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=uesuy EXpansion of diagnostic opportunities by means of algebrai C operation
K I . 7 2009 With MR images

T o e Nikolay V. Anisimov, Mikhail V. Gulyaev, Svetlana S. Koretskaya, Elena V. Verkhoglazova,

——= — -=="==llona V. Abanshina, and Yuri A. Pirogov

Research Center for MRl and MRS, M.V.Lomonosov Moscow Statersity, GSP-1, Leninskie gory, Moscow,
119991, Russian Federation
E-mail: anisimovnv@mail.ru

1. Introduction tional modes of scanning. It is especially useful at reseafc
MRI data processing based on algebraic operations (sabracranial lesions.

traction, multiplication, etc.) with identical images archl-

ization is considered. Subtraction of images is usualljliagdp

at MRI researches with injection of contrast substance, and

also in fMRI. We used algebraic operations for differesiat

of tissues and emulation of MR-images which cannot be re-

ceived at usual scanning. Method is based on known theoret- _ _

ical dependence of MR-signals on parameters of used mdd@ge 1: Left to right: T2, FLAIR, STIR, T2-FLAIR. It is sus-

of scanning and in uence on pixel brightness of algebraic oléeCted that asymmetric distribution of MR-c_ontrast atﬂhdlst?ase _
. . IS caused by an unknown pathology. But image subtractioasgiv
erations over these Images.

image analogous to STIR. Conclusion: suspicious tissugdisary
2. Materials and methods fat.
We produced algebraic operations with the images received
on MR-scanners: 0.5T Tomikon S50 (Bruker) and 3T Achieva
(Philips). In the rst case the rm software allowed to make
both subtraction, and multiplication of images. In the s&to
case the rm software gave the chance to do only subtraction,
and for multiplication of images was used freeware ImageJ.
For emulation of modes STIR or FLAIR it was ful lled subFigure 2: Left to right: T2, FLAIR, DIR, (T2-FLAIR)x(FLAIR}.
traction of images, accordingly: T2-FLAIR or T2-STIR. MulAlgebraic operations with T2 and FLAIR give image analogous
tiplication of images from modes FLAIR, STIR and also DIRIR. Only this mode reveals enough distinctly changes iningsas
with different inversion times [1], was carried out for emufter surgical operation
lation of scanning modes with simultaneous suppression of
signals from two and more normal tissues.

3. Results
Operation of subtraction T2-FLAIR gave the images simi-
lar to ones from STIR mode. It helped to revealing of dermoid
cysts, formations in hypodermical fat, recognition of diss
at the skull base — Fig 1.
Operation (T2-FLAIR)XFLAIR yielded the image similagig re 3: Left to right: T2, FLAIR, DIR, (T2-FLAIR)X(FLAIRS.

to image from DIR mode that has allowed to reveal postopgigebraic operations with T2 and FLAIR give very distinctual-
ative changes in brain meninges — Fig. 2. ization of dermoid cyst.

Operation (T2-FLAIR)XFLAIR gave image of dermoid
cyst as hyperintensive formation on a dark background —
Fig. 3.
Multiplication of images from DIR modes (A and B) with
different inversion times TI1/TI2 (1.3/0.08s and 0.5585D
emulated images from scanning mode with suppressior]:%(ma 4: Left to right: T2, FLAIR, DIR(A), DIR(B), MIP-sagfal
signals from several normal tissues, namely waters, fat, g3, DIR(A), MIP-sagittal from D”’;{(A)XD”’Q(B). '
nose mucus — Fig.4. Emulated images gave good visualiza-
tion of intracranial lesions [2]. It is very useful for volum
reconstruction — rendering or MIP. References

4. Conclusions [1] T. Redpath, F. Smith BrJ. Radiol, 67, 1258-1263,

Algebraic operations with MR-images give additional in- 1994.
formation in MRI research at the using of emulation of addif2] N. Anisimov et al. Proceedings &SMRM-2005p.435.
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= A few details of NMR history in Saint Petersburg
m2009 Vladimir I. Chizhik

S onast Faculty of Physics, Saint Petersburg State University 5088 Saint Petersburg, Russia

~——~="=  E-mail: chizhik@esr.phys.spbu.ru

It is obviously that the most prominent event in Russia 8oviet Army, applied for an inventiotiThe method of de ni-
the area of magnetic resonance (MR) is the discovery of tioa of interior structure of material objects, mainly bagji-
electron spin resonance by E. Zavoiskii (Kazan). But thexa, differing from others that for getting volumetric pice of
are a few interesting and, | believe, important facts in tHe Mnterior structure ... material objects put in an exteriohio-
history, which are not well-known for the MR-community. mogeneous magnetic eld which generated so that the signal
1. The basic method of the registration of NMR spectadi a free precession of nuclei of atoms, which analyzable ob-
is so-called Fourier-transform (FT). In this method the NMjBct consists from, is existed successively in restrictatspf
spectrum is obtained using Fourier integral from the free wbject, adjoining to each other, and on an input of receiving
duction signal. In 1991 R. Ernst was awarded by Nobel Prizevice there is frequency lter selecting a band of frequenc
for the development of the fourier-spectroscopy of NNBRt  of a precession of nuclei, contained in restricted part gécb
the rstin the world Fourier-transform in NMR was realizeth an exterior magnetic eld”
by the scientists of Saint-Petersburg (Leningrad) Unitiers Unfortunately, Ivanov's application was declined by
in 1958 (lzv. Russian Acad. Sci.1958, vol. 22, 1141-1144éxperts. After works of P.Lauterbur, P.Manseld and
The short description of the work will be presented. M.Damadian the application was considered again and the
2.1n 2003 P. Lauterbur and P. Mans eld were awarded Ipatent was given out on 08.05.1084.
Nobel Prize for their works in the area of the magnetic reso-This is not an attempt to re-write the fragments of the NMR
nance imaging which were carried out in the 70-tst in history but the names of the scientists of Saint Peterslnerg a
1960 Vladislav lvanov (Saint Petersburg), being an of cér worth to be known in the world.
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=ueay Magnetic resonance imaging studies of swelling, sedimenti ng and
ﬁmﬂ 2009 absorbing materials

St. Petersbul

= Sanonoio. Sergey V. Dvinskikh and Istvan Furol2

Department of Chemistry and Industrial NMR centre, Royatitate of Technology, Stockholm, Sweden
E-mail: sergey@physchem.kth.se

In this presentation, MRI will be introduced from the penuclear fuel where clay erosion by low salinity water must be
spectives of chemical engineering and environmental seieraddressed.
While many processes in these areas are similar to those aWWood researchlhere is a growing interest in the moisture
dressed in medical applications of MRI, parameters and buffering performance of wood for indoor climate regulatio
perimental implementations are often quite different and,In contrast to green or water-soaked wood, processed con-
many respects, far more demanding [1,2]. This hinders struction wood at ambient conditions is much less suitable
rect transfer of existing methods developed for biomedal for standard MRI because of the very short relaxation times
search, especially when facing the challenging task ofiobtaf “bound” water. Hence, solid state MRI methods were ap-
ing spatially resolved quantitative information. Mostrsig plied to assess the moisture buffering capacity of wood. As
cant limitations of many current MRI approaches, leadingdae result, it was possible to obtain separate radial imagjes
the losses of quantitative information, can be identi edals water and macromolecular content and, thus, directly demon
lowing: T, relaxation and probe dead time effects; molecuktrate a close and apparently linear correlation betweaseth
diffusion artifacts; varying dielectric losses and inddicair- parameters [4].
rents in conductive samples; limited dynamic range; bihgyri References

artifacts accompanying drive for increasing sensitivitg/r [1] . Stapf, S.I. Han, Eds., NMR imaging in Chemical En-

imaging speed. ) ) :
Speci c examples of MRI application will be given in the gineering, Wiley, New York, 2006.

areas of soil and mineral research and of wood research. B} N- Nestle, T. Baumann, R. Niessner, Magnetic resonance
forts in developing and adapting MRI approaches to study Maging in environmental sciencEnviron. Sci. Techn.
these kinds of systems will be outlined as well. 36 154A (2002).

Soil and mineral researctunderstanding water transport[3] S. V. Dvinskikh, K. Szutkowski, I. Furd. MRI pro les
and erosion processes in soils, sediments, minerals, akd ro ~ Over very wide concentration ranges: Application to
is one of the key challenges in environmental science. In par swelling of a bentonite clay]. Magn. Resonin Press,
ticular, extensive studies of clay/water interaction haeen 2009.
performed in order to provide a quantitative measure of clg¢] S. V. Dvinskikh, M. Henriksson, L. A. Berglund, I. Furo6.
distribution in extended samples during different phyisica Correlating water and macromolecules across growth
processes such as swelling, dissolution, and sedimentatio rings. A multinuclear magnetic resonance imaging of
the time scale from minutes to years [3]. Results have a sig- wood with adsorbed wateHolzforschung Submitted,
ni cant impact for engineering barriers for storage of spen  2009.
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m2009 FUJII Naouki

St. P bi
F onose JEOL Ltd., Japan

R . E-mail: kawabe@tokyo-boeki.ru

JEOL FT NMR System is a versatile high-performante solid-state and protein analysis.Newly developed umiqu
system that utilizes the latest digital and high-frequaeci- probes and data processing features will be also presented.
nologies for a wide range of applications from routine lajui
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=y NMR @s monitoring method of nanocarbon—polymer and nanocar bon—
m2009 biopolymer interaction.

Z st betersbul A layander Gribanov, Maxim Mokeev, and Yulia Moskalenko

o BAOAOAOI
Institute of Macromolecular Compounds RAS, V.O., Bolsh@1 p199004, St. Petersburg, Russia
E-mail: alex@ag3446.spb.edu

The fullerene and nanotubes, being a polycarbon
molecules, has a potentially wide eld of applications in a
combination with polymers or biopolymers. The conventlona
way to make this nanocarbon to bind to organic materials is
the activation, e.g. the introduction any reactive groups i
fullerene's structure.

Nowadays the only method giving structural information
on nanocarbon and its modi cation on the atomic level is the
High Resolution NMR spectroscopy in Solid State (SS) tech-
nique.

Figure 2: HR SS Spectra of Fullerenes with different OH ratio

Figure 1: The spectra C13 of the Fullerenes mixtugg-¢s .

The regioselectivity of bounded to fullerene or nanotube
molecule hydroxyls very important for molecular composite
design and can be proved B and *C SS NMR. How- Figure 3: A spectrum of & -polymer complex.
ever, the high degree of the fullerene modi cation leads to
such structural perturbations as a cage-opening proocess, $umming up,
the principal question arises if the modi ed molecule does Modern techniques of solid state NMR give structural in-
have any of initial fullerene properties. formation on Fullerenes and carbon nanotubes.

The polyhydroxylated fullerene can be applied as a spher- High resolution NMR spectroscopy in solid state gives
ical core at the synthesis of star-like polymers. On the rothvaluable information on regioselectivity of hydroxyl gimsi
hand, the most perspective fullerene/polymer complexes lwunded to nanocarbons.
supposed to keep unchanged the electronic con guration of The SS NMR spectra re ects a hon covalent interactions
Buckyhball. of nanocarbon and polymers.
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I =uesuy Nano-scale water structure in ultra-dry photosynthetic me mbranes and

e ad H. Harahczyk

Institute of Physics, Jagiellonian University, ul. Reyitaof, 30-059 Cracow
E-mail: hubert.haranczyk@uj.edu.pl

Deep dehydration is lethal for human being and for mosttafe, which may be one of mechanisms of freezing protection
living creatures. However, there exist plants survivingtac in lichens. The non-cooperative bound water immobilizatio
water stress [1 and references therein]. Larvae of chiréchomith decreased temperature is observed.

Zol){pedllum vanderpla}nck.u survive almost compliete dehy—References

ration [2]. Cytoplasmic vitri cation may be possible way X , . . .
used by anhydrobiotic organism to survive extreme desiccg‘J H. He},ranczyk On water in etremely dry biological sys-
tion [3], and the presence of carbohydrates is needed [4]. As tems”. Md' UJ 2003 pp. 2?6'
spontaneous dehydration is one of mechanisms of freezilg] H- E. Hinton,J. Insect Physio}.5, 286 (1960).
protection, the dehydration and the freezing protectiothef [3] W. Q. Sun, A. C. LeopoldComp. Biochem. Physiol.
living organism may have the similar molecular mechanism. 117A, 327 (1997).

Dry biological organism resembles the porous system [5] T. Kikawada, N. Minawaka, M. Watanabe, T. Okuda,
allowing the observation of nano-scale bound water strastu ~ tegr. Comp. Biol45, 710 (2003).
using volume-sensitive methods like NMR. [5] F. Valladares, L. G. Sancho, C. Asca&nt. Actg 111,

Bound water behavior was searched in native deoxyribonu- 99 (1997).
cleic acid (DNA) from salmon sperm [6], in digalactosyl-[6] H. Harahczyk, J. Czak, P. Nowak, J. Nizio, "Initial
glycerol model membranes [7], in lyophilized photosynithet ~ phases of dry DNA rehydration by NMR and sorption
membranes [8, 9] from wheat, and in extremophilic Antarctic isotherm”,Acta Phys. Polonin press (2009).

lichen thalli [10-14]. [7] H. Harahczyk, M. Bacior, J. Jamroz, M. Jemio a-
Methods applied to observe bound water structure and dy- Rzeminska, K. Strzalkécta Phys. PolonA115, 521-
namics, and water binding sites were sorption isotherm, DSC 525 (2009).
electric conductivity measurements, high power NMR relaxg] H. Harafhczyk, A. Leja, K. StrzalkaActa Phys. Polon.
ometry, and NMR spectra. 109 389 (2006).
Hydration kinetics and sorption isotherms show the prega] H. Harahczyk, A. Leja, M. Jemio a-Rzeminska, K.
ence of (i) a very tightly bound water, (i) a tigtly bound wa-  Strza kaActa Phys. PolonA115, 526-532 (2009).

ter, and (iii) a loosely bound water fraction. In DNA amoho] H. Harafczyk, J. Grandjean, M. Olech, Colloids & Sur-
phous sample the swelling process is observed. NMR exper- ;o5 B: Biointerface2s/4. 239 (2003).

e e o et b0 b lecu 8§ . warancayk, 3. Grancan, M. Olec, Mchal
! T ' . Colloids & Surfaces, B: Biointerface®g/4, 251, (2003).

gathering of water molecules in vicinity of paramagnetitso 3 ) )

present on the surfaces of the system. Static conductiigen{12] H- Haranczyk, A. Pietrzyk, A. Leja, M. A. Olecliicta

surements monitor long distance water arrangement, sigowin Phys: Polon109, 411 (2006).

the dehydration below the surface bound water percolatig] H. Haranczyk, M. Bacior, M. A. Olecintarctic Sci-

threshold. The NMR and DSC measurements show the de- ence20, 527-535 (2008).

crease in freezing loosely bound water fraction on the cfist] H. Harahczyk, M. Bacior, P. Jastrzebska, M. A. Olech

of non-freezing tightly bound water with decreased tempera Acta Phys. PolonA115, 516-520 (2009).
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T The NMR detection in low magnetic eld
{ Jm N Y2009 G. Kupriyanoval, G.V. Mozzhukhin®?, N. Dogan®, B. Rameev®*4, and B. Aktag®

~ St. Petersbur 1
__ 0.-0A0A0AL!

Russian State University of Immanuel Kant, 236016 KaliridgRussian Federation
———>== E-mail: galkupr@yandex.ru
2Kazan State Power University, 420029 Kazan, Russian F&dara
3Gebze Institute of Technology, 41400 Gebze-Kocaeli, Jurke
“Kazan Physical-Technical Institute, 420029 Kazan, RusBétleration

1. Introduction guences and to obtain an extended set of NMR parameters
The identi cation and analysis of the liquid substancé€sot only T, andT; relaxation times but proton density and

using mobile devices is very important issue. Pulse nuclepectral information where it is possible) of the scanned co

quadrupole resonance (NQR) devices have been developéeitb

detect illegal substances in airports [1]. These NQR dsvice

can be easily adapted for low frequency nuclear magnetc res

onance (NMR) mobile applications. In this case there is a

need in additional components, such as a speci ¢ probe head

and the magnetic system. The later should be able to produce

a homogeneous magnetic eld to obtain better resolution.
There are a few specialized NMR analyzers of the liquid

content of bottles, which mainly based on time domain NMR

methods. For instance, the bottle scanner has been dedelope

by Quantum Magneticf3]. In fact, analysis of the literature  gigyre 1: Fourier-transform NMR signal of ethanol at 77mT.

reveals an increasing number of the reports, related ngt onl

to the detection of explosive and illegal substances, bafen

plication of test and control devices (analyzers) for irndak

and agricultural needs (food, pharmaceutical, chemiciisna

tries, in medicine and oil re neries). Recent advances i th

permanent magnet technology, advanced NMR measurement

techniques and analytical software have made possible-an ap

plication of the low eld NMR devices both as the testing

and control applications in industry and the detection dewi

for security needs. Recently, the mobile NMR analyzers have

been demonstrated fBruker Inc[4] and T2-BiosystemE5].  Figure 2: The multipulse sequence for measurements of the-re
In this work homemade NMR head-probe unit has beﬁﬂ)n parameter in ethanol.

developed and successfully applied with our NQR equipment

for NMR measurements of the ethanallzOH at low mag-  Acknowledgements

netic elds of 77 mT (3.3 MHz). This work was supported by NATO SfP grant No. 982836,
2. Experimental the grant No. 106T321 of GBTAK (Turkey) and the grant

NMR experiments have been performed Apollo Tec- No. 00062.STZ.2007-1 of Ministry of Industry and Trade

magNQR/NMR spectrometer (0.1-100 MHz) combined wi qurtﬁyp G.V.M. aIsoF alfknO\r/]v_Ied?esV_SL_JtpporSt gndtgrt 2221
Tomco BT-00500-Befaower ampli ers (the output power is rogramme (Fellowships for Visiting Scientists).
500 W and the frequency range of 0.5-18 MHz). NMR head-References

probe units with use ofoltronicsNMT capacitors have been [1] J.B.Miller, G.A.Barrall.-American Scientig®3, 50-57
designed and used in our experiments. (2005).

3. Results [2] S. Kumar. -Appl. Magn. Resor25, 585-597 (2004)

Two magnet systems have been tested in our NMR mels] J. Mauler, F. Casanova, B. Blimich. Book of abstracts:
surements. First system is Hallbach-type magnet congistin Euromar 2008, St.Petersburg, Russia, 6-11 July, 2008,
of 4 cubic blocks of NdFeB permanent magnets [5]. However P-50.
our NMR measurements have shown that the homogeneityl# P.J.Prado,T.Lowery,R.Palazzolo,V.Demas, Book of ab-
this system should be improved further to be applied in the stracts: Euromar 2008, St.Petersburg, Russia, 6-11 July,
mobile applications. The second, electromagnet system hay 2008, p.49.
shown much better magnetic eld homogeneity. The NMR5] N. Dogan, R. Topkaya, H. Subasi, Y. Yerli, B. Rameev.
measurements of the test substance (ethanol) with usesof thi Proceedings of International conference on supercon-
system have shown in Figs. 1&2. ductivity and magnetism (ICSM-2008), August 25-29,

Our preliminary results have shown that to discriminate Antalya, Turkey, to be published in J. Physics: Confer-
between various liquids one have to apply advanced test se- ence Series.
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St. Petersbul

= s-ahoA0R0n V. P, Pashchenko®2, ‘A. A. Shemyakov ‘1, A. V. Pashchenko?, V. . Prokopenko?,
Yu. F. Revenko?!, A. G. Silcheva?, and G. G. Levchenko?!
! Dnetsk Institute for Physics and Engineering named afté:®@alkin of the National Academy of Sciences of
Ukraine, 83114 Donetsk, Ukraine
E-mail: alpash@mail.ru
2Luhansk Taras Shevchenko National University, 91011 Lskddkraine

A high interest to rare-earth manganites (REM) is dueNd/R spectra, phase transitions and magnetoresistanceis du
debates on the nature of colossal magnetoresistance (ChMRijisturbance of M# /Mn** ratio, their environment, local-
[1] and practical application [2]. ization and exchange interactions.

It is worthy to mention manganite-lanthanum perovskites
doped in A- and B-sublattices by ions of different valendyble 1: Molar formula of defective clusterized perovsistricture
and containing a superstoichiometric manganese which [C T ; :
form nanostructural clusters and increases the CMR vsit%ch) Molar formula for perovskite-like solid solutior
no decrease in g Tc, Tms [3]. The feature of REM with
CMR is a high-frequency electron-hole exchange between {LGSZGSFOZL%(T;(Mn(fk)d} [ M M, | oyl
Mn3* $ Mn**, the ratio being dependent on doping. FpSF** o S ' R
such a doping, the electrical neutrality is attained in tveys:
by transition of MA* $ Mn** , formation of anionic vacan- e @ g g ER—
Ci)(/as or the both mechanisms. K* {Lao.54K0.18Vo.19(Mno.OQ)c/}A I:Mno.ssMno.n:IB O;56Voaa

The>*Mn NMR investigations [4,5] help in clarifying this
problem and doping effect on local heterogeneity of theestg
of manganese ions and on properties. The NMR spectra @i* )
our samples of three systems are shown in Figs. 1 and 2.

The essential differences in the spectra are because
of different Mr?* /Mn** ratio, degree of their localiza-
tion and nonhomogeneous surrounding by another ions
and vacancies. The molar formulae of defective per-
ovskite structure L@eAog.2Mni203  (A: r?*, K*) and
Lag.6Sr:2Mny.2 «xNixOz are givenin Table 1.

—

3+ 2+ 1-(¢) 2+ 3+ 4+ 224 2— (a)
{Lao.sesro.m’/o.u(Mnu.oo D } p [MnoAM Mny 55 Nig g, ]B O350V

Figure 2:° Mn NMR spectrum of manganitoperovskites for compo-
sition Lay:6Sl:2Mn1:2 xNixO3  (tann =1350°C)

. s . _ References
Figure 1:>>Mn NMR spectrum of manganitoperovskites for compoIl] M. B. Salamon, M. Jaime. Phys. Mod. Phy&3, 583
sition Lag;er;z Mn1;203 (AZ Sr2+ y K+) (2001) ' ' ' ' ' !

[2] V. P. Pashchenko, N. I. Nosanov, A. A. Shemyakov.
Spectra >>Mn NMR spectra for lanthanum-strontium — Patent UA 45153Bul. 9 (2005).

manganitoperovskites baSr:2Mn1.2 xNixO3  of sev- [3]V. P. Dyakonov, V. P. Pashchenko, E. Zubov et. al. Fiz.
eral compositions are shown in Fig. 2. The localization ~ Tverd. Tela45, 870 (2003).

of Mn** states is caused by ions ANi which disturb the [4] M. M. Savosta, and P. Novak. Phys. Rev. Leit,
Mn3* $ Mn** exchange interaction and increase the*Mn 137204 (2001).
concentration. [5] A. V. Pashchenko, V. P. Pashchenko, A. A. Shemyakov

The different in uence of doping in the A-sublattice by " gt a|. Physics of the Solid Sta5®, 1308 (2008).
jons SF*, K* and in B-sublattice by ions Ki on %°Mn
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We are studying the behaviour of nuclear singlet states in Magnetic Field Phys. Rev. Lettey92, 153003 (2004).
solution NMR. The lifetimes of these states often exceedg] M. Carravetta and M. H. Levitt. Long-Lived Nuclear
the conventional relaxation tim& by an order of magni- Spin States in High-Field Solution NMR. Am. Chem.
tude or more [1-5]. In one cas®(-labelled nitrous oxide in Soc, 126, 6228-6229 (2004).
solution) the singlet lifetime is almost 30 minutes [5]. lliwi [3] M. Carravetta and M. H. Levitt. Theory of long-lived nu-
show some of our latest results using these states, ingudin” ¢joar spin states in solution nuclear magnetic resonance.

a novel experiment involving rf irradiation at extremelyMo I. Singlet states in low magnetic eldl. Chem. Phys.
frequency (around 8 Hz). We have used such techniques to 122, 214505 (2005).

measure nuclear J-couplings with an accuracy approachin?4lj G. Pileio, M. Concistre, M. Carravetta and M. H. Levitt.

mHz. . . . )
. I . . Long-lived nuclear spin states in the solution NMR
We have also studied the lifetimes of singlet states in of four-spin systemsJ. Magn. Reson.182 353-357

isotropic solutions of labelled amino acids. The in uenoces

the singlet lifetimes will be described. (200,6)'_ .
[5] G. Pileio, M. Carravetta, E. Hughes and M. H. Levitt.
Ac_knowledgements The Long-Lived Nuclear Singlet State &fN-Nitrous
This work is supported by EPSRC (UK). Oxide in SolutionJ. Am. Chem. Sac130, 12582-12583
References (2008).

[1] M. Carravetta, O. G. Johannessen and M. H. Levitt. Be-
yond theT; limit: Singlet Nuclear Spin States in Low
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1. Introduction is both similar to, and different from, volitional internat-

rTMS of the primary motor cortex (M1) and dorsolateréivation. Time series analysis revealed relatively loagtihg
prefrontal cortex (DLPC) is accompanied by the series of a¢compared to rTMS epoch, Fig 1). Surprisingly, not only the
vation areas in the human brain revealed by the BOLD fMRIcoustical (Br 41, 42) was found out, but also right DLPC
This presentation is discussing the method of interleaST activation while left M1 or left DLPC.
BOLD fMRI and the origin of the brain activation areas. Al
though several brain imaging techniques have been useq
study local and remote TMS brain mechanisms, it remai
unclear whether TMS activates the brain in the same man
as normal willed behavior.

rTMS administered over the left DLPC has been show
to subtly in uence neuropsychological tasks, and has &ntig _
pressant effects when applied daily for several weeks. P
frontal rTMS does not, however, produce an immediate eg
ily observable effect, making it hard to determine if one hé
stimulated the cortex.

2. Methods ik

We therefore used 1Hz rTMS over left M1 or DLPC and in |
terleaved fMRI to analyze the whole brain BOLD activatio ‘
induced by TMS or a control task of volitional thumb move
ment. Within a 1.5 Tesla MRI scanner, 11 adults were stim
lated with a gure eight TMS coil applied over the left M1 a
the optimum spot for producing movement in the contralat-
eral thumb (3 scanning sessions per subject. Subjects altégOmpared to rest, all rTMS epochs activated auditory cor-
nated between rest, 1 Hz TMS at 110% of the motor thresht§% With 80% MT having no other areas of signi cant acti-
(MT) and a volitional thumb movement mimicking the TM&ation. 100% MT showed contralateral DLPC activation, and
effect. Similar paradigm was used in 5 healthy voluntedrd0% MT showed bilateral prefrontal activation. Higher in-
while left DLPC rTMS was performed by 80%, 100%, arignsity rTMS, compared to lower, in general produced more
120% of individual motor threshold (no motor task). Whol@ctivity both under the coil and in contralateral DLPC. High
brain echoplanar BOLD data were processed and the resulfgfrontal TMS stimulation intensity produces greateraloc

statistical maps converted to Talairach space for group a@d contralateral activation. Importantly, unilaterafpontal
aging. TMS produces bilateral effects, and rTMS at 80% MT pro-

duces only minimal prefrontal cortex activation.
3. Results

Brain activation induced by M1 rTMS signi cantly over- 4. Discussion
lapped with that induced by volitional movement mimicking BOLD activation areas, in my opinion, re ect the direct
rTMS induced behavior. However, compared to the volitiondIMS effect (under the coil), brain connectivity (transapn
movement condition, TMS-induced activation in M1 as weilt activation), sensory (acoustical and proprioceptistiva-
as in remote structures of the motor system (PMC, pre-SM#n), and uncontrolled mental activity accompanying rTMS
was less (smaller spatial extent). TMS-induced brain #@gtivof the head/brain of the humans.

NMRCM 2009, Saint Petersburg, Russia, 29 June-3 July 2009 -20-



=wesuv THe generating functions formalism for the analysis of spin response
®2009 to the periodic trains of RF pulses
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Long trains of periodic RF pulses make an integral pard echo amplitudes in Carr-Purcell-Meiboom-Gill pulse se
of MRI methods. Extensively used multiple echoes can sequeence with an arbitrary refocusing angle. In present wagk w
as an example of such kind. We present a new effective gpneralized this GF approach for calculation of echo ampli-
proach for calculation of magnetization evolution under ttudes for CPMG sequence of selective pulses for an arbitrary
in uence of trains of periodic RF pulses in the framework sésonance offset and RF magnetic eld magnitude and also
the generating functions (GF) formalism. Generating fiomct for gradient echo sequence. Comparison of calculated and

is de ned as a function of complex variakte experimental echo amplitudes has been done for refocusing
F(z)= M1+ Moz+ M3z?+ 111+ Mpz" + 11 pulse equal to= 4
Acknowledgements

g funcion comprises somplete information about all sepaT 1S WOrK was supported by Russian Foundation for Ba.
9 P P 4 Research (RFBR) grants Nos. 07-03-00424, 08-03-00539,

amplitudes at_once. n th|s_work itis shown th"?‘t INMany Caxs 13-00661 and President grant for supporting the Loading
closed analytical expression for the generating functmm (Senu ¢ Schools (3604.2008.3).

be found. From GF, the magnetization at the step (perio

with arbitrary numben can then be easily calculated. The References

generating functions approach is especially ef cient foala  [1] N. Lukzen, A. A. Savelov, Analytical derivation of mul-
ysis of multiecho sequences, when to nd the echo ampli- tiple spin echo amplitudes with arbitrary refocusing
tude one has to average over different isochromates. Earlie angle,J. Magn. Reson185 71-76 (2007). 34-1237
in our paper [1] we obtained analytical expressions for GF (2003).
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lonic liquids (ILs) attract growing attention in the lastare organic and inorganic, diamagnetic and paramagnetic, homo
due to their interesting and peculiar features. In thisilech geneous and heterogeneous, etc. A preliminary comparison
brief overview of ILs history, main properties and currest ahows that the most part of these results and approachesk coul
well as expected applications is given follow resent papbeessuccessfully applied to the eld of neat ILs, their mixar
and reviews. In spite of wide application of ILs not enoughvgth other solvents and complex systems on the base of ILs.
known about properties and structure of these new materialdan example of the information available from NMR relax-
in the liquid phase. ation rates of solvent and ions nuclei is shown in the Fig. 1.
As a next step of the lecture we analyze available literaturéSome raw ideas based on analogy between ILs and concen-
on NMR in ILs. According to our estimation to the momerttated electrolyte solutions/melts of crystalline sobstre
there are several tens papers and a few reviews. The rd@siussed in the lecture, and an example of IL-like strctur
part of the works exploredH and'3C NMR, and more or of complex LING;—Ca(NQ),—H, O solution is demonstrated
less conventional high-resolution NMR approaches are use#ig. 2 based on the multinuclear NMR relaxation data for
namely, 1D and 2D spectra, NOE etc. Other essential partiig system [1].
the works connects to measurements of self-diffusion coef-
cients using standard pulse-gradient technique. Onlyva fe
works have been found where other tHahand'3C nuclei
were used in spite of the fact that, just the anions and core
cations nuclei ¥*=1°N, 3°Cl, 1°=11B, 1°F etc.) NMR could
contain the main information on the IL structure and dynam-

ICS.
At room temperature
2H0)
u 2AH0) = 2.5ps.
y:((e)) ': 2(CN = 9.6ps [FS]
C 2(H0) ~ 15 (Co),
100 s (Ni), 1ns (Gd);|

Figure 2: Dynamical and structural information for Li-C&
‘ = oy aqueous solution obtained from multinuclear NMR relaxaticea-
surements.
[ 0] [ 0]

\ In addition to above the information obtained from NMR
B measurements about local structure and dynamics the solu-
tion of solutions can become a good experimental basis for
Figure 1: Dynamical information which can be obtained froM®Rl comparison with the data of computer modeling of properties
relaxation measurements. of various liquid phases including ILs and related systems.

As well known there are a huge array of spectral and reReferences
laxation NMR data on electrolyte solutions of various kind§l] V. V. Matveev et al. —J. Phys.: Condens. Mattesub-
namely, dilute and concentrated, aqueous and non-aqueousmitted.
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The aim of the contribution is to present examples of azgro. The data will be used to discuss a structure model for
recent research work on nano-structured materials. The pine ne particles [1, 2].
sentation will include Changes in the phase transition temperatures and in the
- studies of size effects on ferroelectric properties of oxther properties were observed for con ned Nah\#nd com-
ide perovskites, such as barium titanate and lead titattat@ared with the older work of ferroelectric NaN®ingle crys-
will be shown that the EPR and NMR methods sensitivéBls [3]. An anomaly in thé®Na spin-lattice relaxation relax-
probe changes of the structure and the local symmetry inafien rate 1/T was observed at the rst order phase transition
nanocrystalline material. (at 436.6 K) and associated with the cooperative motion of
- studies of the behaviour of ferroelectric Bagi@d NaNQ the electrical dipoles, using the uctuation-dissipatitieo-
embedded into mesoporous materials. As materials we &8 [4]. To our knowledge, NMR 6fNa in small particles of
mesoporous silicates of type MCM 41. ferroelectric NaNQ@ (particle diameters between 0.2 and 5.0
Size dependent changes were found in ¥éa NMR micrometers) was at rst reported by Buchheit et al. [5]. eler
spectra studies on very small BaTiarticles. The NMR line We study samples with small particles of NajN@mbedded
shapes were studied in a broad in the temperature rangeladdCM 41 materials which have well-de ned diameters of
at different Larmor frequencies. In the tetragonal phase e internal holes.
NMR lines may be decomposed into a contribution typicalReferences

for the line shape of bulk samples (so called ordered pack) af] p. Sedykh, J. Haase, D. Michel, E. V. Charnaya, Ferro-
a part in which the tetragonal symmetry is no more visible (so electrics363 (2008) 2’15—226 ' ’

called dlsorc_l(_ared part). The ordered part reveals a rsEord[Z] P. Sedykh, D. Michel, Phys. Rev. B, (2009) 134119-1
phase transition at a temperature Which decreases when

. . to 134119-8.
the particle size becomes smaller. For all samples the tem- i
perature dependence of the quadrupole coupling consgant €1 W Buchheit, J. Petersson, Sold State Commun. 34
in the ordered part was studied in the whole tetragonal phase (1980) 649; W. Buchheit, J. Grossmann, J. Petersson,
Its temperature dependence below, Tvith a jump at the rst Ferroelectric26 (1980) 639.
order phase transition, can be explained by means of the Ldfl A. Avogadro, E. Cavelius, D. Muller, J. Petersson, Phys
dau theory. For the ne particlesqCmay be also described ~ Status Sol. (B4 (1971), 639; G. Bonera, F. Borsa, A.
by an exponential law & / (Tf- T) for T < Ty, but the Rigamonti, Phys. Rev. B (1970) 2784; W. Buchheit, J.
exponent is less thar» as predicted by the Landau theory ~ Petersson, Ferroelectrig$ (1981) 311.
for the bulk samples. The disordered part shows no jump g&] W. Buchheit, U. Kreibig, D. Muller, A. Voigt, Z. Phys. B
T: where its quadrupole coupling constant is approximately 32(1978) 83.
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1. Introduction

The use of low magnetic elds is one of the possible meth-
ods to improve the signal to noise ratio (SNR) in the detectio
of various chemical compounds by nuclear quadrupole reso-
nance (NQR). The kind of double NQR-NMR was proposed
by B.Herzog, E.L.Hahn [1]. Their method exploits the dipole
interactions between two types of neighbour nuclei. One of
the limitations for application of small magnetic eld is-in
creasing of the linewidth of the NQR signals. To avoid the
signal broadening the use of pulses of static magnetic eld
has been proposed [2]. An application of small magnetic eld
of about 2-3 mT is feasible both in remote detection and ffigure 1: The NQR signal of HMT at small magnetic eld near
detection of explosives in a large volume. In this work wemT
study the effect of the low magnetic elds on NQR signal of 3.2. The NQR of RDX in low magnetic eld

the chemical compounds with different relaxation and EFGThe experiments reveal small linewidth broadening of

asymmetry parameters. powder RDX (Fig. 2), that is related to the large asymme-
try parameter of this substance£ 0:6). This favours to use
RDX in the double NMR-NQR experiments under the small

2. Experimental magnetic elds ( 10mT).

NQR experiments have been performed with use of the
pulse NQR spectrometer operating in frequency range of
0.5-18MHz. The spectrometer consists of Apollo Tecmag
NQR/NMR console (0.1-100MHz), Tomco BT-00500-Beta
power ampli ers and homemade detector unit. The electro-
magnet of the electron spin resonance spectrometer (Bruker
EMX) has been used to apply the static magnetic elds.

The powder sample of RDX (hexahydro-1,3,5-trinitro-s-
triazine) C3HgNgOg has weight about 5g. The asymmetry
parameter of RDX is = 61%, and the resonance frequen-
ciesare . =5192kHz and =3410kHz at room tem-
perature. The relaxation parameters on the frequencyhe
longitudinal relaxation time i¥; = 10 ms, transverse time Figure 2: NQR signal of RDX in the static magnetic eld@b mT .

IS TZtE ? mst, ?ndT? N |1_”5| msi_'Thﬁl p(;wd(;r] samplitoftr:ext- Further work is planned to test the effect of the pulsed mag-
amethylenetetramine (HMTH 12Ny has the weight about, ;. o4 on NQR signal of various substances.

5 g. The NQR frequency is 3306 kHz with zero asymmetry

parameter at room temperature. Theis near 10 msT, is  Acknowledgements

near 8 ms. This work is supported by the NATO Science for Peace
Program (NRSFPP 982836) and The Scientic and Tech-
nological Research Council Of Turkey (Tubitak) 2221-

3. Experimental results Fellowships For Visiting Scientists Programme.
3.1. The experiments with HMT. References i ) )

[1] B. Herzog, E. L. Hahn. Transient nuclear induction and
HMT (CeH12N4) having a longT, (near 1.5 ms) is ap- double nuclear resonance in solid®ys. Rev103 (1),

propriate sample to test the in uence of low magnetic eldin ~ 148-170 (1956).
NQR detection. The application of the low magnetic eld pro{2] D. J. Pusiol. US Patent Application Publication. GO1N
duces the splitting and broadening of the NQR line (Fig.1).  24/00, US 2005/0202570 A1, Sep. 15, 2005.
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1. Abstract The increasing of the energy brings macromolecules closer
The formation of macromolecular protein clusters is studgether and then they might form a macromolecular com-
ied by NMR, ESR and laser light scattering methods. Protgiex, i.e. a dipole cluster.

in solution represents particles which interact with eatfep  |n the present talk the study of the protein cluster fornratio
mainly due to Coulomb repulsion. The metal ions with larggfocess is discussed [1, 2] and the results achieved witle thr

masses and larger ionic radii, such as Cd, Cu, Co, Pb anghdfependent methods, such as NMR, ESR and laser light scat-
hold the hydrate shell weaker than the sodium ion. lons Wighing are reported [2,3,4].

large values of ionic radii exceedingA can form the so-
called Couloumb complex with uni ed hydration shell with a References

protein macromolecule. ) Hl] Petrova G. P., Petrusevich Yu.M., Ten D.lL.Quantum
Due to a strong decrease of the surface charge the dipole- electronics 32 (10), 897-901 (2002)

dipole interaction starts to play the leading role. The eorr . . .
: : : . ) 2] Petrova G. P., Petrusevich Yu.M.Moscow University
onding ener determined according to formula: [ . _
sponding energy 1s ! g ! Physics Bulletin3, 49, 41-46 (1994).

2
Epp = 6rpi‘5k'r [3] Petrusevich Yu. M., et al. 3. Med. Phys(in press).
wherep - is the dipole moment of a single protein macro{4] Petrusevich Yu. M., et al. Moscow University Physics

molecule and - is the distance between the macromolecules. Bulletin(in press).
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Metal hydrides have the high potential for reversible ofusion pathes in disordered Ti-V-Cr alloys the Korringa-
board hydrogen storage and release at low temperatureskatth-Rostoker method combined with Coherent-Potential-
pressures. Here we focus on three classes of such matedglproximation (KKR-CPA). This method allows us to take
Ti-V-Cr alloys and their related hydrides, Mg-bases hyesidinto account a disorder on the atomic sites.
and ternary Mg-Ni-Ca system. To study phase stability of ordered Mg-based hydrides

Ti-V-Cr alloys belongs to a class of potentially high chaof Ca;Ge structure type and ternary Mg-Ni-Ca system
acteristic materials in terms of hydrogen storage properAA a full-potential linearized augmented plane waves method
maximum uptake of more then 3.5 wt.% hydrogen can be @EAPW) has been used. The in uence of the transition metal
sorbed in selected compositions. For §aCr.» it has been atoms on the local structure of magnesium hydride has been
revealed both experimentally and theoretically that when énvestigated by applying a cluster apprach.
sorbing hydrogen a bcc-fcc phase transition occurs [1]. The main results of our calculations can be posed as follow:

Magnesium is one of the most attractive materials for hy-- KKR-CPA method is an appropriate approach for study-
drogen storage application due to its outstanding hydrogeTi-V-Cr disordered alloys and their related hydridesi4
capacity up to 7.6 wt. % for Mgl However, its rather slow|ows us to describe ternary phase diagram, hydrogen induced
hydrogen absorption and desorption kinetics as well as higf¢-fcc phase transition, hydrogen diffusion path.
dissociation temperature, which is above 673 K, essenptiall . |, Mg7MH 16 and MgMH 16 (M = Ti, V, and Nb) the Mg
limit its application for hydrogen storage. Numerous aésn yacancies formation is accompanied by a unit cell expansion
have been made in order to improve magnesium hydrog@ydrides are less stable than MgHlg vacancy formation
absorbing-desorbing characteristics. It has been reperte reduces further the stability. This decrease of stability be
perimentally that mixing magnesium or magnesium hydriggplained by weaker bonding between H and Mg atoms. Con-
with small amount of transition metals or their oxides aCC%rsely, the bonding between M and H atoms is rather strong
erates the hydrogen kinetics. and increases when forming magnesium vacancies. This fact

Recently a series of new hydrides MdHx (M = Ti, V, |imits further improvement of the (de)hydriding propestief
Nb) of Ca/Ge type structure have been synthesized in a highe these magnesium based hydrides.
pressure anvil cell [2]. The hydrogen desorption propsrtie - g|ectronic structure calculations of MgVoHog clusters
have been found to be much better than for pure Mgtth  (yith M = 3d metal from Sc to Zn or Al) show that both in-
hydrogen capacity varies from 5.7 to 6.8 wt. % and the tefgratomic distances and energy gap analysis result in the su
perature of the release of hydrogen varies from 605 K to 5§ftion of Mg by 31 atom weakens the bonding between Mg
K. However, as the metals do not form any alloy, the strygq H, however H is bound too strongly td 8tom, that does
tures are hold together by the presence of hydrogen and,8P4j10w to decrease the cluster stability.
binary compound exists after released hydrogen. - The structures of MgNi2 with MgNi MgCw, and

Ca-Ni alloys form another class of hydrogen storage MAgzn, structure types and of (CaMiNis with PuNis and
terials with AB, and ABs structure types. Recently a NeWeNi; has been optimized.

structural type has been found for the compound with nom-
inal composition (MgCa, x)Niz:. Its structure is made of Acknowledgements
nine layers (6 AB + 3 ABs) stacked in an original manner The work was supported by grant PICS-RFBR No 07-08-
[3]. However, itis possible to nd new ordered arrangemeng2168-CNRSa and by Russian Ministry of Education and
Despite numerous experimental investigations of metaficience Development of Hight School Scienti ¢ Potential
alloys for hydrogen storage its theoretical descripticaiber (project 2.1.1/2002).
poor. Here we report on the results of our theoretical stiddy o
these materials. References
For different classes of materials differettinitio theoret- [11 S- Miraglia, etalJ. Alloys Comp.442, 49 (2007).
ical approaches have been applied. [2] S. Miraglia, et alJ. Alloys Comp.In Press.
To calculate the phase transitions and hydrogen dif3] T. Sato, et alJ. Alloys Compd417, 230 (2006).
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1. Introduction in tere-PA compared with iso-PA, it is agreed well with

The development of new ion-exchange membrane electrodnter ion self-diffusion coef cients. The water, alcéhod
chemical applications is based on the water and counter ilithgum translational mobilities in polymeric solutions@
mobility investigations in different spatial scales stagtirom Ims were investigated by NMR. These mutual investiga-
nanometer dimensions. This membranes also are the mtides gave the opportunity to understand the diffusiongran
systems for biological membranes, which is very importapgrt channel forming process. The proposal charge and mass
therefore, ionic and water exchange processes in biolbgicansfer mechanism were suggested, the optimal Im com-
cells are the basic of metabolism. Magnetic resonance tqubsitions were proposed. The local molecular mobility and
niques, especially pulsed eld gradient NMR (PFG NMR3elf-diffusion of water and ethanol in pore Ims and track
are the unique tools for these investigations. During lasry etched membranes, which may be support for bisulfoaromatic
a lot of papers and books were published in this directimomposite membranes, were investigated. It was shown that
Unfortunately, in the majority of cases the results areitaral molecular mobility in these membrane pores are more com-
tive data. The additional developments of experimentat,ggered with aromatic polyamides, therefore ionic and molecu
theory as well as model systems investigations are negeskartransport in the composite membranes will be controlled
for quantitative assessments. This presentation devoies tby ion exchange phase. The investigations of hydratioft, sel
vestigations of ionic and water transport in cation- an@ani diffusion and charge transfer processes in phenol-poyyvin
exchange membranes and in model polyelectrolyte solutialsohol composite membranes were carried out additionally

2. The main results by solid NMR, pulsed eld gradient NMR and impedance

Sulfo-, carboxyl-, aminogroups containing ion exchans ectroscopy techniques [4,5]. It was found that polyvinyl

membranes as well as the composite polyvinyl alcoho cohol OH groups are dlre(_:tlly involved in H+ and water
lecule transfer at low humidity.

phenol sulfonic acid and pore track etched membranes wore
investigated as model systems [1-5]. The structure of ionicaAcknowledgement

channels was observed by porometry, -angle X-ray scaltefrs jnvestigation was supported by the RFBR, grant No.
ing, ESR, ENDOR and electrochemistry methods []. The.03-00828-a

hydration of xed groups and alkaline and alkaline — earth

ions were studied in details in per uorinated Na on mem- References

branes. The mechanism of charge group — counter ion ] Volkov V. I., Volkov E. V. lonic and Molecular Self-
water molecule interactions were understood from high res- Diffusion in lon-Exchange Materials for Fuel Energetics
olution hetero nuclear NMR data. Microscopic ionic and Studied by Pulsed Field Gradient NMR // Appl. Magn.
water molecule mobilities were determined by NMR relax- Reson. 2005. V. 29 P. 495 — 503

ations [3]. Self-diffusion coef cients of protonic mole@s [2] Volkov V. I., Volkov E. V., Timashev S. F. Magnetic Res-
and lithium and uorine counter ions in different spatial onanse in Colloid and Interface Science, Kluver Aca-
scales were measured directly by PFG NMR [2,3]. It was con- demic Publishers. J. Fraissard and O. Lapina (eds.) 2002.
cluded that the macroscopic electro — mass transfer is con- P. 267-275.

trolled by local ion and molecule jumps between adjacef8] V. I. Volkov, E. V. Volkov, S. L. Vasilyak, Y. S. Hong and
charge groups. The interconnection between ionogenic-chan C. H. Lee. The ionic and molecular transport in poly-
nel structure, mobile ion or molecule-charge groups bind- meric and biological membranes on magnetic resonance
ing and translational ionic and molecular mobility was de- data, Fluid Transportin Nanoporous Materials, Springer.
termined. On the basic of this knowledge, the main partic- W. C. Conner and J. Fraissard (eds.) 2006. P. 481-507.
ularities of water behaviour in proteins and gels have algd] V.I. Volkov, Yu. A. Dobrovolsky, M. S. Nurmiev, E.A.
been understood. The mono and bi sulfocontaining aromatic Sanginov, E.V. Volkov and A. V. Pisareva Charge
polyamides (PA) based on the diaminisulfonic acid and ph- and mass transport in the phenol-2,4-disulfonic acid-
thalic acid dichloranhydride in H, Li*, Na", K* ionic polyvinyl alcohol ion exchange membranes studied
forms were investigated. It was shown that the charge groups by pulsed eld gradient NMR and impedance spec-
water interaction following the water self-diffusion coef troscopy // SSI. 2008. V. P. 148-153.

cient decreasing increased with membrane cross linking affg Volkov V. I., Rebrov A. I. etc. Mechanism of Pro-
dehydration. The ionic conductivity was 2 orders of magni- ton Conductivity in Polyvinyl Alcohol — Phenolsulfonic
tudes more in bisulfo aromatic polymer compared with mono- Acid Membranes from'H and *3C data // Russian J.
sulfocontaining polymer. The electro conductivity is more Electrochem. 2009. V. 45. P. 374-381
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Per uorosulfonic cation-exchange membranes are widelymposite membranes containing hydrogen zirconium phos-
used for low-temperature fuel cell designing and electfmhate. A single peak ihkH NMR spectrum suggests the high
chemical synthesis. The limited thermal stability and seceate of proton exchange between s56Bgroups of membrane
sity of high humidity for good conductivity are the main probmatrix and water molecules in membrane pores. Proton diffu-
lems for the use of these membranes in fuel cells. Incorpaian coef cient obtained from NMR data is higher then that
tion of inorganic species can assist in improving their $rarcalculated from conductivity. Thus, ion mobility in memhea
port properties. The purpose of this work was the syntlperes is higher than the ion exchange rate which determined
sis of composite membranes based on MF-4SC incorporatingductivity value. These coef cients differ 3-4 times &jlfn
nanoparticles of silica, phosphotungstic acid or hydragen RH, while this difference increases at low RH and reaches 1.5
conium phosphate and study of their transport properties. Brders of magnitude. On the other hand, dependences of con-
water uptake was shown to be almost the same for compadgitetivity and water self-diffusion coef cients on temparee
and unmodi ed membranes. Nevertheless, membrane modior composite membranes with different water content were
cation assists in improving both water management and cslmewn to be similar. Thus, proton transport takes place with
ductivity at low relative humidity (RH). Conductivity of eo- water molecules in composite membranes. Increase in mem-
posite membranes was found to be one order of magnitbdene acidity by means of phosphotungstic acid addition re-
higher than that of an unmodi ed MF-4SC membrane at 1084lts in conductivity increase. The highest conductivigrev
RH. However, their values are practically the same at higthieved in the case of MF-4SC membranes modi ed by both
RH. The activation energy of conductivity decreases from difica and phosphotungstic acid. It is necessary to notdrtha
kJ/mol for an unmodi ed membrane to 12-13 kJ/mol for hynost cases modi cation of MF-4SC membranes by hydrogen
brid materials. Possible reason for property change isahe zirconium phosphate or silica results in both conductisityl
sorption at the phase boundary of membrane matrix and irdiffusion permeability increase.
ganic solids and introduction new electronegative atonstss
ing proton transfer. The interface interaction was proved b
NMR spectroscopy°F NMR spectra showed the formation
of additional O-H- F hydrogen bonds or Zr-F coordination iﬁ
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Liquid crystalline (LC) dendrimers, and in particular LC Acknowledgements
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can form nematic [3,4] and lamellar smectic mesophases,
a result of the terrEwina]ll mesogenic groups interac[t)ion 5 aﬁEferenceS . .
7], and different types of columnar mesophases, as a re‘sdl %] S A. Ponomarenko, N. |. Boiko, V. P. Shiba&olymer

' ' Science, Ser. @3, 1 (2001) and references therein.

:?dlv;dug! macfr(t)r:nolelcut!es |Btetract|on [8|’9’1(|J]'Atdeefi ILZ] B. Donnio, B. S. Buathong, I. Bury, D. GuillorChem.
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useful to select the most suitable materials in terms of @ha J 2.00l 7’2%58. (2001) Y. R T
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In this context, a complete Deuterium NMR study pers) \ v, p. L. Baars, S. H. Sontjens, S. H. M. Fischer, H. W.
formed on partially deuterated liquid crystalline carlbarsé . Peerlings, E. W. MeijeiChem. Eur. J.4, 2456 (1998)

dendrimer is here reported [11]. The dendrimer under iiwves 6] N. 1. Boiko: A. I. Lysachkov; S. A. Ponomarenco; V.

gation shows a SmA phase in a large temperature range from p_gpibaev; R. M. Richardso@olloid Polym. Sci 283
381 K to 293 K and its mesophasic properties have been pre- 1155 (2005)

viously determined [12]. The orientational order of the deny7) B. Kosata,; G. M. Tamba; U. Baumeister; K. Pelz; S.
drimer, labeled on its lateral mesogenic units, is hereteval ~ Diele, S.et al., Chem. Mater.18, 691 (2006)

ated in the whole temperature range by mean&bNMR, 8] S. A. Ponomarenko; N. I. Boiko; V. P. Shibaev; R. M.
revealing the presence of a biphasic region in a relativédgw Richardsonet al,, Macromolecules33, 5549 (2000)
temperature range, and a peculiar trend at low temperatufggn. |. oiko; X. Zhu; R. Vinokur; E. Rebrov; A. Muza-
(T < 326 K). This aspect has been further investigated by a farov; V. P. Shibaevrerroelectrics 243 59 (2000)
detailed analysis of théH NMR spectral features, such as th@0] J.M. Rueff, J, Barbera, B. Donnio; D. Guillon M. Mar-
quadrupolar splitting, the lineshape and the line-widthaa cos, J.L. Serrandlacromolecules36, 8368 (2003)
function of temperature. The NMR study also included mga1] v, pomenici, M. Cifelli, C. A. Veracini, E. V. Agina, N.
surements of deuterium relaxation timeg @nd T,), point- I. Boiko, V. P. Shibaev,). Phys. Chem. B112 14718
ing out that the expected slowing down of the dynamics as (2008)

the temperature decrease determines from on side thealpggt?] E. V. Agina, N. I. Boiko, R. M. Richardson, B. I. Os-
changes observed in the NMR spectra, on the other the obser-trovskii, V. P. Shibaev, E. A. Rebrov, A. M. Muzafarov,
vation of a minimum in the longitudinal relaxation times. Polymer Science, Ser, A9, 412 (2007)
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The ion-protein interaction has long been recognized as
a major determinant of chain folding, conformational stabi
ity, internal dynamics and binding speci city of globulargp
teins.
The method developed in the Department of Quantum
Magnetic Phenomena (Saint-Petersburg State University)
makes it possible to determine important parameters of the
microstructure of solutions using measurements of magneti
relaxation rates of solvent and solute nuclei as functidns o
concentration and temperature [1].
It was experimentally shown, that the majority of ions
maintain their coordination number in variations of concen
tration and the temperature in a wide range. But the study
of electrolyte solutions containing anions Band Cl has
shown that the coordination number of these anions may Vaigure 1: Fig. 1 Concentration dependences of @ spin-lattice
due to temperature variations [2]. The changes of the anif@xation rates in aqueous solutions at different tempegsa:l -
hydration shell in the interval 3& t< 40 C re ect change of NaCl - water (40C), 2 - NaCl - Alanine(40g/l) - water (4C), 3 -
the water microstructure. NaCl - Alanine(40g/l) - water (2%), 4 - NaCl - Alanine(40g/l) -
The registered effect of change of anions hydration prop‘@i“—ter (10C)
ties has allowed to develop amethod of estimation the velati Evidenﬂy, that the interaction between the Glnions and

concentration of "free” and "solved” chlorine anions, ahd t proteins is much Stronger than between theé Nation and

averaged relaxation time of solvated chlorine ion in theeagyroteins: for example, the relaxation rates of #h€l nuclei

ous solution with organic molecules. The method is basedi®fhe absence and presence of the Albumin change by the

the analysis of temperature dependences of magnetic rejggor 2.7-3, but the relaxation of tHéNa nuclei is nearly

ation rates of thé°Cl nuclei in the simple electrolyte solutionhe same.

and with proteins. This work is supported by the Russian Foundation for Ba-
The concentration dependence of the spin-lattice relaxalijc Research (07-03-00735).

is presented in Fig. 1. The bends of the experimental curves

occur at the concentration 2 - 2,3 mol in which all alanine References

solvation shells are completely lled. With increase of thd1] Chizhik V. I. Molec. Phys. 1997. V. 90, No. 4. P. 653-

NaCl concentration the amount of free ions in the solution 659.

increases. The estimations show that the solvation sh#ikof [2] Donets A. V., Chizhik V. I. 2005. Rus. J. Phys. Chem. V.

alanine consists of 4 - 5 Clanions. 79. No. 6. P. 893-897.
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1. Introduction 2. Alive mice and isolated organs of small size animals (rab-
The aim of my presentation is not only to inform the NMR bits and others).
community about one more NMR microimaging pointin Ru8: Food products: muscular tissue in comparison with liver;
sia, not only to establish useful new-professional costdtt  eggs and so on.

to stimulate a discussion of some questions, which seem 1@ arge enough seeds, rst of all, beans including “living”
be very actual for beginners in this eld of NMR. Our small ones in fresh bean-pods.

group in the Krasnoyarsk Scienti ¢ Centre of the Siberia)l ¢qpifer woods of different moisture loads (also conifeet
Branch of the Russian Academy of Sciences (SB RAS) Work%uds oceur to be important for MRI study).
about a year with the NMR installation attributed to the Krag

noyarsk Regional Multi-Access Centre of SB RAS with thée Rubbgrs, especially swelling ones.m Water.- ]
mission of ful Iment of multidisciplinary MRI measuremest /- Chemical sol-gels as well as physical ones; heavy oils and

for the Krasnoyarsk region. other uid media with internal heterogeneities.
_ 8. Saturated coals, clays and other absorbers.
2. Experimental 9. Crystallohydrates, including those in geological cpaesi

Our MRI equipment could be considered as a “homeother solids.
made” one from the AVANCE boxes of very different ver- There are come another examp|es_
sions (the “home” is, of-course, the Russian Representatio . .
of BRUKER). It consists of the vertical wide bore Magnet 4. Discussions )
(4.7 T); DPX cabinet with the temperature block; GREATE AS seen, the represented complex of results is not so deep
40 gradient system; and two proton probes PH 200 WB: Milgrestigations as wide super cial search of MRI possitelt
0.5 and MICRO 2.5 (the last has three coils with diameterd'®f different applied directions useful, rst of all, for oue-
30, 25, 4 mm). Up to now we used (with the PARAVISIONgion. But the main surprise for us is that we have no meet an
soft) only four MRI techniques: MSME (multi slices multEXPected interest; probably the “nano-technological Boom
echoes), GEFI (gradient echo fast imaging), RARE (rapid Rlays a dlsorlgr_]t_ pz_art. Therefore almost all measuremeats a
quisition with relaxation enhancement), and SPI (singiepghade on our initiatives.

imaging). As for other “paradoxicalities”, we can not nd, for in-
stance, any information about phantoms (standard samples)
3. Preliminary results for the sensitivity analysis. So a pair of propositions ois th

Methodical problems, we have been collide with, will Beurning for MRI problem will be discussed.
considered in the report with our own MRI illustrations. Acknowledgements

These are for the following sorts of samples. | am very thankful to my colleagues: Evgeny V. Moro-

1. Fresh small vegetables and fruits as well as fragmentz@i, Sergei S. Karvel, Iliya Ya. Makievsky and Tatiana O.
plants. Chichikova for their sel ess labour.
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I T Multiple quantum NMR dynamics of a gas of spin carrying molec ules in
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- T Institute of Problems of Chemical Physics of Russian Acgd#rBciences, Chernogolovka
LE-mail: panna@icp.ac.ru
2E-mail: efeldman@icp.ac.ru
SE-mail: zenchuk@itp.ac.ru
1. Introduction As far asn(Sy) is multiplicity of the intensitiey, , the
It is well known [1, 2] that the dipole-dipole interactionsbservable intensitieG,( ) ( N m N)are
(DDI) of nuclear spins of molecules of a gas in nanopores are sz_]
not averaged completely by molecular diffusion in nanopore — .
g pietely by P Gm( )= n(S)%m( ): 3)

As a result, it is possible to perform multiple quantum (MQ) k=0
NMR experiments [3] in nanopore compounds. In our wogk, gimension of the subsystem with the total spin angular
we develop a new method for the investigation of MQ NMRomentunSk is(2Sc+1)  (2S¢+1). Usually one can inves-

dynamics. This method allows us to study MQ NMR dynargg e M NMR dynamics of no more than fteen spins even
ics in systems consisting of several hundreds of spins. using supercomputer calculations [5]. However the progose

2. MQ NMR dynamics in nanopores method qllows us tq avoid_ problems related with.a big num-
The MQ NMR HamiltoniarH o at the preparation periodPer of spins and to investigate MQ NMR dynamics of more
of the MQ NMR experiment [3] is than 600 spins using a personal computer. We have found an

D h 5 5 i analytical solution for MQ NMR dynamics of a system con-
Hmo = > [*° + 1 ; (1) sisting of nine spins. Numerical investigations allow usi

. - . . exact pro les for intensities of MQ coherences and to study
wherel ™, | are the raising and lowering spin operatome dependencies of spin numbers on the excitation tiime

andD is the DDI coupling constant averaged by the mom%’any—spin clusters which are responsible for MQ NMR co-
lar diffusion in nanopores. The coupling constBntlepends

.~~~ herences. In particular, the stationary pro le is studikds

on the volume and the shape of nanopores and their oriepfa, - ihat the Gauss approximation
tions relatively the external magnetic eld [1, 2]. The Hami )
tonianHyq commutes with the operator of the square of Gn exp n- (4)
the total spin angular momentuh?. Thus it is suitable to N
study MQ NMR dynamics in the basis of common eigei$-valid fot the stationary pro le except the tail of the dist
states ofl 2 andl, wherel , is a projection of the total spinbution.
angular momentum on the external magnetic eld. Then theAcknowIedgements
pr_oblem IS r_educed to MQ NMR dyn_amlcs of SUbSyStemSThe work is supported by the Program of the Presidium of
\(,}”t|h alllp:)ssuzale v;alues of the total spin angular momentw&ssian Academy of Sciences 27.

Let us consider the subsystem with the total spin anguReferences
lar momentumS, = 3(N  2k), (k = 0;1;2:::; X ), [1] J. Baugh, A. Kleinhammes, D. Han, Q. Wang, Y. Wu,
whereN is the total number of spins 1/2 in the whole system Scienceé941505 (2001).
and[i] is an integer part of. MQ coherences of even orders[2] E. B. Fel'dman, M. G. Rudavet§ETP98 207 (2004).

(N 2k)  m (N  2k)appear in the course of the 3] 3. Baum, M. Munovitz, A. N. Garroway, A. Pine$,
MQ NMR experiment [3]. We denote intensities of MQ co- ~ chem. Phys83 2015 (1985).
herences agun ( ) where is the duration of the preparation 4] L. D. Landau, E. M. Lifshitz, Course of Theoretical
period of the MQ NMR experiment. The number of energ;& Physics, Vol. 3 Quantum Méchanics: Non-Relativistic

In(i\(l)?mlqse’nnt(usnkt)SL ?BtheSiUbslyiﬁZT‘”W ith the total spin angular Theory (Nauka, Moscow, 1974; Pergamon, New York,

1977).
N1(2Sk + 1) [5] S. I. Doronin, E. B. Fel'dman, I. Ya. Guinzbourg, I. I.
n(Sk) = : (2) Maximov, Chem. Phys. LetB41144 (2001).

N7+Sk+l!N7 S !
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E-mail: tatushkal202@yandex.ru

1. Introduction. Avance DSX 300. The resonance frequency’fakl was set
We report &’ Al NMR study in the powdered topazes witlat 78,2MHz. The inversion recovery pulse sequenee [/2]
different colors (natural blue, colorless, sky blue iretdd was used in order to measure the spin-lattice relaxatioa tim
and Swiss blue irradiated). Color of topazes,(8I04F,) and T;. We measured the;Tvalues of?’ Al by exciting only the
their transparency in visible area of light are determingd &entral resonance line. The spin-lattice relaxation id del
amount and an arrangement of defects (the color centers$cAbed by the linear combination of three exponential func
guantity and a quality of defects is one of typomorphic chéiens:
acteristic of various deposits. Color of crystals can defmen M(1) M(1) _ - exp 2 e, exp S exp 15t
a ratio between amount of atoms of uorine and groups OH M (1) T1 T1 T1
replacing uorine, amount and structure of paramagnetic im
purity, etc., the defects formed, for example, under aatibn
a neutron or x-ray irradiation.

The contributions of quadrupole mechanism to the spin-
lattice relaxation are negligible compared with the pargma
netic one. Experimental and approximation results arespites

2. The crystal structure on Fig. 1

The crystal structure of natural topaz §f$iO4](H, F),)
can be described with thBbnm space group. It is four- Relaxation time
layer density packing from atoms of oxygen, uorine an " . " .
probably, groups OH. In octahedral site there are aluminii * 1
atoms, in tetrahedral site- Si atoms. The nearest enviratin 10p ¢ colorless L4
of atoms Al is formed by atoms of oxygen and uorine. Tw g 4 v skyblue 4 4 A A
octahedrons are connected among themselves by an edgt © swissblue
formed two atoms of oxygen. Atoms of silicon are surround T A naturalblue v il
by oxygen tetrahedrons. Tetrahedrons, in turn, are coade: v vv? v ° b
by tops only to octahedrons. o— _° 0 i

0 100 200 300 400
3. Sample preparation. T°C

In experiment were used 4 types of topazes from Volhynia, Figure 1: Temperature dependence of the relaxation time
Ukraine: 2 natural crystals (colorless and blue) and 2 ifrad
ated samples of blue color with different color intensitgtwi  9- Results.
names sky blue and Swiss blue. Swiss blue sample has mofdie measured relaxation times dependences on heating
intensive blue color. Further, topazes were crushed in a ptgnperature of samples showed that colorless sample con-
der up to fraction of 0.2 - 0.3 mm. Measurements were dda smallest amount of the paramagnetic centers; the blue
on powders at room temperature. Then, powders were hegéz contains larger amount of impurities. For natural-sam
up to temperatures: 15, 180°C, 200°C, 250°C, 300°C, ples the amount of the paramagnetic centers remain constant
400°C and 500°C. Each sample was kept in the furnace &p to 500°C. For the irradiated samples the amount of the
each temperature for 3 hours, cooled during 12 hours and th@fgmagnetic centers changes when temperature change in a
measured at room temperature after cooling. range 200 — 250C.

4. Experimental part. Acknowledgements

Nuclear spin-lattice relaxation &f Al in the topaz pow- The work was supported by Russian Ministry of Education
ders with different colors have been investigated by NM#Rd Science "Development of Hight School Scienti ¢ Poten-
method. NMR measurements were made by using a Bruti@l (project No 2.1.1/2002).
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For signal-to-noise ratio increase double modulation-teghitude, width and modulation amplitude if line shape is-dis
nique is used in continuous wave EPR and NMR spectront@ted due to high modulation.
ters. If the modulation amplitude is rather small, the tegisd ~ The software allows user to subtract several model lines
signal equals to rst derivative of the spectrum. The insredrom experimental spectrum data to simplify the procedire o
ing of modulation amplitude leads to increasing of sigial-tsearching new lines. User interface provides useful spectr
noise ratio. Some spectra consists of lines with very dffiér navigation, “undo” function, exporting images, etc.
width so that the modulation amplitude is usually set greate
than width of narrowest line to increase signal-to-noigmra
for wide lines. The shape of narrow line is distorted in this
case.
In this work, we describe a new interactive software for
spectra analysis. This software uses sum of different model
functions (model lines) for spectrum tting. Each function
represents one spectrum line. Graphical user interfacesll
user to visually set initial values of parameters for all mlod
lines and select range of data for tting.
Several types of ordinary model lines are supported:
Lorentz, Gauss, Voigt functions, Lorentz and Gauss deriva-
tives for continuous wave spectroscopy.
The feature of the software is the model line which repre-
sents line shape in experiment when high modulation ampli-
tude is applied during the registration of spectrum in gonti
uous wave spectrometer ( g. 1). This model function is ev@digure 1: DPPH Spectrum. Modulation amplitude is about 3:6m
uated by numerical method. The tting of spectrum with thigreater than line width. Solid — experimental spectrumheds- t
function allows user to nd out the true line position, anfunction
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I =z [NVEStigation of conformation equilibrium of 17 -ACETHOXY-7 -

S. I. Selivanov, S. N. Morozkina, and A. G. Shavva

Department of Natural Products Chemistry, Chemistry Fgc8aint-Petersburg State University, Universitetsky
pr. 26, Petrodvoretz, St. Petersburg, 198504, Russia.
E-mail: Alexander.Shavva@gmail.com

Itis well-known that metabolic modi cations of steroid essis of NOESY spectra (Fig. 2), obtained at room temperature
trogen analogues with unnatural ring junction could beigignfast exchange in time scale of NMR) are most important.
icantly different in comparison with the same modi cations , ) o
of natural steroids. It leads to some advantages of undaturPt@ined results could be used for the investigation of
analogues. Especially, when metabolic hydroxylation ai_postructure — biological activity relationship for steroiafstype
tion C-16 (or C-17 in the case of D-homo analogues) is irh-
possible, the risk of breast cancer and endometrium apyeari
should be decreased.

Obviously, the investigation of properties of such ana-
logues is of great interest. It became the basis for
synthesis and investigation of conformational equilibriu
of 17 -acethoxy-7 -methyl-3-methoxy-D-homo-14estra-
1,3,5(10),8(9)-tetraendy.

Figure 2: ) Fragments of EXSY-NOESY spectra, (= 0.6 s) at -
60 and NMR!H of steroid () at the different temperatures. b) —

traene 1); b) — spatial structure of two conformer&)(and @), di- Multiple structure of pr(_)ton H-11 signal atatlemlgeratures 60 and
rect proton-proton interactions are marked by double &r@voss- “60 @nd Newman projections on the bont @ for conformers

peaks of minor conforme) are market by asterisk, double arrow) @nd 8), calculated (MM ) values of proton-proton torsion an-

- spatial interactions. Some values of proton-proton disa, sig- gles, corresponding calcula_ted values of vicinal consténﬁz) are
ni cantly different in these conformers are indicated bynmhers, " Pracketsc) andd) — multiple structure of proton -17signal in
Pairs of cross-peaks (1/111/11 4/6 , 4/6 ), used for the evalu- spectra of steroid, correspondingly for conformess andB under

ation of populations of conformers are marked by dottecaregies, the conditions of slow exchange (at -60 ) and under the dis
numbers on top are corresponding relative integral intiessi of fast conformational exchange between them in intervédwiper-
ature from 23t0 60 . Newman projections on the bortd-C” 2 for

Analysis of NMR spectra, presented on Fig. 1 and 2, teinformers A) and @) are presented on Fig. 2c., calculated (MM
conclude that compouridis in equilibrium between two con-values of torsion angles are also indicated. Calculatastgabf vic-
formers A and B in the chloroform solution. Results of analipal constants (in Hz) are in brackets.

Figure 1: a)- Fragments of NOESY spectra (= 0.5 ) of estrate-

-37- NMRCM 2009, Saint Petersburg, Russia, 29 June—3 July 2009



NMRCM

=z MuScaT — a method for performing long molecular dynamics
ﬁmﬂ 2009 Simulations

St. Petersbui imi i i
'~ -510RORD Vladimir Neverov and Andrei V. Komolkin
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1. Introduction tional resources.
It is well known that one of the main restrictions of com- 2. Multiscale transitions

puter simulations of molecular dynamics method is insuf -

. . e have developed a method that allows to combine advan-
cient calculation speed of modern computers. The amount o . i - .
. : . tages of both full-atomic and "coarse-grain” approaches in
matter that can be studied by computer simulation of mol

o €&rtain extent. The method is named MuScaT — an abbrevi-
ular dynamics is much smaller than even the smallest s

. ; . ion for "multiscale transitions”. Its main point is in cdin
ples studied by experimental physics. The same conceras tim.. . . oo .
. . : o nation of long simulations that are possible in "coarsdrjra
ranges studied by computer simulations. Despite either evQ

. . . roaches and high-detailed simulations in full-atonpic a
lution of computer hardware or various techniques use . . :
) L . “proach for analysis of physical properties. Our methodnadlo
reduce the number of calculations, it is nowadays pradyic

impossible to simulate many (relatively) slow physical roo carry out transitions between models with different &et
cegses and valuable amouni/of bi molyecules Ip:o)r/ exan-1p I|ga| lon” during one continuous simulation. These traoai

) oroIg T S exampigy place in such a way that each molecule in the system,
is no use of short computer simulation of viscous liquid, be-

; . . imul in on ntial, is repl h me molecul
cause there is a probability for such a system to stay in & | Simulated in one potential, is replaced by the same molecule

L . . . Q[?li described in terms of another potential. Coordinatels an
energy minima for a rather long period of time. This leads g, ... o . .

; . . velocities of coincident atoms are simply the same in both
unreliable prediction of system properties.

Vari techni wists that allow t rform lon irEotentials, and coordinates of atoms that are missing in the
arious techiniques exists that aflow to periorm long sitgg, .o potential, are calculated relatively to positicisoin-
ulations of relatively big systems. One of the most co

: : : . 'Ydent atoms. Velocities of missing atoms are de ned specif
mon approaches is reducing number of interaction centreF

. . cally in each case. In other words, MuScaT allows to trans-
molecules. This leads to lesser calculations needed on

MD step. As an example, a well-known "united atoms” ajg th(_a system of inte_rest, simglated in one poter_utialhad)t
S ! . . imulation can be continued using another potential.
proximation can be mentioned, in which hydrogens are united

with carbons as single interaction centres. Another papula3. Test simulation

approximation is a set of "coarse-grain” potentials, inethi  In this work a test simulation of mixture of n-heptane (108
groups of atoms situated close to each other (e.g. atomsmelecules) and benzene (108 molecules) will be discussed.
longing to benzene rings or to several methyl groups) are Tee system was simulated in two potentials: full-atomic and
placed also by single interaction centres. These approxifiumited atoms” in liquid phase under normal conditions.

tions allow researchers to study bigger systems and relptiv According to the results of simulation thermodynamic
slow processes. Molecule of liquid crystal 5CB can be a ggu@perties (temperature, energy, pressure), molecules me
illustration here. It consists of 38 atoms in full-atomipapx- square displacement and set of n-heptane conformations of
imation, but in "united atoms” there are only 19 atoms. Nexite system in question in full-atomic model at equilibrius d

if we replace 12 benzene rings atoms by two "coarse-graiot depend on the way the system was equilibrated from the
interaction centres, the resulting molecule will consislyo beginning: in "united atoms” or full-atomic model. During
of 9 "atoms”. Amount of calculations needed at one stepafe simulation several transitions were made. Overall simu
molecular dynamic is pro rata to square of number of pafétion time was 4 ns.

cles. Hence, calculations in "coarse-grain” model comgare 4. Eurther tests

to full-atomic will be approximately 18 times faster. :
. L - .. We are now testing MuScaT on several molecules of more
The main drawback of using "coarse-grain” potentials is

unreliability of physical properties of the system of irer practical interest, e.qg. liquid crystals 5CB and MBBA. Thei
obtained during simulation. In particular, it is impossilib properties and additional information about MuScaT would

investigate properties that depend on mutual arrangenient{eoSUbleCt of separate publication.

atoms of one or different molecules. For example, moleculdd. Acknowledgments

reactional ability depends on its conformational struetBut ~ This work was done as a part of fundamental research pro-
if some atoms are "united”, the concept of conformatiorfitsgrammes wich are supported by Russian Foundation for Ba-
may be unde ned. In absence of hydrogens there will be sio Research (grants Nos. 09-03-01105, 09-02-00010, and 07
effects related with hydroren bonding, etc. Full-atomic p63-00735) and Russian Federal Education Agency (grant No.
tentials lack these drawbacks, but require plenty of coayput4.15.08).
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Allokine-conjugated magnetic nanoparticles are suitablependence of the relaxation rates on concentration of con-
contrast agent for MRI, which delineates the in ammation ltrast agent. The relaxivity of iron oxide magnetic nanopart
cus induced by virus attack to a tissue. Allokine is the spectles was evaluated by measuring theandT, of water pro-
peptide which acts as a cofactor for interferon defensenagaions at various concentrations of nanoparticles using &dsru
pathogenic virus. Medical application of allokine-corgiigd CXP-300 NMR spectrometer operating at 300 MHz.
magnetic nanopatrticles requires retention of their sigrarp  The resulting nanoparticles coated with dextran showed
magnetic properties. high relaxivity(125 5) 10®s 'mol *. The magnetic conju-

We synthesized iron oxide magnetic nanoparticlgate of allokine gives th@, shortening to a lesser extent than
(Fes0Q4) with the required size and coated with dextrananoparticles coated with dextran. In this case, the natsxi
Iron oxide nanoparticles were synthesized by precipitatidecreasesth 10*s *mol *. This effect can be explained by
of FesO, from alkaline solutions oF e2* andFe®* in the some diamagnetic shielding of superparamagnetic ironeoxid
presence of dextran. The dextran coated magnetic nanopeotie with allokine macromolecules. The allokine-conjegiat
cles were functionalized with allokine-peptide. iron oxide magnetic nanoparticles retain their superpagm

The relaxivity of contrast agents for magnetic resonanuetic properties, have high relaxivity, and can be used as an
imaging (MRI) was determined as a coef cient in the line&f cient contrast agent for MRI.
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I = A theoretical and experimental studying of NMR contrasting properties

1. Introduction 1

Contrast agents are widely used in Magnetic Resonance
imaging (MRI). By affecting the spin relaxation times of wa-
ter protons in human body tissues they permit one to increase
signi cantly sensitivity of the technique and to decrealse t
examination time. This raises a principle interest in nano-
sized materials combining ferromagnetism and high solubil
ity in a variety of solvents. In particular compounds on basi
of nanoparticles of magnetic ferric oxides (magnefigzO,
and maghemite Fe;O3, which are well known to be good
T,-relaxants) stabilized by an arabinogalactan (AG) matrix ]
show promise for medical applications of MRI. Convenience T T T T T T
of using these compounds consists also in wide accesgibilit
of arabinogalactan [1] and harmlessness of the two compo-
nents. The aim of the present work is to study relaxational
properties of ferroarabinogalactans (ferroAG) since il wiFigure 1: Experimental (circles) and calculated (linespeate

enable one to carry out directional syntheses of such caigrcies of the transverse spin relaxation rate on the oetisph
pounds. cal diffusion coef cient in aqueous solutions of ferroAG.§%6),

n(Fe) = 0:1 mM/I, magnetization of ferroAG (3.5%) powder
is 96.6 Gcm®=gre [2], the tomography magnetic eld was 4.8

2. Two models of ferroAG structure T (200 MHz). Solid line Dot 6 Din = const): model 1,
Din = 1:5 10 ® cnP/s,R = 159 A, N = 11800; model 2,

We considered two models of ferroAG structure. The r&in =5 10 °cn?/s,R =90 A, Rc = 65 A, N = 43900 (both
model (model 1) supposes homogeneous distribution of f8pdels give indistinguishable curves). Dotted lig = Din ):
ric oxides inside a spherical polysaccharide matrix, whipde! 1.R =154 A, N = 11900; model 2,R. = 114 A,
the second model (model 2) considers a single hard 1‘erro:§1x-= 97000 (again the two models give indistinguishable curves).
ide core in the centre of the sphere. Besides we took inte'r.er - the radius of the ferroAG grar}u'& - the central core

e . ra%nus (for model 2)N - a number of ferric atoms per a granule.

account diffusion inside the composite granule, the rate o
which (Di, ) in general differs from that outside the sphere Acknowledgements
(Dout)- The Redi eld theory (the stochastic perturbation the- 1hs work is supported by the Russian Foundation for Ba-
ory) was used for the calculations. The two models were g Research (grant # 09-03-00091), President grant for sup
amined by an experiment on the dependence of the transvsgﬁ,ﬁng the Loading Scienti ¢ Schools (3604.2008.3) anel th

spin relaxation time on the outspherical diffusion rateqo@  pjyisjon of Chemistry and Material Science of the RAS grant
ous solutions of ferroAG (3.5%) shown in Fig. 1 (the alte”(‘jﬁﬂo. 5.1.1.).

tion of the diffusion coef cient was achieved by free AG ad-

mixing). Though the tting results are good for both models, References

the available data on the longitudinal spin relaxation tand  [1] S.A. Medvedeva, G.P. Aleksandrova, V.I. Dubrovina et
magnetite and maghemite densities count in favor of model 2. al. —Chem. and Comp. Simul., Butlerov Com#y45-
Besides the experiment justi es the difference betweeewout 50 (2002).

and inner diffusion since agreementlinT; and core density [2] D.A. Kokorin. Investigation of the nuclear spin relax-
is worse without this assumption. A good criterion for deter  ation in solutions of nanocomposites on the basis of fer-
mining what model is realized in reality is the magnetic eld ric oxides by MR imaging techniques (in Russian). —
dependence of spin relaxation times since a wider variation Thesis submitted for the master's degree, Novosibirsk
range is expected for model 2. State University, 2008.
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The deterioration and color changes of the culturally im-
portant objects made of stone are attributed to the combine
factors, among them: (1) widespread occurrence of micro-
organisms inhabiting surface and (2) technogenic polfip
dust, soot, y ashes. As an example marble is a metamorphic
carbonated rock composed mostly of calcite CagCBYy the
moment it has been collected a lot of information concerning
to paramagnetic properties of calcite obtained with etectr
paramagnetic resonance (EPR) technique.

The recognition of early stages of decay caused by litho-
biontic fungi is a great signi cance for the correct optioh Grigure 2: EPR spectrum of fungi grown on marble surface. dvarr
the conservation strategy. One of the major blackening ptentral line belongs to pigment and 6 equally spaced linEmbeo
cess is the surface colonisation by melanin containingifurign®" in fungi strains.

This bunch of species during vital activity deteriorate @gp egge dry biomasses of 26 species of black fungi, isolated

ance and even cause damage of substratum surface. All th : 4 )
factors provide information of biogenic destructive mechpo\reV'OUS|y from art objects exposed on the open air (anfique

nisms. By means of paramagnetic labels in pigments synmg—d'fval ?nd modelrr}[.tlmg) werg studied. f'g' 1tshowskt?at
sized in micro-organisms one can investigate their natrit>PECrUM INES resoiution depends on spectrometer work ire

speci cs. In this case EPR is a non-invasive and extraorgtin uency. EPR spectra analysis in Q-band lets us get more in-

informative method to discover both stone and biological ogrma;tlolnl_concefrndl_r;fg to IT?S qu?nttlty_and Its chgra::tm_s
jects (Fig. 1 and Fig. 3). pectral lines of different fungal strains are anisotropgic

factor falls in the range from 2.0037 to 2.0041 (Fig. 3). From
ot her hand non-biogenic black products exhibited symmetri
ones with g-factors about 2.0028.

Figure 1: EPR spectrum of pure melanin and melanin contginin
fungi grown on nutrition medium (X-band and Q-band spectem
ters).

Figure 3: EPR spectrum of fungi-marble mixture. Line with
Melanin is a widespread dark pigment containing chergr2.0039 belongs to biogenic part and 6 equally spaced lires b
cally stable radicals which represent natural spin marferslong to Mr?* in marble.

distinguishing of fungal contamination by EPR [1]. It plays In conclusions, EPR spectroscopy clearly demonstrate that

avery |mpo_rtant role in any_orgams_m_becaus_e of its prOt%?'genic destruction of monuments can be recognized from
tive properties. Thus melanin containing fungi are the m(ﬁ% hnogenic ones without special labeling
adapted species to alive on such adverse environment like '

stone surface and they can be recognized by color. MelaniiReferences
and black fungi have similar single line spectrum (Fig. 1) by1] Soucharjevskii S., Gorbushina A., Krumbein W., Panina
species picked from marble surface have signi cant distinc L. Recognition and identi cation of marbles and marble

tions in spectrum characteristics (Fig. 2). Spectra coimpar infecting black fungi using ESR-techniques. — “Con-
lets suppose that fungi dissolve marble and assimilatégts e  servation of Monuments on the Mediterranian Basin”.
ments as a nutrition substratum. V. Fassina, Venice, Italy. 1994. P. 335-341.
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1. Introduction However, the contribution of the Van der Waals contacts de-
Protein self-organization is one of the central problemstefmining by the tight packing of the massive side chains can
the modern biology. It continues to be at the focus of intemsiot be excluded.
research dedicated to understanding the protein foldittg in Besides the analysis of the SHH and SHA structures shows
the unique 3D structure with speci ¢ biological functiorh& that the “nose” region in the close proximity of the 48 and 50
most optimal subjects for the analysis of the self-orgaitna positions is much better protected by the side chains of 148
mechanisms are “minimal” globular proteins which are aldad V50 in SHH than by side chains of alanines in SHA. This
to form stable 3D-structure in the absence of the additiodatermines the noticeable difference in the Y55 orienteitio
stabilization factors such as disul de bonds. Among su8tiH and SHA structures (Fig.1). The Y55 orientation was
minimal proteins suitable for the structural and conformehanged by almost 9@elative to its neighbors.
tional analysis of -structural proteins are isolated Src ho-
mology 3 domains (or SH3) domains and their mutant forms

(1].

2. “SH3-Bergerac” chimeric proteins
The native SH3 domains are part of large multidomain pro-
teins (tyrosine kinases), participating in signal trarcditun
and other cellular processes, associated with pathogeokesi
various diseases.
The comparative analysis of NMR structures of SHA and
SHH chimeric proteins of “SH3-Bergerac” [2] family was
carried out by high-resolution NMR (600MHz) in our work.
The -turn N47D48 in spectrin SH3-domain was substituted
for KITVNGKTYEor KATANGKTYEsequences for SHH and
SHA, respectively. Accordingly to X-ray analysis and NMR,
SH3 domain is a compact barrel, consisted of ve antiparglgure 1: Comparison of the model structures of SHH (left) SHA
lel -stretches. In SHA and SHH NMR structures [3] there (isght) proteins based on their NMR data. Side chains of V&)
a long “nose”, represented antiparallebheet, which is typ- and Y55 in SHH and A48, A50 and Y55 in SHA are shown by space
ically twisted as propeller. The introduced extension & tfeeling.
polypeptide chain in SH and SHA (L 7%) practically did not

affect the total molecule topology. The presence of a stabié:Cknowledgements
-hairpin in the region of the insertion with higher mobility Ve are thankfulto Drs. Luis Serrano and Ana Rosa Viguera

in comparison with other protein regions was con rmed. (EMBL, Heidelberg, Germany) for their kind gift of the plas-

) mid with the SHH and SHA genes.

3. Comparison of SHH and SHA structures

The comparison of SHH and SHA NMR structures showsReferenceS, )
their almost total identity. At the same time there are diffe [1] A- Musacchio, T. Gibson, V. P. Lehto, M. Saraste. SH3~
ences in their dynamic properties in the regions of polypep- an abundant protein domain in search of a function. —
tide chain, corresponding to “nose”. The increased stgtufi FEBS Lett.307(1), 55-61 (1992).
the SHH-domain in comparison with the SHA-variant could2] A. R. Viguera, L. Serrano. Bergerac-SH3: "frustation”
be explained by the additional intramolecular interactjon  induced by stabilizing the folding nucleus. J- Mol.
which might affect local dynamic characteristics. In fahe Biol., 311(2), 357-371 (2001).
analysis of the order paramet8F indicates the decreased[3] D. A. Prokhorov, M. A. Timchenko, Yu. A. Ku-
mobility of the residues forming the IVY cluster in SHH in  drevatykh, D. V. Fedyukina, L. V. Gushchina, V. S.
comparison with the AAY cluster in SHA. This fact is also  Khristoforov, V. V. Filimonov, V. P. Kutyshenko. Study
con rmed by the by signi cantly lower values of RMSD for of the Structure and Dynamics of a Chimerical Vari-
SHH. We suggest that the major factor determining both the ant of the SH3 Domain (SHA-Bergerac) by NMR Spec-
cluster formation almost at the tip of the “nose” and the sta- troscopy. -Bioorg. Chem(in Russian)34(5), 578-585
bility increase in the SHH-“Bergerac” is hydrophobic effec ~ (2008).
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ﬁﬁﬂ »uesnv Solid-state 13C NMR analysis of reactivity of fossil coals

1. Introduction. tional properties (with sh si?, sp-hybridized carbon atoms)

In order to solve a problem of safe coal production, it is afid systematize a data set for the purpose of visualization
importance to extend knowledge of structural changes ds watthane-generated samples.
as evolution of composition of plant tissues that are the bas

of coal eld.
. The scope of obtained information indicates that contem-
2. Materials and methqu. porary possibilities 0f*C NMR of coal allow to evaluate not
For the purpose of controlling the processes of transfgf, o alitative changes in carbon-containing materiats b
mation of plant tissues as well as predicting the stability 944, 16 determine quantitative distribution of carbon adre-
natural composites, it is necessary to collect data on atQMsan, gifferent functional groups, revealing thereby e

molecule architecture of coals. In this study the StaB#C jonqhin hetween composition, structure and reactivityatt
valid results of qualitative and quantitative analysis alfds ural carbonic composites

state NMR spectra of Donetsk coals were given.

3. Results and discussion. Acknowledgements _
On the basis of experimental data a structure functional iS work is supported by the Science & Technology Cen-
identi cation of natural composition was carried out. Thige in Ukraine (grant # 4202).
scheme of formgtlon a_nd fqrther transformation of COMPO-Raferences
nents of carbonic matrixes in natural reactors (from brow ] A D. Alexeyev, E. V. Ulyanova, A. P. Shpak etc. Com
coal to anthracite) was proposed. Comparison of integral i T T SO : )
) prop b g parative analysis of*C NMR/MAS, CP MAS spectra

tensities of-3C NMR spectra of genetically related coals cal- line sh Ffossil coals (in RussiamPAVSi hni
culated correctly allowed to reveal the relationship betme In€ shape ot fossii coals (in Russian)Physicotechni-
cal problems of mining2007,10, 5-12.

the coal explosibility and general content and ratio of car- )
bon atoms (CH /CHy ) with different degree of hybridiza- [2] S- V. Zymina, V. V. Trachevsky, A. P. Shpak, . D. Alex-
tion of valence electrons. It was shown that the most expiosi ~ €YeV etc:*C NMR investigation of fossil coals (in Rus-
coals generate on the intermediate stage of metamorphism. Sian). -Nanosystems, nanomaterials and nanotechnolo-
Research results of coal samples (Skochinskogo' mine) with 9ies 2009 (in Press).

different depth of occurrence gave an opportunity to evald3] N. D. Rus'yanova.Coal fuel chemistry(in Russian),
ate quantitatively the content of groups with differentdun Moscow, 2000.

4. Conclusions.
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1. Introduction lines compress constantly till magnetic eld's lines get to
All researches show our magnetic eld has problem cagsther in a point.
ing to radius its strength and if its strength will be less gnan A particle in a magnetic eld re ects to the frailest place of
energy enter to the Earth by these subject. By using time magnetic eld and this re ection is spiral lines. We can nd
cle nd out all problems occur in a time so entrance enertat force which send particles to frailest part of magnetic
will be lots, lots more and this is very dangerous for our lifeld the magnetic eld's lines come together in a point and
and our devices around the Earth. particle go to this point with spiral motions. These motions
2. Dangers on the Earth continue till this spiral will be smaller and arrive to a poéo

2.1. FTE: FTE is transferring magnetic ux between suff ected by magnetic eld. when Earth's eld is good can re-

and Earth. Magnetosphere is lled with particles fromthas sv((;)t ?hzggfif;,oio g;fr?izr:sl r(;lgticgr?iLes?fotr?arg%eitS;):mfsh o
that arrive via the solar wind. They enter by following ma fem P 9 '

netic eld lines. Active FTEs are magnetic cylinders that a ) Orbit theory, a particle witinp mass move in a magnetic
low particles to ow through rather easily; they are imparta . ' .
W particies W ud Sty ey 'mp eld by this force:F = q(E + V  B). Particle move around

energy conduits for Earth's magnetosphere. o . ) .
9y g P the force vector, the general orbit is spiral, that its radau

2.2. Magnetosphere reversalin during of reversing mag-, . . _ — . .
netic poles eld's strength being less (decrease from10%3/More radu_JsR = mpV, =qB, radius come to be less till
‘a point particle has been re ected.

25% of the pre-reversal strength) till change of poles co Hvd icis the oth : tparticles b
pleted. This amountis more therefore magnetosphere will ydromanticis the otherway 1o re ect particies by magne-
tosphereFv=J B r P alsoP (plasma pressure) =den-

protect Earth from entering energy. .
2.3. Sun-Earth interaction: The sun's magnetic eld sity of energyB*=2 ).therefore we can nd B by plasma
pressure.

shifts its orientation frequently, sometime aligned witte t )
Earth, sometime anti-aligned. When the elds aren'taligne 5. Equations
"the shield is up and very few particles come in and when thgssalar potential, V ,in the Earth's magnetic ed =
elds are aligned, it creates a huge breach, and there'slott (a=r)" +1(g" cos(m )+ h" sin(m ))P"(cos )
particles coming in. in the time that strength is so lessjsel2. the magnetic eld generated by a magnetism metal in a
are aligned. point (x,y,z). This equation will be brief according to magne-
3. The only method tosphere structur@& (r)= =4 s m(r r95r r93dvo+
For repairing magnetic eld should enrich its strength by 4 S M (r rO3r  r%%da®+ M (1) _
adding new magnetic eld to old magnetosphere till the geh-density of energy in a magnetic eld but the energy density
eral strength will be more. For adding new magnetic eld #f the magnetic eld is small in comparison with that of the
magnetosphere need to a system generating magnetic S wind plasma (0.4 - 2 cn¥). This is because the south-
increasing general strength and repair decreases in magM&rd IMF component enhances the coupling between the so-

eld and take it anti-aligned. lar wind and the magnetosphere/ionosphere system . also in
3.1. System's structure:we use two particular of superthis paper is more equations on nding magnetic energy in
conductors in system for generating eld several conditions , because of the importance of magnetic

Gadolinium: when it placed in liquid Nitrogen, get mag:nergy to nd suitable elements and suitable external gtect
netic eld which is MONOPOLE, we can transfer energy b&urrenty =1=2sH Bdv
tween NMP-SMP by using this characteristic. 4. magnetic energy that stored in superconductor cylindrical

Type2 superconductors: Gadolinium's magnetic eld is §9i: E =1=2f (; )R N? 12
less and isn't useful in magnetic eld to generate strongl.el>- the general force on a particle in magnetosphéte:=
The only metals which can generate strong magnetic eld ar@B=@y
this type of superconductor elements. This type have stréngnagnetic eld of a superconductor triode (typel of su-
magnetic eld so are useful. perconductors)B = H = B°k BCa’=ricosar

4. Particle's motion: 1=2B%a’=r"sin a

Particles released from Solar activities [protons, etectr References
and ionized hydrogen] are plasma particles and all equatioid] G. Hloupis, |. Stavrakas, V. Saltas, D. Triantis, F. @flatos, J.
used on a particle in magnetic eld seem to be true in our StonhamWSEAS Transactions on Circuits and Systengp.
system. 148-156 (2005).

Earth's magnetic eld come together in a point in North2] John R. Reitz , Frank J. Milford , Robert W. Chrisounda-
Pole this eld has proportion to the space and these eld's tions of electromagnetic theqriddison-Wesley, 2002
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1. Introduction

The modi cation of liquid crystals with special additives
allows to improve their operating characteristics. Fornaxa
ple the introduction of polar nonmesogens results in irsgea
in dielectric anisotropy. Meanwhile the strong speci cant
actions in the pair liquid crystal — nonmesomorphic additiv
in uence on these systems properties coupled with dipole-
dipole association. Those competition should be accompa-
nied by changes in orientational ordering. Therefore tldeor
parameters of those system are of interest.

This report includes the results of the orientational prepe
ties study of the binary systems 4-hexyloxybenzoic acid-(60
FB-07) — imidazole (IM).

12' Experlmenta! Figure 2: Dependencies of direct dipolar couplings (H4,f¢5)m-
H NMR spectra (Fig1l) were measured on the “Bruker AG:-ole on reduced temperature

200" multinuclear spectrometer equipped with a “BVT-3000"
temperature pre X. In contrast to LC order parameter;(She imidazole or-

der parameter (3 improves under concentration rise. It con-
nected with imidazole association due to hydrogen bonds:

Figure 1: 1H NMR 60-FB-O7 + 0.044 m.f. IM in nematic phase at

T=76.9C
At the same time imidazole molecules can be located both

The orientational order parameter for binary system co+-complex with LC ( NH...O=C- ) and in associate. Each
ponents is connected with direct proton dipole constantso@these states has own opientational ordering with respect

follows: LC matrix.
~odir) = ; .3
Dj (dir) = Ky S =rj Acknowledgements
3. Results This work was supported by The Russian Foundation for
The temperature dependencies of direct dipolar coupliidgsic Research, project 09-03-00556a and Program of RAS
H5-H4 were obtained (Fig.2). Presidium N 20.
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1. Introduction Table 1: H-complex stability constants (M) and chemical shifts
The reactivity of azaheterocycles in biological systems(jm) for heterocycles on the base'd€ NMR
determined by their tendency to speci ¢ interactions, asso Ki | Ko ) 1 Ko

ation, tautomeric transitions and protonated states fooma
Therefore the estimation of heterocycles solvation andass EtOH |17,58,6|135,876 135,753 135,894
ation states is the really complicated problem. We studied t| |y |MeOH|10,3)0,1/135,897135,861 137,967
effects of H-complex formation and non-speci c solvation i PrOH | 12,8/ 0,5/ 135,882 135,804 136,956
the 13C NMR spectra of imidazole (IM) and methylimida-
zoles (1-MelM, 2-MelM, 4-MelM) in proton-donating sol- 35| - |135899135978 -
vents. It was shown that association should be taken into corf-MeIM | EtOH | 14,4)7,3| 145,355 145,250 145,426
sideration for estimation of azaheterocycles solvation. 4-IM | EtOH |11,8|3,2|134,924 134,797 135,017
On the base of computer simulation of chemical shift con
centration curves the predominant trimers with H-bonds for 1, 2: calculated chemical shifts (GIABC (ppm)
IM, 2-MelIM and 4-MelM were established in low-solvating
solvents. 2 4 5
The study of H-complexes structure for imidazole deriva- IM 135,926 | 134,438 | 117,369
tives and solvents by quantum chemistry calculations is[of |\1+EtOH (A) 138,810 | 133,224 | 118,465
great interest.

IM+EtOH (B) 135,619 | 133,869 | 117,320

2. Results

By means of DFT B3LYP/6-311G(D,P) method the ge- M+2EtOH(C) | 138,648 | 132564 | 117,845
ometry, thermodynamic parameters ai@ chemical shifts IM+ TGF 135,859 | 133,841 | 117,141
(GIAO) for individual molecules IM, 2-MelM, 4-MelM, their (IM)2 136,499 | 133,559 | 118,101

associates and supermolecules of composition 1:1 (A,B) ard

1:2 (C) with ethanol and tetrahydrofuran were calculated. (IM)2+EtOH ( 137,717 | 132,822 | 118,869

(IM),+EtOH (B) | 136,442 | 133,015| 118,109

(IM),+2EtOH (C) | 137,519 | 132,296 | 118,858
A (IM) >+ TGF 136,586 | 132,870 | 117,901
(IM) 3 136,725 | 132,936 | 118,562
(IM) 3+EtOH () 137,535 | 132,433 | 119,166
(IM) 3+EtOH (B) 136,698 | 132,535 | 118,539
(IM)3+2EtOH (C) | 137,534 | 132,004 | 118,926
B (IM) 3+ TGF 136,729 | 132,535 | 118,599
The increase in H-complex stability in the series
monomex dimmek trimer was determined. The calculated
13C chemical shifts for 2-MelM, 4-MelM and their H-
complexes are in a good agreement with experimental data.
The tendency in the changes of chemical shifts under H-
c bonding in solutions is remained in gas phase.
Acknowledgements
This work was supported by The Russian Foundation for
Basic Research, project 09-03-00556a and Program of RAS

Presidium N 20.
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1. Introduction Table 1.

Theoretical interpretation of:P chemical shifts of phos- i
phorus containing molecules in solutions is one of the actua Method | Method | Experimental
problems in physical organic chemistry. A combination of gx DFT QM/MM | data for
perimental NMR data with theoretical calculations enables (BusP-CS
one to analyse quantitatively the manifestations of therint %P 358.86 | -376.96 (acetone)=
molecular interactions, to estimate the mostimportantrgory ~ (calcul) | -95.72 | -116.03 | 21.29[3]
butions to the energy of the interaction, and also into ckang (P406)=112.50
of magnetic resonance parameters. The calculations enable (exp)=-91.21
to estimate the role of a weak Van der Waals interactions and
their in uence on®'P chemical shifts. Table 2.

2. Computational Details Method Method | Experimental

Calculations of molecular clusters structure of the sollite MM QM/MM | data for
molecule with surrounding solvent molecules have been ¢ar- (BusP-CS
ried out by using a different methods of cluster structyre P 364.70 -372.71 (acetone)=
modelling — quantum mechanics/molecular mechanic method (calcul) | -103.77.72| -111.78 | 21.29[5]
(QM/MM) [1-3], molecular mechanic method (MM) within a (P406)=112.50
framework of the density functional theory (DFT) and Time (exp)=-91.21

Dependent DFT (TDDFT). The correlation functional of Lee
Yang, Parr (B3LYP) on the basis of Beckes three-param
hybrid method and functional OLYP were employing in DF
methods. The calculations of nuclear magnetic shieldimg cQ
stants ( 3'P) were carried out within a framework of the
coupled Hartree-Fock method using a gauge-invariant atomiAcknowledgements
orbitals [4] and 6-31G(d,p) basis set. This work is supported by grant of Prezident of RF Leading
Several different schemes have been developed [1,3Buienti ¢ Schools (grant No. 4531.2008.2).
which a molecule is divided into two parts with one accusatel
described and the other treated at a lower level of theoty, bLREferenceS
the total energy of the real system is a combination of bolt] F- Maseras; K. J. Morokuma.€omput. Chen6, 1170
parts. (1995).
Quantum chemical calculations 8P nuclear magnetic [2] T. Vreven, K. Morokuma. Theor. Chem. Acd.09, 125—
shielding constants have been carried out for methyl- and 132 (2003).
ethy- derivatives of betain ((CHisP-CS, (C;Hs)3P-CS)  [3] M. Svensson, S. Humbel, R. D. J. Froese, T. Matsubara,
and phosphine ((CH3P, (GHs)3P) in a different solvents S. Sieber, K. Morokuma.3. Phys. Chem100,19357—
— acetone, benzol, formamide, toluene. The results of ealcu 19363 (1996).
lations were compared with experimental data [6]. [4] R. Ditch eld. — Molec. Phys.27, 789-807 (1974).
3. Conclusions [5] E. D. Becker. High Resolution NMR: Theory and Chem-

Some results of calculations of absolute value of nuclear ical Applications.— Academic Press, New York, 1980. —
shielding constants 3'P and calculated chemical shifts 354 p.

(calcul) for cluster (GHs)3P-CSmolecule with three [6] Yu. G. Schtirlin, N. I. Tirishkin, G. G. Ishakova, V. V.
acetone molecules are collected in the Table 1, for cluster Gavrilov, V. D. Kiselev, A. |. Konovalov. Zhurn. Or-
(CoHs)3P-CSwith eight acetone molecules — in Table 2. gan. Chimii 65, 1101-1104 (1995).

' A comparison with experimental NMR data showed that
& modelling of molecular cluster structure by using DFT
ethod is the most applicable, unfortunately it is dif caft-
omplished for molecular cluster of a large sizes.
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2Dipalrtimento di Fisica "A.Volta” and CNISM, Universita dPavia, I-27100 Pavia, Italy
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“The Lewis Magnetism Laboratory, School of chemistry, Usitseof Manchester, Oxford Road, Manchester,
M13 9PL, United Kingdom

We report a 'H NMR study of the het-the temperature behaviour 8l NMR spectra, nuclear spin-
erometallic molecular magnetic ring of formuléattice and nuclear spin-spin relaxation rates;Jdmd 1/T,, at
(C4Hg)2NH,Cr;Fe&#* Fg(0,CCMes)16, in brief CrFe!" ). two different applied elds H=0.35, 1.5T in the temperature
In its ground state, the ring is characterized by a total spamge 1.65 T 300K. The results were compared with the
Sr =1/2 resulting from antiferromagnetic (AF) interactionsahes in the antiferromagnetic ringsg&nd CrNi [3,4].
and J' between two Cr(lll) s=3/2 ions, and between Cr(lll)
and Fe(ll) s=2 ions, respectively. From preliminary analy-References
sis of the data JJ' as in similar C¢M rings (with M=Cd, 1] A, | ascialfari, D. Gatteschi, F. Borsa, A. Shastri, Znda
Zn, Ni). To study the local spin dynamics at high temper- * ;4 p CarrettePhys. RevB57, 514 (1998)

ature where the system is still in the paramagnetic phaiﬁ] A. Lascialfari, Z. H. Jang, F. Borsa, D. Gatteschi and A
we collected'H NMR spin-lattice relaxation time Tdata at CbrniaJ App;I .Ph3./383 6,94.,6 (199;3) ' '

room temperature vs. frequency by varying the external aF- ., ’ ) , .,
plied magnetic eld. The curve 1A ) presents a behaviour [3] "NMR in Magnetic Molecular Rings and Clusters”, F.
strictly similar to other AF rings and clusters (e.gsFEeio, Borsa, A. Lascialfari, Y. Furukawa, in "Novel NMR and
Fes, Mny,), with a decrease of 14T ) by increasing the EPR Technlqu_es",gds. J. Dolinsek, M. Vilfan, S. Zumer,
applied eld [1-3]. Consequently, the data were analyzed SPringer (Berlin Heidelberg, 2006), pp. 297-349

by means of a heuristic Lorentzian function, representing] S. H. Baek, M. Luban, A. Lascialfari, E. Micotti, Y.
1/T,( ), that includes the anisotropy frequency, the dif- Furukawa, F. Borsa, J. van Slageren, and A. Cornia,
fusion frequency p and the hyper ne constants Aand A, Phys. RevB70, 134434 (2004) ; J. Lago, A. Lascialfari,
whose values were compared to the ones found in the men- F.Borsa, E. Micotti, M. Corti, P. Arosio, A. Bianchi, S.
tioned molecular nanomagnets [1-3]. The spin dynamics as Carretta, P. Santini, G. A. Timco, and R. E. P. Winpenny,
a function of temperature has been followed by measuring Work in progress

-51- NMRCM 2009, Saint Petersburg, Russia, 29 June—3 July 2009



=uesuy EXpansion of diagnostic opportunities by means of algebrai C operation
K I A\mzoog with MR images
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119991, Russian Federation
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1. Introduction Multiplication of images from DIR modes with different
MRI data processing based on algebraic operations (solersion times emulated images from scanning mode with
traction, multiplication etc.) with identical images orcd- suppression of signals from several normal tissues, namely
ization is considered. Subtraction of images is usualljliagp waters, fat, and mucous a nose. Emulated images gave good
at MRI researches with injection of contrast substance, atiglialisation of intracranial lesions [2].

also in fMRI. We used algebraic operations for differentia-
tion of tissues and emulation of MR-images which cannot be
received at usual scanning. Method is based on known theo-
retical dependence of MR-signals on parameters of the used
modes of scanning and in uence on pixel brightness of alge-

braic operations over these images.
Figure 2: Left to right: T2, FLAIR, DIR, (T2-FLAIR)x(FLAIRJ.

2. Materials and methods Algebraic operations with T2 and FLAIR give image analogous
We made algebraic operations with the images receivedXR. Only this mode reveals changes in meninges after sairgjz

MR-scanners: 0.5T Tomikon S50 (Bruker) and 3T Achieggation enough distinctly

(Philips). In the rst case the rm software allowed to make

both subtraction, and multiplication of images. In the seto

case the rm software gave the chance to do only subtrac-

tion, and for multiplication of images was used freeware Im-

ageJ. For emulation of modes STIR or FLAIR it was made

subtraction of images, accordingly: T2-FLAIR or T2-STIR.

Multiplication of images from modes FLAIR and STIR, and

also DIR with different inversion times [1], was made for em-

ulation of scanning modes with simultaneous suppression of

signals from two and more normal tissues.

3. Results

Operation of subtraction T2-FLAIR gave the images simi-
lar to ones from STIR mode. It helped revealing of dermoid
cysts, formations in hypodermical fat, recognition of iss
at the skull base — Fig. 1.

Figure 3: Left to right: T2, FLAIR, T1, DIR, STIR, (T2-
FLAIR)x(FLAIR)?. Algebraic operations with T2 and FLAIR give
very distinct visualization of dermoid cyst

Figure 1: Left to right: T2, FLAIR, STIR, T2-FLAIR. Asymmetr luSi
distribution of MR-contrast at the skull base probably issed by 4. Cor_lc USIOnS ) ) ) o )

a unknown pathology. But image subtraction gives imageoguals ~ Algebraic operations with MR-images give additional in-
to STIR. Conclusion: suspicious tissue is ordinary fat formation in MRI research at the expense of emulation of ad-

ditional modes of scanning. Is is especially useful at netea
Operation (T2-FLAIR)XFLAIR yielded the image similags intracranial lesions.

to image from DIR mode that has allowed to reveal postoper-
ative changes in brain meninges — Fig. 2. References
Operation (T2-FLAIR)XFLAIR gave image of dermoid[1] T. Redpath, F. Smith BJ. Radiol, 67, pp. 1258-1263,
cyst as hyperintensive formation on a dark background — 1994.
Fig. 3. [2] N.Anisimov et al.Proc. ESMRM-2005.435.
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Department of Natural Products Chemistry, Chemistry Fgc8aint-Petersburg State University, Universitetsky
pr. 26, Petrodvoretz, St. Petersburg, 198504, Russia.
E-mail: Alexander.Shavva@gmail.com

It is well known that steroid estrogen analogues of D-The full assignment of signals ihtH NMR spectra of
homo-6-oxa-8 -series could possess hypolipidemic propesteroidl has been done using COSY, DQF-COSY, J-COSY,
ties (cardioprotective) under the depressed hormonat-adiSQC, NOESY methods. The structure of sterbid the so-
ity [1]. Furthermore, such steroids are the best candidatedution has been also determined (Fig., b). Proton-proten di
the creation of anticancer medications [2]. It is desirabletances, de ned from NMR data are in the correlation with
know about the features of their structure in the solutian fralculated ones bab initioandMM + methods.

the selection of further perspective modi cations of sunaa  pata obtained have been used for the structures selection

logues. D-Homo-6-oxa-8-estrone methyl ether was selectqgy the synthesis of new steroids with the improved biolagic
as model compoundy. properties.

References

[1] Kameneva I. Yu., Shavva A. G., Lozovsky V. T,
Ryzhenkov V. EBuIl. Exp. Biol. Med1994 3, 262-264.

[2] Gluzdikov I.A., Purohit A., Reed M.J., Shavva A.G.
Novel estrone sulphatase inhibitors. XVIII Mendeleev
congress on general and applied chemistry. Moscow,
September 23-28, 2007. Abstract Book, 2056.

Figure 1: a) Fragments of NOESY spectra (= 0.5 s) of steroidl; b)- spatial structure and c) — ring D of this steroid. NOEndicated
by bold double arrows, distant scalar interaction 15 (1.5 Hz) is indicated by single arrow.
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Properties of liquid water are to a great extent detéwrmation probability.
mined by the branched network of hydrogen bonds. Topol-Taking into account the contribution of specic OH in-
ogy characterizes the mutual arrangement and orientafiofegactions to the pair model potential increases the dfabil
molecules, in other words, the shape of the network itsef.tetrahedral structure of hydrogen bonded network. This
The dynamical approach considers the duration of procesgsiws from both topological and dynamic characteristics
such as the motions and reorientations of molecules andftben an increase in the fraction of four-bonded molecules in
destruction and restoration of bonds between them, in¢he the system and an increase in the short lifetime of hydrogen
uid. In computer experiments such as classic molecular ggnds.
namics simulations, these manifestations of hydrogen-bondrhe explicit inclusion of speci ¢ intermolecular interac-
ing phenomenon can be studied simultaneously. tions between oxygen and hydrogen atoms additionally-stabi
The classic molecular dynamics methods were employiegds tetrahedral coordinated molecules and, consequentl
to obtain the topological and dynamic characteristics of hteases their number in system. Lifetimes of hydrogen bonds
drogen bonds in water. A comparison of descriptions of #@re found to characterize high correlation of movements of
topology of hydrogen bonded network in water for variowgarest environment molecules.
pair potentials with different water molecule geometriesw
conducted. A dynamical characteristic of hydrogen bonds iAcknowledgements
their lifetime. This was calculated with use of an approachThis work is supported by the Russian Foundation for Ba-
based on research of changes in time of the hydrogen bsicdResearch (project N 07-03-00646).
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Large amount of studies were devoted to computer sinfi2] J. Marti. - Phys. Rev.E61, 449-456 (2000).

ulation of supercritical water. Dynamical properties sash
reorientational correlation times, dielectric relaxatiimes,
dipole relaxation times, self-diffusion coef cient, moslef
molecular libration (hindered rotations) and intermolacu
vibrations, times of water molecule persistence in rsticoo
dination shell were calculated. Nevertheless, calculataf a
basic dynamical characteristic of hydrogen bonding - ayera
HB lifetime, were carried out only by several authors. In mos
popular studies [1, 2] calculations were performed onlyafor
few supercritical states. But these results seem to be very d
embodied and data spread did not allow to make up a general
picture of average HB lifetime as a function of state parame-
ters. Thus, we found appropriate to conduct a comprehensive
study of HB lifetime dependence on temperature and density
in a wide region on phase diagram. Calculations of average
HB lifetime were performed for 44 supercritical state psint
Density dependences of average HB lifetimes were ob-
tained at constant pressures and various temperaturesy(alo
isobars of 30, 50, 80 and 100MPa: T=500 - 900K) and at
constant temperature (along 673K isotherm). The effect of
density on HB lifetime is less signi cant than that of tem-
perature, showing the rising tendency of average HB lifetim
to increase with increasing density both for constant pres-
sure and for constant temperature. At the same time, the be-
haviour of every dependence is hon-monotone. Not only in-
ection points but also extremes could be observed. It could
be noticed that dependence become atter at higher pressure
However, drastic changes in dynamical behavior of molecule
in supercritical conditions don't nd the response in a\ged
statistical characteristics of hydrogen bonding, suchas-f
tions of n-hydrogen bonded molecules and average number

of hydrogen bonds. Figure 1: Intermittent HB lifetime ;5 in supercritical water as a
Acknowledgements function of density at various pressures P and temperature T™™

This work is supported by the Russian Foundation for Ba@ur calculations: I - P=30 MPa, Il - P=50 MPa, Il - P=80 MP4, |

sic Research (project N 07-03-00646).

- P=100 MPa, V - T=673 K. Numbers of points on | - IV correspond
to values of temperatures. VI-VIIl arg;z obtained by Marti [2] in

References simulations with SPC-F and applying geometric critergoR 4.6

[1] T. I. Mizan, P. E. Savage, R. M. Ziff. 3. Phys. Chem. A, Rox
100, 403-408 (1996). T=773 K.
—_55_—

2.4A, 30 :VI-T=573 K, VII - T=673 K, VIII -
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1. Introduction 3. Experimental

One of the most perspective directions of the use carbofThe sample consisted of the test tube with a xed amount
nanotubes is connected with creation high capacitive stofithe SWNT dispersionin CECN, in which areaitis located
age devices (supercapacitors, ionistors), the speci @capthe NMR coil of the pulsed BRUKER spectrometer SXP-2-
itance of which can reach tens of farad per gram [1]. Tran$o0.
portand diffusion properties of charge carriers and thessil ~ The time dependence of the NMR signal from nuélei
in the nanocarbonic matrix signi cantly determine the Basiolecules CHCN, penetrating to the dispersion of @ON,
properties of the energy storages [2]. In this work, we iRv@Sregistered after the adding the same volume 0fCN. Pa-
tigated the molecules diffusion of the solvent - acetdeitrrameters of the NMR coil are optimized for improvement the
among dispersed nanotubes (SWNT) according to the datagrhogeneity of the eld in the work area.
the impulse NMR experiment, as well as on basis of a com- .
puter simulation. For observation of the process of diinsi 4. Results and conclusions
we used the method previously proposed in [3] “ interdif-
fusion of two volumes”, containing, respectively, protteth
and deuterated form of the solvent - acetonitrile.

2. Computer Simulation

The diffusion of the solutions with the diffusion coef -
cients and concentrations similar to prototypes in the geom
try of a test tube was studied by using COMSOL Multiphysics
package. Another way of looking at it is to consider the tlyeor
formula [4]:

2p2Dt
H2

h 2a ,§ 1 . np npx n
) =g —+—2(q =sin S
a(xt) q)H ’ (en';:llnsm m co m expf )

whereD is the diffusion coef cientH is the whole height
of the sampleh is the height of the part of the sample, which Figure 2: Time dependence of NMR signats

contains hydrogen atoms.
Analysis of the experimental data in principle allows to al-

locate the process of the diffusion in the interparticlecgpa
(the initial section), and diffusion inside the nanotubie (
nal section).

Acknowledgement
This work is supported by the RFCR grants 07-08-00548
and 09-03-01105.
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Figure 1: Time dependence of concentration (‘blue' — COMSO({4] J. Duhklo, Diffusion in liquids GONTI, 1939 (in Ris-
Multiphysics; “red' — theory formula). sian).
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A survey of recent literature demonstrated an absence oKRD results reveal that besides two O:N interactions
data on complexes of Te-containing salen-type ligands thee hypervalent TéO bond is presented in the molecule of
spite they take a central place in coordination chemistry1df.

Schiff bases.
>: Te—Te :j : ::
1: X =NTs (a), O(b)

We have synthesizeblis-imines 1 and have studied their
structure by X-ray diffraction antH, *3C, 15N, 1?°Te NMR 1'
spectroscopy usintH-2°Te-HMBC technique.

From the other handH-1?>Te-HMBC spectrum ofla
demonstrates one cross-peak of telluriumpotio-proton as
doublet and strong cross-peak with azomethine H-atom that
may be observed only for structute TheH-125Te-HMBC
spectrum has similar character but it has two singlets (of
ortho- and meta-protones) in aromatic region.

So we have shown that structure lois-imines of 2,2'-
diaminodiphenylditelluride depends on the state of com-
pound.

Acknowledgements
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2-Acyl derivatives of ve-membered heterocycles are ghenacylbenzimidazole which may exists in four tautomeric
matter of interest due to their possibility to tautomerisforms (Scheme 1) and investigated its structure in solution
(Scheme 1) and as potential bidentate ligating systemsdbCDCl; and DMSOeég using the COSY, HMBC, HSQC,
metallocomplexes. NOESY techniques.
IH, 13C, >N NMR data reveal that above compound in

N
C[N\>_>ﬁ — @[ S N solution demonstrates tautomeric equilibrium of two forms
Ph N Ph

r} Y ud laand1b in 1:1 ratio in CDC} and 1:3 in DMSO¢ds. It
p-CIPh © p-CIPh may be connected with stabilization of more polar fatin
1a 1b MG in dimethylsulfoxide. Similar behavior is characterishiza-
N\>_/}Ph ture of 2-acylaminobenzimidazole derivatives.
j H @EN Coordination with metals (1, C*) according to the
) NMR data leads to the stabilization of the fofihand yields
e in the complexeg.
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1. Introduction reaction eld method. The system was equilibrated during a
During the last decades dynamical properties of moleculess run. The following simulation time was 0.5 ns.
con ned in carbon nanotubes (CNTSs) have been studied exAcetonitrile was described by rigid three-site A3 model
tensively using various experimental and theoretical wesh [2]. The CNT carbon atoms were considered as electroneutral
Nevertheless, despite a considerable amount of work, theldmnard-Jones (LJ) centres. Their LJ parameters were taken
scription of molecular motions inside CNTSs is a problem fiom GROMOS [3] force eld. To describe the nonelectro-
to be solved. In this context, the combination of Moleculsatatic part of Li interactions the standard Lennard-Jones po-
Dynamics (MD) simulations, which are capable to providential parameterized by Kaluget al.[4] was employed.
detailed information of all the atoms in the simulated sys-
tems on a few nanosecond timescale, and NMR experimené‘ Results

should be fruitful for the further investigation of the igsu ~ FOr lithium-7 nucleus the longitudinal magnetization de-
In the present study, nuclear spin relaxation of litniunm-7 §2yS €xponentially over the whole temperature range censid

acetonitrile con ned in single-walled carbon nanotubes H&f€d- The characteristic timig at 298 K is about 2 sec. This

been measured by pulse NMR and treated by MD simulatidA&!€ S in a reasonable agreement with the spin-lattiexfel
in order to analyse the effect of con nement on lithium catiition time estimated by means of MD simulations. The recov-
mobility and study the peculiarities of quadrupolar retiom €'Y of Fhe transverse magnetization exhibits two-expdakent
mechanism inside carbon nanotubes. behaviour over the whole temperature range from 230 to

) . . 313 K. Probably, the spin-spin relaxation of lithium-7 in-
2. Experimental and computer simulations ¢jyges contributions from con ned, less mobile, and non-
details con ned cations.
Lithium-7 relaxation experiments were performed for
2 molal LiCIO, acetonitrile solution con ned in single-wall Acknowledgements

carbon nanotubes (1.1 nm diameter) over the temperaturiS Work was supported by the grants of The Russian

range from 230 to 313 K. The measurements were carfigtndation for Basic Research (07-08-00548, 07-03-00735,

out on Bruker spectrometers operating at 35 and 194 M@l 09-03-01105). The nancial support of Karazin Kharkiv
using the inversion-recovery pulse sequence for spiicmnNat'o”al University (Grant #0107V000666) is gratefully ac

and Hahn-echo method for spin-spin relaxation. knowledged also.
The simulations of one Li ion among 260 acetonitrile References

molecules con ned in 1.1 nm diameter CNT were perfome[:h] O. N. Kalugin, V. V. Chaban, Y. V. Kolesnikkharkiv
in an NVT ensemble at 298 K using the MDCNT soft- "~ (niversity Bull. 669, 41 (2006). ’

ware package [1] with periodic boundary conditions in al :
directions. The density of the system was set to be eq Zﬂ R.D. Mountain,J. Chem. Phys107, 3921 (1997).

776.8 kg/ni. Temperature was kept constant employing th&] W F- van Gunsteren, et allhe GROMOS 96 Manual
Berendsen method. The equations of motion were solved us- 21d User GuidgZurich (1996).

ing the standard Verlet leap-frog algorithm with a time stép [4] O. N. Kalugin, A. K. Adya, M. N. \olobuev, Y. V.
1.0 fs. The long-range Coulomb forces were treated using the Kolesnik,Phys. Chem. Chem. Phys, 1536 (2003).
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1. Introduction 3. Results and discussion

Water in seeds plays an important role. When dormant drywe found that water enters the seed through the micropile.
seeds uptake water, they can germinate to start a new lifeTiyen water enters the embryonic axis and s a thin layer on
cle. The changes in water status during imbibition can in gotyledon perimeter between cotyledons and the seed coat.
ence the plant growth. Most studies of plant structure ase d@lext water portion lIs the voids between cotyledons and
structive in nature. The most appropriate non-invasivéwt then is distributed into cotyledons. During 24 h of imbibi-
for studying seed imbibition and water status and distidout tion, water was unevenly distributed within the seed andesom
is NMR imaging. This method was successively used in lyhatomical parts were more hydrated than others. The high-
dration studying of soybean seeds [1], tobacco seeds [2], st water concentration during all imbibition process was o
ney beans [3] and other. However, the site of water entry &gved for the embryonic axis. The differences in water up-

its movement during imbibition is still not clear. take between cotyledons and embryonic axis could be be-
2. Samples and experimental equipment cause of different chemical composition of these two organs
2.1. Samples Our results well agree with soybean seeds [1] and tobacco

The seeds of LimaRhaseolus lunatusyere used. BeforeSeeds data [2] but differ from the same for Phaseolus vidgari

the NMR experiments we studied water uptake in seeds!

measurement of their mass. Lima beens are relatively masthe seeds drying process was investigated by NMR imag-
sive, within of 1,3-1,8 g, and relatively fast swelled; theing. It was found that water leaves the seed through miagopil
mass start to increase in 2-5 h of contact with water and fiBum and strophiolar plug. At rst the average part of a seed
jority of seeds nish the rst swelling phase within of 12-16 is exempted from water whereas a high water content keeps
For NMR experiment a Lima bean was set in a 25 mm samf§igtissue on the cotyledon outside.

tube and positioned vertically. The sample tube was thexd Il
with distilled water and inserted into an MRI probe to inves- Ac_knOWI_edgememS ]
tigate the imbibition process. For drying process reseameh 1 1iS WOrk is supported by program “Development of scien-

used the samples, which passed through a swelling stage figotential of the higher school” the project N 2.1.1/268

in92s;vgfggs%zJZer?pﬁzﬁtwere acquired during 12-16 h'References

NMR experiments were carried out using Bruker 200 MHP] L.N. Pietrzak, J.Fr_egeau—Re|d, B. Chatson, B. Blachwel

. . . . — Can. J Plant Scig2, 99-111 (2002)

equipment. Images were obtained using gradient echo. The
eld of view was 20 20 mm with a 128 128 and 256 [2] B. Manz, K. Muller, B Kucera, F. Volke, G.Leubner-
256 points data matrices. The most contrast modes were usedMetz_ger. —.Plant Physm!, 138 15_38'1551 (2005)
for the longitudinal and transverse slices with their thieks  [3] K. Kikuchi, M. Koizumi, N. Ishida, H. Kano. -Ann.
of 1. mm. Bot, 98, 545-553 (2006)
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1. Introduction noticeable compared to changes of the residual water conten
Most bacterial formulations intended for a long storage awed "are visible” by NMR in sealed ampoules. This makes

being manufactured in a lyophilized state. The number of these NMR parameters an attractive tool to control the qual-

able cells, their activities, and the humidity content timat ity of biopreparations.

uences strongly the rate of dead cells are most important

parameters to be monitored. A conventional assay of deter-

mination of cell activity and humidity takes much time, be-

sides, there is a risk of harmful exposure of the environment

and personnel to dry material upon its dry and weighing, es-

pecially when it comes to pathogenic and gene modi ed mi-

croorganisms. The objective of this work was to con rm the

applicability of the NMR relaxation procedure to monitoeth

moisture content of dry formulations and their activities.

2. Materials and methods

The freeze dried samples of bovine serum albumin (BSA)-
trehalose complexes (2:1) and bacterial cell&Estherichia
coli K-12 were studied by the proton NMR relaxation tech-
nique in the humidity range from 1 to 25%. There were ana-
lyzed the following NMR-parameters: amplitudes of slow A
and fast A free induction decay (FID) components re-
laxation time T for dry substance and,Tfor water protons
of biopreparations. NMR parameters were taken on in a spg
trophotometer SXP-100 ("Bruker”, FRG) at a frequency of%
MHz. The "dead time” of the receiver was 1. The 90 -
pulse duration was 2.5s. The triggering periodwas 3s; T
was measured by using 80-90° - FID pulse sequence.,T
was determined from the FID curves.

3. Results and discussion

It was found that the FID is described best of all by the
sum of two components. A slow component is described by
exponential function and corresponds to water protonssA fa
component is described by exponential function of the Gaus-
sian shape and corresponds to dry substance protons [1]. It
was found that A/A, and T, increased, but T decreased
with the increase of the water content in the samples. In wet
samples T increased sharply and decreased then steadily,
while T, grew constantly (Fig. 1 and Fig. 2).

T, alters to a greater extent and is much more responsive
to changes in the moisture content in the system, as well as
to changes taking place in dry samples. Our results suggest
that the lower water content of the samples, the higher T
and the lower proton mobility (translational, rotatiorasgil-
latory). High values of T testify that dry samples have rigid
matrixes.

The increase of J takes place along with the decrease of
T, of dry substance protons, thereby demonstrating the enREIcerenceS
hancement of their mobility. This in turn should lead to éast [1] G-N. Fedyukina, V.Ya. Volkov. -Biotechnology (in Rus-
death of cells at high wetness. Changesoéiid T, are more sian), 2, 73-82 (2009).

ure 1: In uence humidity on T and T, for BSA-trehalose com-

Figure 2: In uence humidity on T for dried bacterial cells
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1. Introduction RAM - random access memory. It is necessary for storing
Magnetic resonance imaging (MRI) system is an imagititg digital codes of the frequency values;
technique primarily used in medical setting to produce high USB/FIFO — is a USB to parallel FIFO interface. It is
quality images of the inside of the human body. This tediequired for easy interaction with personal computer;
nique is based on collecting the signal from an exited slice o PPU — pulse program unit. It carries out the frequency
volume within the sample. This excitation is achieved usifgitching function during experiment.
special radiofrequency (RF) pulses that are designed to pro
vide the required localization within the imaged volumeisTh
work is deals with the designing of RF synthesizer which ac-
tual frequency and the applied slice selection magnetid el
gradient determine the position of the excited slice.

2. General dESCI’iptiOI’l of the device Figure 2: Block-scheme of the RF synthesizer.

The operation principle of the designed device (Fig. 1) iSthe program for FPGA has been also written. In this pro-
relied on the so called digital direct synthesis (DDS) mélth@yram the four modules each of them interacting with a de nite
The advantages of this method are the following: element of the device are considered (Fig. 3).

fast, phase-continuous frequency switching;

ne frequency and phase tuning resolution;

fully digital control of frequency and phase value;

easy implementation of digital modulation of frequency.

Figure 3: Functional block diagram of the program.

To produce the correct function of the made up device
within software of MRI system the so called drivers of high
and low level have been written.

The simpli ed block-scheme of the invention is presentedAlso a program for testing and debugging of the device has

below (Fig. 2), where been made.
DDS — chip realizing the DDS method:; The designed device has the following main characteris-

FPGA - eld-programmable gate array. It carries out coHCS:

trol function and correct interaction between other paithe ~ frequency range — 0-15SMHz;
device: frequency resolution - less than 1mHz;

Ref.Gen. — the reference generator. It is required for DDS SWitching frequency —no more than 1MHz;
four phase-shifted output channels;

Figure 1: RF synthesizer.

chip clocking; bility of ina th |
Clk.Osc - the clocking oscillator. It is required for FPGA ability of generating the square pulses.
chip clocking.; Acknowledgements
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1. Introduction M — multiplexer for choosing the signals for transforma-
Itis important for the doctor, who observes the patient wition;
the help of the MR tomography, to know the full picture of pa-  X,Y,Z,X",Y',Z,. — input and output signals.
tients conditions. So it is important to separate the slags To produce the correct function of made up device within
under the arbitrary angle to raise the level of diagnostcs usoftware of MRI system was written drivers for this hardware

2. General description of the device Also was made a program for testing and debugging of the

For getting the image are used gradient magnetic elgs

. . i ’Further itis planned to move to the new device which func-
which switch on along three main axes (X,Y,Z). One of theﬁ ns are both forming the gradient pulses and transforming

is used for separating slices out, which are perpendlcula([jl three signals (X,Y.Z). It will be implemented in new to-

the direction of the applied gradient. mograph with strength of main eld 0.4 T for traumatologic
Coils, which form those elds, are in xed condition. 2ims.

Therefore to separate the arbitrary slice, it is important t Its block-scheme is shown on g.2:
switch gradients on, which rise simultaneously along the tw
main axes, because the summary gradient would be de ned as
the superposition of these gradients; i.e. it is necessgrgss
to the new system of coordinate, which is turned relatively t
the initial towards the required angle.

Rotation of axes round the initial point to the angle is de-
scribed by formulae (separated slice is parallel towarészax
rotation is realized in the plane XY):

x%= xcos  ysin;
y%= xsin + ycos;
2°= z:
The simpli ed block-scheme of the invention performing
these operations is presented below (Fig.1):

Figure 2: Block-scheme of the device for forming the gratiprnses
and transforming all three signals (X,Y,Z).

where:
Ctrl — control the gradient pulse forming;
SDA- storage for rotation matrixes;
SPF- storage for pulses forms;
PF- pulse forming;
TS- transforming X,Y,Z signals;
ILD- interface for data loading;
LAB- linear approximation block;

The main result of the done work is quality images which
are made of this device. It successfully work within MRI sys-
tem of tomograph “TMR-KFTI".

Figure 1: Block-scheme of the device for imaging slices rigd

. Acknowledgements
under the arbitrary angle. . .
This work is supported by the program of fundamental re-
where: searches of the Presidium of Russian Academy of Sciences
DAC — digital to analog converter; “Fundamental Sciences to Medicine”.
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1. Introduction tion from the second sequence. Thus the interference from
Since the nuclear quadrupole resonance (NQR) is appiig can be decreased greatly and Echoes can be increased
cable for detection of explosives [1], more and more atteaversely. SNR is improved. However the used subtraction is
tion focuses on its practicality. Because the signal-ts@onot enough for sensitive detection. We use the dependence of
radio of NQR signal under the background environmentis tie echoes from the phase shift in the rst preparatory pulse
weak, the probability of detection can't achieve 100%, coifire combination of the phase shifts df, ®®, 18¢, 277
bined with some low false alarm rate. As we all know, throduces the best results.
noise and interference under environment are very high dulgg_ Results and Discussion

ing detection, we often use some methods to increase SN ™ our system we use Apollo Console (produced by Tecma
for example shielding the detector, adding the signal fepet y P P y 9

tiously. Here our motivation is to investigate the abilifyus- corp.) as creation of pulse sequence and acquisition system
- 9 The power transmitter is a four stages ampli er with output

ngplcor;\s/;addmg NQR enhancement sequence technlqu%s(,?wer _1000W. TheT low noise prg—ampli er isa casc_ade am-
' pli er with 30dB gain. The probe is solenoid. We design a Q-
2. Description of Sequence switch circuit to decrease ring from our head-probe. Here we
To detect explosives and narcotic substances by meanssefHMX(C,HgNgOg) as sample. The detection frequency is
NQR, we often use multi-pulse steady state free preces80f87MHz. The resultisin gure 2.
(SSFP) and multi-pulse spin-locking sequences(MSLS), th&he upper part shows the acquisition in time-domain after
phase of SSFP and MSLS has different models, for examtple rst SFFP, here the interference from ring is very clear.
0%, 9,180,270 [2] The middle part shows the result after using cross-adding
First we discuss the upper part sequence in gure 1.It isreethod in time-dome, and the nether part shows the result
typical MSLS. Theoretically, we only want to acquire NQI frequency-domain.
signals from explosives. In acquisition window,
acquisition=Echol+Echo2+Echo3+
But in fact, Noise and Interference under back-ground ex-
ist, so
acquisition =Noise+Interference+Echol+Echo2+Echo3+
Generally under shielding circumstance, Interference is
mainly from ring. So here we only think over ring. We can
design Q-switch circuit to decrease ring, but this method is
too limited when digital signal is processed especiallye Th
best essential method is to change the phase parameters of
sequence.

Figure 2: The result with using cross-adding method.

From Fig.2, we can see that cross-adding method is very
usable, but sometimes the phase of Echoes is not consis-
tent, we usually delay acquisition time slightly and inGea
acquisition-points to improve resolution.
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Figure 1: Multi-pulse Sequence.
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Water, which is polar and non-ionic solvent at normal coter microdynamics and detailed picture of hydrogen bond-
ditions, can become ionic and low-polar one above a critidad) between molecules could be obtained only using quan-
point. Contrary to a normal liquid state, at the superaltidum molecular dynamics methods. This method was realized
conditions hydrogen bonded network is destabilized to thihin Car-Parrinello molecular dynamics framework for 32
various extent. Moreover, continuous breaking and refermaater molecules. Many body effects are approximated in the
tion of hydrogen bonded structures cause large density atahdard way using density functional approach, by includ-
dipole uctuations that, in turn, can signi cantly affecheé ing gradient corrections after Becke and Lee-Yang-Parr on
dielectric properties of the solvents. Applying variousrth the exchange and correlation functionals, respectively: T
modynamic conditions, one can control viscosity, polaoity jectories for 7 thermodynamic states obtained for simaitati
pH in order to obtain necessary solvation properties. Chatigne of 5ps with time step 0.1fs. System properties have been
in water structure above the critical point is the consegaenecorded every time step. Radial distribution functiotrsics
of transformations in hydrogen-bonded network. Simutatitural factor showed good agreement with available experi-
with classical molecular dynamics or Monte Carlo methodsental data. It has been showed also, that strength of hy-
features of water structure always depend on potential-inttrogen bonds in small clusters in CPMD differs from those
action function. Every potential has its own propensitygalf obtained with classical molecular dynamics simulation.
izing hydrogen bonded network, dynamics of hydrogen bond }cknowledgements

and nearest environment. Size and topology of molecular d This work is supported by the Russian Foundation for Ba
namics clusters for various thermodynamic states are widel g
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1. Introduction The optimized structural parameters and total energies are
Magnesium based alloys are potentially low-cost hydrodested in Table 1. As one can see the values of total energy for
storage materials with high hydrogen storage capacity umlichree structure types are very close to each other. Hemwev
7.6 wt % in MgH: [1]. Unfortunately, its application is rathethe structure type realized in nature is more stable.
restricted by relatively slow hydrogen absorption kinead  In Table 1 we also listed the average interatomic distances
high hydrogen release temperature (673 K). in three phases. It worth noting the MgN\structure type ex-
Ca-Ni alloys form another class of hydrogen storage nibits the longest interatomic distance.
terials with AB, and AB; structure types. Recently a new The density of states analysis showed that for the most un-
structural type has been found for the compound with nogfable phase MgGtthe Fermi level occurs right in the middle
inal composition (MgCa x)Niz6. Its structure is made ofof a sharp peak formed by i-states.
nine layers (6 AB + 3 ABs) stacked in an original manner
[2]. However, it is possible to nd new ordered arrangemeni@ble 1: The optimized lattice parameters, atom internaidioates,
Here we present the results of our theoretical study of stgerage interatomic distances and total energy of threetate
bility of AB , blocks (A = Mg and B = Ni) with different typestyPes of MgNk.

of stacking. ST MgNiz MgZn, MgCuwp
. SG P 63=mmc P 63=mmc Fd3m
2. Method of calculations . a () 7799 1775 6782
The electronic structure of ordergd bl_nary Mg-Ni alloys hagy (A 4.799 4.775 6.782
been calculated within full-potential Imearlz_ed augneeht ¢ (a) 15.846 7.954 6.782
plane waves method (FLAPW). All calculations have begmjg 0,0,0.093 1.2,0.063 0,0,0
carried out using the WIENZ2k code [3]. The radii of non- 1,2,0.844
overlapping muf n-tin spheres have been kept equal to 2.Mi 120124 0,0,0 532
% 3 8'8'8
a.u. for all atoms. All calculaions has been performed using 5,0,0 0.831,0.662
1000K points in irreducible Brillouin zone. 0.164,0.329;
3. Results and discussion gMg-M_g(LA)) ;-:gii ;-zgz: ;-ziig
We studied the stability of three structure types of MgN dMg'N'(A) S 255 S e
with different AB, (2:4) blocks staking: MgNi, MgZn, and E(Ry) =183 99555 | 6483.99400 | 6483.99066

MgCu,. Their unit cells are shown in Fig. 1a, b and c, re

spectively.

4. Conclusion

Our calculations con rm that the chosen method is suitable
for the description of the equilibrium state of binary Mg-Ni
alloys. Now the calculations of the ternary Mg-Ni-Ca system
are in progress.
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1. Introduction

Study molecular transport in micro porous material is of
large interest, as with relation to fundamental aspectsaif-p
lems of molecular mobility in restricted space with dimemsi
order diameter of molecules, so for many practical applica-
tions (high-capacitive accumulators electrical energypes-
capacitors [1] and [2]). In this work we deal with, the study
of molecular mobility and ionic transport in carbon matrix
of nano-dimensional scale using pulsed methods of NMR,
and to appear logical addition of investigation descrilbed i
the works [3] and [4]. Presented here are the intermediate
results investigation mobility of lithium ions and moleesl
of electrolyte in dispersion acetonitrile-carbon nanesth
lithium chloride (in what follows, dispersion). Figure 2: Temperature dependence diffusion coef cienttbium

2 Results ions in dispersion.
At the relaxometer BRUKER - SXR 100, was trans- 3. Conclusions
acted investigation of temperature dependence diffysioit  Ag my be seen, the ion diffusivity in dispersion of SWNT
lithium in pure protonation acetonitrile (in what followsd-  haye a small changes, with respect to pure acetonitrildpbut
lution). Given dependence was getting at method permangifie solution near phase transition slightly nonlineanias
gradients of magnetic eld, and illustrated on the gure 1. ynheared. Under the same conditions this effect in dispersi
was not observed, which is the case may be explain decrease
phase transition temperature for acetonitrile exhausteslic
face of carbon nanotubes.
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1. Introduction In addition the cross-polarization kinetic pro les were ane

Cimicifugae racemosae extract is effective botanical @arepured for four compounds. Since the intensity of the signals
ration for relief of vasomotor symptoms of menopause, sushhe function of contact time [2], these pro les enabled no
as hot ashes and night sweats. The main group of coanly the differentiation of CH, Ckland CH groups, but were
pounds are triterpene glycosides, which are thought toaigo the source of precious information concerning chemica
responsible for the pharmacological effect of this plaht, &nvironment of particular carbon atoms. The differencéén t
though further studies are needed. CP kinetic between quaternary and methine carbons reveals

There are above forty different triterpene glycosides idog. 2. The maximum intensity for C-IV falls on c.a. 1.6ms,
lated from the extract, and still some reports on newhereas for CH only on 0.6ms
compounds are published [1]. Their structure was deter-
mined mainly by solution NMR technique, but there are

no data for the solid phase of these compounds. The RASITI I

13C CPMAS NMR spectra provide an excellent insight in $ R

the conformational structure of the molecules, especially '3;‘\- ..

when the growth of the single crystal for X-Ray mea- S e .t
surements is dif cult or even impossible. The aim of this 3 )
research was thus to register and interpret th& CP- o

MAS spectra of eight triterpene glycosides: deoxyactein
(1), cimicifugoside H-1 (2), cimicifugoside H-2 (3), 26-
deoxycimicifugoside (4), 23-acethylshengmanol xylogile
24-acethylhydroshengmanol xyloside (6), cimigenol xides
(7) and acethylcimigenol xyloside (8).

i ) Figure 2: Relationship between intensity of NMR signals aod-
2. Results & discussion tact time [ms] for two carbons: quaternary and methine
The structure of X) together with carbon numbering is

; . To con rm the assignment theoretical calculation of shield
shown in the Figure 1.

ing constants were performed, using GIAO approach and 6-
31G** basis set.

3. Conclusions

The!3C CPMAS NMR allowed fast identi cation of triter-
pene glycosides isolated from C. racemosa, without any
preparation procedures. The samples removed from rotor can
be used for further studies (structural, biological et€his
technique provided also structural information, whichiare
portant especially, when trying to nd the mechanism of ac-
tion of these compounds.
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signment, are needed. For the selective observation of gqia} W. Koodziejski, J. Klinowski.Solid State NMR102
ternary carbon atoms dipolar dephased technique were used.(2002) 613-628.
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1. Introduction SHH and SV are the contributions to the second moment
Ti-V-Cr alloys belongs to a class of potentially high chaof 'H NMR absorption line from H-H and H-V interac-
acteristic materials in terms of hydrogen storage properttions, respectively. The total value of the second moment

A maximum uptake of more then 3.5 wt% hydrogen can Bg =29 1 O€ was taken from wide-linéH NMR spectra
absorbed in selected compositions [1]. measured previously [4]. To decompose H-H and H-V con-
For TiVo.gCry.» it has been revealed both experimentaltsibutions StH and StV were calculated using fcc lattice

[2] and theoretically [3] that when absorbing hydrogen abgmarameters = 4.282(2)A.

fcc phase transition occurs. According to our previous NMR
1H study hydrogen atoms are located in tetrahedral sites T,
however diffusion one T-site to another occurs through an oc , , , ,
tahedral site O [4]. In this contribution we report on theules 0.08f v
of impulseH NMR studies of Ti\h.gCry.2Hs: 2.

2. Experimental method >

The measurements have been made by using the impulse 002 Ty
NMR spectrometry BRUKER SXP 100. TRel spectra were
recorded within the temperature range from 180 to 380 K and

333 250 200 T(K)
0,085+

0.025F @b @

T1 (sec)

0.015f -0

frequency range from 10 to 90 MHz. The spin-lattice relax- T
ation timesT; were measured using the inversion recovery. 1000/T (K1)
To nd the spin-spin relaxation times, the 90° 18 Figure 1: Proton spin-lattice relaxation tirfie at 14 MHz as a func-

impulse sequence was applied. To determine the Knight stift of inverse temperature.

h f . - . .
the water was used as a reference Fitting experimental data by the BPP model, equation (1),

3. Results and discussion leads to the following values for hydrogen diffusion parame
The magnetization recovery curves for BiyCri.2Hs:29 ters:E, = 13:2kJ/moland o =2:4 10 1s.
was described by a single exponential decay over all tempefrhe |ine width analysis shows that! =T,. This in-
atures. The experimental temperature dependence of Pratan,qeneous broadening is caused by the Knight shift,ghat

spin-lattice relaxation time measured at 14 MHz are plottgd, o) b the fact that | linearly depends on the resonance
in Fig.1. The hydrogen diffusion parameters were estimage

within the simple model rstly proposed by Blombergen, Pu ‘equency. . . ] .
cell and Pound (BPP). The total spin-lattice relaxatioregm 1 N€ main reasons for the line broadening are: 1) destribu-

in TiV 0.Cr1.2Hs: 20 Was described by thee components as f§n of isotropic  in the sample; 2) anisotropic contribu-

low: tion of 3d-electrons to . From our point of view g in
Tl = T+ Tyl + TR = LN TiVo;gCl’l;sz;zg is mai_nly de ned bﬁd—electro_ns of transi- .
oghH h 4 i SyH K tion metal atoms, that is con rmed by our previous electconi
+222 €+ ¢ 2 ¢ +  structure calculations [3].
3 1+122 14412 2 1+(1g, 12, ¢
L3¢ 6 . _ L Acknowledgements
1+12, 8 1+(12,+12,)¢ " @ The work was supported by grant PICS-RFBR No 07-08-

h is th lation ti hich is d db t._92168—CNRSa and by Russian Ministry of Education and
Where ¢ 1S he correlation time, Which 1S de ned by atlig iance "Development of Hight School Scienti ¢ Potential”
vation energyE, as ¢ = oexp(Ea=RT); ! oy and! gy (project No 2.1.1/2002)

are corresponding NMR frequencies fa4 and®V nuclei. prol " '

Here conduction electron contributidie and contributions References

from dipole-dipole H-H and H-V interactions are taken intd1] E. Akiba and H. Ibajntermetallics6 (1998) 461.
account, whereas H-Cr and H-Ti interactions are neglected[2] S. Miraglia, et al.J. Alloys Compd442(2007) 49.

The Korringa constark was determined using the free—[3] M. G. Shelyapina, et alPhysics of the Solid Sta#9

electron model [5]: (2007) 399
) .

K = TieT = hie“; (2) [4] V.S. Kasperovich et al. EUROMAR 6-11 July 2008,

4ks | g St.Petersburg, Russia, Book of abstracts p.113 (2008).

where g is the Knight shift. For Ti\y.gCr1.2Hs.29 it has

5] J. Korrina,Physical6 (1950) 601.
been found equal to 70 ppm, that givesKk = 161 sK. [5] : ysl ( )
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1. Introduction formed, many of which have partially ionic character. The
Phenylboronic acids attract an increasing scienti ¢ iar complexes were investigated with use of X-ray diffraction o

due to their wide applications in organic synthesis, cataly single crystal and solid staféB NMR (solid state) and by

analytical chemistry, pharmacology and medicine [1]. Th&{B NMR technique (solution).

have also recently been used as promising building blocks

in crystal engineering in order to achieve predictably erga

nized crystal materials. Various types of novel supramolec

ular assemblies have been generated so far. The solid state

structure of ca. 80 phenyloboronic acids are known up-te-da

[2]. Most of them form two or three dimensional hydrogen

bonded networks, where the most basic structural motif; sim

ilarly as in benzoic acids, is a dimer. The B(QHjroup acts

as a donor of two hydrogens to hydrogen bonds. The variety

of observed structures is a consequence of intermoleaular i

teractions involving functional groups at phenylene rimigh

rotational exibility of the B(OH), fragment and the presence

of additional species in the crystal lattioe:: molecules of
solvent). The molecular interactions in the crystal lattice of p-

) . . ethoxyphenylboronic acid and L-proline complex
2. Molecular complexes with aminoacids
Amino acids are probably the most important building
blocks in nature. They occur in different states of protamat
depending on the pH and the local environment. Their zwitte-
rionic form enables the interactions with phenylboronidac
what may lead to heterodimer formation.

L
o)
H/ B The molecular interactions in the crystal lattice of p-

H. H 0 / ethoxyphenylboronic acid and betaine complex
N /0
o H Acknowledgements

The nancial support from the Ministry of Science
and Higher Education Republic of Poland (grant N204
In fact complexes of this kind have been recently obsen@&P32/0614) is kindly acknowledged.
in the solid state [3]. Two hydroxyl groups at the boronic References

fragment interact with the carboxyl group of a counterpar:i-l] Boronic Acids: Preparation, Applications in Organic

Aot the cetmated moraatn oncroies are ratheslay Synthesis and Medicine, edited by D. G. Hall, Wiey-
g g 9 VCH, Weinheim, 2005.

(above 20 kcal/mol), synergistic action of other specieg ma i
lead to more complicated picture of interactions where bord2] F- H- Allen, J. E. Davies, J. J. Galloy, O. Johnson, O.
is converted to tetragonal form. Such complexes have also Kénnard, M. E. McRae, G. F. Mitchell, J. M. Smith, D.
been observed in solution [4]. In this report we present and ©- WatsonJ. Chem. Inf. Comput. S@1, 187 (1991).
analyze molecular complexes of phenylboronic acid deriv&3] P. Rogowska, M. K. Cyraski, A. Sporzyski, A. Ciesielski
tives with betaine, L-proline or DL-proline. In this way we  Tetrahedron Letf 47, 1389 (2006)

simulate interactions on a surface of a typical protein ép-p [4] L. K. Mohler, A. W. Czarnik,J. Am. Chem. Socl15
tide), where usually complex system of hydrogen bonds are 7037-7038. (1993).
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1. Introduction Ref. [2] that the perfomance of the quantum channel is deter-
Transmission of a quantum state through a quantum chaimed by the delity
nel is an important problem of quantum communication [1]. jfaN, .,jcos AN, 2 1
A protocol for quantum communication through homoge- F(t) = 3 + e 3 (4)
neous open and close _spin chains was proposed in Ref'\,meref 2N = N+ 1jexp( iHt)jli is the propagator of
Tha_t seminal work and its extention fo_r mh_omogeneous ORAB excitation from a sender (node 1) to receiver (rydel )
chains [3]-[7] are based on the approximation of nearestnel 4

b LS ; b JOne o = arg f 3N, .1(t). For the aims of our consideration
our spin-spin interactions. At the same time, interactioh \, ." a1 make the phasezero by the appropriate choice of

remote spins are always present and can affect quantum ${ale. 1o nal magnetic el . We have demonstrated that

transfer along long chains and rlngs% . . aring of interacting spins is a very suitable system in order
‘We consider quantum state transfer in a rin@f Spins , 54,4y a quantum state transfer with different assumption

with the XY -Hamiltonian including interactions of remote | spin-spin interactions. Although the interactions ofiote

spins. Using an exact solution for the delity of quantungyins requce the quantum state delity the performanceef th
state transfer between nodes of the ring we calculate the, janwm channel exceeds the classical information limit in

delities both in the approximation of nearest neigbourrintgIngs containing up to 60 spins.

actions and without it. We also study the concurrence of thepy, o entanglement of the auxiliary spin and the spin at node
entangled state of oppsite spins atdlfferentassumptimmstaN +1, which is determined by the concurrenge[10], is

spin-spin interactions. given by [2]
2. Quantum communication in a spin ring C = jf {4l (5)
2.1. Diagonalization of the Hamiltonian We can also study the entanglement of spins at nodes 1 and

We consider2N spin-1/2 particles coupled bxX - N +1 of the ring. This entanglemer@y;y +1 , is determined
interactions on a ring in the external magnetic "eid with by the concurrnce as [11, 12]

the Hamiltonian o Cun+1 = 2jF AV it 3N, i (6)
H = 1ol % & 171, +1,17 . @ Acknowledgements
i =16 The work is supported by Russian Foundation for Basic
where! o = B, is the gyromagnetic ratid, = | Researc_h _through the grant 07-07-0048 and the Program of
il iy , and the coupling constant of spinandj isd; = % the Presidium of RAS No.18

Herer;; is the distance between spinandj , and we assume References -
that the external eldB  is perpendicular to the plane of the[] € H. Bennett, D. P. Divincenzo, Nature (London) 404

' ing vields = [2isnzrl i 247 (2000)

fing. The geometry of the ring Yields = = ;= (5] 5. Bose, Phys. Rev. Lett. 2003) 207901.

e Single excitation subspace this Hamitonian oo [3] M. Christandl, N. Datta, A. Ekert, Phys. Rev. Lett. 92
In single excitation subspace this Hamiltonian can be diag-" (2004) 187902. tt.

onalized exactly. The eigenvalues and eigenstates( = [4] E. B. Feldman, M. G. Rudavets, JETP Lett. 81

1;2;::52N) of the Hamiltonian in this subspace can be writ- ~ (5005) 47, , , t,

ten as = a'gz P szl GRe(Z )+ ey zN* @) [5] E. I. Kuznetsova, E. B. Fel'dman, J. Exp. Theor. Phys.

=a+2 |L Gcos 4 +cycos( ); 102(2006) 882.

o L 5 [6] L.C. Venuti, S.M. Giampaolo, F. llluminaty, P. Zanardi,
bu j=(ju i) = p==(1(z )i (z )% 3) Phys. Rev. A7§2007) 052328.

(z )N Y, =1:22N; [7] E. I. Kuznetsova, A. |. Zenchuk, Physics Letters A 372
whereg; = dy;j+1 andz ( =1;2;::;2N) are solutions of (2008) 6134.
the simple algebraic equatiad™ =1 [8, 9]. [8] F. R. Gantmakher, The Theory of Matrices. AMS Book-
2.2. Fidelity and entanglement store. 2000.

First we consider the transmission of the state of on®] K. E. Feldman, Int. J. Inf. Syst. Sci. 4 (2008) 101.
member of a pair of particles in the entangled sfate = [10] W. K. Wootters, Phys. Rev. Lett. 8245 (1998).
(1="2)(jOo1 + j10i) through the ring [2]. The second menf11] G. Gualdi, I. Marzoli, P. Tombesi, arXiv: 0812.2404v1
ber of the pair is an auxiliary spin which does not belong to [quant-ph].
the ring. Let the state of the rst spin of the pair be transm[tl2] S. |. Doronin, E. B. Fel'dman, A. I. Zenchuk, arXiv:
ted to nodeN +1 from node 1 at the timg,. It was shown in 0901.3424 [quant-ph] (Physical Review A, accepted).
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The urgency of studies of rare-earth manganitoperovskites 200 a NMR “Fe
with colossal magnetoresistance (MR) is related to delwates Fe"(B)
a unique relationship between magnetic and transport prop- \ CM3
erties [1] as well as to their application [2]. Search for new
megnetoresistive metal oxides of another compositions and
structure types is of special interest. Among them there are
manganese-zinc ferrospinels (MZF) in which the magnetore-
sistance has been determined only in ceramic samples [3, 4].
The NMR, X-ray diffraction, microscopy, resistive and mag-
netoresistive methods have been used to investigate single
crystals of manganese-zinc ferrites, the compositions-pre
ence of defects in the structure and properties which aesllis
in Table.

150 -

—_

(=3

(=]
T

CM9

Amplitude, arb. units

Fe*(A)

Table 1: Molar formulae, lattice parameter, the Curie terapge
and magnetic induction of single-crystalline manganeése-fer- 0 . . . . . ,
rites. 67 68 69 70 71 72 73

Sample Molar formulae a,A | Te, | Bs, T F, MHz
K | (H=10| Figure 1: The NMR® Fe spectra of single-crystalline Mn-Zn fer-
Oe) rites.

(MngsZnglsg Vo(:%)z; )A
CM3 | [Mn3 sFei Felxls 8.463| 343| 0.37
o§:95 VO(:E(lJ)S
(Mn g5 Zn gl Fedl Vo(:co)z )A
CM9 IMn 3 FeduFels,ls 8.450| 435| 0.47
02 V(a)
3:98 Y0:02

The NMR®’Fe spectra of samples are shown in Fig.1

p,, Ohm-cm

For the both samples there are two lines freeg’ at fre-
guencies F=68 MHz and 70 MHz due to the anisotropy and
local distortion of the octa(B) — positions. For CM9, at 72
MHz, the third line fromF e3" in tetra (A) — positions is ob-
served.

Figure 2: Resistivity o, magnetic susceptibility () and magnetore-

Itis seen from temperature dependences of resistivity, ( . a : _ )
sistance (IR = W) of single crystalline Mn-Zn ferrite.

magnetic susceptibility () and magnetoresistanc®IlR =
R .

SREnzicfg:u? :Jr::?ilr?gctr;/;(teacl)fcizﬂ n3n’elgéozr{dt:(?tfv:\tﬂyzﬁ'hpeosésuiises ttahri— References

perature T= 340-380K, at the maximum, 1.=340 K, there [1] D. M. Edwards. Adv. Phys51, 1256 (2002)

is a peak of MR. Below that temperature, for T=330K ther&] V- P. Pashchenko, M. I. Nosanov, A. A. Shemyakov,

is a bending on temperature dependence MR(T). The bend- Patent#45153. B“.I' Number 9 (2005)

ing is possibly due to the twin structure of the single criystal3] K. P. Belov, Usp. Fiz. Naukl66, 669 (1996)

as con rmed by data of electron scanning microscopy, or t}] E. Rezlescu. Magnetoresistance effect in the

crystallographic reorientation of the easy-magnetizeéigis Mn; xZnyFeO, ceramics. J. Magn. Materl93

for that temperature. 501 (1999)
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The experimental results of research of self-diffusion pro Dependence of a exponent indexon bulk self-diffusion
cesses for a liquid in model porous media in a wide rangecok&f cient Do and spheres diametdiis shown on gs. 2 and
diffusion times are presented. Values of diffusion times v& which shows linear dependencies of a kind

ied in all range of possibilities of NMR equipment and lay in p__
the range fron8 10 3to 1 sec. The analysis of the received Do
time dependencies of the self-diffusion coef cient foriears and

diffusants in model porous systems has allowed to nd out d

exponentional character of dependend$) D; of the
elf-diffusion coef cient for the given system from quati
t, whereD; is the limit (att ! 1 ) self-diffusion coef -
cient. On g.1 in semi-log scale dependencies of the reduced
self-diffusion coefcientD(t) D; of some liquids con-
cluded in porous media formed by glass spheres as diffusion
time function in coordinates

are presented.

(D(-D.)/(D;D.) « 22S3mkn (BH-D.Y(OD)
o 100200mkm| 1
& 200300 mkm

Decane
Water
octane Figure 2: Dependence of on bulk self-diffusion coef cient.
Acetonitrille
Dibromomethang

md4D>XO

' 2 ' ' 2 mé’; 2 mgd?

a) b)

Figure 1: Exponentional dependence of the reduced séifsitiin
(D(t) D1 )=(Do D1 ) coefcient on diffusion time: a) Hex-
ane in porous media formed by glass spheres with diametes8 44
100-200 and 200-300 mkm; b) reduced self-diffusion coefrtiof
decane, water, octane, hexane, acetonitrille and dibratttame in
porous media, formed by glass spheres 74-88 mkm.

On g.la dependence of the hexane reduced self-diffusion
coef cient on diffusions time received in porous medi?;,i re 3 Dependence of on rati IOD—= for hexane in bor
formed by 9'355 s_pheres with diameter .44'53’ 100-200 %ggiae, ?ormeeF()jebSesp%eeroesowitr?tdci)ame?erg :4-52, ?0?)-20?}%1;)&)5
200-300 microns is show. On g.1b the time dependencegQfm,
the reduced self-diffusion coef cient for decane, water; o
tane, hexane, acetonitrille and dibromomethane in the modd hus, generalizing the aforesaid, it is possible to write
porous media glass spheres with diameter 74-88 microndq#n an explicit view of reduced self-diffusion coef cieas
shown. The quantityD, D3 ) in this case is used as nor- D() D: Dot
malizing parameter. Apparently from gures, these depen- D, D; d '

dencies are well approximated by exponentional dependeff@reF is the formation factor. Then time dependence of

=exp F

D) Di _ exp( P 0 the self-diffusion coef cient of liquid in porous media che
Dy D3 presented as

which are shown in gure by solid lines, and it is obvious, p Dot

that the size of the exponent indexs determined both value D(t)=(Do Di)exp F Di:

d

of bulk self-diffusion coef cient, and the spheres sizegttis .
Work supported by RFBR grant 07-02-96604-r-povoljie-a

the pore size.
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Pulse NMR in magnetic substances - also known as "NMi@pe and not more than few tens in the whole world - the
in-magnetics” or "spin echo” technique - is very effecituation is absolutely opposite to conventional NMR. How-
tive tool in control, testing and certi cation of magnetiever, the modern spectrometer for NMR-in-magnetics can be
(nano)materials of various kinds, e.g. bulk materialsp trissembled using available industrial modules/units [bad-
Ims, multilayers and other nanostructures, molecular madjtion to NMR experiments the NMR-in-magnetics equip-
nets, etc. Therefore, the technique is the useful additonrtent is suitable to be used for investigation of acoustical
well known diagnostic methods and allows one to get unicaiesorption in superconductors and for detecting of explo-
information which cannot be reached by other techniqusises by means of nuclear quadrupolar resonance. An applica
The usefulness of NMR is illustrated by a few examplésn of the "spin-echo technique” to observation of so-eall
namely:>°Co spectra in cobalt-containing magnetic nandghonon echo” in superconductors is demonstrated for MgB
tructures [1, 2],°°Mn and3°La spectra in intrinsically in- powder [6].
homogeneous perovskite-like CMR manganites{3fe and
8INi NMR in submicron- and/or nanostructured iron and References

nickel, etc. All the examples demonstrate convincinglytthgi] G. N. Nikolaychuk et al. —Lecture Notes in Physics
NMR experiments reveal the highly informative and reliable 293 203-219 (2002).

data on the local magnetic structure and properties of the i&] V. V. Matveev et al. —Chem.Phys. Leit422, 402—405
vestigated systems: hyper ne elds, temperature behaofor (2006).

magnetization, etc. For iron-containing nano§tructuhmet ILS] V. V.. Matveev et al. —J. Phys.: Condens. Mattel9,
is especially useful to combine NMR and Mossbauer tech-

. o . 226209 (2007).
niques for characterization of the material structure aogpp )
erties in more detail. An example of such kind is the descrig#] V- V. Matveev et al. — submitted.
tion of core-shell structure of bimetallic FeCo nanopéetc [5] V. V. Matveev et al. — Abstracts of Nanotech Northern
[4]. Europe 2008, Copenhagen, September 23-25.

No ready equipment for NMR-in-magnetics is produced b{6] I. V. Pleshakov et al. —EuroPhys. Lett. 85, 67001

industry. As the result only a few spectrometers exist in Eu- (2009).
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1. Introduction in the range of wavelengths 240 — 190 nm. The content of

Reactive oxygen species (ROS)- superoxide anion radfpaltein secondary structure motifs was calculated with-com
(0, ), hydrogen peroxideH{>0-) and hydroxyl radical (OH)- puter program "CDPro” (Table 1). Assuming that the portion
are byproducts of cell respiration. ROS interact with prige of disordered regions determines the stability of the ergym
nucleic acids, and lipids and damage them. To prevent the Prx6 enzymes can be arranged in order of decreasing theo-
toxic effect of ROS, aerobic organisms from bacteria to mgtical thermostability as DPx6005X. laevis Prx6> rat Prx6
mans have intricate mechanisms, the most important of whidhuman Prx6> DPx2540.

is ROS reduction in the reactions catalyzed by antioxidant Table 1: Secondary structure motifs

enzymes. The main antioxidant enzymes are superoxide dis

mutase, glutathione peroxidase, catalase, and a rejatieal Prx6 O-hehx 0—structure D|sprder<§d
class of thiol peroxidases, or peroxiredoxins (Prx). Itiddo (%) (%) regions (%)
also be noted that Prx6 has a broad range of peroxide gufguman 26.2 22.9 ol
strates, including hydrogen peroxide, alkyl hydroperesid Rat 27.2 23.2 49.6
peroxynitrites, and fatty acid and phospholipid peroxidgs | Xe€nopus | 26.5 24.1 494
. . . DPx6005 | 23.8 26.9 49.3
2. Thermostability and enzymatic activity of 52540 1299 16 541

Prx6 from various sources The signals f - 6— a8 i NMR
Human , rat XenopusndDrosophila( Dpx 2540 and Dpx € signais from protons (6 — 4,8 ppm) in

6005) cDNA of peroxiredoxins were cloned and expresseds pctra are pointed to the presence gdtructure. The high-

Escherichia coli Their enzymatic activity , temperature op-e d signals from methyl protons (1 — 0,5 ppm) permit to

timum and thermostability were determined . To s,ummariftg,ncmd.e that there are vyeII_ structgred hydrophobic region
activity of the enzymes toward H202 decreased in the j] proteins. The good.5|mllar|ty of high- elq pa_rt ‘.Jf the Ipe
lowing order: D.melanogasteDPx2540> human Prx6> rat trum for rat, drosophila and human proteins is indicated the

Prx6 > X. laevisPrx6> D. melanogasteDPx6005. Activity 'SemPlance of tertiary structures in hydrophobic regiéins

toward TBHP decreased in the following order: DI:,)(2560|s__possible that the conservatism of structure for studied p
DPX6005> rat Prx6> X. laevisPrx6> human Prx6. The or-[€ins is due to this fact. The modi cation of SH groups ox-

der of decreasing thermostability was DPx6005at Prx6 idized S@te byH20, and DTT .doesn't result _ir_1 signi cant .
>human Prx6> X. laevis Prx6 > DPx2540 [2]. The malil changes in NMR spectra. It points to the stability of the main
ré)tein conformation. The increase of temperature results

aim of the work was the comparison of structural propert . : ) . :
crease of integral intensity of protein spectrum, thdi-in

and thermostability of Peroxiredoxin 6 by NMR and circul . . .
dichroism (CD). cates the process of temperature induced protein aggoagati
3. Comparison of SHH and SHA structures
A relationship between the activity and thermostability of
enzymes has been addressed in many studies. Although dis- o ' !
tinct regularities have not been found as of yet, itis comipon ~ Phospholipid metabolism. Free Rad. Biol. Med. 38,
accepted that disordered regions, which are not involved in 14221432 (2005).
helices and -structures, provide for a greater exibility of the [2] M. G. Sharapov, V. I. Novoselev, and V. K. Ravin. The
protein structure, thus increasing enzymatic activity, der Cloning, Expression, and Comparative Analysisof Per-
creasing the stability of the enzyme. For investigationezts ~ Oxiredoxin 6 from Various Sources. Molecular Biology,
ondary structure of Prx6é CD spectra were recorde87ac Vol. 43, No. 3, pp. 465471.(2009)

References
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I =uesor ON @ water penetration testing of rubber tubes with MRI

1. Introduction
Magnetic resonance imaging as a research method is going
more applicable in many elds of research. First of all MRI
got the greatest development in medicine (diagnosticsjrand
biological investigations. With the development of scieint
materials applications and with the advent of solid-stag&m
ods ability to investigate physicochemical processess@ha 1 2 3 _
transformations, structures etc. became possible. MRI dg94re 2: Dry rubber tube's axial slices (FOV 40 mm, 1-gradie
method of production quality control is taking on speciglsicN® 2T+ Weighted, 3-pd weighted)

ni cance. This new eld is of great applied importance. Par- |f don't remove the water and continue to keep moist

t|CU|ar|y in caoutchouc and rubber productlon the struetfr medium (or Water) inside, the penetration nevertheless re-

received material, it's porosity, stuff distribution, sence of mains at the level of 2.5-2.7 mm ( g.3). It indicates the ex-

defects etc. are of great importance. These things in uefg@nce of the penetration limit and liquid quantity incses

the serviceability of products and their operating regime. que to coming it in already sodden inside of the rubber, it's
2. Experimental well shown in the image (pd-weighted image in the g.3,3

Tubes of different sorts of rubber, of different life timedanindicates smooth gradient water proton concentration).
operating regime were used as a subject of research. Imag-
ing research was done on MRI microtomograph based on
AVANCE DPX 200, at eld 4.7T, probe PH MICRO 2.5 and
coil's diameter 25 mm.

3. Results and discussion

Images of red rubber tube's axial slices are represented in
the g.1. Thistube contained water and was operated for long > 3
time. Tube's wall thickness is about 5.6 mm, water penetggqure 3: Axial slices of rubber tube lled with water (FOV 40m,
tion is 2.5-2.7 mm. Water penetration front is homogeneaugradient echo, ZF; weighted, 3- pd weighted)

that shows even distribution of water density (in b@thand ) )
proton density weighted images). In spite of the water reHete_rogeneous structure o_f material (ru_bbe_r_) mentioned
moval walls continue to keep it mobile for long time. As tnabove is to be found not only in rubber, but in silicone tubes
g.1 neatly indicates the structure of rubber is heterogrse {00 (9.4).

(heterogeneous data is clearer in the image made with gradi-

ent echo). Possible reasons for such structure typicati@ro

sorts o rubber ( g. 4) are discussed in this work.

1 2
Figure 4: Axial slices of vacuum rubber tube (1) and silicoulge

@)

1 5 3 Experimental data indicates MRI method is high-
Figure 1: Red rubber tube's axial slices (FOV 40 mm, 1_gm5éjerformance one both for process of synthetic materials
echo, 2-T; weighted, 3- pd weighted) swelling studying and for these material's production gyal

_ control.
Images of the same, but dry rubber are represented in the

g.2. As it's shown structure is also heterogeneous, butalg  Acknowledgements
intensity is evenly distributed all over the thickness,hwio | am very thankful to my scienti ¢ adviser for his help in
permanent water fronts. doing this work.
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1. Introduction This date indicate regions which lose moisture rather then
The method of magnetic resonance imaging allows to o#her parts. It is the tissues of sprout while the tissues of
ceive unique information about internal structure and proeristem save moisture long time.
cesses which occur in optically opaque samples. This methobh the g. 2 and g.3 dependences of relative moisture
is very useful for studying of biological samples, incluglinoad and spin-spin relaxation on the time are represented co
small samples (the same as bud). respondingly. Relative moisture load Q is intensity of give
2. Samples point divided by intensity of reference point (in our casis th

Wintering sprouts last year of Siberian larch with singPeOlnt - base of primordial sprout).
apical bud was investigated after thaw under room temper-
ature. More saturated tissues are tissues of bud's meristem
It includes tissues of needle germs and sprout. These sissue
totally consist of living cells. When the temperature is go-
ing down undercooled water migrates from cells of meristem
over the frost-resisting transfer lines and crystallizes cav-
ity (ice formation zone), located in the base of meristem's
tissues. The experiment with the sprout was run after itw tha
under room temperature. | o+ &

3. Results and discussion

Images of sprout saggital slices received using the method _ _ _
based on spin-echo in periods of time during the proces< §tire 2: Change of relative moisture load during the procésiry-
drying are represented in the gure 1. All received imag@@ (1-central sprout part tissues, 2-drop in the cavity&istem)

are proton density weighted. There are neatly discerndae i
formation zone (cavity), that contains liquid after thevtha
swollen meristem of the bud, sprout tissues in the image.

9 min 70 min 161 min

Figure 3: Change of relaxation time during the process oindry
(0-the base of primordial sprout, 3- meristem)

As experimental data indicate moisture loss occurs mainly
due to the evaporation of mobile water from the drop in cen-
tral cavity through meristems tissues, as relative magstur
load increases there.

270 min 803 min 1752 min Investigation of water distribution, swelling processasd a
Figure 1: Images of Siberian larch sprout saggital slicgmedding drying which occur in bud at thaw or freezing with NMR mi-
on the time (FOV 4mm, TR 1000ms, TE 3.4ms) croimaging enable receive high-quality unique informatio
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1. Introduction

One of the important tasks in the detection of low-
frequency nuclear quadrupole resonance (NQR) signals is to
increase the signal-to-noise ratio (SNR) on the backgrafind
external noise and interference signals. Very strong fietter
ing signals prevent the effective accumulation and averagi
of the NQR signal, so the reliable detection become not fea-
sible [1]. The methods of the adaptive two-channel lItering
digital processing of NQR signals and passive noise cancel-
lation may be used to solve this problem. Remote sourcegigfire 1: The RDX signal detected using the planar coil witho
external signals have a very strong in uence on the NQR sigiielding.
nals especially in the case of detection without shieldirge
frequency range of broadcasting stations can coincide with
the NQR signal frequencies. One of the methods for the im-
provement of the signal to noise ratio is subtraction the out
side interference signal with use of the second analog @lann
[2]. After the subtraction various advanced methods of-digi
tal processing, e.g. wavelet transformation may be appdied
improve further the reliability of NQR detection.

2. Experimental

re 2: Noise signal detected in the absence of the samie a

NQR experiments have been performed on one—frequeﬁ' - @
e conditions as in Fig.1

pulse mode spectrometer with operating frequency rangé
0.5-18 MHz. Apollo TecmagNQR/NMR console (0.1-100 The measured attenuation of the subtraction circuit in our
MHz) with two channel transmitter and two channel receivexperiments was about 10-20 db. We hope that the system de-
modules have been usetbmco BT-00500-Betpower am- sign may be improved further to receive a larger attenuation
pli er with the output power up to 500 W and the frequenaiB0 db). Following step to increase the signal to noise iiatio
range of 0.5 - 18 MHz have been applied. The powder samuse additional channels and digital signal processing.
Aith wieight about 100 g was placed on the atcoflwith - Acknowledgements

This work was supported by NATO SfP grant No. 982836

ameter of about 22 cm and without external shielding. The, _~
detection frequency of the system was 3410 kHz which Cand TUBITAK grant No, 106T321 (Turkey). G.V.M. also ac-

responds to the ! 1 transition between th&N NQR Qnowledges support of UBITAK by Fellowships for Visiting

. Scientists Programme.
energy levels. We use the second receiver channel of the ¢on- 9

sole for the analysis of the outside interference signal. References
[1] A. N. Garroway, M. L. Buess, J. B. Miller, B. H. Suits,
A. D. Hibbs, G. A. Barrall, R. Matthews, L. J. Burnett.
— IEEE transaction on geoscience and remote sensing
39(6), 1108-1117 (2001).
The signal of RDX with use of noise subtraction systeni?] G- V- Mozzhukhin, G. S. Kupriyanova et al. Vestnik
without shielding is presented in Fig. 2 and compared with RGU imeni K_antz(KaIlnln_grad, Russia}, 54-58 _(2007)'
the noise signal presented in Fig. 3. We used the Cadsow el H: F. Cancino-De-Creiff, R. Ramos-Garcia, J. V.

noising algorithm (CDA) [3] to process the nal signal. Lorenzo-Ginori. Concepts in Magnetic Resonance
14(6), 388-401 (2002).

3. Experimental results
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1. Introduction executed using phase and frequency encoding procedure. The
There are different technique of MRI in modern practigiase encoding was executed with step-by-step changes of
of the medical tomography. In spite of that a progress in ifhase-coding gradient amplitude. The data acquisition was
provement of image quality still goes on. The one of the meéstried out at the time of action of frequency-coding gradi-
important problems of getting of both medical-biologiaai t €nt that at the same time acted to form a gradient echo signal.
mogram and technics MR imaging is appropriate selectié@mplex 2D Fourier transform was applied to complex 2D
of the mapped layer. The basic defect of selection, in mésta array got in quadrature.
cases, is inhomogeneity of contribution to the pixel betwee 4. Results
limits of a slice and superposition of NMR signals from adja-

g_eﬁnt Z.Omis' In somehap;:_lflca:mns I'lléeba MRI-rﬂapplng_tti);seA vailability of the method. A control of the selection pre |
ffiusion tensor such artifacts cou'd be a really consiolera,, g e by receiving projections with a gradient collinear

one. ".] this work_wa_s made a ”“”_‘ber O_f experiments on SIf8%elective gradient. A comparison of ef ciency of diffete
selection by excitation of NMR with trains of radio frequer}hgltipulse sequences modi cation is made

cies pulses, what is a development of our earlier publishe

A series of NMR images was obtained. Those proved an

researches [1,2]. References
[1] V. Parshina. Using rectangular RF pulse sequence for
2. Method slice selection in NMR tomography. Proceedings of 4-

Advantage of multipulse method is ability to get a high  th Winter Youth Conference and School “Magnetic res-

quality of slice selection using really simple hardware. In  onance and its applications” 3-7 December 2007. St. Pe-
stead of popular radio frequency tailored pulses one uses a tersburg, p.72

series of rectangular pulses, separated with time in®rvajs) v/ parshina, V. Frolov. Using series of rectangular pals

A total width of pulses is adjusted to ip the nuclear mag- - ¢4 gjice selection in MR tomography. Collected papers
netization on 90 degrees. Standard method having acronym ¢ |nternational Summer School “Actual applications

“DANTE” (Delay Alternation with Nutation for Tailored Ex- MR research methods’. 4-5 July 2008. St. Petersburg
citation) was proposed by G.A. Morris and R.F. Freeman [3] | g1

and makes use of a train of small equal ip angle hard puls
in equal intervals. This technique provides a thin slice b Fourier transform NMR. Journ. Magn. Resonance. V. 29
keeps lobes with rather intense NMR signal out the slice. D. 428 ' ' ' T
Some modi ed sequences with optimal pulse interval are ™ N . )

found using random technique. A condition for picking ug# NMR imaging at low frequency. Magnetic Resonance

of intervals was a minimum contribution to representediaye 2nd Related Phenomena. Extended Abstracts of the
from adjacent zones. XXVII Congress AMPERE, Kazan, aug. 21-27 1994.

(Ed. K. Salikhov). V. 2, p. 705
3. Experimental [5] V. Parshina. Using simple phantoms to control selected
Experiment was carried out using a homebuilt NMR mini-  slice position and thickness. Proceedings of 5-th Win-
imager at very low eld (7 mT) [4] and express phantoms ter Youth Conference and School “Magnetic resonance
[5]. A modi cation of supervisory routine was required and  and its applications” 1-5 December 2008. St. Petersburg,
it had been done. Image reconstruction in selected slice was p.157.

?] G.A. Morris and R.F. Freeman. Selective excitation in
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1. Introduction port channels in per uorinated sulfocation exchange mem-

The development of new generation of ion-exchange memanes. In these membranes the regular systems of ionie chan
branes is the ground of modern high effective energetic-tepkls are formed [1,2].
nologies. Therefore, the production of cheap and cheméeal r It is necessary to memorize, that in channels of 2nd type
sisting membranes is very important task. From this pointgreferentially amide groups, and in channels of the rsityp
view the sulfo containing aromatic polyamides as the ihitisulfo-acid groups are located, and is not excluded, thaesom
membrane material is very attractive. share of sulphonic groups is in 2nd channel while the part of

The mono and bi sulfocontaining aromatic polyamidasiide groups is a part of 1st channel.
based on the diaminisulfonic acid and phthalic acid dichlo-In formation of channels for conduction of the cations,
ranhydride inH™ , Li*, Na*, K™ ionic forms were synthe-spotting role is played by the water related to polar grodps o
sized. The exchange capacities were 0.5-2.5 mg-eq/g (manaeromolecular chains. Most the density packing of macro-
sulfo) and 2-5 mg-eq/g (bisulfo). The water solution anéiinimolecules is reached when in systefRA - water remains
polar complex Ims of Li and Na bisulfo aromatic polyamidesnly the bound water (16 and 12 molecules of water on one
iso- ( mPA) and tere- ( pPA) isomeric composition were digagment for PA and PA, accordingly). This water is pro-
veloped. The local molecular mobility and self-diffusioh gortioned between two ions of the lithium, two sulfonate-
water in pore Ims and track etched membranes, which magid groups, two €0 groups and two N-H groups. Con-
be support for bi-sulfoaromatic composite membranes, weigering that fact, that at these water contents lithiunrsion
investigated. possess enough high diffusion mobility, it is possible to-co

. o . . four molecules of water, and, at least, one molecule of water
ularities, water and lithium self-diffusion

is completely generated located between a sulfonate group

A s_C|ent| ¢ baS(_a for crea_non memb“”‘”?s pased on Su'%d hydrated cation. The remained molecules of water form
contained aromatic polyamids is an investigation of preess;,

f h Is f . ither in basi | nﬁ/drogen bridges between amide groups of the next macro-
0 'Franqurt channels formation either in asic polymer Mg acyles. Apparently, such moisture content is optimum fo
terials or in the Ims prepared from them. This investigatio,

. hni th th | —embodying of selective conduction of cation of lithium as at
was carried out by NMR technique with the pulsed gradiggice pmjgities the ions having the larger hydration numbe

of magnetic eld . For revelation a connection between ey ¢ contact ion pairs and their mobility will decrease
structure transport channels and diffusive water and B8Le - this consideration. there is the principal possipitit
mobility it was investigated a self-diffusion of water ahid" the speci c membranes production which are selective to the

ions in iso— and tere-isomers of PA. different types of cations. For these membrane constnuctio

In bi-sulfo-contained aromatic polyamides the supramolt?ﬁe optimal water content should be xed. It may be achieved

ular structure is formed as a result of formation of hydrg%—/ the means of membrane cross linking or by the creation

gen bonds between carbonyl and N-H groups of neighbory %omposite membranes. The composite membranes may be

macromolecules with inclusion in their composition a wat Inthesised on the basic of pore polymers or other polymers
molecule as a structure-forming component (approximatgiyh high chemical resistant and mechanical properties.
one water molecule on one amide group). In that way the

channel 2 is formed. This channel has the same structure @&cknowledgements

analogous channels, formed by macromolecules of aromatiThis investigation was supported by the RFBR, grant #07-
polyamides without sulfogroups. Changing of total precip3-00828-a

itable water doesnt have noticeable in uence on the channe

2 structure, and number of water molecules in these chan- eferences

nels changes slightly in terms of n variation, and come tg] SkirdaV. D.and Volkov V. 1. —Rus. J. Phys. Chem. 2000,
1-2 water molecules on one amide group. Water molecules, 73,p. 235

sorbed above mentioned earlier quantity free situated in [2] Vitaly I. Volkov, Evgeny V. Volkov and Sergey F. Tima-
type channels, formed by sulfogroups, counterions andrwate shev NATO ASI Symp. Surface Phenomenon and Col-
molecules. Channels 1 are similar in their structure tostran  loid Systems, St. Peterburg, June (2002).
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Physical processes of magnet-containing structures rate of linear elastic laws of structure transformatiort]3,
supplemented with established laws, critical states, grorhese results give a possibility to establish the causitey ro
ties, that gave rise to fundamental experimental studies. &¥ elastic deforming processes that determine the stralctur
suggest analysis and consideration of evolution of a sqglitase transitions and the properties as a de ning factdref t
through the processes of bulk elastic deforming stresans-rstructural changes. We should stress that the energy ditcelas
formed by the impact of temperature (T), hydrostatic pressity is comparable with the energy of a bond and it in uences
(P) and magnetic eld (H) that form structural phase transhe redistribution of lower energies of interaction cortedc
tion determining the state of properties, phenomena andvéth the form and size of orbitals and anisotropy that form
fects/ Physical models an not be foreseen without detaiasses in all the area o T-H-P in uence.
study of processes that form the structure and the dynam-
ics of interaction of electron bonds. We believe that high-
temperature structure formation process should be taken as
a base of with the succeeding heatsink to the extremal low-
temperature states that are mostly studied. That is the area
where the application of theoretical models is done without
accounting for the processes of volume change and the caus-
ing role of elastic deforming stresses.

The evolution of the science requires the use of more sen-
sitive methods of investigation that divided the processges
cognition into limited narrow areas where it was dif cult to
formulate some general laws. The analysis and generalizati
of a wide set of analogies and results of experimental studie
in well-studied metals [1] (Fig. 1), semiconductors [2 B
2, 3), dielectrics [4] (Fig. 4), superconductors [5] all@he
put a question about the commonality of the mechanisms of
in uence of thermodynamic parameters (T-H-P) on the struc-
ture and the properties [9].

Figure 1: The magnetoresistivity in copper at xed temperas:
T1:86 K, T2:63 K, T3=20 K.
] ) _Figure 2: Figure 7.17. (a) Behavior of magnetization of GuZH, O

The main factors of the structure formation are phys'@ﬁgnocrystal at external magnetic eld directed along theyeais:
and chemical processes of high-temperature burning wherey 59 K; 2 — 3.02 K; 3 — 4.1 K. (b) temperature- eld dependenc
the magnetism is absent. The succeeding heatsink (theofeie eld of the phase transition at pressures: 1 — P=0; 2 +1P2
duction of T) is connected with linear elastic change of tkkar. (c) Frequency- eld dependence of AFMR in Cu@H,O at
structure parameter in mono- and policrystals [6,7] and tfiga and T=1.65 K: 1 — P=0; 2 — P=11.2 kbar. (d) magnetic phase
in uence of hydrostatic pressure P and magnetic elds H ifiagram of CuGl 2H,O monocrystal.
uencing the properties of formation and magnetism at the
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While considering high sensibility of galvanomagnettcansition of type | and Il as well as the locations of theicait
phenomena to the structure changes with respect to therpwnts that determine the laws of the in uence of the mech-
magnetic dependences of resistivity, linear law by Kapitzaisms of EAD stresses. We clarify the causing role of the
was selected [1]. The author de ned the effect of the magpnergy of bulk elasticity in the study of structural, dynaatj
netic eldin crystals. It produces structural changes urtle  magnetic and electron bonds.
forming stresses that in uence the conductivity equallyhte
introduced impurities or defects followed by lattice chasg
too.

Figure 3: Temperature dependences of-4s8Ca:24 Mn1:2 Oz bulk
sample resistivity: 1—P = 0 kbar; 2—P =0, H =8 kOe; 3— P =6
kbar; 4—P= 12 kbar; 5—P = 18 kbar; 6—P = 18 kbar, H = 8 kOe.

Figure 5: (a, a') Magnetic phase diagram MniR the eld parallel

to (001) axis. (b) Temperature and eld dependence of a &irat
phase transition of the rst order with separated criticalip PR
and Top (Tx=0, Hy ~ 93 kOe). (c, ¢') The jump of magnetization
of MnF, at varied orientation of magnetic eld with respect to (001)
axis at T=4.2 K. (d) Frequency and eld dependence of resoman
absorption of MnE in the eld parallel to (001) axis at T=4.2 K.
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The large amount of results of investigations [1-4] dealing 1979, No. 5, p. 2580-2583, 1515-1522.
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monocrystal under hydrostatic pressure [4]. Using anzdyti lastic propertles of antiferromagnets and superconduc-
methods on analysis of analogies and compared physical pro- ©0rS- Kiev, 2004, p. 294.
cesses, we suggest experimental results of the invesiigat[9] P. I. Polyakov, T. A. Ryumshyna, Magnetism and Laws
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The NMR longitude R and transverse Rrelaxation rates critical micelle concentration have been determined faapo
of 22Na counterions were investigated for a range of asium octanoate in deuterium oxide from the concentration de
phiphilic concentration. Data was analyzed in terms of a sipendence of3Na relaxation rates. A second critical micelle
ple two-site model. From variable concentration studies #oncentration has been observed around 1.0 m.
relaxation rates R1m and R2m of counterions bound to th
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The analysis of thé®Na spin-lattice R and spin-spin R pared with similar parameters for potassium octanoate solu
relaxation rates was performed for systems of silica-watien. It is demonstrated that surfactant adsorption mayeon
with added potassium octanoate. The adsorption of potassiiently be studied by*Na NMR relaxation.
octanoate at different concentration was investigatedi-A b
nary model was used to interpret the adsorption and micellé\Cknowledgement
formation and to obtain the information abd@iNa dynamics ~ The project is suuported by a grant from RFFI 08-03-
behavior. The NMR values for this ternary system was cofit139-a
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The deterioration and color changes of the culturally im-
portant objects made of stone are attributed to the combine
factors, among them: (1) widespread occurrence of micro-
organisms inhabiting surface and (2) technogenic polfip
dust, soot, y ashes. As an example marble is a metamorphic
carbonated rock composed mostly of calcite CagCBYy the
moment it has been collected a lot of information concerning
to paramagnetic properties of calcite obtained with etectr
paramagnetic resonance (EPR) technique.

The recognition of early stages of decay caused by litho-
biontic fungi is a great signi cance for the correct optioh Grigure 2: EPR spectrum of fungi grown on marble surface. dvarr
the conservation strategy. One of the major blackening ptentral line belongs to pigment and 6 equally spaced linEmbeo
cess is the surface colonisation by melanin containingifurign®" in fungi strains.

This bunch of species during vital activity deteriorate @gp egge dry biomasses of 26 species of black fungi, isolated

ance and even cause damage of substratum surface. All th : 4 )
factors provide information of biogenic destructive mechpo\reV'OUS|y from art objects exposed on the open air (anfique

nisms. By means of paramagnetic labels in pigments synmg—d'fval ?nd modelrr}[.tlmg) werg studied. f'g' 1tshowskt?at
sized in micro-organisms one can investigate their natrit>PECrUM INES resoiution depends on spectrometer work ire

speci cs. In this case EPR is a non-invasive and extraorgtin uency. EPR spectra analysis in Q-band lets us get more in-

informative method to discover both stone and biological ogrma;tlolnl_concefrndl_r;fg to IT?S qu?nttlty_and Its chgra::tm_s
jects (Fig. 1 and Fig. 3). pectral lines of different fungal strains are anisotropgic

factor falls in the range from 2.0037 to 2.0041 (Fig. 3). From
ot her hand non-biogenic black products exhibited symmetri
ones with g-factors about 2.0028.

Figure 1: EPR spectrum of pure melanin and melanin contginin
fungi grown on nutrition medium (X-band and Q-band spectem
ters).

Figure 3: EPR spectrum of fungi-marble mixture. Line with
Melanin is a widespread dark pigment containing chergr2.0039 belongs to biogenic part and 6 equally spaced lires b
cally stable radicals which represent natural spin marferslong to Mr?* in marble.

distinguishing of fungal contamination by EPR [1]. It plays In conclusions, EPR spectroscopy clearly demonstrate that

avery |mpo_rtant role in any_orgams_m_becaus_e of its prOt%?'genic destruction of monuments can be recognized from
tive properties. Thus melanin containing fungi are the m(ﬁ% hnogenic ones without special labeling
adapted species to alive on such adverse environment like '

stone surface and they can be recognized by color. MelaniiReferences
and black fungi have similar single line spectrum (Fig. 1) by1] Soucharjevskii S., Gorbushina A., Krumbein W., Panina
species picked from marble surface have signi cant distinc L. Recognition and identi cation of marbles and marble

tions in spectrum characteristics (Fig. 2). Spectra coimpar infecting black fungi using ESR-techniques. — “Con-
lets suppose that fungi dissolve marble and assimilatégts e  servation of Monuments on the Mediterranian Basin”.
ments as a nutrition substratum. V. Fassina, Venice, Italy. 1994. P. 335-341.
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Range of 1-500000 Hz. frequencies, super weak intensityhus the data of asrelaxation time of physiological so-
it is widely used in medicine for diagnostics and therapytions depending on type, mode and intensity of an IMEDIS
IMEDIS devices [1] allow to carry out electromagnetic in udevices irradiation has been obtained. IMEDIS devices irra
ence on the patient in the range of 1-500000 Hz. frequendegion parameters corresponding to the maximum and mini-
with various intensity and duration under certain progranmsum changes of Jrelaxation time concerning not irradiated
Live organisms represent the organized water-albumeig-isamples have been de ned. For example, before processing
systems. Water plays a role of the information tank and an-time of a phys. solution made 2.60 0.05 s. and after
formation transfer from external electromagnetic in uescprocessing by an irradiation with 6.2 Hz. frequency and 100
to cellular system [2]. The present work is devoted expeamlative units intensity made 2.300.05s .
mental de nition H-1 spin-spin relaxation times{)lof wa-  The basic conclusion of our work consists that a phys. so-
ter before and after electromagnetic processing of waterlityon at certain modes of IMEDIS devices irradiations ac-
IMEDIS devices in various modes. cepts and remembers the information from external electro-

. ] o magnetic in uence also it is re ected on change of 3pin-
Spin-spin relaxation times of water {)rhave been mea-gjjn relaxation time of H-1 NMR.

sured by Carr-Purcell-Meiboom-Gill spin-echo sequence

with MARAN Ultra ( Oxford Instruments ) relaxometer. Réferences

Measured samples were physiological solutions (0.9%Na(Jl] Theses and reports of the XV International Confer-
in water ). Solutions lled in the NMR-ampoules of 18 mm.  ence “Theoretical and clinical aspects of application
diameter on 20 mm. height. Frequency of H-1 NMR was 23.4 Of bioresonant and multi resonant therapy”, Moscow,
MHz. T, times before and after electromagnetic processing IMEDIS, partll, p. 359-363, (2009)

of solutions by IMEDIS devices have been measured at vd2] Materials of the IV International Congress, “Weak
ious modes of processing. Duration of fime measurement and superweak elds and radiations in biology and
was 5 min. medicine”, St. Petersburg, 455 p., (2006)
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1. Introduction

Method of magnetic resonance imaging (MRI) had become X X
popular and wide-available method of structure invesiigat H(R;; )= AmRY,™(5 )
ranging from medical to solid state applications. To depelo =0 m= |

; ) andA, denote spherical harmonics and
of simulation of real experiments. In present work differetheir coef cients andR; ; ) - spherical coordinates [1].
publicly available simulators are considered and theiratra  The pulse sequences on interface of ODIN described in
teristics are compared. terms of the physical properties of their elements and the

2. Artefacts in Magnetic Resonance Imaging arrangement of these sequence elements as a function of
The quality of images received in MRI depends on lar§@e. Programming of pulse sequences used on ZPhTI's to-
amount of parameters (heterogeneity and instability ofcba®ographs was done on the templates of standard sequences.
and gradient elds, outside noises, methods of coding lcepd Ming diagram of ZPhTI's Multislise SE sequence is given

and etc.). To understand origin and to create an analyt@aFig. 1.
model of one or another image artifact analytically is some-

times dif cult enough and not always possible. And removal

of artifacts is necessary for increasing of diagnostic ienag

value and exclusion of probability to diagnose wrongly.

3. Simulation of MRI

3.1. MRI Simulators

The method of mathematical modeling for receiving im-
ages in MRl is used widely for problem solving of this type.
There are known several program-stimulators of MRI, among
them are SiMRI, ODIN, and POSSUM [1-3]. Programs de-
sign the process of receiving images from receiving theadign
up to the terminal image, give the possibility to design both
ideal and non-ideal conditions.

For simulation the process of receiving MR images on to-
mographs the ODIN program is the main tool for our labora-
tory. This program for calculation the evolution of a magnet
zation vector usoes Bloch—Torrey e%uati(())ns:

new MRI pulse sequences it is important to have possibility\NhereYIm( .

1
MX:T2 r DFMX

M=M ~ @M,:=T, A+@fr DFM, A
(M2 Mo)=Ty  DFM,

To modeling the process of MR-images recording on to-
mographs the following steps have been done: new pulse se-
quence designed, a map of heterogeneity have been recordpgbferenceS
and the character of instability in time of basic magnetild e
have been studied.

To make a map of inhomogeneity of basic magnetic eld
we have nd a values of frequency on the sphere. Calculation

of eld values in the work space of magnet was done by using] http://odln.sogrceforge.net. _
spherical functions and there coef cients: [3] http://www.fmrib.ox.ac.uk/fsl/possum/index.html.

Figure 1: Multislise SE timing diagram.

[1] http://www.creatis.insa-
lyon.fr/menu/ivolumique/segmentation/simri-
hbc/index-us.html.
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1. Introduction suspension, contained no F and 2@ of F.
Carbon nanoparticles (NP) could cause redox effects due to

their pronounced anti/pro-oxidant properties [1,2]. Tdousld

contribute to the biomedical use of water-soluble NP.

2. Experiments
Time-stable aqueous dispersions of fullerengg G, (F),
shungite carbon (ShC) and nanodiamond (ND) were prepared
by the ultrasonic treatment and further centrifuging. Aerav
age radius of NP in dispersions was measured by DLS method
as 35 nm, 30 nm and 50 nm for F, ND and ShC respectively.
The pH values of the solutions were kept on a neutral level.
Bioactivity of carbon NP was investigatéd vitro on the
example of microscopic fundilocladium concortialeand
Candida sp.also known as opportunistic human pathogens.
Fungi were exposed in at-bottom wells of microtitration
plates in the presence of colloids that contained 0.05 - 0.25
mg/ml of NP with (or without) addition of FeS(Q(10 * M)
during 1 h, 24 h, 10 days. Treated fungal spores were drigure 1: Kinetic curves for the reduction and _oxidatic_nrct'ccm; of
tivated on agar Czapek medium in standard Petri dishes. g‘:g’;‘:gng?* 'r‘ldn:‘;;srglb%/h':giol”e"l\‘;la}:e!;ggc_o(”z‘;'d Slor':;'/‘::f
mlnorfung|stat|c gctmtywere shown.forShC and F_nanop_z%rr-]C + 10 *M FeSQ,(3) — 0.1 mg/ml ShC + 10°M FeSQ:(4) —
ticles, while ND displayed more considerable once in refatlo 1mg/ml ShC + 10°M FeSO:(5) — 20 M Ceo/Cro + 10 *M
. , 70
to both fungal species. It has been shown that the eﬁect!d‘gsq;(s) -10 *M FeSQ
pends on such factors as NP and fungal spores concentrations
time of exposition, etc. In both cases, instant spin-probe reduction induced by
To study mechanism of NP behaviour the effect of F afi§"> was immediately€ 3 min) followed by the growth of
ShC on the rate of the B& ion-induced loss and recover@n ESR signal, the rate of growth varying proportionally to
of the paramagnetic properties of water- dissolved 4-o%de FESQ concentration and rising in the presence of F.
TEMPO (1) and membranotropic 5-Doxyl-stearic acid (2) Hydrated carbon nanoparticles are assumed to contribute
stable spin-probes has been investigated. The probes @tae dissolution of spin probe, Feand G in their hydra-
considered as a substrate of radical reactions (spin teaas)tion shells, thus catalyzing the process of#énduced Q
indicators of NP effect. generation and nitroxide moiety reducti®noxidation. The

In experiments with spin probe (1), FesQ@L0 4 —10 3 identical effect of F and ShC is connected with similar mech-
M) was added to colloids that contained 0.01-1 mg/ml of Neisms of NP stabilization in water.
During the rst 20-30 minutes rapid reduction of the spin Acknowledgements

probe by Fé" ions (reaction (1)) with the loss of spin probe s work is supported by the Ministry of Science and Edu-
paramagnetism (=NO ! - =N-OH), was followed by sIow ¢44ion of Russian Federation (grant No. RNP 2.1.1./488), th

hydroxylamine oxidation by © (reaction (I1)) with the re- gaqjc Research Programme, RAS, Earth Sciences Section-5
covery of the ESR signal (=N-OH =N- O). The reaction ;4 g Visby project 00996/2008.

(I) and (I1) rates grew in proportion to the concentration of

both FeSQ and NP. The oxidation reaction (11) did not pro- References

ceed without NP (Fig.1). [1] H. Tokuyama, et al. 4.Am.Chem.So0d15,7918-7919
The spin probe (2) was introduced into the erythrocyte (1993).

ghost membrane. The dynamics of variations in spin profj2] R. Seijbesma, et al.3: Am. Chem. Sac115,6510-6512

paramagnetism was traced by addition FgS@the ghost (1993).
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1. Introduction components.

In modern practical NMR and NQR applications methodsAlgorithm is the following:
of data processing became of high importance. This is due t8tep 1. Choose the initial threshold value based on SURE:
low SNR ratio, hostile environment, and a need for automati- t= 2 In(N logN)

cal S'gf‘a' reg|strat|0n with h'.gh. reliability. . . t i5 thresholdN is number of signal components,is noise
We investigate characteristics of real noise signals as!?éndart deviation

NMRIS'QTES’ andl [z?SSIblflltleS of adaptive ltering of NMR Step 2. Calculate local Stein estimator [4] for current
signals with wavelet transform. wavelet coef cients:

2. Statistical analysis of noise signals Rsi(t) = 1+ kg(uj)k?+2r g(ui);

In most of methods of signal extraction, including wavel\%there g(u;) is the error (difference between thresholded

Itering, it is assumed that signal is corrupted by white Gau . . . .
. . : ; - __wavelet coefcients and reference signal), is series of
sian noise. To examine this, we perform a statistical afalys : L

avelet coef cients of noisy signal.

of given noise signals. . S
We decompose the noise signal with wavelet transform am? tep 3.' Adaptive .threshol.d adJL_jStmg'
investigate behaviour of main statistical parameterséeta ti+1)=td) t@); i=0;:uN L
tion, variance, skewness and kurtosis) in different fremye (i) = A®) @RH(t)
bands, comparing them to that of model signal (white Gaus- . ) @t
sian noise). Wavelet base and decomposition level are phd¥aereA is leaming rate.
adaptively, using the entropy criterion [5]. The resultewh
that the real noise signals differ from white Gaussian.
To be able to apply the wavelet Itering method, we per-
form then a statistical preprocessing of signal. We examine
noise distribution to choose the preprocessing methodhdJsi
the Shapiro-Wilk normality test, we see that noise distidou
differs from normal; it also has heavy tails. It is expedient
apply median ltering to remove tails and transform the dis-
tribution form to normal [6].

Normality Plot (Q-Q)

5
2 Figure 2: Noisy and Itered signals.

rel j References

5; """" f‘é’k';f'n':;:g.se, Kurtosis=0.16) [1] D. L. Donoho. Denoising by soft-thresholding. - IEEE

] —W=0.p=0000) Trans. Inform. Theory, vol. 41, no. 3, pp. 613-627, May

=°_2 | o 1995.

o [2] G. V. Mozzhukhin, G. S. Kupriyanova, A. V. Bodnya,
p T S. V. Molchanov, D. A. Lukyanov. Detection of impulse
-0.45 -0.35 -0.25 -0.15 -0.05 0.05 0.15 0.25 0.35 0.45 055 0.65 0.75 0.85 0.95 NQR signal under intense noise (in Russian). - Vestnik

Data

RSU, 3, 2007.
Figure 1: Quantile-quantile plot, showing deviation of seiistri- [3]K. A. Alekseev. Theory and practice of noise
bution from normal, before and after processing. suppression in seismo-acoustic signal processing. -
3. Wavelet Itering http://matlab.exponenta.ru/wavelet/book5/index.php

We construct a two-channel (real and reference signalé)l Xi2o-Ping Zhang and M. Desai. — in Proc. ICASSP98,
system of wavelet lItering, using local SURE (Stein's Un-  VOl- 3, pp. 1589-1592, Seattle, May 12-15, 1998
biased Risk Estimate) criterion for adaptive thresholding [5] R. Sturani, R. Terenzi. “Adaptive multiresolution. ="

We apply Vidacovic functjon as a threshold [3]: http://arxiv.org/abs/0711.0349v1
[6] R. Averkamp, C. Houdr. “Wavelet thresholding for...” —
http://arxiv.org/abs/math/0602241v1

y(x) = sign(x) x2 t%; x t
because of its lesser tendency to generate parasitic heaamon
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1. Introduction The nal interval of the magnetization curveH( >
The diameter of nanoglobulescan be determined by de5000A=m) was represented as the dependencé oh b,
pendence of magnetizatibncreated by nanoglobules, on inwhereb = ﬁ The derivative ab! 0was found to be
tensity of magnetization eld. This dependence is usuaily i dl
vestigated by electromagnetic method. For the experirhenta @b
curve of magnetization to coincide with theoretical Larigev ) )
formula it is necessary to assume, that in its initial inerv 3. Discussion of results
d is large by 80-100 % thad near saturation. Show, that if From Langevin formula the theoretical value of magnetic
| andHy are determined by NMR method, then it is posusceptibility in an initial interval of the magnetizatioarve

sible to describe the magnetization curve by Langevin faras de ned by equation:

6 10°; (3)

mula at constard, which allows to estimate the diameter of oPm

nanoglobules. =g (4)
2. Experiment wherely = 8100A=m - saturation magnetization of investi-
For determinatioh by NMR method we used the classicajated liquid Py, - nanoglobules magnetic moment, which de-

dependence: pends on diametet, - magnetization saturation of magnetite

| = B H: (1) Im =4;5 10°A=m and the presence of magnetic component
0 in a solid phase = 0; 8:

whereB andH —induction and intensity of magnetic eld in q3

magnetic liquid. Pn= | m—: (5)
The experimental device consisted of a magnet and the nu- 6

tation sensor, placed between the poles of magnet. The Jé¢ experimental value was put in (4) from (2) and it was
sor was involved in a owing main waterway between pdound thatPm =5;1 10 A m? ThePy and were put
larizer and analyzer and sensor has two coils. The rst ctil(5) wherefrom it was found that; = 13;9 nm. On the
was placed near normal B side of probe. The second coil W interval of magnetization curve from Langevin formula
places near parallel B side of probe. The NMR signal in a®étheb! O

lyzer was indicated by magnetic inductometer. The generato a _ ImKT ©6)
provided voltage on a coil of nutation sensor. The frequency db oPm
meter measured the frequency of voltage. The value (3) was substituted in (6) and was founBgd=

The probe was put between poles of magnet. Inductioq% 10 1A m?2, wherefrom according to (5, = 13:3

in the rst coil and induction oH in the second coil werepm The facd; d, shows that present method is correct.
measured by indication of frequency meter.

The magnetization curve was plotted by means of determiReferences
nationl from (1). In the initial interval of the magnetization[l] B. M. Berkovsky, V. F. Medvedev, M. S. Krakov. Mag-
curve Hy < 500A=m) the value of magnetic susceptibility  netic liquids (in Russian). M.: Chemistry, 204, (1989).
of investigated magnetic liquid was founded to be: [2] A. I. Zhernovoy, The measurement of magnetic elds by

= ddHI =0;45 (2) nutation methods (in Russian). L.: Energy, 103, (1979).
H
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I =y AUtOMatization of pulsing NMR relaxometer "ECHO-12".

1. Introduction sequence of Csaki-Bene).
The problem of spectrometer's control automation is ratt&rMulti-pulse sequences for measuring spin-spin relarati
actual and timely. In this rst place it associates with slimp (sequence of Carr-Purcell).
cation of physical experiment, with it laboriousness minié4. Pulsed gradient of magnetic eld sequence for measur-
mization and with increasing precision of getting results. ing coef cients of diffusion and it modi cation for automiat
this work monitoring performance of relaxometer "ECHORneasuring of diffusivity.
12", developed at the Department of Quantum Magnetic PheAlso for convenience, NMR signal, by the digital oscillo-
nomena of Saint Petersburg State University, realizing $gope B-423 [6], proceeds directly to user interface, floeee
means of pulse generator card PulseBlaster PB12-100-3k-changes of pulsed sequences parameters can be made and
SP2 [1] programming. Features of generator allow it to p/dMR signal evolution can be registered in real time mode.
vide running of pulsed relaxometer in t_he ngtwork of most3_ Conclusions
NMR pulsed sequences, detailed described in [2], [3]. How-.. ~.". . L
. ) . . Simplicity of HSI controlling allows using it not only
ever, direct programming of speci ¢ pulsed sequence resuiy . .
. . . Taor carrying out fundamental researching but also as conve-
knowing of fundamental circuit technology base. Often it fient laboratory bench for students studying of modern NMR
not be acceptable to experimenter. In connection with s, y ying

made hardware-software interface (HSI) in LabVIEW [4], [ ullﬁg?jc;?gg%?&ulse arameters is visualized on single con
programming environment. P P 9 i

trol panel of monitor, this makes the work with spectrome-

2. Results ter signi cantly easier. Due to convenient user interfade o

In a very convenient form, the HSI allows an experimentéie programs, an experimenter has an opportunity to change
to set following pulsed sequences by means of controllaifrequired parameters of pulsing sequence at any moment.
console represented on computer display: Moreover, program's autonomy does not need continuous
control from experimenter.

Veracity of the HSI provides an opportunity to control not
only relaxometer "TECHO-12", for which it was developed,
but also any other pulsed NMR spectrometer.
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I =z ON the connection between the magnetic and elastic properti es

1. Introduction properties are inseparably connected with each othere sinc
The comparative analysis of the numerous experimertkedy are determined by united reason - electron cloud.
data about the effect of temperature, high pressure and mag+e analysis of dependences of the shear modulus and den-
netic eld to the magnetic and elastic properties of soligity of electron cloud on the atomic number of the element
shows that there is a similar tendency in the behavior of no&-periodic system revealed their identical nature ( g)1,2
terials in the overwhelming majority of the cases [1]. So, dherefore an increase in shell density with the compression
increase in the temperature leads to the weakening bothd&termines the elasticity of material. The increase in tag-m
elastic properties (bulk modulus K, Young's modulus E, timetization with an increase in the elastic anisotropy (&s th
shear modulus G) and magnetic properties [2-4]. Elasticcméattor of anisotropy used relation K/G) is observed, which
ules and magnetic properties of materials grow with an &lso testi es in favor this model.
crease in the hydrostatic pressure [1,2]. Furthermoregtise
a phenomenon of magnetostriction, which testi es about the
direct reciprocal effect of magnetic and elastic propsertie

2. Correlation elastic and magnetic proper-
ties

For the elements of periodic system is a periodicity of
change both the elastic modules and magnetic susceptibilit
within the limits of long periods (with exception of the mag-
netically ordered elements). And although experimentkl va
ues have suf ciently large spread (because of differentg+o
dures of measurements, different impurity and structuaaés
of materials), regularities are examined. In the limitsefipd
is observed rst the increase of both the elastic modules and
the magnetic susceptibility, and then decrease. In thedinpiigure 1: In uence of atomic number on the elastic propertiéthe
of group both elastic and magnetic properties monotorjicallements
diminish with an increase of the atomic number.

3. Electron cloud and internal stresses

Such similar behavior of elastic and magnetic properties
testi es about united nature of the magnetic and elastippro
erties, which are determined by sizes and form of the elec-
tron cloud of atom. The deformation of electron cloud with
the packing of free atom into the lattice of solid body de-
termines its elastic properties, and the anisotropy oftedac
cloud determines the magnetic properties of body. The defor
mation state of atom in the solids can be described by the ten-
sor of the internal stresses o,f , which are the measure for
the chemical interaction between the atoms in the crystal an
determine the structure of crystal and the crystal lattige p_ _ _
rameters. These stresses are also the macroparameter GfgHE 2: In uence of the atomic number on the density of theee
material, which it is possible to directly measure. tron shells

'_rhe tensor n_ature of vglue re ects the number of the ProPReferences
erties of material. If the diagonal part of the tensor démsi .
volume change, then deviator part describes a change in {%\]—3 P.1. Polyak_oy, T.A. Ryumshyna. Magnetism and Laws of
form and it is connected with the anisotropy of properties. Bulk EIaSt'C'tY' Transworld Research Network, 2(_)09'
Thus, forms and dimensions of electron cloud are the constafl N-N- Francevich, F.F.Voronov, S.A. Bakuta. Elastic €on
of atom, but dependent on the ambient conditions. Any in u- st_ants and elastic modulus for metals and nonmetals.
ence (temperature, magnetic eld, mechanical forces)dead i€V, Naukova dumka, 1982.
to a change in form and dimensions of cloud, and therefore k8] http://www.xumuk.ru/spravochnik/
a change in the thermal, magnetic and elastic propertieés. Ad] http://www.webelements.com/
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Per uorosulfonic cation-exchange membranes, such afomposite membranes have higher proton conductivity
Na on and MF-4SC (Russian analog) are widely used ftiran the polymer-only system measured under the same con-
electrochemical synthesis, water puri cation and fuellsetitions. Composite effect reaches one order of magnitude fo
applications. But all these membranes are expensive ara Isavne samples. Sharp falling of conductivity is observed at
some disadvantages e.g. low conductivity at low humidiBH< 40% for non-modi ed MF-4SC. The conductivity of
In order to improve their properties many approaches h&E-4SC/SiQ and MF-4SC/ZsH(PO,)s exceed the same
been developed. Incorporation of inorganic species castasalues of initial material more than for one order at RH=9%.
in improving membrane conductivity, mechanical propstti@’he generation of an additional H-bond involving the dope
water management, structure of pores and channels. Fiaglgnt and sulfo-groups of the membrane is the most possible
dispersed inorganic particles contribute to ion sorptibtha reason for this effect.
phase boundary which leads to defect concentration and colNMR investigation have shows both the presence of in-
ductivity increase. From this point of view, silica, zirdan organic substances in membrane matrix and interaction be-
and zirconium hydrogen phosphate with high sorption abiltiveen membrane material and particles of dopants. It result
can be considered as perspective additives. Developmerin dfie shift of NMR 19F lines for some atoms in composite
processes for manufacturing materials that have high prateembranes.
conductivity with low relative humidity is impossible witlit ~ The parallel trends of the conductivity and water self-
understanding of the proton transport mechanism. diffusion coef cients as a function of temperature or humid

This report is devoted to the result of investigation of srarity have indicate that water molecules are directly invdlire
port properties of composite membranes based on MF-4%@{on transport in the_test cor_npounds. Moreover the com-
incorporating nanoparticles of silica, zirconia and zimgon Parison of NMR relaxation and impedance spectroscopy data
hydrogen phosphate using impedance spectroscopy, highr}@ge show th_at membrang modi cation has results in the ac-
olution and pulsed- eld gradient NMR spectroscopy. celeration of ion transport in membrane channels.

Composite membranes were obtained by two differentAcknowledgement
methods: incorporation of nanoparticles into membrane maThis work was supported by the Russian Foundation for
trix directly (in situ) and casting in presence of dope naarepBasic Research (project nos. 07-08-00602), by the Federal
ticles or precursor for its synthesis. Membranes were tivveBrogram “Research and Engineering Activity in the Priority
gated by complex of physicochemical methods. Proton céields of Science and Technology in the Russian Federation
ductivity was measured both in contact with liquid water for 2007-2012" and by Program 27 of Presidium RAS “Bases
the temperature range 20-100 C and at different relative béifundamental investigations of nanotechnologies anenan
milities (RH) at 25 C. materials”.
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1. Introduction wherel (t) is the signal intensity observeligandT,s are
Agar is a gel-forming polysaccharide extracted from sdée amplitude (the initial intensity) and characteristicgs of
weeds. In laboratory work, agar gels act as bacterial altg®lid matrix ( low mobility protons)b characterizes a forced
supports and therefore their properties must be maintaid@mped oscillation anémoand Ty represent theamplitude
within very narrow speci cations. Water, always present &nd T0f the high mobility protons component. The second
biopolymer systems, hydrates molecules and affects the pfooment M, of the solid component, was calculated as:
erties of biopolymers. To predict these properties undacst
ing of the water-agar interactions is necessary. My =2=Tj, + b’=3
'H NMR relaxometry is unique in that, depending on the 3 Results& discussion
choice of pulse sequence, it can probe the dynamic states @f ;5 ge ne a mobile-proton content!dC), as the ra-
both the water and the biopolymer on a variety of time scalgs. ot mobile to solid protons amplitudes, then this ra-
In the present work;H relaxometry was used to investigatg, can be converted into the true water content by rela-
the effects of adsorbed water on the agar molecular mogjjs spin density (RSD) of agar compared to water; WC=
ity to achieve a better understanding of the agar plastioza ol Hc. In a gravimetric calibration experiment, we found
and to nd a key parameter(s) for quality control of agar pPOWat RSD=0.502 0.03 for both agar used in this study.
ders. The 'H second moments are shown in Fig. 2 as a func-
2. Experimental tion of water content for agar hydrated powders. In all sam-

. . I r water content incr r ing th
All NMR data were obtained on commercial NMR pulsg,\es M decreased as water content increased, re ecting the

analyzer Hromatek-Proton-20M” (Russia) operating on ecreasing strength of dipolar interactions, associati#d w
line with PC at 20 MHz and AT. The overall dead time swelling” of the agar structure and increase in motioneéfr

of the spectrometer was 18; 8192 data points with a dwelldom of the solid matrix protons.
time of 0.25 s were acquired to registration of free induction
decay (FID).

Figure 2: Effect of water content on: a) the second momenhef t
solid component: b) Fof the FID's mobile component.

By de nition Ty, is often used as a re ection of molecu-
lar mobility, increasing when proton mobility increases. |
agar samples |, increases with increasing water content
(Fig.2b). However, as svalues followed almost linear rela-
tionship (R=0.978) with the agar water content, it is possible
to assume, that the local mechanism governing wagaeT
laxation is de ned the interaction of water molecules wttle t
solid agar matrix.

Figure 1: Experimental FIDs of agar samples at differenewebn- Acknowledgement

tent (WC-mass bO on mass dry agar). The signals where nor-p, o1« 1o prof. Volkov V.Ya. for useful discussion of re-
malised to the signal at 1. sults

Experimental FIDs (Fig.1) were analyzed by tting to re- References

laxation functions consisting of a functions of a fast (@p# [1] B.V.Sakharov, V.Ya.\Volkov, V.G.Bogush. NMR Relax-
and a slow (mobile) -relaxing component [1]: ation Studies of Fibers from Bombyx mori and Arti cial

1(t) = Ay, * (A~ f, ) expl( t IT,s.¥)sinbt)/bt) Silk—Like Protems: — Abstr. Int. E:onf. “Modern Devel-
. 2 . \ opment of Magnetic Resonance”, Kazan, August 15-20,
+ fg eXp(e t /TZSQ) )) + Arﬂ (eXpé t /TZ m7 eXp(( t /TZ m\j ); 2004, p282'283
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1. Introduction the energy of formatio& s calculated using the formula:
MgH> which_ c_ontains 7_.6% hydrogen by weight is one ofg,; = E;(Mg11M2H2) 11E((Mg) 2E((M) 26E((H);
the most promising materials for hydrogen storage. HOWev?\R/hereEt is the total energy of corresponding cluster), is

the hydrogen sorption kinetics of Mg is rather slow and the.q then that one of MgHos. In Fig.2 we tracedEp; as a
dissociation temperature is high. These factors limit Mgk, ction of3d-atom.

usage signi cantly. Nevertheless, by mixing Mg or MgH
with a small amount of transition metals or their oxides it is
possible to accelerate the hydrogenation remarkably [1].
Here we focus on the clustab initio study of the in uence
of 3d-metals on the local structure and stability of magnesium
hydride. To simulate magnesium hydride doped@tiymetals
Mg11M2Hys clusters (with M =3d-metal from Sc to Zn) have
been studied. This cluster approach was developed in our pre
vious study of (Mg-Ti)Hz, and (Mg-NixHzp, clusters [2].

2. Method of calculations
To optimize the geometry (to nd the stable cluster con g-
uration) and calculate total energy and electronic stineabd
clusters the density functional theory method based onythe h
brid B3PW91 exchange-correlation functional was used. All Figure 2: Heat of formatiok s vs 3d-metal.
calculations have been carried out using the GAUSSIANO3 )
package [3]. To expand the cluster orbitals the 6-311G basi¢- Conclusion
set from primitive Gaussian functions was involved. The data analysis leads to contradictory conclusions. On
3 R It d di . the one hand, increasing the Mg—H distances and decreasing
) eSl.J S and discussion the energy gap are evidence of destabilizing role of3tte
The starting geometry of MgHze and MgiiMaHzs Clus- 4i0ms On the other hand, short M—H bonds together with

ters was construc_ted from a frggment of the crystal SWBCE ot of formation testify against it. These facts point bt t
of Mg TiH hydride [4], see Fig. 1a. The cluster symmetgy proposed cluster model has to be improved.

Ci was kept during the geometry optimization. A further development of this cluster model may involve,

for example, lowering the cluster symmetry dowrQig con-
sidering different mutual arrangement of t8d atoms and
increasing the cluster size.

Acknowledgements
The work was supported by EU contract NessHy No
Figure 1: The starting (at the left) and optimized geomstifier 518271 (SES6) and grant PICS-RFBR No 07-08-92168-

Mgiz Has (in the centre) and Mg ScHas (at the right) clusters. CNRSa.

The interatomic distances analysis shows that when repladk€ferences
ing Mg by 3d atoms average Mg—H distances increase, espid] S. Rivoirard, P. de Rango, D. Fruchart, J. Charbonnier,
cially for clusters containing Sc, Cr and Zn atoms, whereas D.VempaireJ. Alloys Comp356-357(2003) 622-625.
the M-H distances become shorter. [2] M.Yu. Siretskiy, M.G. Shelyapina, D. Fruchart, S. Mi-

We also analyzed the HOMO-LUMO energy gBp. — raglia and N.E. Skryabind. Alloys Compd480(2009)
the energy gap between the highest occupied and the lowest{14-116.

unoccupied molecular orbitals. The lowering of the energ . -

gap is one of the criterium of the cluster instability. Theima %] M J- F”SCh’_et al. GAUSSIAN 03, Revision B.04, Gaus-
result is that all clusters, except M@n;Hag for which the sian, Inc., Pittsburgh PA, 2003.

3d shell is complete, exhibiEy values less than that one[4] E. Ronnebro, D. Kyoi, A. Kitano, Y. Kitano and T. Sakai,
for Mgi13H26. However, for all clusters, except M@dn,Haze J. Alloys Compd404-406 68 (2005).
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I =uesuy Structure peculiarities of apatite of mixed composition by H,

1. Introduction

Hydroxylapatite (Ca(PO,)s(OH),) are widely used as
gas sensor, catalyst, adsorbent, bioimplant and so on. Iso-
morphic substitutions in apatite structure allow purpose-
fully govern properties of such compounds, so studying of
atomic and electronic structure of apatite with XO !
(PG} IVO: IAsC; ) substitutions are of great interest.

2. Results and discussion

Apatite of mixed composition and the arsenate hydroxyl-
patite (Cap(AsO4)s(OH),) have been studied by the high
permission nuclear magnetic resonance method in solids
on H, 3, %V nuclei (MAS NMR). It was established
that substitution of As® by PG, and VG anions in
Cayo(AsO4)6(OH), results in a certain increase il elec-
tronic shielding, wheread! and 5V electronic shielding
decrease with increase of \JO content relative to P
(Fig.1,2).

Figure 2:°1V MAS NMR spectra.

31p and

Fig. 2 shows, that increase of vanadium ions concentra-
tion, results in decrease 6tV nuclei electronic shielding.
According to [2], isotropic chemical shift of'V nuclei
in VO4-tetrahedrons decreases practically linearly with in-
crease of mean V — O bond length. Thus, increase 0f-VO
tetrahedronsconcentration results in increase of V — O bond

length.
3. Conclusions

It was established, that increase of vanadium ions content

in the apatite of mixed composition leads to charge redistri
bution between oxygen and vanadium nuclei and to increase
of ionic bond component between oxygen and vanadium.
Figure 1. P MAS NMR spectra. Increase of VQ@-tetrahedrons content, presumably, results
in increase of hydrogen bond between OH and,;XO

In accordance with [1], it can be assumed, that hydro-

gen bond OH OXO; between hydroxyl group and References
XOf1 anions increase with increase of ﬁ/O:ontent. [1]F. J. Higes-Rolando, M. Andres-Verges and
It was established that noticeably different widths*6P P. F. Gonzales-Diaz. Spectrochim. Acta, Part A

spectrums (Fig.1) are determined by spin-spin relaxaiat  38(2), 197 (1982).

for 3P nuclei and not by different structural positions of2] S.Hayukawa, T. Yoko and S. Sakka.J- Solid State

PO?1 anions in investigated compounds. Chem, 112, 329 (1994).
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1. Introduction ing feature of experiments is that the simit&t NMR signal

In recent years an increasing interest in the developmenwvidh = 3.81 ppm was observed in electrochemically hydro-
direct methanol (ethanol) fuel cells is observed because agenated multiwall conic carbon nanotubes grown by chemi-
hols as the fuel for fuel cells can be easily produced, stored vapour deposition method using granular polyethelsne a
and transported in great quantity. The overall chemical ssurce of carbon [4]. It may indicate that the NMR signal ob-
action occurring in an anode of fuel cell fed by methang¢rved in MeOH/Pt-Ru/Vulcan XC-72 is associated with ad-
can be written as follows: 2(G30H) + 2(H,0) = 2(CQ) sorbed hydrogen arising as a product of methanol dissoniati
+12(H") + 12(e ). In reality, the oxidation of methanol orin this system.
the platinum containing catalysts goes through the foronati
of intermediate reaction products, such as methoxide@H
formaldehyde CHO, carbon monoxide CO and,H]. The
muon spin rotation technigue (muSR) and nuclear magnetic
resonance (NMR) are found to be informative in the study-
ing of structure and dynamics of molecules adsorbed on the
surface of silica and other porous materials [2,3].

In this report in situ muSR and NMR investigations of
methanol decomposition on Pt-Ru catalyst supported on Vul-
can XC-72 carbon black and results of electrochemical ijgure 1:'H NMR spectrum of the methanol covered Pt-Ru/ Vulcan
drogenation of carbon nanotubes are presented. XC-72.

2. MuUSR experiments Small chemical shifts in comparing with initial methanol

The muSR measurements were carried out on the GR@icate weak interaction of methanol molecule with the sur
and ALC instruments of Swiss Muon Source in Paul Sché&ee of carbon black and are characteristic of the physézbrb
rer Institute. The transverse eld experiments (GPD instnomolecules bound by Van-der-Waals forces. The comparison
ment) were carried out on the methanol, Pt-Ru catalyst swith NMR investigations of high-pressure hydrogen loaded
ported on Vulcan XC-72 carbon black (Pt-Ru/ Vulcan XC-728)ngle- and multiwalled carbon nanotubes is carried out and
and methanol covered Pt-Ru/ Vulcan XC-72. The increasegpetuliarities connected with the introduction of protold3 |
asymmetry of diamagnetic muon fraction at high temperatimesarbon nanotubes during electrochemical hydrogenéion
(500K) on Pt-Ru catalyst covered by methanol was obserwadidcussed.
Avoided level crossing resonance measurements (ALC '”'Acknowledgements

strument) were carried out at room temperature by sweep:, . . . .
ing the magnetic eld in interval 0-3T at different steps of.pThIS work is supported by the Russian Foundation for Ba-

magnetic eld. ALC resonance was observed at magneﬁi‘c:: Research (grant #09-08-01099) and Ministry of Educa-

eld 2.018T that we assign to transient GgBMu formalde- on and Science of the Russian Federation (grant # adtp
. . X .1.1/4982).

hyde muonated radical. From the analysis of experlmenztagl

linewidth value which is 36 mT HWHM (half width at half References

maximum) and the intrinsic muon linewidth (6.04 mT) thg1] J. Zawadski, B. Azambre, O. Heintz, A. Krzton, J. We-

contribution of chemical decomposition reaction of fordel ber. - Carbon 38, 509-515 (2000).
hyde to carbon oxide and hydrogen is estimated. [2] I.D. Reid, T. Azuma and E. Roduner, Nature 345, 328-
3. NMR experiments 330 (1990).

It is found that NMR spectrum of the methanol covered] Solid State NMR II, Springer-Verlag, Berlin Heidelberg
Pt-Ru/ Vulcan XC-72 consists of three broad resonance lines 1994.
(Fig.1 ) with chemical shifts: 5.89 ppm, 4.50 ppm and 3.54] N.A. Kiselev, J. Sloan, D.N. Zakharov, E.F. Kukovitskii
ppm we assosiate with the methanol molecule (OH and CH J.L. Hatchinson, J. Hammer and A.S. Kotosonov - Car-
groups) and chemisorbed hydrogen respectively. The isttere  bon 36, 1149 -1157 (1998).
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1. Introduction groups are more prone to react with a metal than the othgr CF

Fluoropolymers are widely used as antistick, anticornesig@roups in the copolymer chain. The new signals in the range
and insulating coatings for metals. However, under certait00 —110 ppm and at about —120 ppm can be assigned
conditions, most metals, including transition metals, iran to uorine atoms bonded tsp’- hybridized carbon atoms in
teract with non-per uorinated copolymers. Therefore, enethe polymer chain. Formation of multiple (presumably cenju
we report the results of thé€F, 13C, andH study of the in- gated) CC bonds is supported by i€ NMR spectra of the
teraction of some transition metals (Mo, W, Ta, Nb, and Bame solutions.

with VDF-TFE copolymer. Table 1:**F NMR of solutions in acetonds

2. Experimental System Signal intensity, % New
According to *F NMR, the commercial VDF-TFE signals, %
copolymer F42 used in this study contains 71% VDF and 28% 020 | 022 | 222
TFE. Metal-F42 composite samples were prepared by |hgbr_TrE 30 45 25 _
pressing at 423 K of mechanical mixtures of a metal and F42. 12:18:1.0

After cooling, the samples were heat treated at 313-673 K \pr_TFE+Nb 6.3 | 42.1 | 23.3 23.7

an argon ow. The resulting samples were dissolved in ace- 027:18:1.0
tone, the solutions were separated from the insolublewesidy pr_Trg+Ti |2 143 |25 18
(containing mainly unreacted metals and their oxides), and 036:1.7:10
NMR spectra of the solutions were recorded (7.04 and 14.Q%_treayy 121 476 [ 271 56
7). 0.7:18:1.0
_ _ VDF—TEE (af-| 242 | 43.4 | 234

As follows from thetH NMR spectra of the solid polymer 103:1.8:1.0
it contains 0.1% (0.4 mol %) HO (absorbed in the course
of polymerization). Thus, the interaction of a metal witle th Jn 41399 7)( LQ DFHY

copolymer involves at least three different processesnéor
tion of a metal uoride, partial hydrolysis of this uorideot
form oxo uoride, and partial destruction of the copolymer. J\U
Mass spectrometry shows that the major reaction produets ar

volatile highest transition metal uorides [1]. TherefotéF
NMR spectra of solutions show no signals of metal uorides
or oxo uorides.

The 1°F NMR spectrum of the initial F42 solution shows
26 signals arisen from;Ssequences of carbon atoms, which
form three groups due to the —020-, —022—, and —222— tri-
ads (0 and 2 stand for the Gldnd Ck, groups, respectively).
The'®F NMR spectra of the solutions prepared after the heat ssP
treatment show, in addition to these signals, new signdlssinFigure 1:°F NMR spectra of soluble fractions of the products of
range —100 —110 ppm and at about —120 ppm. The spebe reaction of transition metals with F42.

tra of solutions of the proqlucts prepargd at higher eMPera i \yorth noting that formation of aliphatic polyenes as th
tures also show weak multiplet signals in a low and high e

. ) . . ducts of the reaction of the above transition metals with
with respect to the polymer signals, which can be assig

) . : was also postulated on the basis of thermodynamic esti-
to low-molecular-weight fragments due to partial desiinrct ates [1]
of the polymer chain. The intensity of the signals due to tWe '
-020- triad sharply decreases after the reaction, wheheas tReferences
—020-: —222-intensity ratio remains almost unalteredd¢tab[1] A. V. Tarasov, A. S. Alikhanyan, and 1. V.

gure). This means that the GFgroups surrounded by GH Arkhangel'skii. —Inorg. Mater.,45, 809-813 (2009).

)N+ 397 7)(
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1. Introduction (i) lattice de ciency due to H vacancies and (ii) tetragonal
Titanium hydrides Ti at x = 1.6-2.0 have an fcc lat-distortion of the lattice in the phase transition (Fig. 1).
tice. The titanium atoms are located at the center of a cube
formed by hydrogen atom (= 2.0) and/or vacancies ¥ (
i 2). At 290-310 K, titanium hydrides undergo a reversible
phase transition fc& fct accompanied by a small change
in the tetragonality parameterc. The phase transition tem-
peraturel,; depends dramatically on This study addresses
possible sources of this phenomenon on the basté HfTi
NMR data.

2. Experimental

Three ne crystalline samples Tily,, TiDj.9g, and TiDy.o
were studied. The D/Ti ratio was determined with an accuracy
of 0.005. The average particle size was 10 [1]. 474°Ti
NMR measurements were taken in a eld of 7.05 T in the FT
mode at the frequency = 16.914 MHz in the temperature
range 120—400 K. The spin system was excited by one- anda , : : :
two-pulse sequences with a short pulse of 6 us. 200 300 400

. . Temperature, K
3. Results and discussion
The4”49Ti NMR spectra of the samples show two signals
due to the 1/2 transitions of the titanium isotopes. The line
width of the components and their relative positiong
on the frequency scale dependsxiable 1).

49-Ti
47-Ti
49-Ti
47-Ti

FCT phase TiD,

4 pron

FCC phase TiD,

31 . ° . TiD

2,0

>«
>«
>«

>4
r4

adrupole coupling constants 47,49-Ti (MHz)
| ]
>4

=)

Q

Figure 1: QCC of"*°Ti versus temperature for Tiky.

4. Conclusions

For the random distribution of D atoms and vacancies v,
Table 1: Linewidths , distances between the titanium isotope sighere are nine cubic environments of titanium [§iD] with

nals (o), and quadrupole coupling constants of titanium isotopggobabilitiesPy, Py, P2, ... Pg. With increasing number of va-

74 o in TiDx at 295 K canciesP; andP, increase whilePy decreases. Tetragonal
TiDx : ( o ]|%% q distortion due to the Jahn-Teller effect is expected onty fo
kHz ppm MHz symmetric [Tiy] clusters. Their content is determined by the
VT PTI VT[T probability P and sharply decreases with decreasinghe
TiD1:92 6 6 | 159 3.85 |3.18 temperature of "freezing” of deuteron self-diffusion over
TiDyos | 41 | 2.7 | 80 273 | 2.24 cancies decreases with a decrease. ifihus, the probability
TiDyo | 1.7 |15 | 12 1.05 | 0.87 Po and diffusion freezing temperature determine the depen-
dence of the phase transition temperature @amthe -phase

These data are evidence thag () is determined not only .
by the magnetogyric ratios of the titanium isotop®s (= 5/2, Of TiDx.
eQ=0.25barn®| =7/2,eQ=0.21 barn) but also by second- Acknowledgements
order quadrupole coupling of thel/2 transition. The () Thjs work was supported by the Russian Foundation for
value (at'’ o=** o =2.54)is determined by the formula  gasjc Research, project no. 07-03-00252.

(0)=(* o % )+0:89° jwhere*® gand*’ jare
the resonance frequencies of the unperturb&? transiton, ~References
49 is the quadrupole frequency, anglis the excitation fre- [1] V. P. Tarasov, Yu. B. Muravlev, L. N. Paduretz, A. L.

quency. Shilov, and G. A. Kirakosyan. — X International Con-
Two sources of disturbance of cubic symmetry in the tita- ference ICHMS "Hydrogen Materials,” Sudak, Ukraine,
nium positions are considered: 2007, p. 230.
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Start Finish

Shimming is a most re ned procedure in practical NMR.
This procedure determines mainly the resolution of NMR
spectra and the quality of NMR images but requires high ex-
perience of operator as well as complex hardware and soft-
ware. Problems grow as a snowball for portable NMR.

Originally shimming means the use of very thin plates
(shims) during of adjustment, correction, equalizatioo. et
Let's try to follow this direction by the orthodox way.

1. Stepone
Usually shimming starts after the uniformity of main ma%'igure 1: a) An uniform (dashed) and non-uniform (solid) me

netic eld about of 10 ppm is reached. It means that the . Displacement x is proportional to the distance x from left to

tervals between parall@ lines are differ one from the Otherright: x = Cx. b) Ferromagnetic shim placed into non-uniform
on about of 10 ppm (within the volume of a sample). So V&fagnetic eld (bottom) creates the uniform magnetic eldig) due
I|tt|e diSplacement X iS needed f0r equalization Of these d|$0 refraction of induction lines. Both pictures are hypé"mj
tances (Fig. 1).
When we use ferromagnetic shim the displacemerB of
lines is explained by their refraction at both surfaces afsh
The displacement x depends on thicknesd)(and magnetic
susceptibility () of a shim as well as their declination’
with reference to the direction of external eld. Using well
known boundary conditions, one can obtairk = d . For
linear approximation (x = Cx) it gives

d C rad .
— =~ = 10 ° —=— ifd=1mm; =1000:
dx d
So very little curvature of ferromagnetic shim is needed for
eld correction. Figure 2: a) Thin ferromagnetic shim is placed near magnetle
on the non-magnetic spacer so the tight cavity is createdradyic
2. Step two g P 9 Y auf

) : ) ) cylinder with micrometric screw is used to change the cumaabf
The direction of displacement @ lines depends of theshim, b) The dependencies of resonant frequency (in MHZuger

sign of shim curvature (convex or concave). Simple accgg position (inch) of a sample in the middle section of magya®
sory can be designed to change both the value and the sig@rious curvatures of shims. Note the wide interval ofhgjes
of shim curvature (Fig. 2). The deviation of pressure P

in tight cavity between a magnet pole and shim is set manu-

ally with the help of regulating hydraulic cylinder. Whereth

curvatures of shims at the opposite poles are different then

not only z-gradient but and the x, y-gradients can be com-

pensated. In some cases the uniformity of a magnetic eld is

improved up to one order.

3. Step three

Usual procedure of shimming is complex due to the lack
of information about magnetic eld distribution. Hence two
arrays of sensors are ne.edEd atboth sides (N and S) O.f a ?:agmfe 3: a) The structure of a shim: 1) sensors array; 2) bleva
ple. To co.rrect the gradients of "’?”Y type the_ array of dlecr%{a net bits array; 3) N-pole computer. b) The position oheaag-
magnet bits should be used (this is equal !n some eXtenﬁéf?bit is adjusted with the help of servodrive driven by catep
Halbach approach). Each of these magnets is moved by sef¥gsh is updated by sensors
drive (nanomotor, polymeric “muscle”, etc.) which is drive
by the computer. Thus the multilayer self-adapting shinms ca
be designed (Fig. 3).
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1. Introduction averaging' mode is realized when the exponential atteanati
The NMR pulsed spectrometers are effective tools for thiethe spin-echo signal occurs under the partially restdct
measurement of porous structure of sorbents. However,geremetry, and the self-diffusion coef cient relates to tke
presence of two phases in the pore volume requires a maxation timeT, by the equation [1]:
careful separation of these phases while studying media wit
pore size distribution within broad ranging. The model sam- 120, **
ples used in our measurements have allowed to explain the Ls = 2G2T, )
results obtained for self-diffusion coef cients (mobjylitof 0
molecules) of water lling the complicated structure of po
space in fossil coals.

, The increase of the value of the self-diffusion coef cient
(which is an effective coef cient either for vapor or liquid
phase of water) uptBs = 2:3 10 ®m?=sis observed dur-

2. Experimental technique ing the nal drying at a temperaturet 100 C [2].
Measurements by a spin-echo spectrometer with a constafeally, an abrupt increase of the diffusion coef cient is
magnetic eld gradient @=0.14 T/m were made for a set oébserved for samples of silica gels — 1.4, 6.5 and 38.0 nm
water-saturated samples: silica gels having 1.4;6.5,28.0 at the nal stage of drying. The substitution of the obtained

nm mean pore size, porous silica glass, ferroceramics, Badalues of 3.310 7,1.2210 %and 1.1410 ®m?/sand T =
also for coals — anthracite and D-rank coal. The Carr-Pur@i3 K into the formula for the Knudsen diffusion coef cient
pulse sequence was used to determine the spin-spin rekx+o the values of pore diameters of 1.5, 6.5 and 5.3 nm.
ation time T, and self-diffusion coef cient Ds. For water-The rst two values perfectly coincide with the rated values
saturated samples with a volume self-diffusion coef ciefit for silica gels. The last value differs from the data forcsili
water y=2.510 °m?/s and with the initial interpulse intergels of 38.0 nm which assumes the value of the liquid sorbate
val ¢ =70 s we have a diffusion lengthp = 420 nm, de- lling factor f = 0.98.
phasing lengtlLg = 4 s. l.e. an inequalitt.¢ >> L p No increase of the diffusion coef cient by several orders of
holds with the spectrometer measurements. [1] magnitude was observed for porous glass and ferroceramics.
The most general form of an equation to calculate the dfne can consider that the contribution of saturated water va
fusion coef cient takes account of a NMR-signal from coglor over the liquid phase meniscus into the general mobility
substance protons (the rst term), a relaxation componénp® water molecules remains insigni cant because pore sizes
a signal from the studied sorbate (the rst exponential @f thre large enough (d10-15 m). Therefore, the self-diffusion
second term) and diffusion multiplier: coef cient of water, obtained for porous glass, is closete t
volume self-diffusion coef cient of water, which enables t
1) apply methods of determining the pore size distribution, de

2 2
I ()=aexp — +bexp — e
Toc Tos veloped for liquid sorbates.

exp Ds (Go )?(2)® 4. Conclusions

3 The spin relaxation of hydrogen nuclei contained in water
molecules, in a porous space of the studied sorbents, occurs
under restricted geometry conditions. To determine p@e si

it is necessary to use methods developed for these purposes
both for liquid, and gas phases.

Here, is the delay time between 9@nd 180 pulses in
the Carr-Purcell sequences 3 the self-diffusion coef cient
of sorbate, is the proton gyromagnetic ratiopd, T»s are
the spin-spin relaxation times féH contained in coal and
water respectively. The rst term was taken into account for
coals only. The water-saturated samples were dried at a higReferences
temperature with mass monitoring, which enabled to detgit] p. N. Sen, A. Andre, S. Axelrod. -J. Chem.
mine the surface relaxation rate Phys.111(14), 6548-6555 (1999).

3. Results and discussion [2] I. Ardelean; C. Mattea; G. Farrher, S. Wonorahardjo;
The pore size dependence of [or silica gels has been  R. Kimmich. -J. Chem. Phys 11919), 10358-10362
obtained. With the pore size of d = 1.4 nm the “motionally (2003).
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1. Introduction are different. One of the explanation of this differenceldou

The main goal of this work was a comparison of 59Q the difference in experimental conditions during sgectr
NMR spectra of cobalt-containing nanostructures detectedistration. Therefore we asked our colleagues to repeat t
under different experimental conditions. As a preliminaspectrum a few times using different pulse amplitudes 8ig.
task we need to test our equipment in order to be sure if the
device allows one to obtain reproducible spectra and if a-spe
trum central frequency and shape are correct. As the main
sample we used a powder hanocomposite consists of core-
shell iron-cobalt nanoparticles xed onto surface of pekyt
tra uorineethylene nanogranules. The 59Co spectra of the
sample were obtained earlier [1,2] and we used them as the
references.

2. Experimental conditions

To check the problem of reproducibility of a spectrum us-
ing our equipment we repeated many times a point-by-point
spectrum of the sample. During the measurements we try to
nd and repair various problems hindered from the regu'ﬁi@ure 3: The spectra obtained in Donetsk in a variety ofagixib
device working. The next step was an attempt to get an aygHgitions. The numbers at the left side of the graphs shiative
aged spectrum (Fig.1). amplitudes of exciting pulses.

o
>

>e

® ole A

.
L é )

Figure 1: Examples of the spectra obtained with the sameitioms!

on different days of experiment. Figure 4: Comparison of our spectrum with the Donetsk.

As one can see from the gure both the shape of the spec-

o, . trum and a frequency of the maximum depend on the excita-

f.' '. tion conditions. The current set of spectra allows us to com-

o [ ¥ pare our results with a whole array of spectra. As it is clear

P % from the Fig. 4 the line shape and the frequency of the max-
A % imum of our averaged spectrum are the closest to the spec-

g,

trum with the pulse amplitude of 400 V” in the notation of

: _ ) Donetsk laboratory.
Figure 2: Spectrum obtained earlier.

It should be noted that the high-frequency side of the rst3' Two consequences follow the observation

spectrum had a more shallow slope than it really is. This ist) Our device allows usto obtain rightline shapes and reso-
due to the fact that the spectrometer receiver ampli esitpe 12Nt frequencies of 59Co spectra and therefore can use-for in
nal unevenly in frequency namely, the increases with irereeStigation of cobalt-containing (nano)materials 2)Theee

ing frequency. Unfortunately this effect is able to noticgyo ful comparison of the spectra for the same sample obtaining

in the middle of the experiment, but in subsequent Specﬂgdiﬁerent devices allows the mutual calibration of the de

it has already taken into account. Therefore, during a\'mgagv'ces and further coordinated application of both devices f

we excluded some points which were extremely distinguistlinvestigation of magnetic materials.
from the other ones, and then calculated the main values foReferences
the array of the remaining points in the 0.5 MHz range at e:é% Anton Mazur, private communication (Donetsk)

ery step on the frequency axis. We compared our averag . L
. . : : Aexander  Shemyakov, private communication
spectrum with the spectrum obtained earlier [1]. It is cle (Donetsk)

from the Fig.2 that the resonant frequencies of both spectra
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Ylvanovo State University of Chemistry and Technology, dvanRussia
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Water at supercritical conditions has attracted the greatmal liquid state, but shifted to the lower values of diol
interest especially in the last few years, because of teatement since the hydrogen bonded network is destabilized,
nological and industrial importance due to its. In fact, wiiat could be seen from the hydrogen bond network monitor-
ter above the critical poinT = 647K, P = 22:1MPa, ing. At lower densities, hydrogen bond network is not con-
and 0:32g=cn? shows signi cant differences in its thermotinuous, and single monomers are present in the system with
dynamic and structural properties as compared to ambigipble moments 1.7 — 2.0D.
conditions. Structural and dielectric properties of sapér
cal water can be thermodynamically varied in an almost con-
tinuous way, thus making it a very exible solvent.

In order to get a complete understanding of possibilities of
using supercritical water as a solvent, it is necessary taiob
detailed information about it's microstructure and dynami
processes on molecular level.

The scope of the present simulations is to provide a detailed
analysis of hydrogen bonding in supercritical water near th
critical point and saturation curve via Car-Parrinello gwl
ular dynamics for 32 water molecules for several thermody-
namic points: 1) T=673K, P=80MPa; 2) T=650K, P=30MPa;

3) T=647K, P=22MPa; 4) T=600K, P=30MPa; 5) T=500K,
P=30MPa.

Besides structural characteristics, such as radial blistri
tion functions, the dipole moments of the different hydnoge
bonded clusters were calculated. Since dipole moment plays
a crucial role in determining the dielectric properties &mel Figure 1: Distribution of dipole moments for water
chemical behavior of a solvent, we analyzed its distributio
for the simulated systems. This also provides a deeperhnsig Acknowledgements
into the clustering properties, since molecular dipole raot  This work is supported by the Russian Foundation for Ba-
is affected by the presence of other H-bound monomers. sjc Research (project N 07-03-00646) and the Russian Sci-

As shown on Figure 1, the distribution is similar to that f@nce Support Foundation.
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j‘aifg;g:g: Vladimir Ya. Volkov, Maxim A. Kleimenov, and Yury A. Vikharev

Moscow State University for Equipment Engineering andrinftics, Stromynka 20, Moscow, 107996, Russia
E-mail: volkovobolensk@mail.ru

1. Introduction 20000 s with the steps 50, 100, 200s, etc., depend-

Transverse NMR relaxation times of some proton fractioing on the testing objects. Both curves (FID and CPMG
in heterogeneous systems are often close to the duratiomabfo's) were normalized to FID's amplitude, Aat the zero
FID that is restricted due to poor homogeneity of the magndtime. Equation 1 was used for tting decays and calculating
eld in samples volume. Application of the CPMG pulses ség(Ag=A1+A+Aj3 at t=0).
quence gives an insuf cient number of points for the acaairat 3. Di .
allocation of these fractions because of the large totajtlen ~* ISCUssIon )
of 180 pulses and transients after them. The "join” problem©N the gures 1 and 2 are presented an example of this

of the FID curve with the CPMG echo's amplitudes stand Jp€thodology for the study of cellulose acetate seasoned at
P L{AB'relative humidity of about 44%. FID and the echo's am-

2. Experiment plitudes in the overlapping zone from 200 to 1508 coin-

In the present work the reference convolution of low regde with accuracy not worse thar0.5%. It is important for
olution FID's technique [1] was updated to restore the trggch accuracy, that true valAgof FID's amplitude after 98
form of FID. Firstly, proton transverse relaxation time Qjulse has been restored ( g.2.4) and used in calculatioms. T
“reference sample” (glycerolJ,r was measured by theysual practice, when faj is accepted the FID's amplitude

CPMG pulses sequence. Then the FID of glycerol was regifier "dead time”, does not lead to such concurrence.
tered and divided ol exp( t=Tr ), WhereAq, is the am-

plitude at the end of Y0pulse (t=0). Result of these calcu-
lations was stored in computer memory asférence FID".
This normalization compensate the decrease of FID's am-
plitude due to natural transverse relaxation of the glylcero
protons, hence the “reference FID” contains the data about
homogeneity of magnetic eld in sample volume only. All
NMR data were measured on commercial NMR relaxometer
“Chromatec-Proton 20M” at 20 MHz fdH.

Figure 2: PTransverse relaxation of glycerol (1) and ceflalacetate
(2 5) protons (item 1, 2, 3 is copy from g.1): 1 - FID of glycerol
(reference sample); 2 - Real and 3 - recovered FID of acetatEx-
trapolated parts of acetate FID; 5 - CPMG echo's curve ofaeet

The time logarithmic coordinate on g. 2 demonstrates that
the "joint” curve of transverse relaxation overlap morertha
three orders of magnitude for the duration. This greatly im-
proves the possibilities of differentiating the variousgps
Figure 1: Proton FID's of glycerol (1), cellulose acetatg §2d re- (phases) of protons and determining their quantity more ex-
covered FID of cellulose acetate (3). Glycerol's FID is eatshort 2Ctly-

as the long lled ampoule pass through probe head for teduyol 4. Function used for tting decays
needs. )

_The testing s_amples were placed into the identical tupe A(t) = Ase =12 Ase BTz 4 pse FTz (1)
with the same diameter as reference sample. FID's were dig-
itized with the step 0,1s in the range of 10 to 1500s and ~ References
then were divided on appropriate amplitudes recorded in tlig] M. A. Cremonini, L. Venturi, S. Sykora, C. Cavani and
memory as “reference FID”. G. Placucci. -Magnetic Resonance Imagindglume25,
The CPMG echo's amplitudes were recorded from 50 to Issue 4, p. 555 ( 2007).
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1. Introduction were measured. The obtained rates of relaxation times as a
The poly(butylene terephthalate) PBT is a thermoplasiimction of angular frequency were tted into equation
polyester used for many engineering applications. Thig-pol F%T— = &sin?d (le o )+ 7
mer is resistant to solvents, mechanically strong and heaﬁsing the :
resistant. The molecule of PBT has four exible methyle%%d Cole:
groups and a hard segment of terephthalate group [1]. It'is . \_ 2 sin(arctan (e o)
suggested that modi cation of PBT with fullerene C60 would J(le e )= Te W

give new attractive nanocomposite material both with IM-\vere K = 6410-50 nf/< for protons

proved chemical and physical properties [2]. The macroi equency, ¢ is upper cut-off correlation time, is the width
tiator TCNEO-C60 was prepared by means of cycloadg,e gistribution of the correlation time, is the amplitude

tion .Of tetfracyan%eth;ne oxide \.N'th Jullerene C60. Fu”etff the spectral density function and s the spin-lattice re-
enation 0 PBT by |r_ect reaction between TCNEO'C(T":Qxation time in the laboratory frame. The correlation cut-
was carried out according to the Olah method, using AIC&@ times were found in different temperatures, below and

as a catalyst [3]. The molecular reorientation and strugs o : :

. ove the glass transition temperature, respectivelyli€u
ture of PBT/TCNEO/C60 nanocomposites were charactgy- o gerjvative of the absorptiodtH NMR and the tem-
ized by Nuclear Magnetic Resonance (NMR), Scanning Elg

following density function given by Davidson

! e is the effective

Mi SEM) and Diff als g Calori Erature dependence of the second momehHIRMR line
g}c;rzDSlg)oscorJy( ) and Differential Scanning Calorim \ave shown different internal dynamics of the virgin PBT and

PBT/TCNEO/C60 nanocomposites.
2. Results

A detailed analysis was performed for PBT and TCNEO-3' Co_nclu5|on
C60 proportion equal to 1000:1 (wt/iwt). The morphology of Analysis of the SEM, the DSC arld NMR results shows

the pure PBT and PBT/TCNEO/C60 nanocomposite was gkt new nanocomposites were obtained by a modi cation
served using SEM (Fig.1). of PBT with nanoparticles TCNEO-C60.The results indi-

cate also that the molecular dynamics of PBT/TCNEO/C60
nanocomposites was changed relative to that of the virgin
PBT. The correlation times and the activation energiesef th
internal motions of the polymer chain estimated on the basis
of the dispersion of the relaxation time are different fag th
virgin PBT and PBT/TCNEO/C60 nanocomposites. The de-
gree of nanocomposites crystallinity decreases relativestt
of the virgin PBT.

Figure 1. SEM micrographs of the virgin PBT and

PBT/TCNEO/C60 nanocomposite References

) o ) él] K. Song, Journal of Applied Polymer Science, Vol. 78,
The melting and crystallization behavior of the PBT and ~ 415_403 (2000).

new nanopomposﬂe were investigated by differential sca 5] C. Wang, Z. Guo, S. Fu, W. Wu, D. Zhu, Vol. 29, 1079-
ning calorimetry (Q2000 TA Instruments). The samples un-
. . . 1141 (2004).
derwent two series of heating and cooling. The samples were T .
heated up to 550 K and cooled down to 223 K at a rate of 18] A- Wozniak-Braszak, J. Jurga , K. Jurga, B. Brycki,
K/min. K. Hoderna-Natkaniec, Journal of NonCrystalline
The molecular dynamics of the nanocomposite was studied S°lids, in print. . o

using solid-state pulse NMR spin-lattice relaxation meitho[4] K. Jurga, Z. Fojud, A. Wozniak-Braszak, NMR Strong
and NMR off-resonance technique [4]. The spin-latticexela ~ Off-Resonance, Solid State NMR, Vol. 25, 119-124
ation times T1off in the presence of an off-resonancerf eld  (2004).
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1. Introduction The rst pulse with the frequency of 28.411 MHz saturates
This work is devoted to investigation of the cros#he spin S. Afte9Q?, 9(1/3 pulse sequence at 30.2 MHz the
relaxation effects between tH&l and'°F spin systems in solid echo is observed. The amplitude of the solid eldkza
the solid 3-(tri uoromethyl) benzoic acid. The fundamerdepends on the durationtof the rst RF pulse at the frequency
tals of cross-relaxation between two unlike spins were e§28.411 MHz. By measuring the amplitutie; i as a func-
tablished by Solomon and co-workers [1,2]. The differdnti#gon of duration t, one can obtain the proton relaxation rate
equations (1) describe the longitudinal polarisatignis, > | and thecross-relaxation rateby tting the formula [3]:
and< S, >:

i hHzi o s
dhzi _ _ ——— = ——[1 ex t 3
==z ) (& S) (@ P ——[L exp( 1) 3)
dhSzi _ Si S Hoi | to the experimental data. For long time>> 1=, spin
a - s S (Mzi o) system for'°F is saturated.

were b and $ are the magnetisations of spin | nuclei and For a single pair of unlike nuclei, with motion describing
spin S nuclei at thermal equilibrium, and sare the proton py a single correlation time, the ratio of cross-relaxatiate
and uorine spin-lattice relaxation rates, respectiveigla is  to spin-lattice relaxation rateNOE=-= ) is (2):
the cross-relaxation rate. '

The NOE is de ned by the equation: 63(1, +15)d(1, 1s)

SN e RS R

Hzi

|
=NOE = —Zsat 0 . S_ )
. . . lo . Lol . h J ()= 2 ¢
wereh ;i is the magnetisation of proton nuclei after sat- Whered (i) = 75—
uration of S nuclei. Using above equation the NOE= -0.376 and the correla-
2 Results tion time .= 1:2 10 8s were estimated for the solid 3-

The NMR measurements were carried out on the Iaboratgpyuoromethyl) benzoic acid at 303 K temperature.

home made pulse spectrometers operating at the frequency 8f conclusion
30.2 MHz and 28.411 MHz for protons and uorines, respec-
tively. h

The measurement technique uses pulse sequence Whig
shown in Fig.1.

The experiment provides opportunity for examinations the
Ig'rieronuclear cross-relaxation phenomenon. Using indepe
en%y two resonance frequencies for proton and uorine it
is able to determine the correlation timg The NOE rate

is strongly dependent on correlation times from the range of
1*10 °sto 5*10 8s taking into consideration frequencies of
30.2 MHz for protons and 28.411MHz for uorines.

References
¢ [1] I. Solomon, Phys. Rev., 559 91955).
[2] V. J. McBrierty and D.C. Douglass, Macromolecules, 10

- e (4), 855 (1977).
[3] P. Luginbuhl, K. Wuthrich, Progress in NMR Spec-

m troscopy 40 (2002) 199-247
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X =z NOVel dendrigraft poly-lysines for medical and biological applications

1. Introduction and hydrodynamic dimensiong, Rf dendrigraft poly-lysine
Synthetic polypeptides belong to an important class (BfGPL) samples in aqueous solvents and in DMF
macromolecules widely used by modern pharmacology, cos3.2. NMR techniques

metology and medicine. This work is connected with theExperimental study of the self-diffusion and nuclear mag-
development of new design of synthetic poly-lysines, wigfetic relaxation had been applied for determination ofcstru
characterisation of poly-lysines novel molecular arattitee tyral details and mobility of DGPL and DGPL macro-
by pulsed NMR techniques and hydrodynamic methods, afglecules modi ed by fullerene.

with the modi cation of poly-lysines by fulleren€go.

. . . 4. Results and discussion
2. SyntheSIS and modi cation method There was established very good agreement between data
The methodology of dendrigraft poly-lysines synthesis b y9 9

polymerisation ol -carboxyanhydride in the buffered wate(r)Y aI_I th_e meth ods lsted at thel pre-lsent workhonf hyhdrody—

have been suggested not far ago [1] hamic @mensmns of DGPL molecules up to.t e ort_ gen-
' ﬁ{)&_ltlon in buffered water and solted water. This experient

set of dendritic polymers. Compared to the original der?—Ct permits us to conclude that utilising synthetic methled

drimers, dendrigraft polymers are less controlled by the sz%l:(;il%g;\éiiIg‘:rr::j;;gsr/asfitzzogs_%zlgt?;asmples with thint

thesis conditions. Molar mass of dendrigraft polymers in- . . S
creases more rapidly with generation than for classical de fccording to NMR analysis, modl cation .Of DGPL sam-
drimers and its structure is not so perfect than for deq_r(_es by fullerene gy leads to partial aggregation/crosslinking

drimers. But a possibility to synthesize dendrimer-likecnoa of polypeptides macromolecules, but the weight fraction

molecules using inexpensive monomers by means of m%fré'aggregates may be decreased by the_variation of initial
low coast method is very attractive for practice. That is wh§Agent concentrations at the start of reaction betweerlDGP

the dendrigraft polymers are objects of interest for motern? d fullerene in DMF solutions.

i - i 1
ology, medicine and pharmacology due to their potential ap2n interesting result have been establishedbyNMR
plications as drug delivery systems, biocides, gene teags! P20+0.2M NaCl showing that the second generation of
or catalyst supports. DGPL exchanges after modi cation by fulleren its unimodal

Based on synthetic methodology suggested in [1] \i,%itial size-distribution to new one with the ratio double

poly-L-lysine samples of generations from 1 to 5 have pedge/initial size particles approximately 1:1, that peshbut
received for the present work. on alinking ability of fullerene. There was not observedran i

Modi cation of dendrigraft poly-L-lysines by fullerenecreasing of aggregation ability of_fullerene—containir@lm_
Ceo have been undertaken with the purpose to inforce biold@ielecules of second generation in aqueous media.
cal activity of these water soluble nanoparticles [2]. Rieac Acknowledgements

of fullerene with the terminal amine-groups of poly-lysine Authors are grateful to rm “COLCOM” (France) for
in dimethyl formamide (DMF) have been used. Special c%@- g ( )

" . agents support.
ditions have been selected for the preventing of uncoeflol g PP

aggregation of macromolecules in DMF solutions. References
3. Characterisation methods [1] H. Cottet, M. Martin et al. -Biomacromolecules8,
3.1. Hydrodynamic methods 3235-3243 (2007).

Translation isothermal diffusion method, velocity sedime [2] I. Tsogas, Th. Theodossiu et aBiomacromolecules,
tation, and viscometry had been used for molecular mass M 3263-3270 (2007).
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ﬁﬁﬂ »uesnv Solid-state 13C NMR analysis of reactivity of fossil coals

1. Introduction. tional properties (with sh si?, sp-hybridized carbon atoms)

In order to solve a problem of safe coal production, it is afid systematize a data set for the purpose of visualization
importance to extend knowledge of structural changes ds watthane-generated samples.
as evolution of composition of plant tissues that are the bas

of coal eld.
. The scope of obtained information indicates that contem-
2. Materials and methqu. porary possibilities 0f*C NMR of coal allow to evaluate not
For the purpose of controlling the processes of transfgf, o alitative changes in carbon-containing materiats b
mation of plant tissues as well as predicting the stability 944, 16 determine quantitative distribution of carbon adre-
natural composites, it is necessary to collect data on atQMsan, gifferent functional groups, revealing thereby e

molecule architecture of coals. In this study the StaB#C jonqhin hetween composition, structure and reactivityatt
valid results of qualitative and quantitative analysis alfds ural carbonic composites

state NMR spectra of Donetsk coals were given.

3. Results and discussion. Acknowledgements _
On the basis of experimental data a structure functional iS work is supported by the Science & Technology Cen-
identi cation of natural composition was carried out. Thige in Ukraine (grant # 4202).
scheme of formgtlon a_nd fqrther transformation of COMPO-Raferences
nents of carbonic matrixes in natural reactors (from brow ] A D. Alexeyev, E. V. Ulyanova, A. P. Shpak etc. Com
coal to anthracite) was proposed. Comparison of integral i T T SO : )
) prop b g parative analysis of*C NMR/MAS, CP MAS spectra

tensities of-3C NMR spectra of genetically related coals cal- line sh Ffossil coals (in RussiamPAVSi hni
culated correctly allowed to reveal the relationship betme In€ shape ot fossii coals (in Russian)Physicotechni-
cal problems of mining2007,10, 5-12.

the coal explosibility and general content and ratio of car- )
bon atoms (CH /CHy ) with different degree of hybridiza- [2] S- V. Zymina, V. V. Trachevsky, A. P. Shpak, . D. Alex-
tion of valence electrons. It was shown that the most expiosi ~ €YeV etc:*C NMR investigation of fossil coals (in Rus-
coals generate on the intermediate stage of metamorphism. Sian). -Nanosystems, nanomaterials and nanotechnolo-
Research results of coal samples (Skochinskogo' mine) with 9ies 2009 (in Press).

different depth of occurrence gave an opportunity to evald3] N. D. Rus'yanova.Coal fuel chemistry(in Russian),
ate quantitatively the content of groups with differentdun Moscow, 2000.

4. Conclusions.
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I T Gd(l11) and Fe(lll) complexes with tiron in model solutions
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~ = Lilia Sharafutdinova, Alexander Solodov, and Nataliya Dvoryankina

Chemical Institute, Kazan State University, Kazan, 420R08sia
E-mail: annette _zb@mail.ru

1. Introduction Table 1.
Gadolinium(lll) complexes with polyamino carboxylates Table 1: CRE values of iron complexes.
are widely used in magnetic resonance imaging (MRI) for - = -
contrasting images of blood stream, tissues and pathao ipCompIexl I Fe(HO)s"| FeL | Fel; | Fels
[1]. Interest to paramagnetic iron(lll) ions arises frora gos- CRE, M °s 13000 3400 5900 | 3100

sibility of their use in composition of MRI contrast agents | tironate complexes possess characteristic parasnete
(CAs) instead of highly toxic Gd(lll) ions [2]. Meanwhile, ot yeir ahsorbance spectra in visible region thus perngitt

the majority of Fe(lll) complexes possess low spin-lattiee unequivocally identify the composition of central ion cdir

laxivity values R1) —the effectiveness of paramagnetic Cofyion sphere in mixed ligand or heteronuclear compounds.
pour_1d In proton's relaxation — which is one of the ObJ_eCt“f@ddition of | or Il Group metal salts resulted in shift of for-
scoring of using the compound as a CA [1]. Another impQfiaiion regions of bis- and tris-ligand complexes to acidic
tant factor which de nes the application of metal complex a5 4iym. This can be described as apparent stabilization of

CA in vivois its stability (the dissociation degree up to frec?orresponding complexes. At the same time their CRE val-

metal ions). It is known that ligands with dihydroxybenzer&%s also changed. For example, the CRE value of the bis-

fragments possess high af ity to iron(lll) ions. For examp o nate complex in solutions of calcium, barium and stron-

natural siderophore due to presence of tltaeko-diphenolic tium chlorides (8307, 6900 7580 Ms ! respectively) ap-
groups forms highly strengthened complex with Fe(III).-S%

: AN eciably exceeds the value 5900 & * for aqueous so-
ble iron(ll) complexes with similar ligands may be used ggjon The mentioned effects were explained by formation
MRI CA.

of heterometallic complexes with cations of added inorgani
2. Experimental Section salts. In presence of ligands capable to bind iron(lll) ithres

In present work we report the results obtained usihy formation of ternary [Fe(TigL] compounds with L = oxalate,

NMR-relaxation method (Minispec MQ20, Bruker; 20 MHzglycinate, ethyle_ne d!amine were found. In orde_r to evalg—

298 K) of complexation Gd(l11) and Fe(lll) with disodium saldte Fhe state of |ron—_t|ronates in serum the expenmenls;.wn

of 4,5-dihydroxybezene-1,3-disulfonic acid (tiron, MaL). bovine serum albumin were carried out and the results will be
' ’ ’ presented in the report.

SO;Na 3.2. Gd(lll) complexes
OH

NaO,S OH

The vicinity of two hydroxy groups provides strong bind-
ing of metal-ion, whereas presence of two sulfonate groups
raises solubility of metal complex in water.

3. Results and discussion
In view of biomedical perspectives in MRI-diagnostics, the
behavior of investigated systems was also analyzed in model
systems. The last included compounds presenting in phys-

iological liquids (blood, lymph), particularly salts of nd

Il Groups cations, amino acids, dicarboxy acids, diamines,
dithiophosphorus acids. Special attention was paid tosiive
gation of interaction of tironate complexes with albumine.(
bovine serum albumin, BSA).

3.1. Fe(lll) complexes In the case of Gd(lll) only two complexes GdHL (CRE
The Tiron was found to form with Fe(ll) three complexeB0190 M s 1) and Gd(HL)} (8742 M 's 1) were revealed
Fel, (n=1-3) in acidic, neutral and basic media respectively. neutral media. More over, in acidic media Gd(lll) ions

Each complex can be characterized by it's relaxivity valassociate with sulfonato groups of tiron (Gd{), CRE
named as coef cient of relaxation effectiveness (CRE) [1]5000 M s 1). Unlike Fe(lll)-tiron system, the presence of
The CRE values of some iron complexes are collected in great amounts of Na (up to 200 m) does not in uence the

Figure 1: Relaxivity changes with BSA concentration in G8/A8
systems. g¢ =0.1 (1), 0.2 (2) 0.35 (3) mM. pH 6.5.
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complexation of Gd(lll) with tiron. The addition of doubletwo sets of binding sites characterized by high and low CRE

charged cations was found to be more effective: in this caséues ( g. 1). Internary Gd - Tiron — BSA system formation

not only the state of ligand in complexes{M&dL, changed, of mixed ligand complex with medium CRE (35000 V& 1)

but also new complex form ()GdLwas revealed. These 2vas observed ( g. 2).

complexes existed in different pH area and had different CREThe revealed Fe(lll) and Gd(lll) tironate complexes are

values (10070 and 5791 Ms *, respectively). sufciently stable and are sensitive to the presence of
biometal ions (N&, K*, C&*) and protein in solution. The
found interesting results may be useful in the development o
new generation contrast MRT-agents.
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