r o t e in  m o l e c u l e s
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Investigation of Re-Pt vinylidene complex 
Cp(CO)2RePt(H-C=CHPh)(PPh3)2 by solid-state NMR

K . T. S m o ly a r o v 1, A . N. M a ts u le v 1,2, A . A. K o n d r a s e n k o 1,2

1K ir e n s k y  In s t itu te  o f  P h y s ic s ,  F e d e r a l  R e s e a r c h  C e n t e r  K S C  S B  R A S,
2In s t itu te  o f  C h e m is t r y  a n d  C h e m ic a l  T e c h n o lo g y , F e d e r a l  R e s e a r c h  C e n t e r  K S C  S B  R A S
K r a s n o y a r s k ,  R u s s i a
E - m a i l :  s m o k o s t @ ip h .k r a s n .r u

Introduction
In  th is  p a p e r ,  th e  h e t e r o b in u c le a r  v in y l id e n e  c o m p le x  C p ( C O ) 2R e P t ( ^ - C = C H P h ) ( P P h 3)2 [1 ]  

w a s  s t u d i e d  u s i n g  s o l id - s t a t e  31P  a n d  195P t  n u c le a r  m a g n e t i c  r e s o n a n c e  ( N M R )  s p e c t r o s c o p y .  

H e t e r o m e t a l l i c  v in y l id e n e  c o m p l e x e s  o f  r h e n iu m  a n d  p l a t in u m  c a n  b e  u s e d  in  th e  s y n t h e s i s  o f  

o r g a n o m e t a l l i c  c o m p o u n d s  a n d  o r g a n i c  s u b s t a n c e s  a n d  a l s o  h a v e  a  p r o s p e c t  in  th e  s y n t h e s i s  o f  

f u n c t io n a l  p o l y m e t a l l i c  m a t e r i a l s  [2 ].

N M R  s p e c t r o s c o p y  in  th e  l i q u id  a n d  s o l i d  s t a t e s  i s  t r a d i t i o n a l ly  u s e d  t o  s t u d y  m o l e c u l a r  

s t r u c t u r e ,  n a tu r e  o f  c h e m ic a l  b o n d s  a n d  in t e r m o le c u l a r  in t e r a c t io n s  o f  s u b s t a n c e s .  T h e  

m o l e c u l a r  s t r u c t u r e  o f  t h e  c o m p l e x  w a s  e s t a b l i s h e d  b y  X - r a y  d i f f r a c t io n  a n a l y s i s  [ 3 ] .  T h i s  

c o m p l e x  w a s  n o t  s t u d i e d  b y  s o l id - s t a t e  N M R  s p e c t r o s c o p y  m e t h o d s  e a r l ie r .

F ig u r e  1. M o l e c u l a r  s t r u c tu r e  o f  c o m p l e x  a c c o r d i n g  to  X - r a y  d a t a

Analysis of NMR spectra
31P NMR spectra

T h e  31P  a n d  195P t  N M R  c r o s s - p o l a r i z a t i o n  ( C P )  s p e c t r a  o f  p o w d e r e d  c o m p l e x  in  s t a t ic  

a n d  m a g i c - a n g l e  s p in n in g  ( M A S )  c o n d i t io n s  w e r e  a c q u i r e d  u s i n g  th e  B r u k e r  A V 3 0 0  

s p e c t r o m e t e r  o p e r a t in g  a t  1 2 1 .5  M H z  ( 31P )  a n d  6 4 .2  M H z  ( 195P t )  f r e q u e n c ie s .
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E a c h  o f  th e  t w o  n o n e q u iv a le n t  p h o s p h o r u s  n u c le i  in  c o m p l e x  a r e  b o n d e d  t o  t h e  p l a t in u m  

n u c le u s .  T h e  s t a t i c  s p e c t r u m  r e p r e s e n t s  a  l i n e  b r o a d e n e d  b y  d ip o le - d i p o l e  in t e r a c t io n  a n d  h ig h  

c h e m ic a l  s h i f t  a n i s o t r o p y .  T h e  p e a k s  a s s i g n e d  t o  b o t h  p h o s p h o r u s  n u c le i  a r e  c l e a r ly  

d i s t i n g u i s h a b le .  T h e  s a m e  i s  o b s e r v e d  o n  th e  w e l l  r e s o l v e d  31P  C P / M A S  N M R  s p e c t r u m .  T h e  

C P / M A S  s p e c t r u m  c o n s i s t e d  t o  t w o  p s e u d o - t r ip l e t s  d u e  t o  in d ir e c t  s p in - s p in  in t e r a c t io n  w ith  

th e  195P t  n u c le u s .  T h e  m a g n i t u d e s  o f  J - c o u p l i n g  f o r  n o n e q u iv a le n t  p h o s p h o r u s  n u c le i  ( J 1 =  4 6 0 0  

H z  a n d  J 2 =  2 6 0 0  H z )  a r e  c l e a r ly  e x h ib i t  l i g a n d  t r a n s - e f f e c t .  P r io r  t o  d e t e r m in a t i o n  o f  31P  

c h e m ic a l  s h i f t  t e n s o r  p a r a m e t e r s ,  th e  i s o t r o p i c  c h e m ic a l  s h i f t  w a s  d e t e r m in e d  b a s e d  o n  th e  

C P / M A S  s p e c t r u m .  In  th e  n e x t  s t e p  th e  m o d e l  s p e c t r u m  w a s  f i t t e d  t o  t h e  s t a t i c  s p e c t r u m  ( f i g .3 ) .  

F i t t e d  p a r a m e t e r s  o f  th e  c h e m ic a l  s h i f t  t e n s o r  o f  31P  a r e  s u m m a r i z e d  in  th e  t a b le  1, w h e r e  

n u c le u s  P 1 ( 4 6 .5  p p m )  i s  in  a  t r a n s - p o s i t i o n  r e l a t iv e  t o  r h e n iu m ,  a n d  n u c le u s  P 2 ( 2 8  p p m )  i s  in  

a  t r a n s - p o s i t i o n  r e l a t iv e  t o  th e  v in y l id e n e  f r a g m e n t .

F ig u r e  3. A p p r o x im a t io n  o f  th e  31P  s t a t ic  N M R  s p e c t r u m  

195Pt NMR spectra
D u e  t o  3 3 . 8 %  n a tu r a l  a b u n d a n c e  o f  N M R - a c t i v e  p l a t in u m  i s o t o p e  th e  N M R  s p e c t r a  h a s  

a  l o w  s i g n a l - t o - n o i s e  r a t io .  T h e  s p e c t r u m  i s  b r o a d e n e d  b y  c h e m ic a l  s h i f t  a n i s o t r o p y .  B e c a u s e  

o f  t h i s  d i f f i c u l t i e s  a r i s e  in  th e  s t u d y  o f  s a m p l e s  f o r  t h i s  n u c le u s .

F ig u r e  4. 195P t  C P -s t a t i c  a n d  C P /M A S  N M R  s p e c t r a

T h e  w id t h  o f  s t a t ic  s p e c t r u m  o n  th e  h a l f  h e i g h t  i s  a b o u t  2 5  k H z  a n d  l a r g e l y  d e t e r m in e d  

b y  c h e m ic a l  s h i f t  a n i s o t r o p y .  A p p l i c a t i o n  o f  M A S  a t  l o w  f r e q u e n c ie s  a  l a r g e  n u m b e r  o f  

r o t a t i o n a l  s a t e l l i t e s  a p p e a r  o n  th e  s p e c t r u m  c o m p l i c a t i n g  th e  a n a l y s i s  o f  th e  s p e c t r u m .  H o w e v e r ,  

w h i l e  s p in n in g  th e  s a m p l e  a t  h ig h  f r e q u e n c ie s  w a s  n o t  a p p l i c a b l e  s i n c e  in f o r m a t io n  a b o u t  th e  

c h e m ic a l  s h i f t  a n i s o t r o p y  i s  l o s t .  T h e r e f o r e ,  in f o r m a t io n  e v i d e n t  f r o m  31P  s p e c t r a  w a s  u s e d  to  

s e t  t h e  M A S  f r e q u e n c y  t o  7 2 0 0  H z  ( J 1 +  J 2)  s o  th a t  th e  r o t a t io n  s a t e l l i t e s  f r o m  f i r s t  a n d  f o u r t h  

s p l i t  r e s o n a n c e  l i n e s  o v e r l a p .  T h i s  a l l o w e d  t o  g a i n  g r e a t e r  s i g n a l - t o - n o i s e  r a t io  a n d  t o  a c q u i r e  

s p e c t r u m  w h ic h  w a s  s u f f i c i e n t  f o r  d e t e r m in a t i o n  o f  th e  c h e m ic a l  s h i f t  t e n s o r .
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F ig u r e  5. C o m p a r i s o n  o f  m o d e l  a n d  e x p e r im e n t a l  s p e c t r a ,  
a )  195P t  N M R  C P /M A S  s p ec tr u m , b )  m o d e l  s p e c t r u m

C h a r a c t e r i s t i c  f e a t u r e s  o f  r o t a t i o n a l  s a t e l l i t e s  o v e r l a p p i n g  in  th e  m o d e l  s p e c t r u m  a r e  in  

g o o d  a g r e e m e n t  w ith  th e  e x p e r i m e n t a l  s p e c t r u m .  T h e  p a r a m e t e r s  o f  th e  195P t  c h e m ic a l  s h i f t  

t e n s o r  a r e  s u m m a r i z e d  in  th e  f o l l o w i n g  t a b le :

T a b le  1 -  T h e  p a r a m e t e r s  o f  th e  c h e m i c a l  s h i f t  t e n s o r  o f  31P  a n d  195P t

N u c l e u s 6 iso , p p m A , p p m n 5 i i , p p m 6 22 , p p m 6 33, p p m

31P 1 4 6 .5 -110 0 .6 5 1 3 6 .3 5 6 4 .8 5 - 6 4 .4

31P 2 2 8 8 5 0 .3 5 112.6 0 - 3 1 .7 8

195P t - 4 6 7 0 3 5 0 0.6 - 4 3 1 4 - 4 7 3 4 - 4 9 4 4
D enotation: Д -  an isotropy, n -  asym m etry , Su -  principal a x is  o f  tensor

H ig h  c h e m ic a l  s h i f t  a n i s o t r o p y  o f  n u c le i  i s  d u e  t o  th e  e l e c t r o n  c o n f i g u r a t i o n  o f  

m o l e c u l a r  o r b i t a l s ,  w h e n  u n p a i r e d  e l e c t r o n s  o n  th e  u n f i l l e d  s h e l l s  in d u c e  p a r a m a g n e t i c  c u r r e n t s  

a t  th e  l o c a t i o n  o f  s e n s i t i v e  n u c le i  a n d  s h i f t  th e  r e s o n a n t  l i n e  t o  a  s t r o n g  o r  w e a k  f i e l d  d e p e n d in g  

o n  th e  d i r e c t io n  o f  th e  c o n s t a n t  m a g n e t i c  f i e ld .  F o r  f u r th e r  a n a l y s i s  o f  th e  e l e c t r o n  d e n s i t y  a l o n g  

in t e r a t o m ic  b o n d s ,  q u a n t u m - m e c h a n ic a l  c a l c u l a t i o n s  a r e  p l a n n e d  in  o r d e r  t o  e s t i m a t e  th e  

p a r a m a g n e t i c  c o n t r ib u t io n  o f  e l e c t r o n s  t o  th e  c h e m ic a l  s h i f t  o f  n u c le i .
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Analysis of the kerns of the Yuzhno-Cheremshansky field 
by the method of electron spin resonance

L a r i s a  V. T s y r o , A l in a  A . P i c h u g i n a

In s t i tu t e  o f  N a t u r a l  a n d  T e c h n i c a l  S c ie n c e s ,  S u r g u t  S t a t e  U n iv ers ity , L e n i n a  a v e n u e  1, S u rg u t, 
R u s s ia n  F e d e r a t i o n  
E - m a i l :  t s y r o @ x f .t s u .r u  
h t tp :/ /w w w .s u r g u . ru

Introduction
T h e  k e r n  r e s e a r c h  i s  a n  im p o r t a n t  t a s k  to  a n s w e r  s u c h  q u e s t i o n s  a s :

1. T h e  in f lu e n c e  o f  m e t a l s  c o n t a i n e d  in  r o c k s  o n  th e  p r o c e s s  o f  o i l  f o r m a t io n .

2 .  R e l a t i o n s h i p  o f  c o m p o s i t i o n  w ith  th e  t r a n s f o r m a t io n  o f  o r g a n i c  m a t t e r  r o c k s .

B y  c h e m ic a l  c o m p o s i t i o n ,  r o c k s  m a in ly  c o n s i s t  o f  s i l i c a ,  a lu m in a ,  f e r r o u s  o x id e ,  

m a g n e s i u m  o x i d e ,  c a l c i u m ,  s o d i u m ,  p o t a s s i u m ,  a n d  w a te r .  T h e  m a in  t y p e s  o f  s e d im e n t a r y  r o c k s  

a r e  c l a y s ,  s h a l e s  ( 8 0 % ) ,  s a n d s  a n d  c a r b o n a t e  r o c k s  ( l i m e s t o n e s ) .  T h e  m a in  m i n e r a l s  a r e  f e l d s p a r ,  

k a o l i n ,  e tc .

M e t h o d s  f o r  th e  s t u d y  o f  k e r n s  in c lu d e  c h e m ic a l ,  p h y s i c o - c h e m i c a l ,  o p t i c a l  s p e c t r a l ,  X -  

r a y  s p e c t r a l ,  m a s s  s p e c t r o m e t r y  a n d  o t h e r  t y p e s  o f  a n a l y s i s .  T h e  d i r e c t i o n  o f  u s i n g  “ c o m b in e d ”  

m e t h o d s  o f  a n a l y s i s  h a s  b e e n  d e v e l o p i n g  l a t e ly .  T h e y  p r o v i d e  a n  i n c r e a s e  in  th e  s e n s i t i v i t y  o f  

p h y s i c a l  m e t h o d s  a n d  e l im in a t e  th e  in f lu e n c e  o n  th e  r e s u l t  o f  th e  a n a l y s i s  o f  th e  m a t e r ia l  

c o m p o s i t i o n  o f  th e  s a m p le .

T h e  s t u d y  o f  k e r n s  i s  m a in ly  d e s c r i p t i v e ,  s o  i t  i s  im p o r t a n t  t o  u s e  p h y s i c a l  a n d  c h e m ic a l  

m e t h o d s  o f  a n a l y s i s  t o  s t u d y  th e  c o m p o s i t i o n  a n d  p r o p e r t i e s .  L a b o r a t o r y  s t u d i e s  h a v e  s h o w n  

th a t  c o r e  s a m p l e s  h a v e  h ig h  p a r a m a g n e t i s m .  I n f o r m a t i o n  o n  th e  p r e s e n c e  a n d  n u m b e r  o f  s p in  

c e n t e r s  in  th e  s a m p l e  c a n  b e  o b t a in e d  f r o m  th e  s p e c t r u m  o f  e l e c t r o n  s p in  r e s o n a n c e  ( E S R ) .

T h e  p u r p o s e  o f  t h i s  w o r k  w a s  to  a n a ly z e  th e  k e r n s  o f  th e  Y u z h n o - C h e r e m s h a n s k y  f i e l d  

u s i n g  th e  E S D  m e th o d .

Research Methods
T h e  e l e c t r o n  s p in  r e s o n a n c e  ( E S R )  m e t h o d  w a s  u s e d  t o  a n a ly z e  th e  c o r e s .  P r e l im in a r y  

p r e p a r a t i o n  c o n s i s t e d  o f  g r i n d i n g  a  c o r e  s a m p l e  in  b a l l  m i l l s .  T h e  p o w d e r  t h u s  o b t a in e d  w a s  

p l a c e d  in  a n  a m p o u le  m a d e  o f  q u a r t z  g l a s s ,  th e  a m p o u le  w a s  p l a c e d  in  th e  r e s o n a t o r  o f  a n  E S R  

s p e c t r o m e t e r .  A  s p e c t r o m e t e r  o f  th e  S E / X  b r a n d  o p e r a t in g  in  th e  X - b a n d  w a s  u s e d .  T h e  d e v i c e  

w a s  t u n e d  ( th e  c o r r e s p o n d in g  m i c r o w a v e  m o d u la t i o n  w a s  s e l e c t e d ) ,  th e  s p e c t r u m  w a s  r e c o r d e d .  

C o n d i t i o n s  o f  s p e c t r u m  s h o o t in g :  a )  f i e l d  w id t h  7 0 0  m T ;  b )  s w e e p  t i m e  1 6  m in ;  c )  v  9  G H z ;  d )  

th e  s e n s i t i v i t y  w a s  s e l e c t e d  d e p e n d in g  o n  th e  s a m p le .  M i c r o w a v e  m o d u la t i o n  w a s  s e l e c t e d  in  

s u c h  a  w a y  th a t  s a t u r a t i o n  w o u l d  n o t  o c c u r  f o r  th e  s a m p le .

T h e  m e t h o d ic a l  a p p r o a c h  u s e d  in  th e  w o r k  i s  t h a t  a n  a n a l y s i s  i s  m a d e  o f  th e  s h a p e  o f  th e  

f i r s t  d e r iv a t iv e  o f  th e  a b s o r p t io n  l i n e  o f  a n  E S R ,  f o l l o w e d  b y  in t e g r a t io n  in  th e  E P R A M R  

c o m p u t e r  p r o g r a m  a n d  th e  c a l c u la t i o n  o f  th e  a r e a  u n d e r  th e  c u r v e .  A r e a  i s  m e a s u r e d  in  a b s t r a c t  

u n it s .  I t  i s  p r o p o r t io n a l  t o  th e  n u m b e r  o f  s p in  c e n t e r s  in  th e  s a m p le .  T h e  t r a n s i t i o n  f r o m  a b s t r a c t  

to  a b s o l u t e  u n i t s  i s  c a r r i e d  o u t  b y  u s i n g  th e  s t a n d a r d .  T h e  c a l i b r a t i o n  i s  c a r r ie d  o u t  u s i n g  a  r u b y  

r o d  c a l i b r a t e d  a c c o r d in g  t o  v a n a d y l  a c e t y l a c e t o n a t e .  ( V A A ) .  In  th e  s p e c t r u m ,  th e  s i g n a l s  f r o m  

th e  r e f e r e n c e  c o r r e s p o n d  t o  th e  l i n e s  R 1 ,  R 2  a n d  R 3  ( s e e  th e  e x a m p l e  o f  th e  s p e c t r u m  in  

T a b l e  1 ).

Results
T a b l e  1 s h o w s  e x a m p l e s  o f  th e  k e r n  s p e c t r a  o f  th e  Y u z h n o - C h e r e m s h a n s k y  f i e l d  o f  

v a r i o u s  r o c k s .  F o r  th e  E S R  s p e c t r a ,  s i m i l a r  l i n e s  a r e  o b s e r v e d ,  s i n c e  th e  r o c k s  s t u d i e d  h a v e  a
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s i m i l a r  c h e m ic a l  c o m p o s i t i o n ,  b u t  d i f f e r  in  th e  s i z e  o f  c e m e n t e d  p a r t i c l e s .  F o r  k e m  s a m p l e s  o f  

t h i s  f i e l d ,  th e  C s c  c o n c e n t r a t i o n  i s  a b o u t  1021 ^  1023 s p in  /  g .

T a b le  1. E x a m p le s  o f  s p e c t r a  o f  d i f f e r e n t  r o c k s  o f  th e  Y u z h n o -C h e r e m s h a n s k y  f i e l d

h , m №  w e l l s r o c k
C s c 1 0 -21,

s p i n / g
S p e c t r u m  v ie w

2 2 4 7 , 8 

2 2 5 4 , 5
l a y e r e d 2 5 , 4 9

1 7 7 9 , 1 

1 7 8 4 ,1
s a n d s t o n e 1 4 ,3 7

2 3 0 7 , 0 

2 3 1 4 , 3
s i l t s t o n e 1 0 1 ,7 7

2 3 1 3 , 1 

2 3 1 8 ,1
a r g i l l i t e 3 ,7 0

1 8 8 6 , 7 

1 8 9 2 ,1
c l a y 8 ,8 9

1

2

1

2

1

T h e  E S R  s p e c t r a  o f  a l l  t y p e s  o f  r o c k s  h a v e  a  h ig h  in t e n s i t y ,  a  w i d e  l in e  a n d  a  r a t h e r  

c o m p l e x  a n d  u n r e s o lv e d  f o r m .  A n a l y s i s  o f  th e  s p e c t r a  in d ic a t e s  th e  p r e s e n c e  in  th e  s a m p l e s  o f  

m u l t i - s p in  a t o m s  w i t h  z e r o  n u c le a r  s p in  —  u n r e s o l v e d  f in e  in t e r a c t io n  ( f o r  e x a m p l e ,  a t o m s  o f  

th e  i r o n  g r o u p  a n d  s o m e  r a r e  e a r t h s ,  a c t in id e s ) .  E l e m e n t s  o f  a  m o r e  o r  l e s s  r e s o l v e d  h y p e r f in e  

s t r u c t u r e ,  m a n i f e s t e d  in  p e a k  s y s t e m s  o f  6  l i n e s ,  in d ic a t e  th e  p r e s e n c e  o f  l o w - s p in  a t o m s  in  th e  

r o c k  w i t h  n u c l e a r  s p in  5 / 2  ( f o r  e x a m p l e ,  m a n g a n e s e ,  a lu m in u m ,  i s o t o p e s  o f  m a g n e s i u m ,  

o x y g e n ,  t i t a n iu m ,  z i n c ,  z i r c o n iu m ,  r u th e n iu m ,  p a l l a d i u m  , t in ,  s o m e  r a r e  e a r t h s ) .  N a r r o w  p e a k  

in  th e  r e g i o n  g  =  2  -  s i n g l e t  o f  th e  s p e c t r u m  o f  f r e e  r a d i c a l s  o f  o r g a n i c  m a t t e r .

T h e  c h a n g e  in  th e  c o n c e n t r a t i o n  o f  s p in  c e n t e r s  o n  th e  d e p t h  o f  th e  r o c k  h a s  a  p e a k  

d e p e n d e n c e  ( F i g .  1 ).
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F ig u r e  1. T h e  c h a n g e  in  C sc f o r  f i e l d s  w ith  a  s e t  o f  k e r n s  in  a  w id e  r a n g e  o f  d e p t h s

T h e  l a r g e s t  s u r g e  i s  o b s e r v e d  f o r  1 w e l l  in  th e  a r e a  o f 2 2 5 0 - 2 3 0 0  m .  A l o n g  w ith  M n  ( I I )  

a n d  f r e e  r a d i c a l s  o f  o r g a n i c  n a tu r e  [ 1] ,  th e  t o t a l  c o n c e n t r a t i o n  o f  s p in  c e n t e r s  c a n  b e  u s e d  a s  

c r i t e r i a  f o r  p r e d ic t in g  th e  o i l  a n d  g a s  c o n t e n t  o f  r o c k s .

T h e  e f f e c t i v e n e s s  o f  s o l v i n g  a p p l i e d  a n d  f u n d a m e n t a l  p r o b l e m s  in  th e  f i e l d  o f  

e x p lo r a t io n ,  p r o d u c t i o n  a n d  r e f in i n g  d e p e n d s  o n  in f o r m a t io n  a b o u t  th e  p h y s i c o c h e m ic a l  

p r o p e r t i e s  o f  o i l  a n d  th e  e n c l o s i n g  s e d im e n t a r y  r o c k s .  T h e r e f o r e ,  i t  i s  p r o m i s i n g  to  u s e  th e  s p in  

p r o p e r t i e s  o f  r o c k s  w h e n  s e a r c h in g  f o r  d e p o s i t s  o f  o i l  a n d  g a s  in  g e o l o g i c a l  s e c t i o n s .

A n y  p o s s i b i l i t y  o f  i n t r o d u c in g  in to  th e  w e l l - k n o w n  c o m p l e x  o f  p a r a m e t e r s  d e t e r m in i n g  

th e  o i l  a n d  g a s  p o t e n t ia l  o f  th e  s e c t io n ,  n e w  s i g n s ,  a l l o w i n g  to  d iv i d e  th e  r o c k s  in to  p r o d u c t i v e  

a n d  u n p r o d u c t iv e ,  i n c r e a s e s  th e  a c c u r a c y  o f  th e  f o r e c a s t .  T h e s e  f e a t u r e s  in c lu d e  s e d im e n t a r y  

r o c k s  w ith  s p in  p r o p e r t i e s  th a t  a r e  a s s o c i a t e d  w i t h  p r o d u c t i v e  h o r iz o n s .
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Conformational dynamics of the two-domain Pax5 protein 
in aqueous solution. A molecular dynamics simulation study

M i lo s h  U b o v ic h 1, S e r g e i  A . I z m a i l o v 2, A n d r e i  V. E g o r o v 1

^ F a c u lty  o f  P h y s ic s ,  S a in t - P e t e r s b u r g  S t a t e  U n iv ers ity , R u s s i a  
2L a b o r a t o r y  o f  b io -N M R , S a in t - P e t e r s b u r g  S t a t e  U n iv ers ity , R u s s i a  
E - m a i l :  u b o v ic h .m i l o s h @ y a n d e x .r u

Introduction
M u lt i - d o m a in  p r o t e i n s  p l a y  a n  im p o r t a n t  r o le  in  th e  n a tu r e .  S u c h  p r o t e i n s  a r e  c a p a b l e  o f  

e x e c u t i n g  m a n y  t a r g e t e d  a c t i v i t i e s  in  c a t a l y s i s ,  s i g n a l in g ,  r e g u l a t io n  o f  g e n e  e x p r e s s i o n ,  a n d  

o th e r  c e l l u l a r  p r o c e s s e s  [ 1 ] .  T h e  r e l a t iv e  p o s i t i o n in g  a n d  d y n a m i c s  o f  p r o t e in  d o m a i n s  i s  

e s s e n t i a l  f o r  t h e i r  f u n c t io n s .  H o w e v e r ,  in  s o l u t io n  m u l t i - d o m a in  p r o t e i n s  a d o p t  m u l t ip l e  

c o n f o r m a t i o n s  a n d  i t  i s  c h a l l e n g in g  to  c h a r a c t e r i z e  s u c h  c o n f o r m a t i o n a l  d i v e r s i t y  b y  t r a d i t io n a l  

e x p e r i m e n t a l  t e c h n iq u e s .  In  t h i s  c a s e ,  th e  a t o m i s t i c  m o l e c u l a r  d y n a m i c s  ( M D )  s i m u l a t i o n s  i s  a  

p r o m i s in g  t o o l  t o  a d d r e s s  th e  p r o b le m .

In  th e  p r e s e n t  s t u d y ,  a  t w o - d o m a in  P a x 5  p r o t e i n  ( P D B  c o d e  1 M D M )  w a s  m o d e le d .  T h e  

p r o t e in  c o n s i s t s  o f  t w o  d o m a i n s  ( 7 5  a n d  5 7  r e s i d u e s  c o r r e s p o n d i n g l y )  f l e x i b l y  c o n n e c t e d  b y  

a  1 7 - r e s id u e  l in k e r .  I t  h a s  b e e n  im p l i c a t e d  in  c e r t a in  t y p e s  o f  c a n c e r  [ 2 ] .

Simulations details
M D  s i m u l a t i o n s  w e r e  p e r f o r m e d  u s i n g  th e  A m b e r 1 4  p a c k a g e  [ 3 ]  w ith  f f 1 4 S B  f o r c e  

f i e ld .  T w o  s i m u la t i o n  p r o t o c o l s  w e r e  c o n s id e r e d .  F i r s t ,  a  s i n g l e  P a x 5  p r o t e in  m o l e c u l e  w a s  

c e n t e r e d  in  th e  p e r io d i c  c e l l  w h ic h  h a s  th e  f o r m  o f  a  t r u n c a t e d  o c t a h e d r o n  a n d  th e  r e s t  o f  th e  

c e l l  w e r e  f i l l e d  w ith  3 2 5 2 3  T I P 3 P  [4 ]  w a t e r  m o l e c u l e s .  T h e  s i m u l a t i o n s  w e r e  c a r r i e d  o u t  in  a  

N P T  e n s e m b le  a t  2 9 8  K  a n d  a t m o s p h e r i c  p r e s s u r e .  In  th e  s e c o n d  c a s e ,  th e  P a x 5  m o l e c u le  w a s  

c e n t e r e d  in  th e  o r t h o r h o m b ic  p e r io d i c  c e l l  w i t h  d im e n s i o n s  8 5 ^ 1 0 9 ^ 1 0 1  A  w h ic h  w e r e  f i l l e d  

w ith  2 6 0 2 9  w a t e r  m o l e c u l e s .  T h e  s i m u l a t i o n s  w e r e  c a r r i e d  o u t  in  a  N V T  e n s e m b le  a t  2 9 8  K .  

E a c h  s y s t e m  w a s  e q u i l ib r a t e d  d u r in g  th e  1 n s  s i m u la t i o n .  T h e  f o l l o w i n g  p r o d u c t i o n  r u n  w a s  

1 ^ s  l o n g  g e n e r a t in g  a  p o o l  o f  1 0 0 0  s t r u c t u r e s . I n  c a r r y in g  o u t  th e  s i m u la t i o n s  u s i n g  t w o  

p r o t o c o l s ,  w e  t r i e d  to  e s t i m a t e  th e  p o s s i b l e  e f f e c t s  o f  c o m p u t a t i o n a l  m e t h o d o l o g y  o n  m o d e l i n g  

th e  s t r u c t u r e  a n d  d y n a m i c s  o f  t w o - d o m a in  p r o t e i n s  w ith  s i g n i f i c a n t  d o m a in  m o b i l i t y .

Results
In  th e  p r e s e n t  s t u d y  M D  s i m u l a t i o n s  w e r e  e m p l o y e d  to  r a t i o n a l i z e  th e  c o m p l i c a t e d  

c o n f o r m a t i o n a l  d y n a m i c s  o f  P a x 5  p r o t e in .  T o  c h a r a c t e r i z e  th e  o v e r a l l  e v o l u t io n  o f  th e  p r o t e in  

s t r u c t u r e ,  th e  r o o t - m e a n - s q u a r e  d e v i a t io n  ( R M S D )  o f  b a c k b o n e  a l p h a  c a r b o n s  ( s e e ,  f o r  

in s t a n c e ,  F i g .  1 ) ,  p a i r  d i s t a n c e  d i s t r i b u t i o n  fu n c t io n ,  a s  w e l l  a s  r a d iu s  o f  g y r a t i o n  w e r e  

c a l c u la t e d .  A t  th e  s a m e  t im e ,  th e  s i m u la t i o n  d a t a  w e r e  u s e d  to  d e s c r i b e  th e  d y n a m i c s  o f  

in d iv id u a l  d o m a i n s  a n d  in t e r - d o m a in  o r ie n t a t i o n s .  A  s p e c i a l  a t t e n t io n  w a s  g i v e n  to  th e  

c a l c u la t i o n  o f  s m a l l - a n g l e  X - r a y  s c a t t e r i n g  p r o f i l e s  f r o m  M D  d a ta .
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NMR method for assessing the inhibitory properties 
of drilling fluids
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Introduction
O n e  o f  th e  in f o r m a t iv e  m e t h o d s  f o r  th e  s t u d y  o f  m o l e c u l a r  s t r u c t u r e s  a n d  m o l e c u la r  

m o b i l i t y  i s  th e  m e t h o d  o f  N M R - r e l a x o m e t r y .  R e c e n t l y ,  in  N M R  s t u d i e s ,  a  n e w  m e t h o d  f o r  

o b t a in i n g  2 D - m a p s  o f  j o i n t  d i s t r i b u t i o n s  o f  n u c le a r  m a g n e t i c  r e l a x a t i o n  t i m e s  h a s  b e e n  w id e ly  

u s e d  [1 , 2 ] .  I t  s h o u ld  b e  n o t e d  th a t  th e  o n e - d i m e n s i o n a l  d i s t r i b u t i o n s  o f  th e  s p in - l a t t i c e  

r e l a x a t i o n  t i m e s  T 1 a n d  s p in - s p in  r e l a x a t i o n  T 2 a s  w e l l  a s  th e  j o i n t  t w o - d im e n s io n a l  d i s t r i b u t i o n  

o f  n u c le a r  m a g n e t i c  r e l a x a t i o n  t i m e s  P ( T 1, T 2)  d e p e n d  o n  th e  m a in  c h a r a c t e r i s t i c  o f  t h e  N M R  

d e v i c e s  - th e  r e s o n a n c e  f r e q u e n c y .  C o m p a r i n g  th e  r e s u l t s  o f  c a lc u la t i n g  s u c h  d i s t r i b u t i o n s  o v e r  

d a t a  f r o m  v a r i o u s  N M R  in s t r u m e n t s ,  a d d i t io n a l  in f o r m a t io n  i s  n e e d e d  o n  th e  d i s p e r s i o n  

d e p e n d e n c e  o f  th e  t i m e s  T 1 a n d  T 2.

New approach to 2D-map T1-T2
B a s e d  o n  th e  m e t h o d  o f  o b t a in i n g  2 D - m a p s  o f  j o i n t  d i s t r i b u t i o n s  o f  n u c le a r  m a g n e t i c  

r e l a x a t i o n  t i m e s ,  in  t h i s  p a p e r  a  n e w  N M R  m e t h o d  i s  p r o p o s e d  f o r  e s t i m a t in g  s u c h  m o l e c u l a r  

c h a r a c t e r i s t i c s  o f  th e  in t e r a c t io n  a s :

•  A  s p e c t r u m  o f  c o r r e l a t io n  t i m e s  o f  m o l e c u l a r  m o t io n ,  l e a d in g  t o  f lu c t u a t io n s  o f  th e  

in t e r a c t io n  p o t e n t ia l  o f  w a t e r  m o l e c u l e s  a n d  h y d r o p h i l i c  m i n e r a l  c o m p o n e n t s  o f  th e  r o c k ;

•  A  s p e c t r u m  o f  th e  s e c o n d  m o m e n t s ,  w h ic h  i s  d e t e r m in e d  b y  th e  m a g n e t i c  

e n v ir o n m e n t  o f  w a t e r  m o l e c u l e s ;

•  2 D - m a p s  o f  j o i n t  d i s t r i b u t i o n s  o f  c o r r e l a t io n  t i m e s  Тс a n d  s e c o n d  m o m e n t s  Д ю 2, 

w h ic h  a l l o w  t y p in g  b o th  th e  c o m p o s i t i o n  a n d  th e  m o b i l i t y  o f  i n d iv id u a l  d y n a m i c  p h a s e s  o f  th e  

m u d  -  m u d s t o n e  s y s t e m .

T h e  t e c h n iq u e  i s  b a s e d  o n  a n  a  p r io r i  a s s u m p t i o n  a b o u t  th e  m e c h a n i s m  o f  n u c le a r  

m a g n e t i c  r e l a x a t i o n .  T h e  c a l c u l a t e d  t w o - d im e n s io n a l  d i s t r i b u t i o n  o f  Р (т с ,Д ю 2)  d o e s  n o t  d e p e n d  

o n  th e  c h a r a c t e r i s t i c s  o f  N M R - r e l a x o m e t e r s ,  w h ic h  o p e n s  u p  th e  p o s s i b i l i t y  o f  a  s i m p le  

c o m p a r i s o n  o f  th e  N M R  d a t a  o b t a in e d  in  d i f f e r e n t  l a b o r a t o r i e s .  F o r  th e  a n a l y s i s  o f  t w o 

d i m e n s io n a l  d a t a ,  s p e c i a l l y  d e v e l o p e d  s o f t w a r e  w a s  u s e d  t o  c a l c u la t e  th e  P ( T 1, T 2)  a n d  P (Tc, 

Д ю 2). 2 D - m a p s  o f  t h e s e  d i s t r i b u t i o n s  a r e  s h o w n  in  F i g u r e  1 . F o r  a n a l y s i s  m e c h a n i s m s  c a n  b e  

u s e d  s u c h  a s  th e  W a n g s n e s s - B l o c h  m o d e l  [ 3 ]  f o r  s p in  in  a  r a n d o m  f i e ld ,  th e  K u b o - T o m i t a  

t h e o r y  [4 ]  f o r  th e  h o m o n u c le a r  d ip o le - d i p o l e  in t e r a c t io n ,  th e  S o l o m o n - B l o m b e r g e n - M o r g a n  

t h e o r y  [ 5 ]  f o r  t h e  h e t e r o n u c le a r  d ip o le - d i p o l e  a n d  s c a l a r  in t e r a c t io n s ,  th e  r e l a x a t i o n  m e c h a n i s m  

d u e  to  th e  a n i s o t r o p y  o f  M c C o n n e l l - H o lm  e l e c t r o n  s c r e e n in g  [6 ] ,  a n d  a l s o  th e  t h e o r y  o f  s p in -  

r o t a t i o n a l  r e l a x a t i o n  [ 7 ] .

T h e  c o r r e l a t io n  t i m e  Tc i s  d e t e r m in e d  b y  th e  d y n a m i c  s t a t e  o f  th e  m o l e c u l e s ,  w h ic h  

d e p e n d s  o n  th e  t e m p e r a t u r e  a n d  th e  p o t e n t ia l  o f  th e  m o l e c u l a r  in t e r a c t io n .  F o r  th e  l i q u id  s t a t e ,  

t h i s  v a l u e  h a s  v a l u e s  o f  th e  o r d e r  o f  1 0 -12 s ,  a n d  f o r  a  s o l id ,  m o r e  th a n  1 0 -9 s .  T h e  v a l u e  o f  th e  

s e c o n d  m o m e n t  Д ю 2 i s  d e t e r m in e d  b y  th e  m a g n e t i c  e n v ir o n m e n t ,  f o r  e x a m p l e ,  o f  th e  1H  

h y d r o g e n  a t o m  in  m o l e c u l e s  o f  d i f f e r e n t  m o l e c u l a r  s t r u c t u r e s  a n d  c a n  b e  e s t i m a t e d  u s in g  th e  

w e l l - k n o w n  V a n - V l e c k  f o r m u l a  [ 8 ] .  T h u s ,  th e  Р ( т ^ Д ю 2)  d i s t r i b u t i o n  c o n t a i n s  in f o r m a t io n  o n  

th e  s t r u c t u r a l  a n d  d y n a m i c  m o l e c u l a r  c h a r a c t e r i s t i c s  a n d  a l l o w s  t y p in g  b o t h  th e  c o m p o s i t i o n
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a n d  th e  m o b i l i t y  o f  in d iv id u a l  d y n a m i c  p h a s e s .  F i g u r e  1 s h o w s  th e  o r i g in a l  d a t a  a n d  th e  r e s u l t s  

o f  c a l c u l a t i n g  th e  2 D - m a p s  o f  th e  j o i n t  d i s t r i b u t i o n s  P ( T 1, T 2) ,  P ( I V T 2, T 2)  a n d  P ^ A o 2) .

F i g u r e  1. “a  ” -  T h e  o r ig i n a l  d a t a  in  th e  2 D  T1-T 2 e x p e r im e n t ;  “b  ” -  th e  2 D -m a p  o f  th e  j o i n t  
d is t r ib u t io n  P ( T 1, T2) ;  “c  ” -  th e  2 D -m a p  o f  th e  j o i n t  d is t r ib u t io n  P ( T i / T 2, T2) ;

“d ” -  th e  2 D -m a p  o f  th e  j o i n t  d is t r ib u t io n  P (T c ,A o 2)

Application of the new analysis method
T h e  p r o p o s e d  m e t h o d  w a s  a p p l i e d  t o  th e  s t u d y  o f  w a t e r  s o r p t i o n  o n  th e  h y d r o p h i l i c  

m i n e r a l  c o m p o n e n t s  o f  th e  r o c k  - a r g i l l i t e .  T o  s t u d y  n u c le a r  m a g n e t i c  r e l a x a t i o n ,  th e  N M R -  

r e l a x o m e t e r  C h r o m a t e c  P r o t o n - 2 0 M  w a s  u s e d .  F o r  m e a s u r e m e n t s  u s e d  p u l s e  s e q u e n c e  

« I R ( t l ) С P M G ( t 2) »  [ 2 ] .  F i g u r e  2  s h o w s  t h e  r e s u l t s  o f  c a l c u l a t i o n s  o f  2 D  m a p s  P ( x ^ A o 2)  f o r  

w a t e r - m u d s t o n e  s a m p l e s  w ith  v a r i o u s  d e g r e e s  o f  s a t u r a t io n .  O n  th e  2 D - m a p s  o f  P ( T 1, T 2) ,  t w o  

p e a k s  a r e  d i s t i n g u i s h e d  d u e  t o  th e  in t e r a c t io n  o f  w a t e r  w ith  d i f f e r e n t  h y d r o p h i l i c  c o m p o n e n t s  

o f  th e  m u d s t o n e .  O n e  o f  th e  p e a k s  i s  c h a r a c t e r i z e d  b y  th e  r a t i o  T 1= T 2 a n d  th e  c o r r e s p o n d in g  

w id e  “ t a i l ”  o f  p o o r l y  r e s o l v e d  c o r r e l a t io n  t i m e s ,  th e  o th e r  p e a k  i s  c h a r a c t e r i z e d  b y  th e  r a t io  

T 1> 10T 2 a n d  a  s e p a r a t e  p e a k  o n  t h e  m a p  P ^ A o 2) . D e p e n d i n g  o n  th e  i n c r e a s e  in  th e  d e g r e e  o f  

s a t u r a t io n ,  th e  d i s t r i b u t i o n  o f  th e  c o r r e la t io n  t i m e s  r e m a in e d  a l m o s t  u n c h a n g e d ,  w h i l e  th e  

d is t r i b u t i o n  o f  th e  s e c o n d  m o m e n t s  s h i f t e d  t o  a  r e g io n  w ith  s m a l l e r  s e c o n d  m o m e n t s .  T h i s
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b e h a v i o r  c a n  b e  e x p l a i n e d  b y  a n  i n c r e a s e  in  th e  d i s t a n c e  b e t w e e n  t h e  p a r a m a g n e t i c  c e n t e r s  o n  

th e  s u r f a c e  o f  th e  c l a y  m i n e r a l  c o m p o n e n t  d u e  t o  th e  w e d g i n g  a c t io n  o f  w a t e r  m o l e c u le s .

F ig u r e  2. C h a n g e  o f  th e  2 D -m a p  P (  Тс,Ла>2)  w ith  in c r e a s i n g  s a tu r a t io n  
o f  th e  a r g i l l i t e  w ith  w a t e r

In conclusion
T h e  m e t h o d  o f  c o n s t r u c t in g  a  2 D  m a p  o f  th e  j o i n t  d i s t r i b u t i o n s  Р ( т с ,Л ш 2)  o f  th e  s e c o n d  

m o m e n t s  a n d  c o r r e l a t io n  t i m e s  f o r  a u t o c o r r e l a t i o n  f u n c t io n  o f  th e  in t e r a c t io n  H a m i l t o n ia n  

a l l o w s  t o  o b t a in  u n iq u e  in f o r m a t io n  a b o u t  th e  s t r u c t u r e  o f  th e  e n v ir o n m e n t  m o l e c u l e s  a n d  to  

c o m p a r e  th e  m o b i l i t y  o f  m o l e c u le s .
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Introduction
N e w  o r g a n i c  f e r r o e l e c t r i c s  s u c h  a s  d i i s o p r o p y l a m m o n i u m  b r o m id e  ( C u r ie  t e m p e r a t u r e  

o f 4 2 6  K  a n d  s p o n t a n e o u s  p o l a r i z a t i o n  2 3  ц С / c m 2)  a r e  a n  in t e r e s t in g  o b je c t  to  s t u d y  [ 1 - 4 ] .  T h e y  

e x h ib i t  a l l  th e  b a s i c  p h y s i c a l  p r o p e r t i e s  o b s e r v e d  in  t y p e  B a T i O 3 in o r g a n ic  f e r r o e le c t r i c s .  In  

a d d i t io n ,  o r g a n i c  f e r r o e l e c t r i c s  a r e  g e n e r a l l y  s i m p l e  a n d  e n v i r o n m e n t a l ly  f r i e n d l y  in  p r o c e s s i n g ,  

h a v e  l i g h t w e ig h t  a n d  c a n  b e  m e c h a n i c a l l y  f l e x ib le .  N M R  m e t h o d s  a l l o w  f o r  r e s e a r c h  a t  th e  

m i c r o s c o p i c  l e v e l  a n d  in  c o n t r a s t  t o  o t h e r  m e t h o d s ,  id e n t i f y in g  n e w  p e c u l i a r  p r o p e r t ie s .

In  t h i s  w o r k ,  th e  m a in  a t t e n t io n  w a s  p a i d  to  th e  in f lu e n c e  o f  th e  s i z e  e f f e c t  o n  th e  

t e m p e r a t u r e  o f  p h a s e  t r a n s i t i o n s  in  th e  d i i s o p r o p y l a m m o n i u m  b r o m id e  ( D I P A B )

Samples and experiment
T h e  s a m p l e  u n d e r  i n v e s t i g a t i o n  w a s  D I P A B  e m b e d d e d  in  o p a l  m a t r i c e s .  T h e  r e s u l t s  

w e r e  c o m p a r e d  to  th e  r e s u l t s  o b t a in e d  f o r  c r y s t a l  p o w d e r  o f  D I P A B .

T h e  m e a s u r e m e n t s  w e r e  p e r f o r m e d  u s i n g  a  p u l s e  B r u k e r  A v a n c e  4 0 0  N M R  

s p e c t r o m e t e r  in  th e  t e m p e r a t u r e  r a n g e  f r o m  r o o m  t e m p e r a t u r e  to  4 4 0  K .  T h e  p u l s e  s e q u e n c e  

u s e d  f o r  a c q u i r i n g  th e  s p e c t r u m  w a s  a  s t a n d a r d  c r o s s - p o l a r i z a t i o n  ( f r o m  p r o t o n  t o  13C )  M A S  

p u l s e  s e q u e n c e .

Results
T h e  13C  C P - M A S  N M R  s p e c t r u m  o f  D I P A B  ( C 6H i 6N B r )  a t  r o o m  t e m p e r a t u r e  

d e m o n s t r a t e s  s i x  l i n e s ,  c o r r e s p o n d in g  to  6  c r y s t a l l o g r a p h i c a l l y  n o n - e q u iv a le n t  c a r b o n  p o s i t i o n s .  

H o w e v e r ,  o n  th e  s p e c t r u m  o f  t h e  D I P A B  in  o p a l ,  th e r e  a r e  a d d i t io n a l  l i n e s .  T h i s  i s  d u e  to  th e  

p r e s e n c e  o f  p a r t i c l e s  t h a t  a r e  in  a  d i f f e r e n t  c r y s t a l l in e  p h a s e .  A b o v e  th e  t e m p e r a t u r e  o f  th e  

f e r r o e le c t r i c  p h a s e  t r a n s i t i o n  f o r  b o th  s a m p l e s ,  o n l y  tw o  l i n e s  a r e  o b s e r v e d ,  c o r r e s p o n d in g  to  

tw o  c r y s t a l l in e  n o n e q u iv a le n t  c a r b o n  g r o u p s .

T h e  r e s u l t s  c o n f i r m  th e  p r e s e n c e  o f  t w o  s t r u c t u r a l  t r a n s i t i o n s  in  b u l k  D I P A B  ( o n e  o f  

w h ic h  c a n  b e  a t t r ib u t e d  t o  th e  f e r r o e le c t r i c  p h a s e  t r a n s i t io n ) .  I t  i s  s h o w n  t h a t  in  th e  D I P A B  

n a n o c o m p o s i t e ,  t w o  p h a s e s  c o e x i s t  in  a  w id e  t e m p e r a t u r e  r a n g e  ( P 2 i 2 i 2 i  a n d  P 2 i )  d u r in g  th e  

f i r s t  h e a t in g ,  a n d  th e  t e m p e r a t u r e  o f  th e  f e r r o e le c t r i c  p h a s e  t r a n s i t i o n  ( f r o m  P 2 i  to  P 2 i / m )  r i s e s  

a b o u t  7  K  c o m p a r e d  to  th e  b u l k  s a m p le .
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F i g u r e  1. 13C  N M R  C P -M A S  s p e c t r a  o f  D IP A B  a t  d i f f e r e n t  t e m p e r a t u r e s

F i g u r e  2. 13C  N M R  C P -M A S  s p e c t r a  o f  D IP A B  in  o p a l  a t  d i f f e r e n t  t e m p e r a t u r e s

In  c o n c l u s io n ,  N M R  m e t h o d s  a l l o w e d  s t r u c t u r a l  c h a n g e s  h a v e  b e e n  id e n t i f i e d  i n d ic a t in g  

a  m o r e  c o m p l e x  n a t u r e  t h a n  p r e v i o u s l y  th o u g h t .
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Magnetic resonance studies of atomic hydrogen in porous Ne 
at ultra-low temperatures

S. V a s i l i e v 1, J .  A h o k a s 1, J .  J a r v in e n 1, S. S h e lu d ia k o v 1, V. V. K h m e l e n k o 2 a n d  D . M . L e e 2

d e p a r t m e n t  o f  P h y s i c s  a n d  A s t r o n o m y  U n iv e r s ity  o f  T u rku , 2 0 5 0 0  T u rku , F in la n d ,  
2D e p a r t m e n t  o f  P h y s i c s  a n d  A str o n o m y , T e x a s  A & M  U n iv ers ity ,
C o l l e g e  S ta t io n , TX, 7 7 8 4 3 , USA  
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T h e  f r e e z i n g  t e m p e r a t u r e  o f  s o l i d  h y d r o g e n  m a y  b e  s i g n i f i c a n t l y  lo w e r e d  b e l o w  b u l k  

v a lu e  b y  e n c a p s u l a t i n g  i t  in  a  r e s t r i c t e d  g e o m e t r y .  T h i s  c a n  b e  r e a l i z e d  b y  s l o w  d e p o s i t i o n  o f  

m i x t u r e s  o f  r a r e  g a s e s  ( N e ,  K r )  a n d  m o l e c u l a r  h y d r o g e n  a t  s u f f i c i e n t l y  lo w  t e m p e r a t u r e s  [1 ] .  

T h e  f i l m s  d e p o s i t e d  a t  s u c h  c o n d i t io n s  e x h ib i t  a  h ig h  d e g r e e  o f  p o r o s i t y  w ith  n a n o - c lu s t e r s  o f  

H 2 in s id e  th e  p o r e s .  S m a l l  a m o u n t s  ( < 0 . 1 % )  o f  H 2 c a n  b e  d i s s o l v e d  in  th e  N e  c r y s t a l l in e  l a t t i c e .  

F r o m  o u r  p r e v i o u s  w o r k  w ith  m i x t u r e s  o f  H  i s o t o p e s  in c lu d in g  t r i t iu m ,  w e  g o t  a  t in y  a m o u n t  o f  

T  d i f f u s e d  in to  th e  m e t a l  o f  th e  s a m p l e  c e l l  w a l l s .  5 .7  k e V  e l e c t r o n s  r e s u l t i n g  f r o m  P - d e c a y  o f  

t r i t iu m  e s c a p e  f r o m  th e  w a l l s  a n d  f l y i n g  th r o u g h  th e  t h i c k n e s s  o f  th e  N e - Ш  f i l m s  l e a d  to  a  

d i s s o c i a t i o n  o f  m o l e c u l a r  h y d r o g e n  in to  a t o m s .  W e  u t i l i z e  E S R  a t  1 3 0  G H z  f o r  c h a r a c t e r i z a t io n  

o f  t h e  p r o p e r t i e s  o f  t h e s e  a t o m s  s t a b i l i z e d  in s id e  th e  N e - H  f i l m s  in  s t r o n g  m a g n e t i c  f i e l d s  o f  

4 . 6  T  a n d  t e m p e r a t u r e s  b e l o w  1 K .  W e  f o u n d  th a t  H  a t o m s  m a y  b e  t r a p p e d  in  tw o  d i f f e r e n t  

s u b s t i t u t io n a l  p o s i t i o n s  in  th e  N e  la t t i c e  a s  w e l l  a s  i n s id e  c l u s t e r s  o f  p u r e  m o l e c u l a r  H 2 in  th e  

p o r e s  o f  th e  N e  f i l m .  T h e  la t t e r  t y p e  o f  a t o m s  w a s  v e r y  u n s t a b le  a g a i n s t  r e c o m b in a t i o n  a t  

t e m p e r a t u r e s  0 .3 - 0 . 6  K .  B a s e d  o n  th e  o b s e r v e d  n e a r ly  in s t a n t  d e c a y s  a f t e r  r a p i d  s m a l l  i n c r e a s e s  

o f  t e m p e r a t u r e ,  w e  e v a l u a t e  th e  l o w e r  l i m i t  o f  th e  r e c o m b in a t i o n  r a t e  c o n s t a n t  kr >  5  1 0 -20 
c m 3s -1 a t  0 .6  K ,  f i v e  o r d e r s  o f  m a g n i t u d e  l a r g e r  th a n  th a t  p r e v i o u s l y  f o u n d  in  th e  th in  f i l m s  o f  

p u r e  H 2 a t  t h e  s a m e  t e m p e r a t u r e .  S u c h  b e h a v i o r  a s s u m e s  a  v e r y  h ig h  m o b i l i t y  o f  a t o m s  a n d  m a y  

in d ic a t e  a  s o l id - t o - l i q u id  t r a n s i t i o n  f o r  H 2 c l u s t e r s  o f  c e r t a in  s i z e s ,  s i m i l a r  t o  th a t  o b s e r v e d  in  

e x p e r i m e n t s  w ith  H 2 c l u s t e r s  in s id e  h e l iu m  d r o p l e t s  [ 2 ] .  W e  f o u n d  t h a t  th e  e f f i c i e n c y  o f  

d i s s o c i a t i o n  o f  H 2 in  n e o n  f i l m s  i s  e n h a n c e d  b y  2  o r d e r s  o f  m a g n i t u d e  c o m p a r e d  to  th a t  in  p u r e  

H 2 a s  a  r e s u l t  o f  s t r o n g  a c t io n  o f  s e c o n d a r y  e l e c t r o n s .
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Synthesis and NMR study of adducts of ninhydrin-derived 
azomethine ylide with cyclopropenes

S iq i  W ang , A l e x a n d e r  S. F i l a t o v ,  A l e x a n d e r  V. S t e p a k o v ,  S t a n is la v  I . S e l iv a n o v

In s t i tu t e  o f  C h e m is tr y , S t a t e  U n iv e r s ity  o f  S a in t -P e t e r s b u r g ,  U n iv e r s ity  p r o s p e c t  26 , 1 9 8 5 0 4 ,  
S a in t -P e t e r s b u r g ,  R u s s i a
E - m a i l s :  w a n g s iq i@ in b o x .r u ; n m r .g r o u p .s p b u @ g m a i l . c o m

Introduction
1 ,3 - D ip o l a r  c y c l o a d d i t i o n  o f  a z o m e t h in e  y l i d e s  w i t h  a l k e n e s  i s  a  u n iv e r s a l  s y n t h e t ic  t o o l  

f o r  c r e a t in g  f i v e - m e m b e r e d  n i t r o g e n - c o n t a in i n g  h e t e r o c y c l i c  f r a g m e n t s ,  w h ic h  a r e  p a r t  o f  m a n y  

n a tu r a l  a l k a l o i d s ,  a s  w e l l  a s  p h a r m a c o l o g i c a l l y  a n d  b i o l o g i c a l l y  im p o r t a n t  c o m p o u n d s .  

C y c l o p r o p e n e s  o c c u p y  a  s p e c i a l  p l a c e  a m o n g  a lk e n e s .  T h e i r  u n iq u e  r e a c t iv i t y  d u e  to  h ig h  r in g  

s t r a in  a n d  lo w  d i s t o r t i o n  e n e r g y  m a k e s  t h e m  v a l u a b l e  s y n t h e t ic  i n t e r m e d i a t e s  [ 1 - 3 ] .  W e  

s y n t h e s i z e d  a  s e r i e s  o f  a d d u c t s  o f  n i n h y d r in - d e r iv e d  a z o m e t h in e  y l i d e  w ith  c y c l o p r o p e n e s .  T h e  

p r o d u c t s  4  a r e  o b t a in e d  b y  r e a c t in g  n in h y d r in  1 , t r i p h e n y lc y c l o p r o p e n e  3  a n d  a m in o  a c i d s  2  in  

a  m i x e d  s o l u t io n  o f  m e t h a n o l ,  w a t e r  a n d  a c e t i c  a c i d  ( F i g u r e  1 ) . S t r u c t u r a l  a n a l y s i s  o f  th e  

p r o d u c t s  4 a - c  o b t a in e d  w a s  c a r r i e d  o u t  u s i n g  s o m e  p h y s i c a l  m e t h o d s  ( I R ,  M S ,  X - r a y  a n d  N M R -  

s p e c t r o s c o p y ) .

A m o n g  t h e m  N M R - s p e c t r o s c o p y  i s  o n e  o f  th e  m o s t  in f o r m a t iv e  a n d  s e n s i t i v e  m e t h o d  

f o r  d e t e r m in a t i o n  o f  a d d u c t  s p a t i a l  s t r u c t u r e  a n d  f o r  e s t i m a t io n  o f  t h e i r  c o n f o r m a t i o n a l  m o b i l i t y  

in  th e  s o l u t io n .  A p p l i c a t i o n  o f  N M R  s p e c t r o s c o p y  in  s t r u c t u r a l  a n d  c o n f o r m a t i o n a l  a n a l y s i s  i s  

m o s t l y  b a s e d  o n  m e a s u r e m e n t s  o f  s p in - s p in  c o u p l i n g  c o n s t a n t s  a n d  t h r o u g h - s p a c e  in t e r a c t io n s  

b e t w e e n  m a g n e t i c  n u c le i  in  th e  m o l e c u l e s  u n d e r  in v e s t i g a t io n .  R e l a t i o n s h i p  b e t w e e n  v i c i n a l  

s c a l a r  c o n s t a n t  3J  o n  d ih e d r a l  a n g l e  в  [ 4 ]  a n d  v e r y  s t r o n g  d e p e n d e n c e  o f  n u c l e a r  O v e r h a u s e r  

e f f e c t  ( n O e )  o n  in t e r n u c l e a r  d i s t a n c e  r :  T|(nOe) ~  r -6 [ 5 ]  a r e  w e l l - k n o w n  a n d  w i d e l y  u s e d  in  

p r a c t ic e .  In  t h i s  w o r k  th e  r e s u l t s  o f  N M R  s t u d y  o f  a d d u c t s  4 a - c  a r e  p r e s e n t e d .

Experiments and results
T h e  m a in  p r o b l e m  o f  s i g n a l  i d e n t i f i c a t i o n  in  'H  N M R  s p e c t r a  o f  c o m p o u n d s  4 a - c  i s  th e  

a b s e n c e  o f  s c a l a r  i n t e r a c t io n s  b e t w e e n  p r o t o n s  o f  d i f f e r e n t  a r o m a t i c  r in g s .  T h e r e f o r e  f o r  t h i s  

p u r p o s e ,  th e  N O E S Y  e x p e r i m e n t  d a t a  o n  t h r o u g h  s p a c e  in t e r a c t io n s  w e r e  u s e d  m o s t  i n t e n s i v e ly .  

C O S Y  m e t h o d  tu r n e d  o u t  to  b e  u s e f u l  f o r  f in d in g  in  th e  s p e c t r u m  o f  o r t o - p r o t o n  s i g n a l s  H 28, 

H 29 o f  r in g  “ b ”  a t  6 . 4 2  p p m  a n d  H 16, H 17 o f  r in g  “ d ”  a t  7 . 4 6  p p m  f o r  a d d u c t  4 c  d u e  t o  th e  lo n g -  

r a n g e  s c a l a r  in t e r a c t io n s  w ith  p r o t o n s  H 13 ( 3 .3 6  p p m )  a n d  H 14 ( 2 .6 4 ,  2 . 7 8  p p m ) ,  r e s p e c t i v e l y .  

In  c a s e  o f  c o m p o u n d  4 c  th e  s i g n a l s  o f  th e  f o u r  p r o t o n s  H 1- H 2- H 3- H 4 a r e  l o c a t e d  in  r e g io n  7 .5 5  

-  7 .8  p p m  a n d  r e p r e s e n t  a  s t r o n g l y  c o u p l e d  s y s t e m  o f  th e  A B C X - t y p e ,  in  w h ic h  s i g n a l  a t  7 .7 7  

p p m  i s  a n  X - p r o t o n  a n d ,  o b v i o u s l y ,  i t  b e l o n g s  t o  e i t h e r  th e  p r o t o n  H 1 o r  H 4.
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T h e  c h o ic e  b e t w e e n  t h e m  w a s  m a d e  in  f a v o r  o f  th e  p r o t o n  H 4 o n  th e  b a s i s  o f  d e t e c t in g  

in  th e  N O E S Y  s p e c t r u m  a  v e r y  s m a l l  c r o s s - p e a k  b e t w e e n  th e  s i n g l e t  s i g n a l  o f  H 13 a t  3 .3 6  p p m  

a n d  th e  d o u b l e t  s i g n a l  u n d e r  s t u d y  a t  7 .7 7  p p m  s i n c e ,  in  a c c o r d a n c e  w i t h  th e  c a lc u la t i o n  b y  th e  

m o l e c u l a r  m e c h a n ic s  m e t h o d  M M 2 ,  th e  d i s t a n c e  r i 3-4 =  5 .6 6  A  i s  m u c h  l e s s  th a n  th e  d i s t a n c e  

r i 3-i =  7 .0 5  A .  A s  a n  e x a m p l e  o f  c o m p le t e  s i g n a l  a s s i g n m e n t s  1H  N M R  s p e c t r u m  o f  c o m p o u n d  

4 c  a r e  s h o w n  in  F i g u r e  2 .

F ig u r e  2. S ig n a l  a s s ig n m e n ts  in  ]H  N M R  s p e c t r u m  o f  c o m p o u n d  4 c  in  C D C I3 a n d  s p a t i a l  
s t r u c tu r e  o f  its  m o s t  p r e f e r r e d  c o n fo r m a t io n .  N u m b e r in g  o f  a t o m s  is  s h o w n  b y  f i g u r e s  a n d  

a r o m a t i c  r in g s  m a r k e d  w ith  l e t t e r s  “a  ”, “b ”, “c ” a n d  “d ”. S o m e  in t e r p r o t o n  d i s t a n c e s  a r e  
s h o w n  b y  d o u b le  a r r o w s  a n d  th e ir  c a l c u l a t e d  (M M 2) v a lu e s  a r e  g iv e n  in  a n g s t r o m s  (A)

C o m p a r i s o n  a t  a  q u a l i t a t iv e  l e v e l  o f  th e  c r o s s - p e a k  in t e n s i t ie s  in  th e  N O E S Y  s p e c t r u m  

c o n f i r m s  th e  s t r u c t u r e  o f  c o m p o u n d  4 c  in  w h ic h  th r e e  p h e n y l  g r o u p s  “ a ” , “ b ”  a n d  “ c ”  a t  c a r b o n s  

( r e s p e c t i v e l y )  C 12, C 13 a n d  C 11 o f  th e  c y c l o p r o p a n e  r in g  a r e  f a c i n g  u s  a n d  th e  t o l y l  g r o u p  “ d ”  a t  

c a r b o n  C 10 i s  b a c k  to  u s .  I n  t h i s  c a s e  p r o t o n  H 10 i s  f a r  f r o m  b o t h  th e  N - H  p r o t o n  ( 2 .8  A )  a n d  th e  

H 13 p r o t o n  ( 3 .8  A ) ,  w h i le  th e  d i s t a n c e  rNH-H13 i s  o n ly  2 .3  A  ( F i g u r e  3 ) .

Q u a n t i t a t iv e  c o m p a r i s o n  o f  th e  in t e n s i t y  r a t io  o f  c r o s s  p e a k s  1 3 / 1 4 p  a n d  1 3 / 1 4 a  w h ic h  

i s  e q u a l  o n l y  to  3 .8  w i t h  i t s  c a l c u l a t e d  v a l u e  1 2 .7  f o r  th e  m o s t  p r e f e r r e d  c o n f o r m a t i o n  ( A )  o f  

c o m p o u n d  4 c ,  in  w h e r e  th e  p r o t o n  H 14e i s  s i t u a t e d  in  th e  t r a n s - o r ie n ta t io n  r e l a t iv e  to  th e  p r o t o n  

H 10 ( s e e  N e w m a n ’s  p r o j e c t i o n  f o r  c o n f o r m e r  ( A )  in  F i g u r e  3 ) ,  a s  w e l l  a s  th e  u n d e r e s t im a t e d  

v a lu e  o f  th e  v i c i n a l  c o n s t a n t  J 10-14P =  8 .9  H z  c o m p a r e d  to  i t s  c a l c u l a t e d  v a l u e  o f  1 1 .8 8  H z  p r o v e  

th e  e x i s t e n c e  o f  p r o d u c t  4 c  in  th e  f o r m  o f  f a s t  ( in  N M R  t i m e  s c a l e )  c o n f o r m a t i o n a l  e q u i l ib r iu m  

( A )  ( B ) ,  w h ic h  i s  a s s o c i a t e d  w i t h  a  h in d e r e d  r o t a t i o n  o f  th e  t o l y l  g r o u p  a r o u n d  C 10- C 14 b o n d .

T h e  e x p e r i m e n t a l  d e t e r m in a t i o n  o f  th e  f r a c t i o n  o f  th e  m i n o r  c o n f o r m e r  ( B )  w a s  o b t a in e d  o n  th e  

b a s i s  o f  th e  v a lu e  J 10-14P =  8 .9  H z  a n d  tw o  c a l c u l a t e d  i t s  v i c i n a l  c o n s t a n t  v a l u e s  1 1 .8 8  a n d  2 .6 9  

H z  f o r  c o n f o r m e r s  ( A )  a n d  ( B ) ,  r e s p e c t i v e l y .  T h e  f r a c t i o n  o f  th e  c o n f o r m e r  ( B )  e q u a l s  to  

( 3 2  ±  3 ) % .
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F ig u r e  3. F r a g m e n t s  o f  r ig id  p a r t  o f  a d d u c t  4 c  f o r  m o s t  p r e f e r r e d  c o n fo r m e r s  (A ) a n d  (B )  
o n  w h ic h  b y  u s in g  d o u b le  a r r o w s  s o m e  im p o r ta n t  in t e r p r o t o n  d i s t a n c e s  гн -н  a n d  d i h e d r a l  

a n g le s  6h -h  a r e  s h o w n  a n d  t h e ir  c a l c u la t e d  (M M 2) v a lu e s  a r e  g iv e n  b y  f i g u r e s  
in  a n g s t r o m s  (A) o r  in a n g le  d e g r e e s  (°), r e s p e c t iv e ly .  T h e  v ic in a l  c o n s t a n t  v a lu e s  (in  H z)  
b e t w e e n  p r o t o n s  o f  f r a g m e n t  C 10H - C 14H 2, c a l c u la t e d  o n  b a s e  K a r p lu s - t y p e  r e l a t io n s h ip  

3JH-Hcala =  f(0H -H) [ 6 ] ,  a r e  s h o w n  o n  N e w m a n 's  p r o j e c t i o n  r e l a t iv e ly  C 10- C 14 b o n d

Conclusion
U s i n g  N M R  s p e c t r o s c o p y ,  w e  e s t a b l i s h e d  th e  s t r u c t u r e  o f  th e  p r o d u c t s  in  r e a c t io n  o f  

n in h y d r in - d e r iv e d  a z o m e t h in e  y l i d e  w i t h  c y c l o p r o p e n e s  a n d  p r o v e d  th e  e x i s t e n c e  o f  f a s t  ( o n  th e  

N M R  t i m e  s c a l e )  t w o - p o s i t i o n  c o n f o r m a t i o n a l  e q u i l ib r iu m  in  th e  s o l u t io n  a s s o c i a t e d  w ith  

h in d e r e d  r o t a t i o n  o f  th e  t o l y l  g r o u p  a r o u n d  C 10- C 14 b o n d .  T h e  r a t io  o f  c o n f o r m e r s  in  a  C D C h  a t  

th e  t e m p e r a t u r e  2 0  ° C  h a s  b e e n  d e t e r m in e d .
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NMR and EPR in mechanochemically synthesisized 
chalcopyrite nanocrystals

R a d i k  R . Z a v n u llin 1, S t a n is la v  O. G a r k a v y i1, E k a t e r i n a  V. S h m id t1, S t a n is la v  V. S h m id t1, 
V a d im  L . M a tu k h in 1, N ik o l a y  K . A n d r e e v 1, E r i k a  D u t k o v a 2

1K a z a n  S t a t e  P o w e r  E n g in e e r in g  U n iv ers ity , K a z a n , 4 2 0 0 6 6 , R u s s i a  
2In s t i tu t e  o f  G e o t e c h n ic s ,  S l o v a k  A c a d e m y  o f  S c i e n c e s ,  K o s i c e ,  S l o v a k i a  
E - m a i l :  o l o l o i e v 7 7 @ m a i l . r u

Introduction
R e c e n t l y ,  s e m i c o n d u c t o r  n a n o c r y s t a l s  o f  c h a l c o p y r i t e  C u F e S 2 h a v e  a t t r a c t e d  s p e c i a l  

a t t e n t io n  a s  m a t e r i a l s  f o r  p o s s i b l e  a p p l i c a t i o n  in  t e c h n o l o g i e s  o f  d i r e c t  e n e r g y  c o n v e r s io n .  T h e  

p o s s i b i l i t y  o f  th e  t u n in g  th e  v a lu e  o f  th e  b a n d  g a p  in  w id e  r a n g e  c a u s e d  a n  in t e r e s t  in  n a n o c r y s t a l  

c h a l c o p y r i t e  f o r  i t s  u s e  in  s o l a r  c e l l s .  S o m e  i n v e s t i g a t i o n s  [ 1 ,  2 ]  s h o w  th a t  C u F e S 2 n a n o p a r t i c l e s  

h a v e  a  l a r g e r  b a n d  g a p  ( 1 .0 6  e V  in  [ 1 ]  a n d  0 . 9  e V  in  [ 2 ] )  th a n  b u l k  c h a lc o p y r i t e  ( 0 .6  e V ) .  A n d  

t h i s  f e a t u r e  d e p e n d s  o n  th e  s i z e  a n d  s h a p e  o f  th e  p a r t i c l e s .  T h e r e b y ,  s o m e  s c i e n t i f i c  g r o u p s  

d e v o t e d  a  s p e c i a l  a t t e n t io n  to  th e  d e v e lo p m e n t  o f  n e w  m e t h o d s  f o r  th e  p r e p a r a t i o n  o f  

c h a l c o p y r i t e  n a n o c r y s t a l s  [ 3 - 5 ] .  T h e s e  f a c t s  s t im u la t e d  a u t h o r s  o f  th e  p a p e r  to  p e r f o r m  

m e a s u r e m e n t s  o f  th e  m a g n e t i c  f e a t u r e s  o f  th e  a  n a n o c r y s t a l  p o w d e r  s a m p l e  o f  c h a l c o p y r i t e  

C u F e S 2 p r e p a r e d  b y  m e c h a n o c h e m ic a l  s y n t h e s i s  [ 3 ,  4 ,  6 , 7 ]  b y  th e  63’65C u  n u c le a r  m a g n e t i c  

r e s o n a n c e  ( N M R )  in  a  l o c a l  f i e l d  a n d  e l e c t r o n  p a r a m a g n e t i c  r e s o n a n c e  ( E P R )  m e t h o d s .

A brief review of available results of the investigation of the 
physical properties of chalcopyrite CuFeS2 samples

T h e  s t u d i e d  n a n o c r y s t a l  s a m p l e s  o f  C u F e S 2 w e r e  p r e p a r e d  b y  u s i n g  m e c h a n o c h e m ic a l  

s y n t h e s i s  b y  h ig h - e n e r g y  m i l l in g  f o r  6 0  m i n  in  a  p l a n e t a r y  m i l l  f r o m  c o p p e r ,  i r o n  a n d  s u lp h u r  

e l e m e n t s  [ 1 ] .  T h e  m e a s u r e d  t e m p e r a t u r e  d e p e n d e n c e  o f  m a g n e t i z a t i o n  M ( T )  r e p r e s e n t s  i t s e l f  

th e  c u r v e  w ith  s m o o t h  in c r e a s i n g  to  th e  d i r e c t i o n  o f  l o w  t e m p e r a t u r e s .  I t  e x h i b i t s  a  s m a l l  

s h o u ld e r  a t  1 2 5  K  a n d  s h a r p  i n c r e a s i n g  a t  t e m p e r a t u r e s  l o w e r  th a n  5 0  K .  T h e  lo w - t e m p e r a t u r e  

a n d  h ig h - p r e s s u r e  t h e r m o e l a s t i c  a n d  s t r u c t u r a l  p r o p e r t i e s  o f  c h a l c o p y r i t e ,  C u F e S 2 w e r e  s t u d i e d  

b y  K .  S .  K n i g h t  e t  a l  [ 8 ] .  T h e  t e m p e r a t u r e  d e p e n d e n c e s  o f  th e  u n i t - c e l l  d im e n s i o n s  a  a n d  c  

s h o w e d  th e  m i n i m a  a t  ~ 8 6  K  a n d  —1 3 1  K ,  r e s p e c t i v e l y .  T h e  u n it  c e l l  v o l u m e  h a s  a  m i n im u m  a t  

a b o u t  1 0 0  K .  T h e  M o s s b a u e r  s p e c t r a  o f  t h e s e  s a m p l e s  in d ic a t e d  t o  th e  C u +F e 3+ S 22- v a l a n c e  s t a t e  

o f  c h a l c o p y r i t e .  In  th e  r e p o r t e d  r e s u l t s  o f  th e  m a g n e t i c  s u s c e p t i b i l i t y  m e a s u r e m e n t s  in  a p p l i e d  

m a g n e t i c  f i e l d s  o f  0 .1 ,  0 .5  a n d  2 . 0  T ,  in  e a c h  c a s e  a  c u s p - l i k e  a n o m a l y  i s  o b s e r v e d ,  w h ic h  

s u g g e s t s  th e  o n s e t  o f  a d d i t io n a l  a n t i f e r r o m a g n e t i c  o r d e r in g .  T h e  l o c a l  m a x i m a  o f  t h e s e  c u s p s  

a r e  f o u n d  t o  b e  a t  th e  t e m p e r a t u r e s  5 5 .0  K ,  5 2 .6  K  a n d  5 2 .3  K ,  r e s p e c t i v e l y .  T h e  a n o m a l y  n e a r  

5 5  K  in  e a c h  s e t  o f  d a t a  i s  i n d ic a t iv e  o f  a  s m a l l  a n t i f e r r o m a g n e t i c  t r a n s i t io n  id e n t i f i e d  b y  

W o o l l e y  e t  a l .  ( 1 9 9 6 )  [9 ]  a s  th e  o r d e r in g  o f  th e  c o p p e r  m a g n e t i c  m o m e n t s .

A  p y r i t e / c h a l c o p y r i t e  m i n e r a l  s a m p l e  f r o m  M a n g a m p e t  b a r i t e  m in e ,  K a d a p a ,  A n d h r a  

P r a d e s h ,  I n d i a  i s  u s e d  in  th e  p r e s e n t  s t u d y .  A n  E P R  s t u d y  o n  th e  p o w d e r e d  p y r i t e  s a m p le  

c o n f i r m s  th e  p r e s e n c e  o f  i r o n  w h e r e a s  in  c h a lc o p y r i t e  b o th  i r o n  a n d  M n ( I I )  a r e  p r e s e n t .  T h e  

E P R  s p e c t r u m  o f  p y r i t e  r e p r e s e n t s  th e  w id e  l in e  a t  g  =  2 .3 .  T h e  o p t i c a l  a b s o r p t io n  s p e c t r u m  o f  

c h a l c o p y r i t e  i s  d u e  t o  c o p p e r ,  w h ic h  i s  in  a  d i s t o r t e d  o c t a h e d r a l  e n v ir o n m e n t  [ 10 , 11 ]

NMR spectrum of 63'65Cu in a local field
T h e  63,65C u  N M R  s p e c t r a  in  a  l o c a l  f i e l d  f o r  th e  n a n o p o w d e r  s a m p l e  o f  C u F e S 2 ( F i g .  1 a )  

r e p r e s e n t  i t s e l f  t w o  w id e  l i n e s  w ith  m a x i m a  a t  th e  f r e q u e n c i e s  c o r r e s p o n d in g  t o  c e n t r a l  N M R  

t r a n s i t i o n s  ( 1 / 2  < - >  - 1 / 2 )  o f  t w o  n u c le a r  s p i n s  o f  i s o t o p e s  63C u  a n d  65C u .  S a t e l l i t e  l i n e s ,  f o r  th e  

t r a n s i t i o n s  ( - 3 / 2  < - >  - 1 / 2 )  a n d  ( 1 / 2  < - >  3 / 2 )  r e g i s t e r e d  f o r  t h e  n a t u r a l  C u F e S 2 in  F i g u r e  1 b , w e r e  

n o t  o b s e r v e d  in  th e  c a s e  o f  m e c h a n o c h e m i c a l l y  s y n t h e s i z e d  n a n o c r y s t a l s .
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F ig u r e  1. N M R  s p e c t r u m  o f 63,65C u  in  a  l o c a l  f i e l d  a t  7 7  K  in  C u F e S 2 s a m p le s ,  
a  -  m e c h a n o c h e m ic a l ly  s y n t h e s iz e d  n a n o p o w d e r  s a m p le ,  b  -  n a t u r a l  m i n e r a l  s a m p l e

T h e  o b s e r v e d  d i f f e r e n c e  o f  th e  s p e c t r a l  l in e  f o r m  o f  th e  n a n o c r y s t a l  s a m p l e  o f  

c h a l c o p y r i t e  o f  th a t  o f  63,65C u  N M R  o f  a  s e m i c o n d u c t o r  s a m p le  o f  n a tu r a l  c h a l c o p y r i t e  a l l o w s  

u s  to  s u g g e s t  th a t  th e  m a g n e t i c  s t r u c t u r e  o f  th e  n a n o c r y s t a l  s a m p l e  i s  m o r e  c o m p l e x  a n d  

a s s o c i a t e d  w ith  i t s  d e f e c t i v e  s t r u c t u r e .  A c c o r d i n g  t o  th e  r e s u l t s  o f  t h e  s t u d y  i t  w a s  c o n c l u d e d  

th a t  th e  n a n o c r y s t a l  s a m p l e  o f  m e c h a n i c a l l y  s y n t h e s i z e d  C u F e S 2 h a s  th e  h e t e r o g e n e o u s  s t a te :  

s i m u l t a n e o u s ly  in  a  p o w d e r  p a r a m a g n e t i c  a n d  f e r r o m a g n e t i c  s t a t e s  c o e x i s t  in  a n  

a n t i f e r r o m a g n e t i c  m a t r i x .  T h e  e x p e r i m e n t a l l y  o b s e r v e d  N M R  s p e c t r a  o f  63’65C u  a r e  p r o b a b ly  

d u e  to  a n t i f e r r o m a g n e t i c  o r d e r e d  a r e a s  o f  c h a l c o p y r i t e  n a n o c r y s t a l s .  T h e  s a t e l l i t e  l i n e s  o f  th e  

s p e c t r a  c a n n o t  b e  o b s e r v e d  d u e  t o  d e f e c t i v e n e s s  o f  a  n a n o p o w d e r  u n d e r  s t u d y  th a t  l e a d s  t o  h ig h  

s p r e a d  o f  l o c a l  e l e c t r i c  a n d  m a g n e t i c  f i e l d s ,  l a r g e  w id t h  o f  r e s o n a n c e  l i n e s  w ith  lo w  a m p l i t u d e s  

[ 1 2 ,  1 3 ] .

EPR measurements
E P R  s p e c t r a  f o r  c h a l c o p y r i t e  p o w d e r e d  s a m p l e s  w e r e  r e c o r d e d  u s i n g  a  V a r i a n  E 1 2  

X - b a n d  s p e c t r o m e t e r  b o t h  a t  r o o m  ( R T )  a n d  l i q u i d  n i t r o g e n  t e m p e r a t u r e  ( L N T )  o p e r a t in g  a t  X  

b a n d  f r e q u e n c y  ( u  =  9 . 4 0 6 2 0  G H z  f o r  c h a l c o p y r i t e )  h a v i n g  a  1 0 0  k H z  f i e l d  m o d u la t i o n  to  

o b t a in  f i r s t  d e r iv a t iv e  E P R  s p e c t r u m .  D P P H  w ith  a  g  v a l u e  o f  2 . 0 0 2 3  i s  u s e d  f o r  g  f a c t o r  

c a lc u la t i o n .
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F ig u r e  2. E P R  s p e c t r a  o f  t h e  n a n o p o w d e r  s a m p l e  o f  C u F e S 2: 1 ( b la c k )  -  a t  3 0 0  K , l in e w id th  
A H  =  1 4 3 8  G s ;  2  ( r e d )  -  7 7  K , A H  =  5 5 9  G s ;  t h e  r e s o n a n c e  f i e l d  H 0  =  5 0 0 0  G s  (0 .5  T), 

w a v e le n g th  A  =  3 .2  c m ; s w e e p  r a n g e  1 0 0 0 0  G s ;  s w e e p  t im e  4  m in

T h e  F i g .  2  i l lu s t r a t e s  th a t  t h e r e  i s  n o  h y p e r f in e  s t r u c t u r e  in  a l l  E S R  s p e c t r a  o f  th e  

i n v e s t i g a t e d  p o w d e r  s a m p l e s .  T w o  t y p e s  o f  l i n e s  c a n  b e  d i s t i n g u i s h e d :  1 )  th e  w id e  l i n e s  n e a r  g  

=  2 . 3 ;  2 )  th e  n a r r o w  l i n e  o f  th e  v e r y  s m a l l  in t e n s i t y  a t  g  =  2 . 0 0 2 3 .  A s  c a n  b e  s e e n  f r o m  th e  F ig .  

2 ,  th e  s p e c t r u m  a t  3 0 0  K  w ith  g  =  2 .3  r e p r e s e n t s  th e  i n t e n s i v e  w id e  l in e  w ith  A H  =  1 4 3 8  G s  

( 0 .1 4 3 8  T )  w h e r e a s  th e  s p e c t r u m  a t  7 7  i s  o f  l e s s  in t e n s i t y  a n d  n a r r o w e r  ( 5 5 9  G s  o r  0 . 0 5 5 9  T ) .  

T w o  in t e r p r e t a t io n s  c a n  b e  s u g g e s t e d  t o  e x p l a i n  th e  o b s e r v e d  E P R  s p e c t r a .

T h e  f i r s t  o n e  c o n s i s t s  o f  th a t  th e  h ig h  t e m p e r a t u r e  s p e c t r u m  ( a t  3 0 0  K )  i s  d u e  t o  F e 3+ 

s t a t e  o f  i r o n  w ith  S = 5 / 2  in  a  c r y s t a l  t e t r a h e d r a l  p o s i t i o n .  B e c a u s e  th e  n a n o c r y s t a l  p a r t i c l e s  a r e  

in  a  s t r e s s e d  a n d  d e f e c t i v e  s t a t e  th e  E P R  l in e  i s  w id e .  S u c h  w id e  s p e c t r a  w i t h  g  =  2 .1  -  2 . 4  d u e  

to  F e 3+  s t a t e  o f  i r o n  w e r e  r e c o r d e d  in  n a tu r a l  m i n e r a l s  s u c h  a s  m o n t m o r i l lo n i t e  [ 1 4 ] ,  p y r i t e  [ 1 0 ]  

k a o l i n i t e s  [ 5 ]  a n d  a l s o  in  p o l y m e r s  [6 ] .  A s  e x p e r i e n c e  s h o w s ,  th e  g - f a c t o r  v a l u e  f o r  s u c h  

s a m p l e s  i s  d e p e n d e n t  o n  th e  o r i g in  a n d  t e c h n o l o g y  o f  a  s a m p l e  p r e p a r a t i o n .  T h e  h y p e r f in e  

s t r u c t u r e  o f  th e  s p e c t r u m  c a n n o t  b e  r e c o r d e d  d u e  t o  h ig h  v a l u e s  o f  th e  l in e w id t h .  T h e  s p e c t r u m  

a t  7 7  K  c a n  b e  a t t r ib u t e d  t o  th e  p h e n o m e n o n  o f  e x c h a n g e  l in e  n a r r o w in g .  T h e  r e g u l a r  a n d  p a i r  

w i s e  o r g a n i z a t io n  o f  i r o n  s p i n s  c a n  f a v o r  t o  s u c h  l i n e  n a r r o w in g .  T h u s ,  in  c o n n e c t i o n  w ith  th e  

m i n im a  o f  th e  t e m p e r a t u r e  d e p e n d e n c e s  o f  th e  u n i t - c e l l  d im e n s i o n s  a  a n d  c  s h o w e d  th e  m i n im a  

a t  ~ 86  K  a n d  —1 3 1  K ,  r e s p e c t i v e l y ,  th a t  o f  t h e  u n it  c e l l  v o l u m e  a t  a b o u t  1 0 0  K ,  th e  c h a n g e  o f  

th e  s i g n  o f  th e  t h e r m a l  l i n e a r  a n d  v o lu m e t r i c  e x p a n s io n ,  h ig h e r  v a l u e  o f  m a g n e t i z a t i o n  ( 0 .0 0 8 2  

e m u / g  a t  3 0 0  K  a n d  0 . 0 0 9 4  e m u / g  a t  7 7  K )  E P R  l in e  n a r r o w in g  a t  7 7  K  c a n  b e  a s c r i b e d  to  

h ig h e r  th a n  a t  3 0 0  K  e x c h a n g e  in t e r a c t io n s  b e t w e e n  a d ja c e n t  s p in s  o f  F e 3+  io n s .

T h e  s e c o n d  e x p la n a t io n  i s  th a t  th e  n a r r o w  a n d  l e s s  i n t e n s i v e  l i n e  a t  7 7  K  i s  d u e  to  th e  

p h e n o m e n o n  o f  s p in  c r o s s o v e r .  S p i n  C r o s s o v e r  ( S C O )  i s  a  p h e n o m e n o n  th a t  o c c u r s  in  s o m e  

m e t a l  c o m p l e x e s  w h e r e in  th e  s p in  s t a t e  o f  th e  c o m p l e x  c h a n g e s  d u e  to  e x t e r n a l  s t im u l i  s u c h  a s  

a  v a r i a t io n  o f  t e m p e r a t u r e ,  p r e s s u r e ,  l i g h t  i r r a d i a t io n  o r  a n  in f lu e n c e  o f  a  m a g n e t i c  f i e ld .  T h e  

p r o o f  o f  t h i s  a s s u m p t i o n  i s  th a t  th e  in t e g r a l  in t e n s i t y  o f  th e  E P R  l in e  ( J  f ( H ) d H )  d e c r e a s e s  

w ith  d e c r e a s i n g  t e m p e r a t u r e .  A c c o r d i n g  t o  th e  B o l t z m a n n  la w ,  th e  in t e g r a l  in t e n s i t y  o f  th e  l in e  

s h o u ld  in c r e a s e  a s  th e  t e m p e r a t u r e  d e c r e a s e s  [ 1 5 - 1 7 ] .
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A t  th e  s a m e  t i m e ,  i t  c a n  b e  n o t e d  t h a t  t h e s e  t w o  v e r s i o n s  o f  th e  e x p la n a t io n  d o  n o t  

c o n t r a d i c t  e a c h  to  o th e r .  B o t h  e f f e c t s  c a n  o c c u r  s i m u l t a n e o u s ly .
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Introduction
T h e  in c r e a s e  in  l i f e  e x p e c t a n c y  in  d e v e l o p e d  c o u n t r i e s  h a s  d r a w n  th e  a t t e n t io n  o f  

s c i e n t i s t s  t o  th e  p r o b l e m s  o f  a g e - r e l a t e d  l o s s  o f  m u s c l e  t i s s u e .  A s  a  r u le ,  th e  a g e - r e l a t e d  d e c r e a s e  

in  m u s c l e  f i b e r s  i s  a c c o m p a n i e d  b y  th e  g r o w t h  o f  a d i p o s e  t i s s u e .  I t  w a s  a l s o  n o t e d  th a t  in  s o m e  

c a s e s ,  f a t  c e l l s  c a n  i n c r e a s e  in  s i z e  a n d  a t  th e  s a m e  t i m e  t r i g g e r  a n  o v e r - e x p r e s s i o n  o f  th e  

p r o t e in :  N - m e t h y l t r a n s f e r r a s e  n i c o t in a m i d e  ( N N M T ) .  T h i s  p r o t e in  m a n i f e s t s  i t s e l f  a s  a  

m e t a b o l i c  in h ib i to r ,  b e c a u s e  o f  w h ic h  i t  i s  in c r e a s i n g l y  d i f f i c u l t  f o r  c e l l s  t o  b u r n  f a t .  A s  a  r e s u lt ,  

a  p r o c e s s  i s  l a u n c h e d  in  w h ic h  w e i g h t  i n c r e a s e s ,  l e a d in g  t o  s i g n i f i c a n t  d e t e r i o r a t io n  o f  th e  

q u a l i t y  o f  l i f e  o f  n o t  o n l y  th e  o l d  b u t  a l s o  th e  y o u n g e r  p e o p l e .  A  d r u g  s o l u t io n  t o  t h i s  p r o b l e m  

i s  a s s o c i a t e d  w ith  th e  d e v e lo p m e n t  o f  d r u g s  th a t  c a n  a c t i v e l y  b l o c k  th e  a c t io n  o f  N N M T  in  f a t  

c e l l s  a n d  s p e e d  u p  th e  m e t a b o l i c  p r o c e s s .  In  th e  n e w  w o r k  [1 ]  i t  i s  r e p o r t e d  a b o u t  th e  

d e v e lo p m e n t  o f  s u c h  a  d r u g  a n d  i t s  f i r s t  s u c c e s s f u l  t e s t s  o n  m ic e .

H o w e v e r ,  s o  f a r  t h e r e  a r e  n o  t r e a t m e n t s  th a t  c o u l d  d e l a y ,  s t o p  o r  r e v e r s e  a g e - r e l a t e d  

m u s c l e  d e g e n e r a t i o n .  F o r  p e o p l e  w ith  g o o d  g e n e t i c  in h e r i t a n c e ,  t h i s  p r o c e s s  c a n  b e  p a r t i a l l y  

s l o w e d  d o w n  w ith  e x e r c i s e .  H o w e v e r ,  t h i s  r a i s e s  th e  q u e s t i o n  o f  t h e  d u r a t io n  a n d  in t e n s i t y  o f  

p h y s i c a l  e x e r t io n .  In  t h i s  r e g a r d ,  i t  i s  o f  in t e r e s t  t o  d e v e l o p  s u c h  w i d e l y  a v a i l a b l e  d e v i c e s  th a t  

c a n  a l l o w  y o u  to  c o n t r o l  th e  p r o c e s s  o f  a d i p o s e  d e s t r u c t i o n  o f  m u s c l e  t i s s u e .  I t  i s  k n o w n ,  th a t  

th e  d y n a m i c s  o f  th e  p r o t o n  m a g n e t i z a t i o n  o f  l i v in g  t i s s u e s ,  d e t e r m in e d  b y  th e  t i m e s  o f  s p in -  

l a t t i c e  a n d  s p in - s p in  r e l a x a t i o n ,  i s  v e r y  s e n s i t i v e  to  c h a n g e s  in  th e  c o n c e n t r a t i o n s  o f  a c t iv e  

m e t a b o l i t e s ,  w h ic h  c a n  b e  u s e d  t o  e s t i m a t e  a g e - r e l a t e d  c h a n g e s .

1. Description of the experimental setup
E a r l i e r  in  w o r k s  [ 2 ] ,  th e  d e v e lo p m e n t  o f  a  m i n i - N M R  t o m o g r a p h  u s i n g  a  p e r m a n e n t  

d e s k t o p  m a g n e t  w ith  a  f i e ld  B  =  0 . 1 2 8  T  w a s  r e p o r te d .  T h e  u s e  o f  t h i s  t y p e  o f  a  d e v i c e  t u r n s  

o u t  t o  b e  m o r e  e f f e c t i v e  in  th e  r e g i s t r a t i o n  m o d e  o f  th e  r e l a x a t i o n  t i m e  [ 8 ] .  M o r e o v e r ,  i f  l i n e a r  

r e c o r d in g  o f  th e  s i g n a l  a m p l i t u d e s  ( a t  th e  l e v e l  o f  d A / A  < 1 % )  in  s u c h  N M R  r e l a x o m e t e r s  i s  

e n s u r e d ,  th e n  th e  p a r a m e t e r s  T 1  a n d  T 2  c a n  r e c o r d  th e  d y n a m i c s  o f  m e t a b o l i c  p r o c e s s e s .

In  th e  p r e s e n t  v e r s i o n  o f  o u r  N M R  t o m o g r a p h ,  s p i n  e c h o  s i g n a l s  w e r e  r e c o r d e d  u s in g  

r e s o n a n t  in d u c t a n c e  o f  th e  s u r f a c e  t y p e .  I t  i s  m a d e  in  th e  f o r m  o f  a n  a n n u la r  w in d i n g  c o n t a i n in g  

2 0  c o n d u c t o r s  ( r in g  d i a m e t e r  =  2 7  m m )  a n d  h a v i n g  a  b e n d  f o r  o p t im a l  s e m i - c o v e r a g e  o f  a  

c y l in d r i c a l  a m p o u le  o r  a  p o r t io n  o f  th e  m u s c l e  t i s s u e  o f  t h e  p a l m  o f  a n  e x p e r i m e n t  p a r t i c ip a n t

( F i g .  1 ).
T h e  r e s o n a n c e  in d u c t a n c e  w a s  s h i e l d e d  f r o m  th e  s a m p l e  u n d e r  i n v e s t i g a t i o n  b y  a n  

e l e c t r o s t a t i c  s c r e e n .  T h e  s c r e e n  i s  a  c u r v e d  p l a n e  c o n t a i n in g  a  s e t  o f  t h in  c o n d u c t o r s  g r o u n d e d  

a t  o n e  e n d .  S u c h  a  s c r e e n  d o e s  n o t  r e d u c e  th e  Q - f a c t o r  o f  th e  r e s o n a n t  c i r c u i t  a n d  a l l o w s  o n e  to  

m a in t a in  s t a b l e  c o n d i t i o n s  w ith  th e  o p t im a l  s e t t in g s  o f  t h e  r a d io  f r e q u e n c y  r e s o n a n c e  w h e n  

e x a m i n in g  o b je c t s  o f  v a r i o u s  s h a p e s .  T h e  d e v i c e  c o n s u m e s  n o  m o r e  th a n  3 0  w a t t s  o f  p o w e r ,  

h a s  a  c o m p a c t  d e s i g n  a n d  c a n  b e  c o n t r o l l e d  f r o m  a  l a p t o p .  T h e  d e c r e a s e  in  s i g n a l  a m p l i t u d e s  

f o r  a m p o u l e s  w ith  w a t e r  s o l u t io n s  i s  w e l l  d e s c r i b e d  b y  a  s i n g l e  e x p o n e n t  A  ( t )  =  A o  x  e x p  ( - t  /  

T 2 o ) .  H o w e v e r ,  in  l i v i n g  t i s s u e s ,  th e  d e c r e a s e  in  th e  N M R  a m p l i t u d e  o f  e c h o  s i g n a l s  f r o m  t im e  

h a s  a  m o r e  c o m p l e x  d e p e n d e n c e .
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F ig u r e  1. T h e  s h a p e  o f  t h e  c o i l  N M R  s ig n a ls  s e n s o r :
1 -  t h e  l o c a t i o n  o f  t h e  tu rn s  o f  t h e  r e s o n a n t  in d u c ta n c e ;  2  -  e l e c t r o s t a t i c  s c r e e n

I f  o n l y  o n e  e x p o n e n t  w ith  T 2 o  i s  u s e d  t o  d e s c r i b e  th e  d e c r e a s e  in  th e  a m p l i t u d e s  o f  4 0  

o f  e c h o  N M R  s i g n a l s  f r o m  l i v i n g  t i s s u e s ,  th e n  th e  s t a n d a r d  d e v i a t i o n s  f o r  th e  f o r t y  e x p e r i m e n t a l  

a m p l i t u d e s  A i  f r o m  th e  c a l c u l a t e d  a m p l i t u d e s  A ( t j )  a r e  u s u a l l y  a t  th e  l e v e l  o f  t h r e e  to  f o u r  

p e r c e n t :  dA /A  ~  ( 3  +  4 )  % ,  w h e r e :

d A /A  =  1 0 0  x  ( 1 / A J  x  J { Z [ A ( t j )  — A i\2} / ( N  — 1 . 5 )  ( 1 )

In  th e  r e l a x o m e t e r  s o f t w a r e ,  th e  s e c o n d  v e r s i o n  o f  m a t h e m a t i c a l  d a t a  p r o c e s s i n g  w a s  

p r o v i d e d  ( a s  in  [ 2 - 5 ] )  u s i n g  tw o  e x p o n e n t i a l s  a n d  t w o  w e i g h t  p a r a m e t e r s :

A ( t )  =  A 0 [w a  x  е (т ^ )  + w b x  e f e l ) ]  ( 2 )

U s i n g  ( 2 ) ,  th e  s t a n d a r d  d e v i a t i o n s  in  th e  s t u d y  o f  l i v i n g  t i s s u e ,  a s  a  r u le ,  d e c r e a s e d  to :  

dA /A  ~  ( 0 .5  +  0 . 8 )  % ,  d e p e n d in g  o n  th e  n o i s e  l e v e l .  A t  th e  s a m e  t i m e ,  th e  d e v i a t i o n s  dA /A  ~
0 . 7 %  w e r e  p r o v i d e d  b y  c a l c u l a t i n g  th e  t h r e e  p a r a m e t e r s  Т 2а, T 2b a n d  w a  u s i n g  th e  m e t h o d  o f  

m i n im iz i n g  th e  s u m  o f  s q u a r e  d e v i a t i o n s  о т к л о н е н и й  X [ A ( t , )  — A i ] 2 a n d  t a k i n g  in to  a c c o u n t  

th e  n o r m a l i z a t io n  (A o  =  100  % ;  w a +  w b =  1 ).

2. The estimation of the age related changes
In  th e  c u r r e n t  w o r k ,  m u s c l e  t i s s u e  w a s  s t u d i e d ,  in  w h ic h  th e  a u t h o r s  u s e d  th e  f o l l o w i n g  

t i s s u e s :  m u s c u l a r  a b d u c t o r  p o l l i c i s  b r e v i s ,  m u s c u l a r  a b d u c t o r  m i n im i  b r e v i s ;  m u s c u l a r  

b r a c h i o r a d i a l i s ;  m u s c u l a r  h u m e r o  t r i c e p s  ( l a t in e ) .

T h e s e  f o u r  m u s c l e  g r o u p s  a r e  th e  m o s t  c o n v e n ie n t  f o r  c o m f o r t a b l e  p l a c e m e n t  o f  th e  

h a n d s  o f  a  p a r t i c ip a n t  in  th e  e x p e r i m e n t  in  th e  r e g i s t r a t i o n  a r e a  o f  th e  d e s k t o p  m a g n e t .  F o r  th e  

t i m e  in t e r v a l  b e t w e e n  s u c c e s s i v e  9 0 - d e g r e e  p u l s e s ,  T R  =  2  s e c  w a s  u s e d .  D u r i n g  t h i s  t im e  

in t e r v a l  b e t w e e n  th e  e x c i t a t i o n  p u l s e s ,  th e  r e s t o r a t i o n  o f  th e  e q u i l ib r iu m  m a g n e t i z a t i o n  

a s s o c i a t e d  w ith  th e  s p i n  o r ie n t a t i o n  o f  th e  w a t e r  p r o t o n s  o f  l i v in g  t i s s u e s  w a s  o b s e r v e d .
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T a b l e  1.

Age 22  +/- 3 y ears 75 +/- 4 y ears
W al

M usculus genus T 2 a ,  m s T 2 b , m s W a l, % T 2 a ,  m s T 2 b , m s W a2, %
\Va2

A bductor pollicis 
brevis 3 1 .3 (2 ) 1 4 0 (3 ) 8 9 (1 ) 3 1 .8 (6 ) 1 0 6 (3 ) 7 6 (1 ) 1 .17

A bductor m in im i

brevis 3 0 .5 (3 ) 1 2 7 (3 ) 7 2 (2 ) 3 1 .6 (3 ) 1 1 3 (2 ) 63(2) 1 .14

B racb iorad ialis 3 0 .2 (1 ) 1 2 6 (3 ) 7 0 (1 ) 3 0 .9 (4 ) 1 1 9 (2 ) 5 7 (1 ) 1.23

T riceps brachii 3 0 .3 (2 ) 1 2 5 (2 ) 6 2 (1 ) 2 9 .8 (2 ) 1 2 3 (2 ) 5 2 (1 ) 1.19

T h e  T a b l e  1 p r e s e n t s  a  c o m p a r i s o n  o f  th e  s t u d y  r e s u l t s ,  w h ic h  w e r e  o b t a in e d  f r o m  th e  

p a r t i c ip a t io n  o f  a  g r o u p  c o n s i s t i n g  o f  s t u d e n t s  a n d  t e a c h e r s .  M o r e o v e r ,  th e  p a r t i c ip a n t s  h a d  a  

t y p i c a l  l i f e s t y l e .  W e  a s s u m e  t h a t  a  s h o r t e r  r e l a x a t i o n  t i m e  ( T 2 a  =  3 1  m s )  s h o u ld  b e  a t t r ib u t e d  

to  th e  t i s s u e s  th a t  p r o v i d e  m o t o r  fu n c t io n .  A  l o n g e r  t i m e  ( T 2 b  =  1 2 0  m s )  s h o u ld  b e  a t t r ib u te d  

to  a  l o o s e r  c o n n e c t i v e  t i s s u e ,  w h ic h  i s  o b v i o u s l y  l e s s  s a t u r a t e d  w ith  a c t i v e  m e t a b o l i t e s .  I t  

f o l l o w s  f r o m  th e  p r e s e n t e d  d a t a  th a t  th e  p e r c e n t a g e  o f  m u s c l e  t i s s u e  in  th e  g r o u p  o f  t e a c h e r s  

w a s  r e d u c e d .  T h i s  d e c r e a s e  r a n g e d  f r o m  1 4  t o  2 3 % ,  d e p e n d in g  o n  th e  a r e a  o f  s t u d y .  A u t h o r s  

b e l i e v e  t h a t  i f  w e  i m p r o v e  a  n u m b e r  o f  t e c h n ic a l  p a r a m e t e r s  o f  s u c h  a n  in s t r u m e n t ,  th e n  s u c h  

r e l a x o m e t e r s  c a n  b e  w i d e l y  u s e d  t o  c o n t r o l  th e  a g e - r e l a t e d  l o s s  o f  m u s c l e  t i s s u e .
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Poems about School

*  *  *

Чижик-Spinus, где ты был?
-  «Я сигнал за хвост ловил! 
Сделал я ему “Фурье” -  
Закружилось в голове!»

Цели «Spinus»^ просты:
Дать научные мосты!
Пусть у вас здесь будет шанс 
Пообщаться «в резонанс»!

В Школе здесь научат всех 
Сочетать с наукой смех, 
Дискотеки с Э-Пе-эР, 
Я-Ка-эР и Я-эМ-эР!

В Школе много новых лиц, 
Будем превращать их в птиц: 
Вдруг хотя б одной из ста 
Дастся «Нобель-высота»!

2010



Poems about School

*  *  *

Spinus, Spinus, where you were?
Did you dive in the Resonance world? 
-  “Yes! I dived with my great joy -  
Resonance is a pleasant toy!”

“Spinus” school invited you 
To look for a knowledge clue.
We will show the signal birth 
In the field of our Earth!

If you wish to have success,
At the School achieve progress!
We will teach you all to fly 
In the scientific sky!

We desire you to get 
Many victories-побед!
It will be a good surprise 
If you catch the Nobel prize!

2010
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