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Expansion of diagnostic opportunities by means of algebrai c operation
with MR images

Nikolay V. Anisimov, Mikhail V. Gulyaev, Svetlana S. Koretskaya, Elena V. Verkhoglazova,
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1. Introduction
MRI data processing based on algebraic operations (sub-

traction, multiplication, etc.) with identical images on local-
ization is considered. Subtraction of images is usually applied
at MRI researches with injection of contrast substance, and
also in fMRI. We used algebraic operations for differentiation
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 modes
of scanning and in�uence on pixel brightness of algebraic op-
erations over these images.

2. Materials and methods
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 second
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 sub-
traction of images, accordingly: T2-FLAIR or T2-STIR. Mul-
tiplication of images from modes FLAIR, STIR and also DIR
with different inversion times [1], was carried out for emu-
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 tissues
at the skull base – Fig 1.

Operation (T2-FLAIR)xFLAIR yielded the image similar
to image from DIR mode that has allowed to reveal postoper-
ative changes in brain meninges – Fig. 2.

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 0.55/0.08s)
emulated images from scanning mode with suppression of
signals from several normal tissues, namely waters, fat, and
nose mucus – Fig.4. Emulated images gave good visualiza-
tion of intracranial lesions [2]. It is very useful for volume
reconstruction – rendering or MIP.

4. Conclusions
Algebraic operations with MR-images give additional in-

formation in MRI research at the using of emulation of addi-

tional modes of scanning. It is especially useful at research of
intracranial lesions.

Figure 1: Left to right: T2, FLAIR, STIR, T2-FLAIR. It is sus-
pected that asymmetric distribution of MR-contrast at the skull base
is caused by an unknown pathology. But image subtraction gives
image analogous to STIR. Conclusion: suspicious tissue is ordinary
fat.

Figure 2: Left to right: T2, FLAIR, DIR, (T2-FLAIR)x(FLAIR)2.
Algebraic operations with T2 and FLAIR give image analogous
DIR. Only this mode reveals enough distinctly changes in meninges
after surgical operation

Figure 3: Left to right: T2, FLAIR, DIR, (T2-FLAIR)x(FLAIR)2.
Algebraic operations with T2 and FLAIR give very distinct visual-
ization of dermoid cyst.

Figure 4: Left to right: T2, FLAIR, DIR(A), DIR(B), MIP-sagittal
from DIR(A), MIP-sagittal from DIR(A)xDIR(B).
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A few details of NMR history in Saint Petersburg

Vladimir I. Chizhik
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It is obviously that the most prominent event in Russia in
the area of magnetic resonance (MR) is the discovery of the
electron spin resonance by E. Zavoiskii (Kazan). But there
are a few interesting and, I believe, important facts in the MR
history, which are not well-known for the MR-community.

1. The basic method of the registration of NMR spectra
is so-called Fourier-transform (FT). In this method the NMR
spectrum is obtained using Fourier integral from the free in-
duction signal. In 1991 R. Ernst was awarded by Nobel Prize
for the development of the fourier-spectroscopy of NMR.But
the �rst in the world Fourier-transform in NMR was realized
by the scientists of Saint-Petersburg (Leningrad) University
in 1958 (Izv. Russian Acad. Sci.1958, vol. 22, 1141-1144).
The short description of the work will be presented.

2. In 2003 P. Lauterbur and P. Mans�eld were awarded by
Nobel Prize for their works in the area of the magnetic reso-
nance imaging which were carried out in the 70-ties.But in
1960 Vladislav Ivanov (Saint Petersburg), being an of�cer of

Soviet Army, applied for an invention:“The method of de�ni-
tion of interior structure of material objects, mainly biologi-
cal, differing from others that for getting volumetric picture of
interior structure . . . material objects put in an exterior inho-
mogeneous magnetic �eld which generated so that the signal
of a free precession of nuclei of atoms, which analyzable ob-
ject consists from, is existed successively in restricted parts of
object, adjoining to each other, and on an input of receiving
device there is frequency �lter selecting a band of frequency
of a precession of nuclei, contained in restricted part of object
in an exterior magnetic �eld.”

Unfortunately, Ivanov's application was declined by
experts. After works of P.Lauterbur, P.Mans�eld and
M.Damadian the application was considered again and the
patent was given out on 08.05.1084.

This is not an attempt to re-write the fragments of the NMR
history but the names of the scientists of Saint Petersburg are
worth to be known in the world.
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Magnetic resonance imaging studies of swelling, sedimenti ng and
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In this presentation, MRI will be introduced from the per-
spectives of chemical engineering and environmental science.
While many processes in these areas are similar to those ad-
dressed in medical applications of MRI, parameters and ex-
perimental implementations are often quite different and,in
many respects, far more demanding [1,2]. This hinders di-
rect transfer of existing methods developed for biomedicalre-
search, especially when facing the challenging task of obtain-
ing spatially resolved quantitative information. Most signi�-
cant limitations of many current MRI approaches, leading to
the losses of quantitative information, can be identi�ed asfol-
lowing: T2 relaxation and probe dead time effects; molecular
diffusion artifacts; varying dielectric losses and induced cur-
rents in conductive samples; limited dynamic range; blurring
artifacts accompanying drive for increasing sensitivity and/or
imaging speed.

Speci�c examples of MRI application will be given in the
areas of soil and mineral research and of wood research. Ef-
forts in developing and adapting MRI approaches to study
these kinds of systems will be outlined as well.

Soil and mineral research: Understanding water transport
and erosion processes in soils, sediments, minerals, and rocks
is one of the key challenges in environmental science. In par-
ticular, extensive studies of clay/water interaction havebeen
performed in order to provide a quantitative measure of clay
distribution in extended samples during different physical
processes such as swelling, dissolution, and sedimentation on
the time scale from minutes to years [3]. Results have a sig-
ni�cant impact for engineering barriers for storage of spent

nuclear fuel where clay erosion by low salinity water must be
addressed.

Wood research: There is a growing interest in the moisture
buffering performance of wood for indoor climate regulation.
In contrast to green or water-soaked wood, processed con-
struction wood at ambient conditions is much less suitable
for standard MRI because of the very short relaxation times
of “bound” water. Hence, solid state MRI methods were ap-
plied to assess the moisture buffering capacity of wood. As
one result, it was possible to obtain separate radial imagesof
water and macromolecular content and, thus, directly demon-
strate a close and apparently linear correlation between those
parameters [4].
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Newly developed hardware and software features
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JEOL FT NMR System is a versatile high-performance
system that utilizes the latest digital and high-frequencytech-
nologies for a wide range of applications from routine liquid

to solid-state and protein analysis.Newly developed unique
probes and data processing features will be also presented.
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The fullerene and nanotubes, being a polycarbon
molecules, has a potentially wide �eld of applications in a
combination with polymers or biopolymers. The conventional
way to make this nanocarbon to bind to organic materials is
the activation, e.g. the introduction any reactive groups into
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 1: The spectra C13 of the Fullerenes mixture C60=70 .

The regioselectivity of bounded to fullerene or nanotube
molecule hydroxyls very important for molecular composite
design and can be proved by1H and 13C SS NMR. How-
ever, the high degree of the fullerene modi�cation leads to
such structural perturbations as a cage-opening process, so
the principal question arises if the modi�ed molecule does
have any of initial fullerene properties.

The polyhydroxylated fullerene can be applied as a spher-
ical core at the synthesis of star-like polymers. On the other
hand, the most perspective fullerene/polymer complexes are
supposed to keep unchanged the electronic con�guration of
Buckyball.

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

Figure 3: A spectrum of C60 -polymer complex.

Summing up,
� Modern techniques of solid state NMR give structural in-

formation on Fullerenes and carbon nanotubes.
� High resolution NMR spectroscopy in solid state gives

valuable information on regioselectivity of hydroxyl groups
bounded to nanocarbons.

� The SS NMR spectra re�ects a non covalent interactions
of nanocarbon and polymers.
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Nano-scale water structure in ultra-dry photosynthetic me mbranes and
in lichen thalli.
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Institute of Physics, Jagiellonian University, ul. Reymonta 4, 30-059 Cracow
E-mail: hubert.haranczyk@uj.edu.pl

Deep dehydration is lethal for human being and for most of
living creatures. However, there exist plants surviving acute
water stress [1 and references therein]. Larvae of chironomid
Polypedilum vanderplanckii survive almost complete dehy-
dration [2]. Cytoplasmic vitri�cation may be possible way
used by anhydrobiotic organism to survive extreme desicca-
tion [3], and the presence of carbohydrates is needed [4]. As
spontaneous dehydration is one of mechanisms of freezing
protection, the dehydration and the freezing protection ofthe
living organism may have the similar molecular mechanism.

Dry biological organism resembles the porous system [5],
allowing the observation of nano-scale bound water structures
using volume-sensitive methods like NMR.

Bound water behavior was searched in native deoxyribonu-
cleic acid (DNA) from salmon sperm [6], in digalactosyl-
glycerol model membranes [7], in lyophilized photosynthetic
membranes [8, 9] from wheat, and in extremophilic Antarctic
lichen thalli [10-14].

Methods applied to observe bound water structure and dy-
namics, and water binding sites were sorption isotherm, DSC,
electric conductivity measurements, high power NMR relax-
ometry, and NMR spectra.

Hydration kinetics and sorption isotherms show the pres-
ence of (i) a very tightly bound water, (ii) a tigtly bound wa-
ter, and (iii) a loosely bound water fraction. In DNA amor-
phous sample the swelling process is observed. NMR exper-
iment distinguish the bound water pools by molecular dy-
namics, monitors the 'sealed' water fraction, and detects the
gathering of water molecules in vicinity of paramagnetic ions
present on the surfaces of the system. Static conductivity mea-
surements monitor long distance water arrangement, showing
the dehydration below the surface bound water percolation
threshold. The NMR and DSC measurements show the de-
crease in freezing loosely bound water fraction on the cost
of non-freezing tightly bound water with decreased tempera-

ture, which may be one of mechanisms of freezing protection
in lichens. The non-cooperative bound water immobilization
with decreased temperature is observed.
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[14] H. Harańczyk, M. Bacior, P. Jastrzebska, M. A. Olech
Acta Phys. Polon.A115, 516-520 (2009).

NMRCM 2009, Saint Petersburg, Russia, 29 June–3 July 2009 – 16 –



NMRCM
2009

29 JUNE-3 JULY

St. Petersburg
ó.-ðÅÔÅÒÂÕÒÇ

The NMR detection in low magnetic �eld
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1. Introduction
The identi�cation and analysis of the liquid substances

using mobile devices is very important issue. Pulse nuclear
quadrupole resonance (NQR) devices have been developed to
detect illegal substances in airports [1]. These NQR devices
can be easily adapted for low frequency nuclear magnetic res-
onance (NMR) mobile applications. In this case there is a
need in additional components, such as a speci�c 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 developed
by Quantum Magnetics[3]. In fact, analysis of the literature
reveals an increasing number of the reports, related not only
to the detection of explosive and illegal substances, but onap-
plication of test and control devices (analyzers) for industrial
and agricultural needs (food, pharmaceutical, chemical indus-
tries, in medicine and oil re�neries). Recent advances in the
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 devices
for security needs. Recently, the mobile NMR analyzers have
been demonstrated byBruker Inc[4] andT2-Biosystems[5].

In this work homemade NMR head-probe unit has been
developed and successfully applied with our NQR equipment
for NMR measurements of the ethanol C2H5OH at low mag-
netic �elds of 77 mT (3.3 MHz).

2. Experimental
NMR experiments have been performed onApollo Tec-

magNQR/NMR spectrometer (0.1-100 MHz) combined with
Tomco BT-00500-Betapower ampli�ers (the output power is
500 W and the frequency range of 0.5-18 MHz). NMR head-
probe units with use ofVoltronicsNMT capacitors have been
designed and used in our experiments.

3. Results
Two magnet systems have been tested in our NMR mea-

surements. First system is Hallbach-type magnet consisting
of 4 cubic blocks of NdFeB permanent magnets [5]. However
our NMR measurements have shown that the homogeneity in
this system should be improved further to be applied in the
mobile applications. The second, electromagnet system have
shown much better magnetic �eld homogeneity. The NMR
measurements of the test substance (ethanol) with use of this
system have shown in Figs. 1&2.

Our preliminary results have shown that to discriminate
between various liquids one have to apply advanced test se-

quences and to obtain an extended set of NMR parameters
(not only T2 andT1 relaxation times but proton density and
spectral information where it is possible) of the scanned con-
tent.

Figure 1: Fourier-transform NMR signal of ethanol at 77mT.

Figure 2: The multipulse sequence for measurements of the relax-
ation parameter in ethanol.
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55Mn NMR and magnetoresistive properties of lanthanum-stron tium
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A high interest to rare-earth manganites (REM) is due to
debates on the nature of colossal magnetoresistance (CMR)
[1] and practical application [2].

It is worthy to mention manganite-lanthanum perovskites
doped in A- and B-sublattices by ions of different valency
and containing a superstoichiometric manganese which can
form nanostructural clusters and increases the CMR with
no decrease in Tp, Tc, Tms [3]. The feature of REM with
CMR is a high-frequency electron-hole exchange between
Mn3+ $ Mn4+ , the ratio being dependent on doping. For
such a doping, the electrical neutrality is attained in two ways:
by transition of Mn3+ $ Mn4+ , formation of anionic vacan-
cies or the both mechanisms.

The55Mn NMR investigations [4,5] help in clarifying this
problem and doping effect on local heterogeneity of the states
of manganese ions and on properties. The NMR spectra for
our samples of three systems are shown in Figs. 1 and 2.

The essential differences in the spectra are because
of different Mn3+ /Mn4+ ratio, degree of their localiza-
tion and nonhomogeneous surrounding by another ions
and vacancies. The molar formulae of defective per-
ovskite structure La0:6A0:2Mn1:2O3� � (A: r2+ , K+ ) and
La0:6Sr0:2Mn1:2� x Nix O3� � are given in Table 1.

Figure 1:55 Mn NMR spectrum of manganitoperovskites for compo-
sition La0:6A0:2Mn1:2O3� � (A: Sr2+ , K+ )

Spectra 55Mn NMR spectra for lanthanum-strontium
manganitoperovskites La0:6Sr0:2Mn1:2� x Nix O3� � of sev-
eral compositions are shown in Fig. 2. The localization
of Mn4+ states is caused by ions Ni2+ which disturb the
Mn3+ $ Mn4+ exchange interaction and increase the Mn4+

concentration.
The different in�uence of doping in the A-sublattice by

ions Sr2+ , K+ and in B-sublattice by ions Ni2+ on 55Mn

NMR spectra, phase transitions and magnetoresistance is due
to disturbance of Mn3+ /Mn4+ ratio, their environment, local-
ization and exchange interactions.

Table 1: Molar formula of defective clusterized perovskitestructure

A(B) Molar formula for perovskite-like solid solution

Sr2+

K+

(Ni2+ )

Figure 2:55 Mn NMR spectrum of manganitoperovskites for compo-
sition La0:6Sr0:2Mn1:2� x Nix O3� � (tann =1350oC)

References
[1] M. B. Salamon, M. Jaime. Phys. Mod. Phys.73, 583

(2001).
[2] V. P. Pashchenko, N. I. Nosanov, A. A. Shemyakov.

Patent UA 45153Bul. 9 (2005).
[3] V. P. Dyakonov, V. P. Pashchenko, E. Zubov et. al. Fiz.

Tverd. Tela45, 870 (2003).
[4] M. M. Savosta, and P. Novak. Phys. Rev. Lett.87,

137204 (2001).
[5] A. V. Pashchenko, V. P. Pashchenko, A. A. Shemyakov

et. al. Physics of the Solid State50, 1308 (2008).

NMRCM 2009, Saint Petersburg, Russia, 29 June–3 July 2009 – 18 –



NMRCM
2009

29 JUNE-3 JULY

St. Petersburg
ó.-ðÅÔÅÒÂÕÒÇ

Singlet Nuclear Magnetic Resonance
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We are studying the behaviour of nuclear singlet states in
solution NMR. The lifetimes of these states often exceeds
the conventional relaxation timeT1 by an order of magni-
tude or more [1-5]. In one case (15N-labelled nitrous oxide in
solution) the singlet lifetime is almost 30 minutes [5]. I will
show some of our latest results using these states, including
a novel experiment involving rf irradiation at extremely low
frequency (around 8 Hz). We have used such techniques to
measure nuclear J-couplings with an accuracy approaching 1
mHz.

We have also studied the lifetimes of singlet states in
isotropic solutions of labelled amino acids. The in�uenceson
the singlet lifetimes will be described.
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Repetitive transcranial magnetic stimulation (rTMS) phen omena: the
fMRI studies.
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1. Introduction
rTMS of the primary motor cortex (M1) and dorsolateral

prefrontal cortex (DLPC) is accompanied by the series of acti-
vation areas in the human brain revealed by the BOLD fMRI.
This presentation is discussing the method of interleave rTMS
BOLD fMRI and the origin of the brain activation areas. Al-
though several brain imaging techniques have been used to
study local and remote TMS brain mechanisms, it remains
unclear whether TMS activates the brain in the same manner
as normal willed behavior.

rTMS administered over the left DLPC has been shown
to subtly in�uence neuropsychological tasks, and has antide-
pressant effects when applied daily for several weeks. Pre-
frontal rTMS does not, however, produce an immediate eas-
ily observable effect, making it hard to determine if one has
stimulated the cortex.

2. Methods
We therefore used 1Hz rTMS over left M1 or DLPC and in-

terleaved fMRI to analyze the whole brain BOLD activation
induced by TMS or a control task of volitional thumb move-
ment. Within a 1.5 Tesla MRI scanner, 11 adults were stimu-
lated with a �gure eight TMS coil applied over the left M1 at
the optimum spot for producing movement in the contralat-
eral thumb (3 scanning sessions per subject. Subjects alter-
nated between rest, 1 Hz TMS at 110% of the motor threshold
(MT) and a volitional thumb movement mimicking the TMS
effect. Similar paradigm was used in 5 healthy volunteers
while left DLPC rTMS was performed by 80%, 100%, and
120% of individual motor threshold (no motor task). Whole-
brain echoplanar BOLD data were processed and the resulting
statistical maps converted to Talairach space for group aver-
aging.

3. Results
Brain activation induced by M1 rTMS signi�cantly over-

lapped with that induced by volitional movement mimicking
rTMS induced behavior. However, compared to the volitional
movement condition, TMS-induced activation in M1 as well
as in remote structures of the motor system (PMC, pre-SMA)
was less (smaller spatial extent). TMS-induced brain activity

is both similar to, and different from, volitional internalac-
tivation. Time series analysis revealed relatively long-lasting
(compared to rTMS epoch, Fig 1). Surprisingly, not only the
acoustical (Br 41, 42) was found out, but also right DLPC
activation while left M1 or left DLPC.
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Compared to rest, all rTMS epochs activated auditory cor-
tex, with 80% MT having no other areas of signi�cant acti-
vation. 100% MT showed contralateral DLPC activation, and
120% MT showed bilateral prefrontal activation. Higher in-
tensity rTMS, compared to lower, in general produced more
activity both under the coil and in contralateral DLPC. Higher
prefrontal TMS stimulation intensity produces greater local
and contralateral activation. Importantly, unilateral prefrontal
TMS produces bilateral effects, and rTMS at 80% MT pro-
duces only minimal prefrontal cortex activation.

4. Discussion
BOLD activation areas, in my opinion, re�ect the direct

rTMS effect (under the coil), brain connectivity (transsynap-
tic activation), sensory (acoustical and proprioceptive activa-
tion), and uncontrolled mental activity accompanying rTMS
of the head/brain of the humans.
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Long trains of periodic RF pulses make an integral part
of MRI methods. Extensively used multiple echoes can serve
as an example of such kind. We present a new effective ap-
proach for calculation of magnetization evolution under the
in�uence of trains of periodic RF pulses in the framework of
the generating functions (GF) formalism. Generating function
is de�ned as a function of complex variablez:

F (z) = M 1 + M 2z + M 3z2 + : : : + M n zn + : : :

Here,M n is, for instance, the n-th echo amplitude. Generat-
ing function comprises complete information about all echo
amplitudes at once. In this work it is shown that in many cases
closed analytical expression for the generating function can
be found. From GF, the magnetization at the step (period)
with arbitrary numbern can then be easily calculated. The
generating functions approach is especially ef�cient for anal-
ysis of multiecho sequences, when to �nd the echo ampli-
tude one has to average over different isochromates. Earlier
in our paper [1] we obtained analytical expressions for GF

and echo amplitudes in Carr-Purcell-Meiboom-Gill pulse se-
quence with an arbitrary refocusing angle. In present work we
generalized this GF approach for calculation of echo ampli-
tudes for CPMG sequence of selective pulses for an arbitrary
resonance offset and RF magnetic �eld magnitude and also
for gradient echo sequence. Comparison of calculated and
experimental echo amplitudes has been done for refocusing
pulse equal to�= 4.
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Ionic liquids (ILs) attract growing attention in the last years
due to their interesting and peculiar features. In this lecture a
brief overview of ILs history, main properties and current as
well as expected applications is given follow resent papers
and reviews. In spite of wide application of ILs not enough is
known about properties and structure of these new materials
in the liquid phase.

As a next step of the lecture we analyze available literature
on NMR in ILs. According to our estimation to the moment
there are several tens papers and a few reviews. The most
part of the works explored1H and 13C NMR, and more or
less conventional high-resolution NMR approaches are used
namely, 1D and 2D spectra, NOE etc. Other essential part of
the works connects to measurements of self-diffusion coef-
�cients using standard pulse-gradient technique. Only a few
works have been found where other than1H and13C nuclei
were used in spite of the fact that, just the anions and core
cations nuclei (14=15N, 35Cl, 10=11B, 19F etc.) NMR could
contain the main information on the IL structure and dynam-
ics.
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Cl-  anion

H

H

O

N

O

OO

H

H
H

O
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�2m(H2O)

At room temperature 

�2r(H2O) = 2.5ps 

�2R(Cl) = 9.6ps [FS] 

�2m(H2O) ~ 1��s (Co), 
100��s (Ni),   1ns (Gd);  

Figure 1: Dynamical information which can be obtained from NMR
relaxation measurements.

As well known there are a huge array of spectral and re-
laxation NMR data on electrolyte solutions of various kinds
namely, dilute and concentrated, aqueous and non-aqueous,

organic and inorganic, diamagnetic and paramagnetic, homo-
geneous and heterogeneous, etc. A preliminary comparison
shows that the most part of these results and approaches could
be successfully applied to the �eld of neat ILs, their mixtures
with other solvents and complex systems on the base of ILs.

An example of the information available from NMR relax-
ation rates of solvent and ions nuclei is shown in the Fig. 1.

Some raw ideas based on analogy between ILs and concen-
trated electrolyte solutions/melts of crystalline solvates are
discussed in the lecture, and an example of IL-like structure
of complex LiNO3–Ca(NO3)2–H2O solution is demonstrated
in Fig. 2 based on the multinuclear NMR relaxation data for
this system [1].

Figure 2: Dynamical and structural information for Li-Ca-NO3

aqueous solution obtained from multinuclear NMR relaxation mea-
surements.

In addition to above the information obtained from NMR
measurements about local structure and dynamics the solu-
tion of solutions can become a good experimental basis for
comparison with the data of computer modeling of properties
of various liquid phases including ILs and related systems.
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The aim of the contribution is to present examples of our
recent research work on nano-structured materials. The pre-
sentation will include

- studies of size effects on ferroelectric properties of ox-
ide perovskites, such as barium titanate and lead titanate.It
will be shown that the EPR and NMR methods sensitively
probe changes of the structure and the local symmetry in the
nanocrystalline material.
- studies of the behaviour of ferroelectric BaTiO3 and NaNO2

embedded into mesoporous materials. As materials we use
mesoporous silicates of type MCM 41.

Size dependent changes were found in the137Ba NMR
spectra studies on very small BaTiO3 particles. The NMR line
shapes were studied in a broad in the temperature range and
at different Larmor frequencies. In the tetragonal phase the
NMR lines may be decomposed into a contribution typical
for the line shape of bulk samples (so called ordered part) and
a part in which the tetragonal symmetry is no more visible (so
called disordered part). The ordered part reveals a �rst order
phase transition at a temperature Tf which decreases when
the particle size becomes smaller. For all samples the tem-
perature dependence of the quadrupole coupling constant CQ

in the ordered part was studied in the whole tetragonal phase.
Its temperature dependence below Tf , with a jump at the �rst
order phase transition, can be explained by means of the Lan-
dau theory. For the �ne particles CQ may be also described
by an exponential law CQ / (Tf - T)� for T < Tf , but the
exponent� is less than1=2 as predicted by the Landau theory
for the bulk samples. The disordered part shows no jump at
Tf where its quadrupole coupling constant is approximately

zero. The data will be used to discuss a structure model for
the �ne particles [1, 2].

Changes in the phase transition temperatures and in the
other properties were observed for con�ned NaNO2 and com-
pared with the older work of ferroelectric NaNO2 single crys-
tals [3]. An anomaly in the23Na spin-lattice relaxation relax-
ation rate 1/T1 was observed at the �rst order phase transition
(at 436.6 K) and associated with the cooperative motion of
the electrical dipoles, using the �uctuation-dissipationtheo-
rem [4]. To our knowledge, NMR of23Na in small particles of
ferroelectric NaNO2 (particle diameters between 0.2 and 5.0
micrometers) was at �rst reported by Buchheit et al. [5]. Here
we study samples with small particles of NaNO2 embedded
in MCM 41 materials which have well-de�ned diameters of
the internal holes.
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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 detection
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 the
detection of explosives in a large volume. In this work we
study the effect of the low magnetic �elds on NQR signal of
the chemical compounds with different relaxation and EFG
asymmetry parameters.

2. Experimental

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) C3H6N6O6 has weight about 5g. The asymmetry
parameter of RDX is� = 61%, and the resonance frequen-
cies are� + = 5192 kHz and� � = 3410 kHz at room tem-
perature. The relaxation parameters on the frequency� � : the
longitudinal relaxation time isT1 = 10 ms, transverse time
is T2 = 9 ms, andT �

2 = 1 :5 ms. The powder sample of hex-
amethylenetetramine (HMT)C6H12N4 has the weight about
5 g. The NQR frequency is 3306 kHz with zero asymmetry
parameter at room temperature. TheT1 is near 10 ms,T2 is
near 8 ms.

3. Experimental results

3.1. The experiments with HMT.

HMT (C6H12N4) having a longT �
2 (near 1.5 ms) is ap-

propriate sample to test the in�uence of low magnetic �eld in
NQR detection. The application of the low magnetic �eld pro-
duces the splitting and broadening of the NQR line (Fig.1).

Figure 1: The NQR signal of HMT at small magnetic �eld near
1 mT

3.2. The NQR of RDX in low magnetic �eld
The experiments reveal small linewidth broadening of

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
magnetic �elds (� 10mT ).

Figure 2: NQR signal of RDX in the static magnetic �eld of6:5 mT .

Further work is planned to test the effect of the pulsed mag-
netic �elds on NQR signal of various substances.
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1. Abstract
The formation of macromolecular protein clusters is stud-

ied by NMR, ESR and laser light scattering methods. Protein
in solution represents particles which interact with each other
mainly due to Coulomb repulsion. The metal ions with larger
masses and larger ionic radii, such as Cd, Cu, Co, Pb and K
hold the hydrate shell weaker than the sodium ion. Ions with
large values of ionic radii exceeding 1	A can form the so-
called Couloumb complex with uni�ed hydration shell with a
protein macromolecule.

Due to a strong decrease of the surface charge the dipole-
dipole interaction starts to play the leading role. The corre-
sponding energy is determined according to formula:

Epp =
p2

6��r 6kT
wherep - is the dipole moment of a single protein macro-
molecule andr - is the distance between the macromolecules.

The increasing of the energy brings macromolecules closer
together and then they might form a macromolecular com-
plex, i.e. a dipole cluster.

In the present talk the study of the protein cluster formation
process is discussed [1, 2] and the results achieved with three
independent methods, such as NMR, ESR and laser light scat-
tering are reported [2,3,4].
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Metal hydrides have the high potential for reversible on-
board hydrogen storage and release at low temperatures and
pressures. Here we focus on three classes of such materials:
Ti-V-Cr alloys and their related hydrides, Mg-bases hydrides
and ternary Mg-Ni-Ca system.

Ti-V-Cr alloys belongs to a class of potentially high char-
acteristic materials in terms of hydrogen storage properties. A
maximum uptake of more then 3.5 wt.% hydrogen can be ab-
sorbed in selected compositions. For TiV0:8Cr1:2 it has been
revealed both experimentally and theoretically that when ab-
sorbing hydrogen a bcc-fcc phase transition occurs [1].

Magnesium is one of the most attractive materials for hy-
drogen storage application due to its outstanding hydrogen
capacity up to 7.6 wt. % for MgH2. However, its rather slow
hydrogen absorption and desorption kinetics as well as high
dissociation temperature, which is above 673 K, essentially
limit its application for hydrogen storage. Numerous attempts
have been made in order to improve magnesium hydrogen
absorbing-desorbing characteristics. It has been reported ex-
perimentally that mixing magnesium or magnesium hydride
with small amount of transition metals or their oxides accel-
erates the hydrogen kinetics.

Recently a series of new hydrides Mg7MHx (M = Ti, V,
Nb) of Ca7Ge type structure have been synthesized in a high-
pressure anvil cell [2]. The hydrogen desorption properties
have been found to be much better than for pure MgH2, with
hydrogen capacity varies from 5.7 to 6.8 wt. % and the tem-
perature of the release of hydrogen varies from 605 K to 550
K. However, as the metals do not form any alloy, the struc-
tures are hold together by the presence of hydrogen and no
binary compound exists after released hydrogen.

Ca-Ni alloys form another class of hydrogen storage ma-
terials with AB2 and AB5 structure types. Recently a new
structural type has been found for the compound with nom-
inal composition (Mgx Ca1� x )Ni2:6. Its structure is made of
nine layers (6 AB2 + 3 AB5) stacked in an original manner
[3]. However, it is possible to �nd new ordered arrangements.

Despite numerous experimental investigations of metallic
alloys for hydrogen storage its theoretical description israther
poor. Here we report on the results of our theoretical study of
these materials.

For different classes of materials differentab initio theoret-
ical approaches have been applied.

To calculate the phase transitions and hydrogen dif-

fusion pathes in disordered Ti-V-Cr alloys the Korringa-
Kohn-Rostoker method combined with Coherent-Potential-
Approximation (KKR-CPA). This method allows us to take
into account a disorder on the atomic sites.

To study phase stability of ordered Mg-based hydrides
of Ca7Ge structure type and ternary Mg-Ni-Ca system
a full-potential linearized augmented plane waves method
(FLAPW) has been used. The in�uence of the transition metal
atoms on the local structure of magnesium hydride has been
investigated by applying a cluster apprach.

The main results of our calculations can be posed as follow:
- KKR-CPA method is an appropriate approach for study-

ing Ti-V-Cr disordered alloys and their related hydrides. It al-
lows us to describe ternary phase diagram, hydrogen induced
bcc-fcc phase transition, hydrogen diffusion path.

- In Mg7MH16 and Mg6MH16 (M = Ti, V, and Nb) the Mg
vacancies formation is accompanied by a unit cell expansion;
all hydrides are less stable than MgH2; Mg vacancy formation
reduces further the stability. This decrease of stability can be
explained by weaker bonding between H and Mg atoms. Con-
versely, the bonding between M and H atoms is rather strong
and increases when forming magnesium vacancies. This fact
limits further improvement of the (de)hydriding properties of
the these magnesium based hydrides.

- Electronic structure calculations of Mg11M2H26 clusters
(with M = 3d metal from Sc to Zn or Al) show that both in-
teratomic distances and energy gap analysis result in the sub-
stitution of Mg by 3d atom weakens the bonding between Mg
and H, however H is bound too strongly to 3d atom, that does
not allow to decrease the cluster stability.

- The structures of MgNi2 with MgNi2, MgCu2 and
MgZn2 structure types and of (CaMg2)Ni9 with PuNi3 and
CeNi3 has been optimized.
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1. Introduction
The development of new ion-exchange membrane electro-

chemical applications is based on the water and counter ions
mobility investigations in different spatial scales starting from
nanometer dimensions. This membranes also are the model
systems for biological membranes, which is very important,
therefore, ionic and water exchange processes in biological
cells are the basic of metabolism. Magnetic resonance tech-
niques, especially pulsed �eld gradient NMR (PFG NMR),
are the unique tools for these investigations. During last years
a lot of papers and books were published in this direction.
Unfortunately, in the majority of cases the results are qualita-
tive data. The additional developments of experimental gear,
theory as well as model systems investigations are necessary
for quantitative assessments. This presentation devotes to in-
vestigations of ionic and water transport in cation- and anion-
exchange membranes and in model polyelectrolyte solutions.

2. The main results
Sulfo-, carboxyl-, aminogroups containing ion exchange

membranes as well as the composite polyvinyl alcohol -
phenol sulfonic acid and pore track etched membranes were
investigated as model systems [1-5]. The structure of ionic
channels was observed by porometry, -angle X-ray scatter-
ing, ESR, ENDOR and electrochemistry methods []. The
hydration of �xed groups and alkaline and alkaline – earth
ions were studied in details in per�uorinated Na�on mem-
branes. The mechanism of charge group – counter ion or
water molecule interactions were understood from high res-
olution hetero nuclear NMR data. Microscopic ionic and
water molecule mobilities were determined by NMR relax-
ations [3]. Self-diffusion coef�cients of protonic molecules
and lithium and �uorine counter ions in different spatial
scales were measured directly by PFG NMR [2,3]. It was con-
cluded that the macroscopic electro – mass transfer is con-
trolled by local ion and molecule jumps between adjacent
charge groups. The interconnection between ionogenic chan-
nel structure, mobile ion or molecule-charge groups bind-
ing and translational ionic and molecular mobility was de-
termined. On the basic of this knowledge, the main partic-
ularities of water behaviour in proteins and gels have also
been understood. The mono and bi sulfocontaining aromatic
polyamides (PA) based on the diaminisulfonic acid and ph-
thalic acid dichloranhydride in H+ , Li+ , Na+ , K+ ionic
forms were investigated. It was shown that the charge groups-
water interaction following the water self-diffusion coef�-
cient decreasing increased with membrane cross linking and
dehydration. The ionic conductivity was 2 orders of magni-
tudes more in bisulfo aromatic polymer compared with mono-
sulfocontaining polymer. The electro conductivity is more

in tere-PA compared with iso-PA, it is agreed well with
counter ion self-diffusion coef�cients. The water, alcohol and
lithium translational mobilities in polymeric solutions and
�lms were investigated by NMR. These mutual investiga-
tions gave the opportunity to understand the diffusion trans-
port channel forming process. The proposal charge and mass
transfer mechanism were suggested, the optimal �lm com-
positions were proposed. The local molecular mobility and
self-diffusion of water and ethanol in pore �lms and track
etched membranes, which may be support for bisulfoaromatic
composite membranes, were investigated. It was shown that
molecular mobility in these membrane pores are more com-
pared with aromatic polyamides, therefore ionic and molecu-
lar transport in the composite membranes will be controlled
by ion exchange phase. The investigations of hydration, self-
diffusion and charge transfer processes in phenol-polyvinyl
alcohol composite membranes were carried out additionally
by solid NMR, pulsed �eld gradient NMR and impedance
spectroscopy techniques [4,5]. It was found that polyvinyl
alcohol OH groups are directly involved in H+ and water
molecule transfer at low humidity.
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Per�uorosulfonic cation-exchange membranes are widely
used for low-temperature fuel cell designing and electro-
chemical synthesis. The limited thermal stability and neces-
sity of high humidity for good conductivity are the main prob-
lems for the use of these membranes in fuel cells. Incorpora-
tion of inorganic species can assist in improving their trans-
port properties. The purpose of this work was the synthe-
sis of composite membranes based on MF-4SC incorporating
nanoparticles of silica, phosphotungstic acid or hydrogenzir-
conium phosphate and study of their transport properties. The
water uptake was shown to be almost the same for composite
and unmodi�ed membranes. Nevertheless, membrane modi�-
cation assists in improving both water management and con-
ductivity at low relative humidity (RH). Conductivity of com-
posite membranes was found to be one order of magnitude
higher than that of an unmodi�ed MF-4SC membrane at 10%
RH. However, their values are practically the same at high
RH. The activation energy of conductivity decreases from 19
kJ/mol for an unmodi�ed membrane to 12-13 kJ/mol for hy-
brid materials. Possible reason for property change is the ion
sorption at the phase boundary of membrane matrix and inor-
ganic solids and introduction new electronegative atom assist-
ing proton transfer. The interface interaction was proved by
NMR spectroscopy.19F NMR spectra showed the formation
of additional O-H-� F hydrogen bonds or Zr-F coordination in

composite membranes containing hydrogen zirconium phos-
phate. A single peak in1H NMR spectrum suggests the high
rate of proton exchange between SO3H-groups of membrane
matrix and water molecules in membrane pores. Proton diffu-
sion coef�cient obtained from NMR data is higher then that
calculated from conductivity. Thus, ion mobility in membrane
pores is higher than the ion exchange rate which determined
conductivity value. These coef�cients differ 3-4 times at high
RH, while this difference increases at low RH and reaches 1.5
orders of magnitude. On the other hand, dependences of con-
ductivity and water self-diffusion coef�cients on temperature
for composite membranes with different water content were
shown to be similar. Thus, proton transport takes place with
water molecules in composite membranes. Increase in mem-
brane acidity by means of phosphotungstic acid addition re-
sults in conductivity increase. The highest conductivity were
achieved in the case of MF-4SC membranes modi�ed by both
silica and phosphotungstic acid. It is necessary to note that in
most cases modi�cation of MF-4SC membranes by hydrogen
zirconium phosphate or silica results in both conductivityand
diffusion permeability increase.
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Liquid crystalline (LC) dendrimers, and in particular LC
dendrimers containing terminal mesogenic groups [1,2], rep-
resent in some way an interesting class of heterogeneous sys-
tems. The natural tendency of dendritic core of assuming an
isotropic spherical shape coexists with the anisotropic assem-
blage of the calamitic mesogens. The effect of these contra-
dictory tendencies is the occurrence of phase-separated and
self-assembled structures [2]. For example, LC dendrimers
can form nematic [3,4] and lamellar smectic mesophases, as
a result of the terminal mesogenic groups interaction [5, 6,
7], and different types of columnar mesophases, as a result of
individual macromolecules interaction [8,9,10]. A deeperun-
derstanding of the relation between molecular structure and
assemblage of mesophases in these systems may be indeed
useful to select the most suitable materials in terms of phase
stability and chemical-physical properties also useful for ap-
plications.

In this context, a complete Deuterium NMR study per-
formed on partially deuterated liquid crystalline carbosilane
dendrimer is here reported [11]. The dendrimer under investi-
gation shows a SmA phase in a large temperature range from
381 K to 293 K and its mesophasic properties have been pre-
viously determined [12]. The orientational order of the den-
drimer, labeled on its lateral mesogenic units, is here evalu-
ated in the whole temperature range by means of2H NMR,
revealing the presence of a biphasic region in a relatively wide
temperature range, and a peculiar trend at low temperatures
(T < 326 K). This aspect has been further investigated by a
detailed analysis of the2H NMR spectral features, such as the
quadrupolar splitting, the lineshape and the line-width, as a
function of temperature. The NMR study also included mea-
surements of deuterium relaxation times (T1 and T2), point-
ing out that the expected slowing down of the dynamics as
the temperature decrease determines from on side the spectral
changes observed in the NMR spectra, on the other the obser-
vation of a minimum in the longitudinal relaxation times.
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The ion-protein interaction has long been recognized as
a major determinant of chain folding, conformational stabil-
ity, internal dynamics and binding speci�city of globular pro-
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 magnetic
relaxation rates of solvent and solute nuclei as functions of
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 Br� and Cl� has
shown that the coordination number of these anions may vary
due to temperature variations [2]. The changes of the anions
hydration shell in the interval 30� < t< 40� C re�ect change of
the water microstructure.

The registered effect of change of anions hydration proper-
ties has allowed to develop a method of estimation the relative
concentration of ”free” and ”solved” chlorine anions, and the
averaged relaxation time of solvated chlorine ion in the aque-
ous solution with organic molecules. The method is based on
the analysis of temperature dependences of magnetic relax-
ation rates of the35Cl nuclei in the simple electrolyte solution
and with proteins.

The concentration dependence of the spin-lattice relaxation
is presented in Fig. 1. The bends of the experimental curves
occur at the concentration 2 - 2,3 mol in which all alanine
solvation shells are completely �lled. With increase of the
NaCl concentration the amount of free ions in the solution
increases. The estimations show that the solvation shell ofthe
alanine consists of 4 - 5 Cl� anions.

Figure 1: Fig. 1 Concentration dependences of the35 Cl spin-lattice
relaxation rates in aqueous solutions at different temperatures:1 -
NaCl - water (40� C), 2 - NaCl - Alanine(40g/l) - water (40� C), 3 -
NaCl - Alanine(40g/l) - water (23� C), 4 - NaCl - Alanine(40g/l) -
water (10� C)

Evidently, that the interaction between the Cl� anions and
proteins is much stronger than between the Na+ cation and
proteins: for example, the relaxation rates of the35Cl nuclei
in the absence and presence of the Albumin change by the
factor 2.7-3, but the relaxation of the23Na nuclei is nearly
the same.

This work is supported by the Russian Foundation for Ba-
sic Research (07-03-00735).
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1. Introduction
The aim of my presentation is not only to inform the NMR

community about one more NMR microimaging point in Rus-
sia, not only to establish useful new-professional contacts, but
to stimulate a discussion of some questions, which seem to
be very actual for beginners in this �eld of NMR. Our small
group in the Krasnoyarsk Scienti�c Centre of the Siberian
Branch of the Russian Academy of Sciences (SB RAS) works
about a year with the NMR installation attributed to the Kras-
noyarsk Regional Multi-Access Centre of SB RAS with the
mission of ful�lment of multidisciplinary MRI measurements
for the Krasnoyarsk region.

2. Experimental
Our MRI equipment could be considered as a “home

made” one from the AVANCE boxes of very different ver-
sions (the “home” is, of-course, the Russian Representation
of BRUKER). It consists of the vertical wide bore Magnet
(4.7 T); DPX cabinet with the temperature block; GREATE
40 gradient system; and two proton probes PH 200 WB: MINI
0.5 and MICRO 2.5 (the last has three coils with diameters of
30, 25, 4 mm). Up to now we used (with the PARAVISION
soft) only four MRI techniques: MSME (multi slices multi
echoes), GEFI (gradient echo fast imaging), RARE (rapid ac-
quisition with relaxation enhancement), and SPI (single point
imaging).

3. Preliminary results
Methodical problems, we have been collide with, will be

considered in the report with our own MRI illustrations.
These are for the following sorts of samples.

1. Fresh small vegetables and fruits as well as fragments of
plants.

2. Alive mice and isolated organs of small size animals (rab-
bits and others).

3. Food products: muscular tissue in comparison with liver;
eggs and so on.

4. Large enough seeds, �rst of all, beans including “living”
ones in fresh bean-pods.

5. Conifer woods of different moisture loads (also conifer tree
buds occur to be important for MRI study).

6. Rubbers, especially swelling ones in water.
7. Chemical sol-gels as well as physical ones; heavy oils and

other �uid media with internal heterogeneities.
8. Saturated coals, clays and other absorbers.
9. Crystallohydrates, including those in geological cores, and

other solids.
There are come another examples.

4. Discussions
As seen, the represented complex of results is not so deep

investigations as wide super�cial search of MRI possibilities
for different applied directions useful, �rst of all, for our re-
gion. But the main surprise for us is that we have no meet an
expected interest; probably the “nano-technological boom”
plays a disorient part. Therefore almost all measurements are
made on our initiatives.

As for other “paradoxicalities”, we can not �nd, for in-
stance, any information about phantoms (standard samples)
for the sensitivity analysis. So a pair of propositions on this
burning for MRI problem will be discussed.
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1. Introduction
It is well known [1, 2] that the dipole-dipole interactions

(DDI) of nuclear spins of molecules of a gas in nanopores are
not averaged completely by molecular diffusion in nanopores.
As a result, it is possible to perform multiple quantum (MQ)
NMR experiments [3] in nanopore compounds. In our work
we develop a new method for the investigation of MQ NMR
dynamics. This method allows us to study MQ NMR dynam-
ics in systems consisting of several hundreds of spins.

2. MQ NMR dynamics in nanopores
The MQ NMR HamiltonianHMQ at the preparation period

of the MQ NMR experiment [3] is

HMQ =
D
2

h�
I + 2

�
+

�
I � 2

�i
; (1)

where I + , I � are the raising and lowering spin operators
andD is the DDI coupling constant averaged by the molecu-
lar diffusion in nanopores. The coupling constantD depends
on the volume and the shape of nanopores and their orienta-
tions relatively the external magnetic �eld [1, 2]. The Hamil-
tonian HMQ commutes with the operator of the square of
the total spin angular momentumI 2. Thus it is suitable to
study MQ NMR dynamics in the basis of common eigen-
states ofI 2 andI z whereI z is a projection of the total spin
angular momentum on the external magnetic �eld. Then the
problem is reduced to MQ NMR dynamics of subsystems
with all possible values of the total spin angular momentum
(I; I � 1; I � 2; : : :).

Let us consider the subsystem with the total spin angu-
lar momentumSk = 1

2 (N � 2k), (k = 0 ; 1; 2; : : : ;
�

N
2

�
),

whereN is the total number of spins 1/2 in the whole system
and[i ] is an integer part ofi . MQ coherences of even orders
� (N � 2k) � m � (N � 2k) appear in the course of the
MQ NMR experiment [3]. We denote intensities of MQ co-
herences asgkm (� ) where� is the duration of the preparation
period of the MQ NMR experiment. The number of energy
levels, n(Sk ), of the subsystem with the total spin angular
momentumSk ( 0 � Sk � I ) is [4]

n(Sk ) =
N !(2Sk + 1)

�
N
2 + Sk + 1

�
!
�

N
2 � Sk

�
!
: (2)

As far asn(Sk ) is multiplicity of the intensitiesgkm , the
observable intensitiesGm (� ) ( � N � m � N ) are

Gm (� ) =
[ N

2 ]X

k=0

n(Sk )gkm (� ): (3)

The dimension of the subsystem with the total spin angular
momentumSk is (2Sk +1) � (2Sk +1) . Usually one can inves-
tigate MQ NMR dynamics of no more than �fteen spins even
using supercomputer calculations [5]. However the proposed
method allows us to avoid problems related with a big num-
ber of spins and to investigate MQ NMR dynamics of more
than 600 spins using a personal computer. We have found an
analytical solution for MQ NMR dynamics of a system con-
sisting of nine spins. Numerical investigations allow us to�nd
exact pro�les for intensities of MQ coherences and to study
the dependencies of spin numbers on the excitation time� in
many-spin clusters which are responsible for MQ NMR co-
herences. In particular, the stationary pro�le is studied.It is
shown that the Gauss approximation

Gn � exp
�

�
n2

N

�
(4)

is valid fot the stationary pro�le except the tail of the distri-
bution.
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1. Introduction.
We report a27Al NMR study in the powdered topazes with

different colors (natural blue, colorless, sky blue irradiated
and Swiss blue irradiated). Color of topazes (Al2 SiO4F2) and
their transparency in visible area of light are determined by
amount and an arrangement of defects (the color centers). A
quantity and a quality of defects is one of typomorphic char-
acteristic of various deposits. Color of crystals can depend on
a ratio between amount of atoms of �uorine and groups OH
replacing �uorine, amount and structure of paramagnetic im-
purity, etc., the defects formed, for example, under actionof
a neutron or x-ray irradiation.

2. The crystal structure
The crystal structure of natural topaz (Al2[SiO4](H, F)2)

can be described with thePbnm space group. It is four-
layer density packing from atoms of oxygen, �uorine and,
probably, groups OH. In octahedral site there are aluminium
atoms, in tetrahedral site- Si atoms. The nearest environment
of atoms Al is formed by atoms of oxygen and �uorine. Two
octahedrons are connected among themselves by an edge, the
formed two atoms of oxygen. Atoms of silicon are surrounded
by oxygen tetrahedrons. Tetrahedrons, in turn, are connected
by tops only to octahedrons.

3. Sample preparation.
In experiment were used 4 types of topazes from Volhynia,

Ukraine: 2 natural crystals (colorless and blue) and 2 irradi-
ated samples of blue color with different color intensity with
names sky blue and Swiss blue. Swiss blue sample has more
intensive blue color. Further, topazes were crushed in a pow-
der up to fraction of 0.2 - 0.3 mm. Measurements were done
on powders at room temperature. Then, powders were heated
up to temperatures: 1500C, 1800C, 2000C, 2500C, 3000C,
400 0C and 5000C. Each sample was kept in the furnace at
each temperature for 3 hours, cooled during 12 hours and then
measured at room temperature after cooling.

4. Experimental part.
Nuclear spin-lattice relaxation of27Al in the topaz pow-

ders with different colors have been investigated by NMR
method. NMR measurements were made by using a Bruker

Avance DSX 300. The resonance frequency for27Al was set
at 78,2MHz. The inversion recovery pulse sequence [� -t-� /2]
was used in order to measure the spin-lattice relaxation time
T1. We measured the T1 values of27Al by exciting only the
central resonance line. The spin-lattice relaxation is well de-
scribed by the linear combination of three exponential func-
tions:
M (1 ) � M (t)

M (1 )
= C1 exp

� � 2t
T1

�
+C2 exp

� � 6t
T1

�
+C3 exp

� � 15t
T1

�

The contributions of quadrupole mechanism to the spin-
lattice relaxation are negligible compared with the paramag-
netic one. Experimental and approximation results are present
on Fig. 1
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Figure 1: Temperature dependence of the relaxation time

5. Results.
The measured relaxation times dependences on heating

temperature of samples showed that colorless sample con-
tain smallest amount of the paramagnetic centers; the blue
topaz contains larger amount of impurities. For natural sam-
ples the amount of the paramagnetic centers remain constant
up to 5000C. For the irradiated samples the amount of the
paramagnetic centers changes when temperature change in a
range 200 – 2500C.
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For signal-to-noise ratio increase double modulation tech-
nique is used in continuous wave EPR and NMR spectrome-
ters. If the modulation amplitude is rather small, the registered
signal equals to �rst derivative of the spectrum. The increas-
ing of modulation amplitude leads to increasing of signal-to-
noise ratio. Some spectra consists of lines with very different
width so that the modulation amplitude is usually set greater
than width of narrowest line to increase signal-to-noise ratio
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 interface allows
user to visually set initial values of parameters for all model
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 contin-
uous wave spectrometer (�g. 1). This model function is eval-
uated by numerical method. The �tting of spectrum with this
function allows user to �nd out the true line position, am-

plitude, width and modulation amplitude if line shape is dis-
torted due to high modulation.

The software allows user to subtract several model lines
from experimental spectrum data to simplify the procedure of
searching new lines. User interface provides useful spectrum
navigation, “undo” function, exporting images, etc.

Figure 1: DPPH Spectrum. Modulation amplitude is about 3 times
greater than line width. Solid – experimental spectrum, dashed – �t
function
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It is well–known that metabolic modi�cations of steroid es-
trogen analogues with unnatural ring junction could be signif-
icantly different in comparison with the same modi�cations
of natural steroids. It leads to some advantages of unnatural
analogues. Especially, when metabolic hydroxylation at posi-
tion C-16 (or C-17 in the case of D-homo analogues) is im-
possible, the risk of breast cancer and endometrium appearing
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 equilibrium
of 17� -acethoxy-7� -methyl-3-methoxy-D-homo-14� -estra-
1,3,5(10),8(9)-tetraene (1).

Figure 1: a)– Fragments of NOESY spectra (� m = 0.5 ) of estrate-
traene (1); b) – spatial structure of two conformers (A) and (B), di-
rect proton-proton interactions are marked by double arrows. Cross-
peaks of minor conformer (B) are market by asterisk, double arrows
- spatial interactions. Some values of proton-proton distances, sig-
ni�cantly different in these conformers are indicated by numbers.
Pairs of cross-peaks (1/11� , 1/11� 4/6� , 4/6� ), used for the evalu-
ation of populations of conformers are marked by dotted rectangles,
numbers on top are corresponding relative integral intensities.

Analysis of NMR spectra, presented on Fig. 1 and 2, let
conclude that compound1 is in equilibrium between two con-
formers A and B in the chloroform solution. Results of analy-

sis of NOESY spectra (Fig. 2), obtained at room temperature
(fast exchange in time scale of NMR) are most important.

Obtained results could be used for the investigation of
structure – biological activity relationship for steroidsof type
1.

Figure 2: ) Fragments of EXSY-NOESY spectra (� m = 0.6 s) at -
60 	 and NMR1H of steroid (1) at the different temperatures. b) –
Multiple structure of proton H-11� signal at temperatures 60 	 and
-60 	 and Newman projections on the bond C11 -C12 for conformers
(A) and (B), calculated (MM+ ) values of proton-proton torsion an-
gles, corresponding calculated values of vicinal constants (in Hz) are
in brackets.c) andd) – multiple structure of proton -17� signal in
spectra of steroid1, correspondingly for conformersA andB under
the conditions of slow exchange (at -60 	 ) and under the conditions
of fast conformational exchange between them in interval oftemper-
ature from 23 to 60 	 . Newman projections on the bond C17 -C17a for
conformers (A) and (B) are presented on Fig. 2c., calculated (MM+ )
values of torsion angles are also indicated. Calculated values of vic-
inal constants (in Hz) are in brackets.
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MuScaT — a method for performing long molecular dynamics
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1. Introduction
It is well known that one of the main restrictions of com-

puter simulations of molecular dynamics method is insuf�-
cient calculation speed of modern computers. The amount of
matter that can be studied by computer simulation of molec-
ular dynamics is much smaller than even the smallest sam-
ples studied by experimental physics. The same concerns time
ranges studied by computer simulations. Despite either evo-
lution of computer hardware or various techniques used to
reduce the number of calculations, it is nowadays practically
impossible to simulate many (relatively) slow physical pro-
cesses and valuable amount of big molecules. For example, it
is no use of short computer simulation of viscous liquid, be-
cause there is a probability for such a system to stay in a local
energy minima for a rather long period of time. This leads to
unreliable prediction of system properties.

Various techniques exists that allow to perform long sim-
ulations of relatively big systems. One of the most com-
mon approaches is reducing number of interaction centres in
molecules. This leads to lesser calculations needed on each
MD step. As an example, a well-known ”united atoms” ap-
proximation can be mentioned, in which hydrogens are united
with carbons as single interaction centres. Another popular
approximation is a set of ”coarse-grain” potentials, in which
groups of atoms situated close to each other (e.g. atoms be-
longing to benzene rings or to several methyl groups) are re-
placed also by single interaction centres. These approxima-
tions allow researchers to study bigger systems and relatively
slow processes. Molecule of liquid crystal 5CB can be a good
illustration here. It consists of 38 atoms in full-atomic approx-
imation, but in ”united atoms” there are only 19 atoms. Next,
if we replace 12 benzene rings atoms by two ”coarse-grain”
interaction centres, the resulting molecule will consist only
of 9 ”atoms”. Amount of calculations needed at one step of
molecular dynamic is pro rata to square of number of parti-
cles. Hence, calculations in ”coarse-grain” model compared
to full-atomic will be approximately 18 times faster.

The main drawback of using ”coarse-grain” potentials is
unreliability of physical properties of the system of interest
obtained during simulation. In particular, it is impossible to
investigate properties that depend on mutual arrangement of
atoms of one or different molecules. For example, molecule
reactional ability depends on its conformational structure. But
if some atoms are ”united”, the concept of conformation itself
may be unde�ned. In absence of hydrogens there will be no
effects related with hydroren bonding, etc. Full-atomic po-
tentials lack these drawbacks, but require plenty of computa-

tional resources.

2. Multiscale transitions
We have developed a method that allows to combine advan-

tages of both full-atomic and ”coarse-grain” approaches ina
certain extent. The method is named MuScaT — an abbrevi-
ation for ”multiscale transitions”. Its main point is in combi-
nation of long simulations that are possible in ”coarse-grain”
approaches and high-detailed simulations in full-atomic ap-
proach for analysis of physical properties. Our method allows
to carry out transitions between models with different ”detal-
isation” during one continuous simulation. These transitions
take place in such a way that each molecule in the system,
simulated in one potential, is replaced by the same molecule,
but described in terms of another potential. Coordinates and
velocities of coincident atoms are simply the same in both
potentials, and coordinates of atoms that are missing in the
source potential, are calculated relatively to positions of coin-
cident atoms. Velocities of missing atoms are de�ned specif-
ically in each case. In other words, MuScaT allows to trans-
form the system of interest, simulated in one potential, so that
simulation can be continued using another potential.

3. Test simulation
In this work a test simulation of mixture of n-heptane (108

molecules) and benzene (108 molecules) will be discussed.
The system was simulated in two potentials: full-atomic and
”united atoms” in liquid phase under normal conditions.

According to the results of simulation thermodynamic
properties (temperature, energy, pressure), molecules mean
square displacement and set of n-heptane conformations of
the system in question in full-atomic model at equilibrium do
not depend on the way the system was equilibrated from the
beginning: in ”united atoms” or full-atomic model. During
one simulation several transitions were made. Overall simu-
lation time was 4 ns.

4. Further tests
We are now testing MuScaT on several molecules of more

practical interest, e.g. liquid crystals 5CB and MBBA. Their
properties and additional information about MuScaT would
be subject of separate publication.
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Allokine-conjugated magnetic nanoparticles are suitable
contrast agent for MRI, which delineates the in�ammation lo-
cus induced by virus attack to a tissue. Allokine is the speci�c
peptide which acts as a cofactor for interferon defense against
pathogenic virus. Medical application of allokine-conjugated
magnetic nanoparticles requires retention of their superpara-
magnetic properties.

We synthesized iron oxide magnetic nanoparticles
(F e3O4) with the required size and coated with dextran.
Iron oxide nanoparticles were synthesized by precipitation
of F e3O4 from alkaline solutions ofF e2+ andF e3+ in the
presence of dextran. The dextran coated magnetic nanoparti-
cles were functionalized with allokine-peptide.

The relaxivity of contrast agents for magnetic resonance
imaging (MRI) was determined as a coef�cient in the linear

dependence of the relaxation rates on concentration of con-
trast agent. The relaxivity of iron oxide magnetic nanoparti-
cles was evaluated by measuring theT1 andT2 of water pro-
tons at various concentrations of nanoparticles using a Bruker
CXP-300 NMR spectrometer operating at 300 MHz.

The resulting nanoparticles coated with dextran showed
high relaxivity(125� 5)�103s� 1mol � 1. The magnetic conju-
gate of allokine gives theT2 shortening to a lesser extent than
nanoparticles coated with dextran. In this case, the relaxivity
decreases to1�104s� 1mol � 1. This effect can be explained by
some diamagnetic shielding of superparamagnetic iron oxide
core with allokine macromolecules. The allokine-conjugated
iron oxide magnetic nanoparticles retain their superparamag-
netic properties, have high relaxivity, and can be used as an
ef�cient contrast agent for MRI.
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1. Introduction

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 decrease the
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 basis
of nanoparticles of magnetic ferric oxides (magnetiteF e3O4

and maghemite
 � F e2O3, which are well known to be good
T2-relaxants) stabilized by an arabinogalactan (AG) matrix
show promise for medical applications of MRI. Convenience
of using these compounds consists also in wide accessibility
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 it will
enable one to carry out directional syntheses of such com-
pounds.

2. Two models of ferroAG structure

We considered two models of ferroAG structure. The �rst
model (model 1) supposes homogeneous distribution of fer-
ric oxides inside a spherical polysaccharide matrix, while
the second model (model 2) considers a single hard ferroox-
ide core in the centre of the sphere. Besides we took into
account diffusion inside the composite granule, the rate of
which (D in ) in general differs from that outside the sphere
(Dout ). The Redi�eld theory (the stochastic perturbation the-
ory) was used for the calculations. The two models were ex-
amined by an experiment on the dependence of the transverse
spin relaxation time on the outspherical diffusion rate in aque-
ous solutions of ferroAG (3.5%) shown in Fig. 1 (the alterna-
tion of the diffusion coef�cient was achieved by free AG ad-
mixing). Though the �tting results are good for both models,
the available data on the longitudinal spin relaxation timeand
magnetite and maghemite densities count in favor of model 2.
Besides the experiment justi�es the difference between outer
and inner diffusion since agreement in1=T1 and core density
is worse without this assumption. A good criterion for deter-
mining what model is realized in reality is the magnetic �eld
dependence of spin relaxation times since a wider variation
range is expected for model 2.
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Figure 1: Experimental (circles) and calculated (lines) depen-
dencies of the transverse spin relaxation rate on the outspheri-
cal diffusion coef�cient in aqueous solutions of ferroAG (3.5%),
n(F e) = 0 :1 mM/l, magnetization of ferroAG (3.5%) powder
is 96.6 Gs�cm3=gF e [2], the tomography magnetic �eld was 4.8
T (200 MHz). Solid line (D out 6= D in = const): model 1,
D in = 1 :5 � 10� 5 cm2 /s, R = 159 	A, N = 11800; model 2,
D in = 5 � 10� 6cm2 /s, R = 90 	A, Rc = 65 	A, N = 43900 (both
models give indistinguishable curves). Dotted line (D out = D int ):
model 1,R = 154 	A, N = 11900; model 2, Rc = 114 	A,
N = 97000 (again the two models give indistinguishable curves).
HereR - the radius of the ferroAG granule,Rc - the central core
radius (for model 2),N - a number of ferric atoms per a granule.
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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 pollution by
dust, soot, �y ashes. As an example marble is a metamorphic
carbonated rock composed mostly of calcite CaCO3. By the
moment it has been collected a lot of information concerning
to paramagnetic properties of calcite obtained with electron
paramagnetic resonance (EPR) technique.

The recognition of early stages of decay caused by litho-
biontic fungi is a great signi�cance for the correct option of
the conservation strategy. One of the major blackening pro-
cess is the surface colonisation by melanin containing fungi.
This bunch of species during vital activity deteriorate appear-
ance and even cause damage of substratum surface. All these
factors provide information of biogenic destructive mecha-
nisms. By means of paramagnetic labels in pigments synthe-
sized in micro-organisms one can investigate their nutrition
speci�cs. In this case EPR is a non-invasive and extraordinary
informative method to discover both stone and biological ob-
jects (Fig. 1 and Fig. 3).

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

Melanin is a widespread dark pigment containing chemi-
cally stable radicals which represent natural spin markersfor
distinguishing of fungal contamination by EPR [1]. It plays
a very important role in any organism because of its protec-
tive properties. Thus melanin containing fungi are the most
adapted species to alive on such adverse environment like
stone surface and they can be recognized by color. Melanin
and black fungi have similar single line spectrum (Fig. 1) but
species picked from marble surface have signi�cant distinc-
tions in spectrum characteristics (Fig. 2). Spectra comparison
lets suppose that fungi dissolve marble and assimilate its ele-
ments as a nutrition substratum.

Figure 2: EPR spectrum of fungi grown on marble surface. Narrow
central line belongs to pigment and 6 equally spaced lines belong to
Mn2+ in fungi strains.

The dry biomasses of 26 species of black fungi, isolated
previously from art objects exposed on the open air (antique,
medieval and modern time) were studied. Fig. 1 shows that
spectrum lines resolution depends on spectrometer work fre-
quency. EPR spectra analysis in Q-band lets us get more in-
formation concerning to lines quantity and its characteristics.
Spectral lines of different fungal strains are anisotropic. g-
factor falls in the range from 2.0037 to 2.0041 (Fig. 3). From
ot her hand non-biogenic black products exhibited symmetric
ones with g-factors about 2.0028.

Figure 3: EPR spectrum of fungi-marble mixture. Line with
g=2.0039 belongs to biogenic part and 6 equally spaced lines be-
long to Mn2+ in marble.

In conclusions, EPR spectroscopy clearly demonstrate that
biogenic destruction of monuments can be recognized from
technogenic ones without special labeling.
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1. Introduction
Protein self-organization is one of the central problems of

the modern biology. It continues to be at the focus of intensive
research dedicated to understanding the protein folding into
the unique 3D structure with speci�c biological function. The
most optimal subjects for the analysis of the self-organization
mechanisms are “minimal” globular proteins which are able
to form stable 3D-structure in the absence of the additional
stabilization factors such as disul�de bonds. Among such
minimal proteins suitable for the structural and conforma-
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 transduction
and other cellular processes, associated with pathogenesis of
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 antiparal-
lel � -stretches. In SHA and SHH NMR structures [3] there is
a long “nose”, represented antiparallel� -sheet, which is typ-
ically twisted as propeller. The introduced extension of the
polypeptide chain in SH and SHA (� 17%) practically did not
affect the total molecule topology. The presence of a stable
� -hairpin in the region of the insertion with higher mobility
in comparison with other protein regions was con�rmed.

3. Comparison of SHH and SHA structures
The comparison of SHH and SHA NMR structures shows

their almost total identity. At the same time there are differ-
ences in their dynamic properties in the regions of polypep-
tide chain, corresponding to “nose”. The increased stability of
the SHH-domain in comparison with the SHA-variant could
be explained by the additional intramolecular interactions,
which might affect local dynamic characteristics. In fact,the
analysis of the order parameterS2 indicates the decreased
mobility of the residues forming the IVY cluster in SHH in
comparison with the AAY cluster in SHA. This fact is also
con�rmed by the by signi�cantly lower values of RMSD for
SHH. We suggest that the major factor determining both the
cluster formation almost at the tip of the “nose” and the sta-
bility increase in the SHH-“Bergerac” is hydrophobic effect.

However, the contribution of the Van der Waals contacts de-
termining by the tight packing of the massive side chains can-
not be excluded.

Besides the analysis of the SHH and SHA structures shows
that the “nose” region in the close proximity of the 48 and 50
positions is much better protected by the side chains of I48
and V50 in SHH than by side chains of alanines in SHA. This
determines the noticeable difference in the Y55 orientation in
SHH and SHA structures (Fig.1). The Y55 orientation was
changed by almost 90o relative to its neighbors.

Figure 1: Comparison of the model structures of SHH (left) and SHA
(right) proteins based on their NMR data. Side chains of I48,V50
and Y55 in SHH and A48, A50 and Y55 in SHA are shown by space
feeling.

Acknowledgements
We are thankful to Drs. Luis Serrano and Ana Rosa Viguera

(EMBL, Heidelberg, Germany) for their kind gift of the plas-
mid with the SHH and SHA genes.

References
[1] A. Musacchio, T. Gibson, V. P. Lehto, M. Saraste. SH3–

an abundant protein domain in search of a function. –
FEBS Lett.,307(1), 55-61 (1992).

[2] A. R. Viguera, L. Serrano. Bergerac-SH3: ”frustation”
induced by stabilizing the folding nucleus. –J. Mol.
Biol., 311(2), 357-371 (2001).

[3] D. A. Prokhorov, M. A. Timchenko, Yu. A. Ku-
drevatykh, D. V. Fedyukina, L. V. Gushchina, V. S.
Khristoforov, V. V. Filimonov, V. P. Kutyshenko. Study
of the Structure and Dynamics of a Chimerical Vari-
ant of the SH3 Domain (SHA-Bergerac) by NMR Spec-
troscopy. –Bioorg. Chem.(in Russian),34(5), 578–585
(2008).

NMRCM 2009, Saint Petersburg, Russia, 29 June–3 July 2009 – 42 –



NMRCM
2009

29 JUNE-3 JULY

St. Petersburg
ó.-ðÅÔÅÒÂÕÒÇ

Solid-state 13C NMR analysis of reactivity of fossil coals

Svitlana V. Zymina, Vladimir V. Trachevsky1, Anatoliy P. Shpak1, Ekaterina V. Ul'yanova2,
and Anatoliy D. Alexeyev2

Technical Centre, National Academy of Sciences of Ukraine,13 Pokrovskaya str, 04070 Kyiv, Ukraine
E-mail: zymina@ukr.net
1 Institute for Metal Physics, National Academy of Sciences of Ukraine, 36 Academician Vernadsky Blvd., 03680
Kyiv, Ukraine
2 Institute for Physics of Mining Processes, National Academy of Sciences of Ukraine, 72 R. Lyuksemburg str.,
83114, Donetsk, Ukraine

1. Introduction.
In order to solve a problem of safe coal production, it is of

importance to extend knowledge of structural changes as well
as evolution of composition of plant tissues that are the base
of coal�eld.

2. Materials and methods.
For the purpose of controlling the processes of transfor-

mation of plant tissues as well as predicting the stability of
natural composites, it is necessary to collect data on atom-
molecule architecture of coals. In this study the statistically
valid results of qualitative and quantitative analysis of solid-
state NMR spectra of Donetsk coals were given.

3. Results and discussion.
On the basis of experimental data a structure functional

identi�cation of natural composition was carried out. The
scheme of formation and further transformation of compo-
nents of carbonic matrixes in natural reactors (from brown
coal to anthracite) was proposed. Comparison of integral in-
tensities of13C NMR spectra of genetically related coals cal-
culated correctly allowed to reveal the relationship between
the coal explosibility and general content and ratio of car-
bon atoms (CHal /CHar ) with different degree of hybridiza-
tion of valence electrons. It was shown that the most explosive
coals generate on the intermediate stage of metamorphism.
Research results of coal samples (Skochinskogo' mine) with
different depth of occurrence gave an opportunity to evalu-
ate quantitatively the content of groups with different func-

tional properties (with sp3, sp2, sp-hybridized carbon atoms)
and systematize a data set for the purpose of visualization
methane-generated samples.

4. Conclusions.
The scope of obtained information indicates that contem-

porary possibilities of13C NMR of coal allow to evaluate not
only qualitative changes in carbon-containing materials but
also to determine quantitative distribution of carbon atoms be-
tween different functional groups, revealing thereby the rela-
tionship between composition, structure and reactivity ofnat-
ural carbonic composites.
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1. Introduction
All researches show our magnetic �eld has problem caus-

ing to radius its strength and if its strength will be less many
energy enter to the Earth by these subject. By using time cy-
cle �nd out all problems occur in a time so entrance energy
will be lots, lots more and this is very dangerous for our life
and our devices around the Earth.

2. Dangers on the Earth
2.1. FTE: FTE is transferring magnetic �ux between Sun

and Earth. Magnetosphere is �lled with particles from the sun
that arrive via the solar wind. They enter by following mag-
netic �eld lines. Active FTEs are magnetic cylinders that al-
low particles to �ow through rather easily; they are important
energy conduits for Earth's magnetosphere.

2.2. Magnetosphere reversal:in during of reversing mag-
netic poles �eld's strength being less (decrease from10% to
25% of the pre-reversal strength) till change of poles com-
pleted. This amount is more therefore magnetosphere will not
protect Earth from entering energy.

2.3. Sun-Earth interaction: The sun's magnetic �eld
shifts its orientation frequently, sometime aligned with the
Earth, sometime anti-aligned. When the �elds aren't aligned,
”the shield is up and very few particles come in and when the
�elds are aligned, it creates a huge breach, and there's lotsof
particles coming in. in the time that strength is so less, �elds
are aligned.

3. The only method
For repairing magnetic �eld should enrich its strength by

adding new magnetic �eld to old magnetosphere till the gen-
eral strength will be more. For adding new magnetic �eld to
magnetosphere need to a system generating magnetic �eld
increasing general strength and repair decreases in magnetic
�eld and take it anti-aligned.

3.1. System's structure:we use two particular of super-
conductors in system for generating �eld.

Gadolinium: when it placed in liquid Nitrogen, get mag-
netic �eld which is MONOPOLE, we can transfer energy be-
tween NMP-SMP by using this characteristic.

Type2 superconductors: Gadolinium's magnetic �eld is so
less and isn't useful in magnetic �eld to generate strong �eld.
The only metals which can generate strong magnetic �eld are
this type of superconductor elements. This type have strong
magnetic �eld so are useful.

4. Particle's motion:
Particles released from Solar activities [protons, electrons

and ionized hydrogen] are plasma particles and all equations
used on a particle in magnetic �eld seem to be true in our
system.

Earth's magnetic �eld come together in a point in North
Pole this �eld has proportion to the space and these �eld's

lines compress constantly till magnetic �eld's lines get to-
gether in a point.

A particle in a magnetic �eld re�ects to the frailest place of
magnetic �eld and this re�ection is spiral lines. We can �nd
that force which send particles to frailest part of magnetic
�eld the magnetic �eld's lines come together in a point and
particle go to this point with spiral motions. These motions
continue till this spiral will be smaller and arrive to a point so
re�ected by magnetic �eld. when Earth's �eld is good can re-
�ect particles, so general �eld can re�ect particles too like this
two theories on particles motion in strong �eld, it use both of
them.
1) Orbit theory, a particle withmp mass move in a magnetic
�eld by this force:F = q(E + V � B ). Particle move around
the force vector, the general orbit is spiral, that its radius is
Larimore radius.R = mpV? =qB , radius come to be less till
in a point particle has been re�ected.
2) Hydromantic is the other way to re�ect particles by magne-
tosphere.F v = J � B � r P alsoP(plasma pressure) =den-
sity of energy(B 2=2� ).therefore we can �nd B by plasma
pressure.

5. Equations
1. scalar potential, V ,in the Earth's magnetic �eldV =
a

P P
(a=r)n + 1( gn 0

cos(m� ) + hn 0
sin(m� ))Pn (cos� )

2. the magnetic �eld generated by a magnetism metal in a
point (x,y,z). This equation will be brief according to magne-
tosphere structure:B (r ) = �= 4� s �m (r � r 0)=jr � r 0j3dv0+
�= 4� s �m (r � r 0)=jr � r 0j3da0+ �M (r )
3. density of energy in a magnetic �eld but the energy density
of the magnetic �eld is small in comparison with that of the
solar wind plasma (0.4 - 2 cm� 3). This is because the south-
ward IMF component enhances the coupling between the so-
lar wind and the magnetosphere/ionosphere system . also in
this paper is more equations on �nding magnetic energy in
several conditions , because of the importance of magnetic
energy to �nd suitable elements and suitable external electric
current:U = 1 =2s H � Bdv
4. magnetic energy that stored in superconductor cylindrical
coil: E = 1 =2f (�; � )R � N 2 � I 2

5. the general force on a particle in magnetosphere:Fy =
� m@By =@y
6. magnetic �eld of a superconductor triode (type1 of su-
perconductors):B = �H = B ok � B oa3=r3 cos�ar �
1=2B oa3=r3 sin �a�
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1. Introduction
The modi�cation of liquid crystals with special additives

allows to improve their operating characteristics. For exam-
ple the introduction of polar nonmesogens results in increase
in dielectric anisotropy. Meanwhile the strong speci�c inter-
actions in the pair liquid crystal – nonmesomorphic additive
in�uence on these systems properties coupled with dipole-
dipole association. Those competition should be accompa-
nied by changes in orientational ordering. Therefore the order
parameters of those system are of interest.

This report includes the results of the orientational proper-
ties study of the binary systems 4-hexyloxybenzoic acid (6O-
FB-07) – imidazole (IM).

2. Experimental
1H NMR spectra (Fig1) were measured on the “Bruker AC

200” multinuclear spectrometer equipped with a “BVT-3000”
temperature pre�x.

Figure 1: 1H NMR 6O-FB-O7 + 0.044 m.f. IM in nematic phase at
T=76.9 C

The orientational order parameter for binary system com-
ponents is connected with direct proton dipole constants as
follows:

D ij (dir ) = � K ij � Sij =r3
ij

3. Results
The temperature dependencies of direct dipolar couplings

H5-H4 were obtained (Fig.2).

Figure 2: Dependencies of direct dipolar couplings (H4,H5)for im-
idazole on reduced temperature

In contrast to LC order parameter (S1) the imidazole or-
der parameter (S2) improves under concentration rise. It con-
nected with imidazole association due to hydrogen bonds:

At the same time imidazole molecules can be located both
in H-complex with LC ( NH. . . O=C- ) and in associate. Each
of these states has own opientational ordering with respectto
LC matrix.
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1. Introduction
The reactivity of azaheterocycles in biological systems is

determined by their tendency to speci�c interactions, associ-
ation, tautomeric transitions and protonated states formation.
Therefore the estimation of heterocycles solvation and associ-
ation states is the really complicated problem. We studied the
effects of H-complex formation and non-speci�c solvation in
the 13C NMR spectra of imidazole (IM) and methylimida-
zoles (1-MeIM, 2-MeIM, 4-MeIM) in proton-donating sol-
vents. It was shown that association should be taken into con-
sideration for estimation of azaheterocycles solvation.

On the base of computer simulation of chemical shift con-
centration curves the predominant trimers with H-bonds for
IM, 2-MeIM and 4-MeIM were established in low-solvating
solvents.

The study of H-complexes structure for imidazole deriva-
tives and solvents by quantum chemistry calculations is of
great interest.

2. Results
By means of DFT B3LYP/6-311G(D,P) method the ge-

ometry, thermodynamic parameters and13C chemical shifts
(GIAO) for individual molecules IM, 2-MeIM, 4-MeIM, their
associates and supermolecules of composition 1:1 (A,B) and
1:2 (C) with ethanol and tetrahydrofuran were calculated.

A

B

C

Table 1: H-complex stability constants (M� 1) and chemical shifts
(ppm) for heterocycles on the base of13 C NMR

K1 K2 � 2 � k1 � k2

IM

EtOH 17,5 8,6 135,876 135,753 135,894

MeOH 10,3 0,1 135,897 135,861 137,967

PrOH 12,8 0,5 135,882 135,804 136,956

3,5 - 135,895 135,978 -

2-MeIM EtOH 14,4 7,3 145,355 145,250 145,426

4-IM EtOH 11,8 3,2 134,924 134,797 135,017

Table 2: Calculated chemical shifts (GIAO)13 C (ppm)

� 2 � 4 � 5

IM 135,926 134,438 117,369

IM+EtOH (A) 138,810 133,224 118,465

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

IM+2EtOH (C) 138,648 132,564 117,845

IM+ TGF 135,859 133,841 117,141

(IM)2 136,499 133,559 118,101

(IM)2+EtOH () 137,717 132,822 118,869

(IM)2+EtOH (B) 136,442 133,015 118,109

(IM)2+2EtOH (C) 137,519 132,296 118,858

(IM)2+ 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

(IM)3+ TGF 136,729 132,535 118,599

The increase in H-complex stability in the series
monomer< dimmer< trimer was determined. The calculated
13C chemical shifts for 2-MeIM, 4-MeIM and their H-
complexes are in a good agreement with experimental data.
The tendency in the changes of chemical shifts under H-
bonding in solutions is remained in gas phase.
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1. Introduction
Theoretical interpretation of31P chemical shifts of phos-

phorus containing molecules in solutions is one of the actual
problems in physical organic chemistry. A combination of ex-
perimental NMR data with theoretical calculations enables
one to analyse quantitatively the manifestations of the inter-
molecular interactions, to estimate the most important contri-
butions to the energy of the interaction, and also into change
of magnetic resonance parameters. The calculations enables
to estimate the role of a weak Van der Waals interactions and
their in�uence on31P chemical shifts.

2. Computational Details
Calculations of molecular clusters structure of the solute

molecule with surrounding solvent molecules have been car-
ried out by using a different methods of cluster structure
modelling – quantum mechanics/molecular mechanic method
(QM/MM) [1-3], molecular mechanic method (MM) within a
framework of the density functional theory (DFT) and Time
Dependent DFT (TDDFT). The correlation functional of Lee,
Yang, Parr (B3LYP) on the basis of Beckes three-parameter
hybrid method and functional OLYP were employing in DFT
methods. The calculations of nuclear magnetic shielding con-
stants (� 31P) were carried out within a framework of the
coupled Hartree-Fock method using a gauge-invariant atomic
orbitals [4] and 6-31G(d,p) basis set.

Several different schemes have been developed [1,3] in
which a molecule is divided into two parts with one accurately
described and the other treated at a lower level of theory, but
the total energy of the real system is a combination of both
parts.

Quantum chemical calculations of31P nuclear magnetic
shielding constants have been carried out for methyl- and
ethy- derivatives of betain ((CH3)3P-CS2, (C2H5)3P-CS2)
and phosphine ((CH3)3P, (C2H5)3P) in a different solvents
– acetone, benzol, formamide, toluene. The results of calcu-
lations were compared with experimental data [6].

3. Conclusions
Some results of calculations of absolute value of nuclear

shielding constants� 31P and calculated chemical shifts
� � (calcul) for cluster (C2H5)3P-CS2molecule with three
acetone molecules are collected in the Table 1, for cluster
(C2H5)3P-CS2with eight acetone molecules – in Table 2.

Table 1.

Method Method Experimental
DFT QM/MM data for

(Bu3P–CS2

� 31P 358.86 -376.96 � (acetone)=
� � (calcul) -95.72 -116.03 21.29 [5]

� (P4O6)=112.50
� � (exp)=-91.21

Table 2.

Method Method Experimental
MM QM/MM data for

(Bu3P–CS2

� 31P 364.70 -372.71 � (acetone)=
� � (calcul) -103.77.72 -111.78 21.29 [5]

� (P4O6)=112.50
� � (exp)=-91.21

A comparison with experimental NMR data showed that
the modelling of molecular cluster structure by using DFT
method is the most applicable, unfortunately it is dif�cultac-
complished for molecular cluster of a large sizes.
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We report a 1H NMR study of the het-
erometallic molecular magnetic ring of formula
(C4H9)2NH2Cr7Fe2+ F8(O2CCMe3)16, in brief Cr7Fe( II ) .
In its ground state, the ring is characterized by a total spin
ST =1/2 resulting from antiferromagnetic (AF) interactions J
and J' between two Cr(III) s=3/2 ions, and between Cr(III)
and Fe(II) s=2 ions, respectively. From preliminary analy-
sis of the data J� J' as in similar Cr7M rings (with M=Cd,
Zn, Ni). To study the local spin dynamics at high temper-
ature where the system is still in the paramagnetic phase,
we collected1H NMR spin-lattice relaxation time T1 data at
room temperature vs. frequency by varying the external ap-
plied magnetic �eld. The curve 1/T1(� ) presents a behaviour
strictly similar to other AF rings and clusters (e.g. Fe6, Fe10,
Fe8, Mn12), with a decrease of 1/T1(� ) by increasing the
applied �eld [1-3]. Consequently, the data were analyzed
by means of a heuristic Lorentzian function, representing
1/T1(� ), that includes the anisotropy frequency� A , the dif-
fusion frequency� D and the hyper�ne constants A� and Az ,
whose values were compared to the ones found in the men-
tioned molecular nanomagnets [1-3]. The spin dynamics as
a function of temperature has been followed by measuring

the temperature behaviour of1H NMR spectra, nuclear spin-
lattice and nuclear spin-spin relaxation rates 1/T1 and 1/T2, at
two different applied �elds H=0.35, 1.5T in the temperature
range 1.65� T� 300K. The results were compared with the
ones in the antiferromagnetic rings Cr8 and Cr7Ni [3,4].
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1. Introduction
MRI data processing based on algebraic operations (sub-

traction, multiplication etc.) with identical images on local-
ization is considered. Subtraction of images is usually applied
at MRI researches with injection of contrast substance, and
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.

2. Materials and methods
We made 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 second
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 tissues
at the skull base – Fig. 1.

Figure 1: Left to right: T2, FLAIR, STIR, T2-FLAIR. Asymmetric
distribution of MR-contrast at the skull base probably is caused by
a unknown pathology. But image subtraction gives image analogous
to STIR. Conclusion: suspicious tissue is ordinary fat

Operation (T2-FLAIR)xFLAIR yielded the image similar
to image from DIR mode that has allowed to reveal postoper-
ative changes in brain meninges – Fig. 2.

Operation (T2-FLAIR)xFLAIR gave image of dermoid
cyst as hyperintensive formation on a dark background –
Fig. 3.

Multiplication of images from DIR modes with different
inversion times emulated images from scanning mode with
suppression of signals from several normal tissues, namely
waters, fat, and mucous a nose. Emulated images gave good
visualisation of intracranial lesions [2].

Figure 2: Left to right: T2, FLAIR, DIR, (T2-FLAIR)x(FLAIR)2.
Algebraic operations with T2 and FLAIR give image analogous
DIR. Only this mode reveals changes in meninges after surgical op-
eration enough distinctly

Figure 3: Left to right: T2, FLAIR, T1, DIR, STIR, (T2-
FLAIR)x(FLAIR) 2. Algebraic operations with T2 and FLAIR give
very distinct visualization of dermoid cyst

4. Conclusions
Algebraic operations with MR-images give additional in-

formation in MRI research at the expense of emulation of ad-
ditional modes of scanning. Is is especially useful at research
of intracranial lesions.
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It is well known that steroid estrogen analogues of D-
homo-6-oxa-8� -series could possess hypolipidemic proper-
ties (cardioprotective) under the depressed hormonal activ-
ity [1]. Furthermore, such steroids are the best candidatesfor
the creation of anticancer medications [2]. It is desirableto
know about the features of their structure in the solution for
the selection of further perspective modi�cations of such ana-
logues. D-Homo-6-oxa-8� -estrone methyl ether was selected
as model compound (1).

The full assignment of signals in1H NMR spectra of
steroid1 has been done using COSY, DQF-COSY, J-COSY,
HSQC, NOESY methods. The structure of steroid1 in the so-
lution has been also determined (Fig., b). Proton-proton dis-
tances, de�ned from NMR data are in the correlation with
calculated ones byab initio andMM + methods.

Data obtained have been used for the structures selection
for the synthesis of new steroids with the improved biological
properties.
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Figure 1: a) Fragments of NOESY spectra (� m = 0.5 s) of steroid1; b)- spatial structure and c) – ring D of this steroid. NOE is indicated
by bold double arrows, distant scalar interaction 15� /17� (1.5 Hz) is indicated by single arrow.
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Properties of liquid water are to a great extent deter-
mined by the branched network of hydrogen bonds. Topol-
ogy characterizes the mutual arrangement and orientation of
molecules, in other words, the shape of the network itself.
The dynamical approach considers the duration of processes,
such as the motions and reorientations of molecules and the
destruction and restoration of bonds between them, in the liq-
uid. In computer experiments such as classic molecular dy-
namics simulations, these manifestations of hydrogen bond-
ing phenomenon can be studied simultaneously.

The classic molecular dynamics methods were employed
to obtain the topological and dynamic characteristics of hy-
drogen bonds in water. A comparison of descriptions of the
topology of hydrogen bonded network in water for various
pair potentials with different water molecule geometries was
conducted. A dynamical characteristic of hydrogen bonds is
their lifetime. This was calculated with use of an approach
based on research of changes in time of the hydrogen bond

formation probability.
Taking into account the contribution of speci�c OH in-

teractions to the pair model potential increases the stability
of tetrahedral structure of hydrogen bonded network. This
follows from both topological and dynamic characteristics:
from an increase in the fraction of four-bonded molecules in
the system and an increase in the short lifetime of hydrogen
bonds.

The explicit inclusion of speci�c intermolecular interac-
tions between oxygen and hydrogen atoms additionally stabi-
lizes tetrahedral coordinated molecules and, consequently, in-
creases their number in system. Lifetimes of hydrogen bonds
were found to characterize high correlation of movements of
nearest environment molecules.

Acknowledgements
This work is supported by the Russian Foundation for Ba-

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

NMRCM 2009, Saint Petersburg, Russia, 29 June–3 July 2009 – 54 –



NMRCM
2009

29 JUNE-3 JULY

St. Petersburg
ó.-ðÅÔÅÒÂÕÒÇ

Average hydrogen bond lifetime in supercritical water: mol ecular
dynamics simulation

Marina L. Antipova and Valentina E. Petrenko

Institute of Solution Chemistry of RAS, Ivanovo, Russia
E-mail: vep@isc-ras.ru

Large amount of studies were devoted to computer sim-
ulation of supercritical water. Dynamical properties suchas
reorientational correlation times, dielectric relaxation times,
dipole relaxation times, self-diffusion coef�cient, modes of
molecular libration (hindered rotations) and intermolecular
vibrations, times of water molecule persistence in �rst coor-
dination shell were calculated. Nevertheless, calculations of a
basic dynamical characteristic of hydrogen bonding - average
HB lifetime, were carried out only by several authors. In most
popular studies [1, 2] calculations were performed only fora
few supercritical states. But these results seem to be very dis-
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 points.

Density dependences of average HB lifetimes were ob-
tained at constant pressures and various temperatures (along
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 lifetime
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 non-monotone. Not only in-
�ection points but also extremes could be observed. It could
be noticed that dependence become �atter at higher pressures.
However, drastic changes in dynamical behavior of molecules
in supercritical conditions don't �nd the response in averaged
statistical characteristics of hydrogen bonding, such as frac-
tions of n-hydrogen bonded molecules and average number
of hydrogen bonds.
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Figure 1: Intermittent HB lifetime� I
HB in supercritical water as a

function of density� at various pressures P and temperature T. I� V
– our calculations: I - P=30 MPa, II - P=50 MPa, III - P=80 MPa, IV
- P=100 MPa, V - T=673 K. Numbers of points on I - IV correspond
to values of temperatures. VI-VIII are� I

HB obtained by Marti [2] in
simulations with SPC-F and applying geometric criteria ROO � 4.6
	A, ROH � 2.4 	A, � � 30 	 : VI - T=573 K, VII - T=673 K, VIII -
T=773 K.
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1. Introduction
One of the most perspective directions of the use carbon

nanotubes is connected with creation high capacitive stor-
age devices (supercapacitors, ionistors), the speci�c capac-
itance of which can reach tens of farad per gram [1]. Trans-
port and diffusion properties of charge carriers and the solvent
in the nanocarbonic matrix signi�cantly determine the basic
properties of the energy storages [2]. In this work, we inves-
tigated the molecules diffusion of the solvent - acetonitrile
among dispersed nanotubes (SWNT) according to the data of
the impulse NMR experiment, as well as on basis of a com-
puter simulation. For observation of the process of diffusion
we used the method previously proposed in [3] “ interdif-
fusion of two volumes”, containing, respectively, protonated
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 geome-
try of a test tube was studied by using COMSOL Multiphysics
package. Another way of looking at it is to consider the theory
formula [4]:
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whereD is the diffusion coef�cient,H is the whole height
of the sample,h is the height of the part of the sample, which
contains hydrogen atoms.

Figure 1: Time dependence of concentration (`blue' – COMSOL
Multiphysics; `red' – theory formula).

3. Experimental
The sample consisted of the test tube with a �xed amount

of the SWNT dispersion in CD3CN, in which area it is located
the NMR coil of the pulsed BRUKER spectrometer SXP-2-
100.

The time dependence of the NMR signal from nuclei1H
molecules CH3CN, penetrating to the dispersion of CD3CN,
is registered after the adding the same volume of CH3CN. Pa-
rameters of the NMR coil are optimized for improvement the
homogeneity of the �eld in the work area.

4. Results and conclusions

Figure 2: Time dependence of NMR signals1H

Analysis of the experimental data in principle allows to al-
locate the process of the diffusion in the interparticle space
(the initial section), and diffusion inside the nanotubes (the
�nal section).
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A survey of recent literature demonstrated an absence of
data on complexes of Te-containing salen-type ligands de-
spite they take a central place in coordination chemistry of
Schiff bases.

We have synthesizedbis-imines 1 and have studied their
structure by X-ray diffraction and1H, 13C, 15N, 125Te NMR
spectroscopy using1H-125Te-HMBC technique.

XRD results reveal that besides two O-H::: N interactions
the hypervalent Te::: O bond is presented in the molecule of
1b.

From the other hand1H-125Te-HMBC spectrum of1a
demonstrates one cross-peak of tellurium onortho-proton as
doublet and strong cross-peak with azomethine H-atom that
may be observed only for structure1'. The1H-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 ofbis-imines of 2,2'-
diaminodiphenylditelluride depends on the state of com-
pound.
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2-Acyl derivatives of �ve-membered heterocycles are a
matter of interest due to their possibility to tautomerism
(Scheme 1) and as potential bidentate ligating systems for
metallocomplexes.

We have synthesized 1-(p-chlorophenylmethyl)-2-

phenacylbenzimidazole which may exists in four tautomeric
forms (Scheme 1) and investigated its structure in solution
of CDCl3 and DMSO-d6 using the COSY, HMBC, HSQC,
NOESY techniques.

1H, 13C, 15N NMR data reveal that above compound in
solution demonstrates tautomeric equilibrium of two forms
1a and 1b in 1:1 ratio in CDCl3 and 1:3 in DMSO-d6. It
may be connected with stabilization of more polar form1b
in dimethylsulfoxide. Similar behavior is characteristicfea-
ture of 2-acylaminobenzimidazole derivatives.

Coordination with metals (Zn2+ , Cd2+ ) according to the
NMR data leads to the stabilization of the form1b and yields
in the complexes2.
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1. Introduction
During the last decades dynamical properties of molecules

con�ned in carbon nanotubes (CNTs) have been studied ex-
tensively using various experimental and theoretical methods.
Nevertheless, despite a considerable amount of work, the de-
scription of molecular motions inside CNTs is a problem far
to be solved. In this context, the combination of Molecular
Dynamics (MD) simulations, which are capable to provide
detailed information of all the atoms in the simulated sys-
tems on a few nanosecond timescale, and NMR experiments
should be fruitful for the further investigation of the issue.

In the present study, nuclear spin relaxation of litnium-7 in
acetonitrile con�ned in single-walled carbon nanotubes has
been measured by pulse NMR and treated by MD simulations
in order to analyse the effect of con�nement on lithium cation
mobility and study the peculiarities of quadrupolar relaxation
mechanism inside carbon nanotubes.

2. Experimental and computer simulations
details

Lithium-7 relaxation experiments were performed for
2 molal LiClO4 acetonitrile solution con�ned in single-wall
carbon nanotubes (1.1 nm diameter) over the temperature
range from 230 to 313 K. The measurements were carried
out on Bruker spectrometers operating at 35 and 194 MHz
using the inversion-recovery pulse sequence for spin-lattice
and Hahn-echo method for spin-spin relaxation.

The simulations of one Li+ ion among 260 acetonitrile
molecules con�ned in 1.1 nm diameter CNT were perfomed
in an NVT ensemble at 298 K using the MDCNT soft-
ware package [1] with periodic boundary conditions in all
directions. The density of the system was set to be equal
776.8 kg/m3. Temperature was kept constant employing the
Berendsen method. The equations of motion were solved us-
ing the standard Verlet leap-frog algorithm with a time stepof
1.0 fs. The long-range Coulomb forces were treated using the

reaction �eld method. The system was equilibrated during a
1 ns run. The following simulation time was 0.5 ns.

Acetonitrile was described by rigid three-site A3 model
[2]. The CNT carbon atoms were considered as electroneutral
Lennard-Jones (LJ) centres. Their LJ parameters were taken
from GROMOS [3] force �eld. To describe the nonelectro-
static part of Li+ interactions the standard Lennard-Jones po-
tential parameterized by Kaluginet al. [4] was employed.

3. Results
For lithium-7 nucleus the longitudinal magnetization de-

cays exponentially over the whole temperature range consid-
ered. The characteristic timeT1 at 298 K is about 2 sec. This
value is in a reasonable agreement with the spin-lattice relax-
ation time estimated by means of MD simulations. The recov-
ery of the transverse magnetization exhibits two-exponential
behaviour over the whole temperature range from 230 to
313 K. Probably, the spin-spin relaxation of lithium-7 in-
cludes contributions from con�ned, less mobile, and non-
con�ned cations.
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1. Introduction
Water in seeds plays an important role. When dormant dry

seeds uptake water, they can germinate to start a new life cy-
cle. The changes in water status during imbibition can in�u-
ence the plant growth. Most studies of plant structure are dest-
structive in nature. The most appropriate non-invasive method
for studying seed imbibition and water status and distribution
is NMR imaging. This method was successively used in hy-
dration studying of soybean seeds [1], tobacco seeds [2], kid-
ney beans [3] and other. However, the site of water entry and
its movement during imbibition is still not clear.

2. Samples and experimental equipment
2.1. Samples
The seeds of Lima (Phaseolus lunatus)were used. Before

the NMR experiments we studied water uptake in seeds by
measurement of their mass. Lima beens are relatively mas-
sive, within of 1,3-1,8 g, and relatively fast swelled; their
mass start to increase in 2-5 h of contact with water and ma-
jority of seeds �nish the �rst swelling phase within of 12-15h.
For NMR experiment a Lima bean was set in a 25 mm sample
tube and positioned vertically. The sample tube was then �lled
with distilled water and inserted into an MRI probe to inves-
tigate the imbibition process. For drying process researchwe
used the samples, which passed through a swelling stage dur-
ing several days. The images were acquired during 12-16 h.

2.2. Experiment equipment
NMR experiments were carried out using Bruker 200 MHz

equipment. Images were obtained using gradient echo. The
�eld of view was 20� 20 mm with a 128� 128 and 256�
256 points data matrices. The most contrast modes were used
for the longitudinal and transverse slices with their thickness
of 1 mm.

3. Results and discussion
We found that water enters the seed through the micropile.

Then water enters the embryonic axis and �lls a thin layer on
cotyledon perimeter between cotyledons and the seed coat.
Next water portion �lls the voids between cotyledons and
then is distributed into cotyledons. During 24 h of imbibi-
tion, water was unevenly distributed within the seed and some
anatomical parts were more hydrated than others. The high-
est water concentration during all imbibition process was ob-
served for the embryonic axis. The differences in water up-
take between cotyledons and embryonic axis could be be-
cause of different chemical composition of these two organs.
Our results well agree with soybean seeds [1] and tobacco
seeds data [2] but differ from the same for Phaseolus vulgaris
[3].

The seeds drying process was investigated by NMR imag-
ing. It was found that water leaves the seed through micropile,
hilum and strophiolar plug. At �rst the average part of a seed
is exempted from water whereas a high water content keeps
for tissue on the cotyledon outside.
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1. Introduction
Most bacterial formulations intended for a long storage are

being manufactured in a lyophilized state. The number of vi-
able cells, their activities, and the humidity content thatin-
�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 monitor the
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 cells ofEscherichia
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 A1

and fast A2 free induction decay (FID) components,1H re-
laxation time T1 for dry substance and T2 for water protons
of biopreparations. NMR parameters were taken on in a spec-
trophotometer SXP-100 (”Bruker”, FRG) at a frequency of 90
MHz. The ”dead time” of the receiver was 10� s. The 90 	 -
pulse duration was 2.5� s. The triggering period was 3 s. T1

was measured by using 90o-� -90o - FID pulse sequence. T2

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 protons. A fast
component is described by exponential function of the Gaus-
sian shape and corresponds to dry substance protons [1]. It
was found that A1/A2 and T2 increased, but T1 decreased
with the increase of the water content in the samples. In wet
samples T1 increased sharply and decreased then steadily,
while T2 grew constantly (Fig. 1 and Fig. 2).

T1 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 T1;

and the lower proton mobility (translational, rotational,oscil-
latory). High values of T1 testify that dry samples have rigid
matrixes.

The increase of T2 takes place along with the decrease of
T1 of dry substance protons, thereby demonstrating the en-
hancement of their mobility. This in turn should lead to faster
death of cells at high wetness. Changes of T1 and T2 are more

noticeable compared to changes of the residual water content
and ”are visible” by NMR in sealed ampoules. This makes
these NMR parameters an attractive tool to control the qual-
ity of biopreparations.

Figure 1: In�uence humidity on T1 and T2 for BSA-trehalose com-
plex

Figure 2: In�uence humidity on T1 for dried bacterial cells
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1. Introduction
Magnetic resonance imaging (MRI) system is an imaging

technique primarily used in medical setting to produce high
quality images of the inside of the human body. This tech-
nique is based on collecting the signal from an exited slice or
volume within the sample. This excitation is achieved using
special radiofrequency (RF) pulses that are designed to pro-
vide the required localization within the imaged volume. This
work is deals with the designing of RF synthesizer which ac-
tual frequency and the applied slice selection magnetic �eld
gradient determine the position of the excited slice.

2. General description of the device
The operation principle of the designed device (Fig. 1) is

relied on the so called digital direct synthesis (DDS) method.
The advantages of this method are the following:

� 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 1: RF synthesizer.

The simpli�ed block-scheme of the invention is presented
below (Fig. 2), where

� DDS – chip realizing the DDS method;
� FPGA - �eld-programmable gate array. It carries out con-

trol function and correct interaction between other parts of the
device;

� Ref.Gen. – the reference generator. It is required for DDS
chip clocking;

� Clk.Osc - the clocking oscillator. It is required for FPGA
chip clocking.;

� LPF – low-pass �lter. It is required for suppressing the
clock frequency and its harmonics and the mirror signal gen-
erated by the reference generator.

� RAM - random access memory. It is necessary for storing
the digital codes of the frequency values;

� USB/FIFO – is a USB to parallel FIFO interface. It is
required for easy interaction with personal computer;

� PPU – pulse program unit. It carries out the frequency
switching function during experiment.

Figure 2: Block-scheme of the RF synthesizer.

The program for FPGA has been also written. In this pro-
gram the four modules each of them interacting with a de�nite
element of the device are considered (Fig. 3).

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.

Also a program for testing and debugging of the device has
been made.

The designed device has the following main characteris-
tics:

� frequency range – 0-15MHz;
� frequency resolution - less than 1mHz;
� switching frequency – no more than 1MHz;
� four phase-shifted output channels;
� ability of generating the square pulses.
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1. Introduction
It is important for the doctor, who observes the patient with

the help of the MR tomography, to know the full picture of pa-
tients conditions. So it is important to separate the slicesout
under the arbitrary angle to raise the level of diagnostics up.

2. General description of the device
For getting the image are used gradient magnetic �elds,

which switch on along three main axes (X,Y,Z). One of these
is used for separating slices out, which are perpendicular to
the direction of the applied gradient.

Coils, which form those �elds, are in �xed condition.
Therefore to separate the arbitrary slice, it is important to
switch gradients on, which rise simultaneously along the two
main axes, because the summary gradient would be de�ned as
the superposition of these gradients; i.e. it is necessary to pass
to the new system of coordinate, which is turned relatively to
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 towards axe Z,
rotation is realized in the plane XY):

x0 = x cos� � y sin �;
y0 = x sin � + y cos�;

z0 = z:
The simpli�ed block-scheme of the invention performing

these operations is presented below (Fig.1):

Figure 1: Block-scheme of the device for imaging slices oriented
under the arbitrary angle.

where:
� DAC – digital to analog converter;

� M – multiplexer for choosing the signals for transforma-
tion;

� X,Y,Z,X',Y',Z,. – input and output signals.
To produce the correct function of made up device within

software of MRI system was written drivers for this hardware.
Also was made a program for testing and debugging of the
device.

Further it is planned to move to the new device which func-
tions are both forming the gradient pulses and transforming
all three signals (X,Y,Z). It will be implemented in new to-
mograph with strength of main �eld 0.4 T for traumatologic
aims.

Its block-scheme is shown on �g.2:

Figure 2: Block-scheme of the device for forming the gradient pulses
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”.
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1. Introduction
Since the nuclear quadrupole resonance (NQR) is appli-

cable for detection of explosives [1], more and more atten-
tion focuses on its practicality. Because the signal-to-noise
radio of NQR signal under the background environment is too
weak, the probability of detection can't achieve 100%, com-
bined with some low false alarm rate. As we all know, the
noise and interference under environment are very high dur-
ing detection, we often use some methods to increase SNR,
for example shielding the detector, adding the signal repeti-
tiously. Here our motivation is to investigate the ability of us-
ing cross-adding NQR enhancement sequence techniques in
explosives.

2. Description of Sequence
To detect explosives and narcotic substances by means of

NQR, we often use multi-pulse steady state free precession
(SSFP) and multi-pulse spin-locking sequences(MSLS), the
phase of SSFP and MSLS has different models, for example
00, 900,1800,2700[2]

First we discuss the upper part sequence in �gure 1.It is a
typical MSLS. Theoretically, we only want to acquire NQR
signals from explosives. In acquisition window,

acquisition=Echo1+Echo2+Echo3+: : :
But in fact, Noise and Interference under back-ground ex-

ist, so
acquisition =Noise+Interference+Echo1+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 especially. The
best essential method is to change the phase parameters of
sequence.

Figure 1: Multi-pulse Sequence.

In �gure 1, the nether part sequence can emit Echoes which
have 1800 phase change compared with the Echoes from the
upper part sequence. So we can adopt a cross-adding method
to improve NQR signal [3]. After acquisition in the upper
part sequence, wait relaxation-time (3� 5T1), continue the
nether part sequence and acquisition. The result of accumu-
lation from the �rst MSLS subtracts the result of accumula-

tion from the second sequence. Thus the interference from
ring can be decreased greatly and Echoes can be increased
reversely. SNR is improved. However the used subtraction is
not enough for sensitive detection. We use the dependence of
the echoes from the phase shift in the �rst preparatory pulse.
The combination of the phase shifts of 00, 900, 1800, 2700

produces the best results.

3. Results and Discussion
In our system we use Apollo Console (produced by Tecmag

corp.) as creation of pulse sequence and acquisition system.
The power transmitter is a four stages ampli�er with output
power 1000W. The low noise pre-ampli�er is a cascade am-
pli�er with 30dB gain. The probe is solenoid. We design a Q-
switch circuit to decrease ring from our head-probe. Here we
use HMX(C4H8N8O8) as sample. The detection frequency is
3.737MHz. The result is in �gure 2.

The upper part shows the acquisition in time-domain after
the �rst SFFP, here the interference from ring is very clear.
The middle part shows the result after using cross-adding
method in time-dome, and the nether part shows the result
in frequency-domain.

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 increase
acquisition-points to improve resolution.
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Water, which is polar and non-ionic solvent at normal con-
ditions, can become ionic and low-polar one above a critical
point. Contrary to a normal liquid state, at the supercritical
conditions hydrogen bonded network is destabilized to the
various extent. Moreover, continuous breaking and reforma-
tion of hydrogen bonded structures cause large density and
dipole �uctuations that, in turn, can signi�cantly affect the
dielectric properties of the solvents. Applying various ther-
modynamic conditions, one can control viscosity, polarityor
pH in order to obtain necessary solvation properties. Change
in water structure above the critical point is the consequence
of transformations in hydrogen-bonded network. Simulating
with classical molecular dynamics or Monte Carlo methods,
features of water structure always depend on potential inter-
action function. Every potential has its own propensity in real-
izing hydrogen bonded network, dynamics of hydrogen bonds
and nearest environment. Size and topology of molecular dy-
namics clusters for various thermodynamic states are widely
studied with classical methods, but their relation to the wa-

ter microdynamics and detailed picture of hydrogen bond-
ing between molecules could be obtained only using quan-
tum molecular dynamics methods. This method was realized
within Car-Parrinello molecular dynamics framework for 32
water molecules. Many body effects are approximated in the
standard way using density functional approach, by includ-
ing gradient corrections after Becke and Lee-Yang-Parr on
the exchange and correlation functionals, respectively. Tra-
jectories for 7 thermodynamic states obtained for simulation
time of 5ps with time step 0.1fs. System properties have been
recorded every time step. Radial distribution functions, struc-
tural factor showed good agreement with available experi-
mental data. It has been showed also, that strength of hy-
drogen bonds in small clusters in CPMD differs from those
obtained with classical molecular dynamics simulation.
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1. Introduction
Magnesium based alloys are potentially low-cost hydrogen

storage materials with high hydrogen storage capacity up to
7.6 wt % in MgH2 [1]. Unfortunately, its application is rather
restricted by relatively slow hydrogen absorption kinetics and
high hydrogen release temperature (673 K).

Ca-Ni alloys form another class of hydrogen storage ma-
terials with AB2 and AB5 structure types. Recently a new
structural type has been found for the compound with nom-
inal composition (Mgx Ca1� x )Ni2:6. Its structure is made of
nine layers (6 AB2 + 3 AB5) stacked in an original manner
[2]. However, it is possible to �nd new ordered arrangements.

Here we present the results of our theoretical study of sta-
bility of AB 2 blocks (A = Mg and B = Ni) with different types
of stacking.

2. Method of calculations
The electronic structure of ordered binary Mg-Ni alloys has

been calculated within full-potential linearized augmented
plane waves method (FLAPW). All calculations have been
carried out using the WIEN2k code [3]. The radii of non-
overlapping muf�n-tin spheres have been kept equal to 2.0
a.u. for all atoms. All calculaions has been performed using
1000~k points in irreducible Brillouin zone.

3. Results and discussion
We studied the stability of three structure types of MgNi2

with different AB2 (2:4) blocks staking: MgNi2, MgZn2 and
MgCu2. Their unit cells are shown in Fig. 1a, b and c, re-
spectively.

Figure 1: Types of (2:4) blocks stacking and unit cells for MgNi2(a),
MgZn2 (b) and MgCu2 (c) structure types.

The optimized structural parameters and total energies are
listed in Table 1. As one can see the values of total energy for
all three structure types are very close to each other. However
the structure type realized in nature is more stable.

In Table 1 we also listed the average interatomic distances
in three phases. It worth noting the MgNi2 structure type ex-
hibits the longest interatomic distance.

The density of states analysis showed that for the most un-
stable phase MgCu2 the Fermi level occurs right in the middle
of a sharp peak formed by Ni3d-states.

Table 1: The optimized lattice parameters, atom internal coordinates,
average interatomic distances and total energy of three structure
types of MgNi2 .

ST MgNi2 MgZn2 MgCu2

SG P63=mmc P63=mmc F d�3m
a ( 	A) 4.799 4.775 6.782
b ( 	A) 4.799 4.775 6.782
c ( 	A) 15.846 7.954 6.782
Mg 0,0,0.093 1

3 ,2
3 ,0.063 0,0,0

1
3 ,2

3 ,0.844
Ni 1

3 ,2
3 ,0.124 0,0,0 5

8 ,5
8 ,5

8
1
2 ,0,0 0.831,0.662,14
0.164,0.329,14

dMg-Mg ( 	A) 2.9655 2.9335 2.9368

dMg-Ni ( 	A) 2.8241 2.8066 2.8118

dNi-Ni ( 	A) 2.4066 2.3875 2.3979
E (Ry) 6483.99522 6483.99409 6483.99066

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 aspects of prob-
lems of molecular mobility in restricted space with dimension
order diameter of molecules, so for many practical applica-
tions (high-capacitive accumulators electrical energy - super-
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 described in
the works [3] and [4]. Presented here are the intermediate
results investigation mobility of lithium ions and molecules
of electrolyte in dispersion acetonitrile-carbon nanotubes-
lithium chloride (in what follows, dispersion).

2. Results
At the relaxometer BRUKER - SXP2 � 100, was trans-

acted investigation of temperature dependence diffusivity ion
lithium in pure protonation acetonitrile (in what follows,so-
lution). Given dependence was getting at method permanent
gradients of magnetic �eld, and illustrated on the �gure 1.

Figure 1: Temperature dependence diffusion coef�cients oflithium
ions in pure acetonitrile.

On �gure 2 was shown temperature dependencies diffusiv-
ity ion lithium in two kind of dispersion: single-wall carbon
nanotubes in deuterated and protonation acetonitrile. Thedif-
fusion coef�cient was measured at spectrometer BRUKER
AVANCE 500 with pulsed gradients of magnetic �eld.

Figure 2: Temperature dependence diffusion coef�cients oflithium
ions in dispersion.

3. Conclusions
As my be seen, the ion diffusivity in dispersion of SWNT

have a small changes, with respect to pure acetonitrile, butfor
pure solution near phase transition slightly nonlinearitywas
appeared. Under the same conditions this effect in dispersion
was not observed, which is the case may be explain decrease
phase transition temperature for acetonitrile exhausted on sur-
face of carbon nanotubes.
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1. Introduction
Cimicifugae racemosae extract is effective botanical prepa-

ration for relief of vasomotor symptoms of menopause, such
as hot �ashes and night sweats. The main group of com-
pounds are triterpene glycosides, which are thought to be
responsible for the pharmacological effect of this plant, al-
though further studies are needed.

There are above forty different triterpene glycosides iso-
lated from the extract, and still some reports on new
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
13C CPMAS NMR spectra provide an excellent insight in
the conformational structure of the molecules, especially
when the growth of the single crystal for X-Ray mea-
surements is dif�cult or even impossible. The aim of this
research was thus to register and interpret the13C CP-
MAS spectra of eight triterpene glycosides: deoxyactein
(1), cimicifugoside H-1 (2), cimicifugoside H-2 (3), 26-
deoxycimicifugoside (4), 23-acethylshengmanolxyloside(5),
24-acethylhydroshengmanol xyloside (6), cimigenol xyloside
(7) and acethylcimigenol xyloside (8).

2. Results & discussion
The structure of (1) together with carbon numbering is

shown in the Figure 1.

Figure 1: The structure of deoxyactein with carbon numbering

The assignment of the signals in the solid NMR spectra
is based mainly on the chemical shifts in solution. However,
the hierarchy of signals is not always the same in both cases.
Therefore some additional procedures, which con�rm the as-
signment, are needed. For the selective observation of qua-
ternary carbon atoms dipolar dephased technique were used.

In addition the cross-polarization kinetic pro�les were mea-
sured for four compounds. Since the intensity of the signals
is the function of contact time [2], these pro�les enabled not
only the differentiation of CH, CH2 and CH3 groups, but were
also the source of precious information concerning chemical
environment of particular carbon atoms. The difference in the
CP kinetic between quaternary and methine carbons reveals
Fig. 2. The maximum intensity for C-IV falls on c.a. 1.6ms,
whereas for CH only on 0.6ms
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Figure 2: Relationship between intensity of NMR signals andcon-
tact time [ms] for two carbons: quaternary and methine

To con�rm the assignment theoretical calculation of shield-
ing constants were performed, using GIAO approach and 6-
31G** basis set.

3. Conclusions
The13C 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 etc.).This
technique provided also structural information, which areim-
portant especially, when trying to �nd the mechanism of ac-
tion of these compounds.
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1. Introduction
Ti-V-Cr alloys belongs to a class of potentially high char-

acteristic materials in terms of hydrogen storage properties.
A maximum uptake of more then 3.5 wt% hydrogen can be
absorbed in selected compositions [1].

For TiV0:8Cr1:2 it has been revealed both experimentally
[2] and theoretically [3] that when absorbing hydrogen a bcc-
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 the results
of impulse1H NMR studies of TiV0:8Cr1:2H5:29.

2. Experimental method
The measurements have been made by using the impulse

NMR spectrometry BRUKER SXP 100. The1H spectra were
recorded within the temperature range from 180 to 380 K and
frequency range from 10 to 90 MHz. The spin-lattice relax-
ation timesT1 were measured using the inversion recovery.
To �nd the spin-spin relaxation timesT2 the90o � � � 180o

impulse sequence was applied. To determine the Knight shift
the water was used as a reference.

3. Results and discussion
The magnetization recovery curves for TiV0:8Cr1:2H5:29

was described by a single exponential decay over all temper-
atures. The experimental temperature dependence of proton
spin-lattice relaxation time measured at 14 MHz are plotted
in Fig.1. The hydrogen diffusion parameters were estimated
within the simple model �rstly proposed by Blombergen, Pur-
cell and Pound (BPP). The total spin-lattice relaxation times
in TiV0:8Cr1:2H5:29 was described by thee components as fol-
low:

T � 1
1 = T � 1

1e + T � 1
1HH + T � 1

1V H =
T
K

+

+
2SHH

2

3

h � c

1+ ! 2 � 2
c

+
4� c

1+4! 2 � 2
c

i
+

SV H
2

2

�
� c

1+( ! 2
0H � ! 2

0V )� 2
c

+

+
3� c

1 + ! 2
0H � 2

c
+

6� c

1 + ( ! 2
0H + ! 2

0V )� 2
c

�
; (1)

where � c is the correlation time, which is de�ned by acti-
vation energyEa as � c = � 0 exp(Ea=RT); ! 0H and ! 0V

are corresponding NMR frequencies for1H and51V nuclei.
Here conduction electron contributionT1e and contributions
from dipole-dipole H-H and H-V interactions are taken into
account, whereas H-Cr and H-Ti interactions are neglected.

The Korringa constantK was determined using the free-
electron model [5]:

K = T1eT =
h
 2

e

4�k B 
 2
I � 2

K
; (2)

where � K is the Knight shift. For TiV0:8Cr1:2H5:29 it has
been found equal to� 70 ppm, that givesK = 161 sK.

SHH
2 andSHV

2 are the contributions to the second moment
of 1H NMR absorption line from H-H and H-V interac-
tions, respectively. The total value of the second moment
S2 = 29 � 1 Oe2 was taken from wide-line1H NMR spectra
measured previously [4]. To decompose H-H and H-V con-
tributions SHH

2 and SHV
2 were calculated using fcc lattice

parametersa = 4.282(2)	A.
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Figure 1: Proton spin-lattice relaxation timeT1 at 14 MHz as a func-
tion of inverse temperature.

Fitting experimental data by the BPP model, equation (1),
leads to the following values for hydrogen diffusion parame-
ters:Ea = 13:2 kJ/mol and� 0 = 2 :4 � 10� 11 s.

The line width analysis shows that� ! � �=T 2. This in-
homogeneous broadening is caused by the Knight shift, that is
proven by the fact that� ! linearly depends on the resonance
frequency.

The main reasons for the line broadening are: 1) destribu-
tion of isotropic� K in the sample; 2) anisotropic contribu-
tion of 3d-electrons to� K . From our point of view� K in
TiV0:8Cr1:2H5:29 is mainly de�ned by3d-electrons of transi-
tion metal atoms, that is con�rmed by our previous electronic
structure calculations [3].
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1. Introduction
Phenylboronic acids attract an increasing scienti�c interest

due to their wide applications in organic synthesis, catalysis,
analytical chemistry, pharmacology and medicine [1]. They
have also recently been used as promising building blocks
in crystal engineering in order to achieve predictably orga-
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-to-date
[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(OH)2 group acts
as a donor of two hydrogens to hydrogen bonds. The variety
of observed structures is a consequence of intermolecular in-
teractions involving functional groups at phenylene ring,high
rotational �exibility of the B(OH)2 fragment and the presence
of additional species in the crystal lattice (e:g:molecules of
solvent).

2. Molecular complexes with aminoacids
Amino acids are probably the most important building

blocks in nature. They occur in different states of protonation,
depending on the pH and the local environment. Their zwitte-
rionic form enables the interactions with phenylboronic acids,
what may lead to heterodimer formation.

In fact complexes of this kind have been recently observed
in the solid state [3]. Two hydroxyl groups at the boronic
fragment interact with the carboxyl group of a counterpair-
ing molecule and the boron atom exists in trivalent form.
Although the estimated interaction energies are rather large
(above 20 kcal/mol), synergistic action of other species may
lead to more complicated picture of interactions where boron
is converted to tetragonal form. Such complexes have also
been observed in solution [4]. In this report we present and
analyze molecular complexes of phenylboronic acid deriva-
tives with betaine, L-proline or DL-proline. In this way we
simulate interactions on a surface of a typical protein (or pep-
tide), where usually complex system of hydrogen bonds are

formed, many of which have partially ionic character. The
complexes were investigated with use of X-ray diffraction on
single crystal and solid state11B NMR (solid state) and by
11B NMR technique (solution).

The molecular interactions in the crystal lattice of p-
ethoxyphenylboronic acid and L-proline complex

The molecular interactions in the crystal lattice of p-
ethoxyphenylboronic acid and betaine complex
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1. Introduction
Transmission of a quantum state through a quantum chan-

nel is an important problem of quantum communication [1].
A protocol for quantum communication through homoge-
neous open and close spin chains was proposed in Ref. [2].
That seminal work and its extention for inhomogeneous open
chains [3]-[7] are based on the approximation of nearest neig-
bour spin-spin interactions. At the same time, interactions of
remote spins are always present and can affect quantum state
transfer along long chains and rings.

We consider quantum state transfer in a ring of2N spins
with the XY -Hamiltonian including interactions of remote
spins. Using an exact solution for the �delity of quantum
state transfer between nodes of the ring we calculate the �-
delities both in the approximation of nearest neigbour inter-
actions and without it. We also study the concurrence of the
entangled state of oppsite spins at different assumptions about
spin-spin interactions.

2. Quantum communication in a spin ring
2.1. Diagonalization of the Hamiltonian
We consider2N spin-1/2 particles coupled byXX -

interactions on a ring in the external magnetic �eld
�!
B with

the Hamiltonian

H = ! 0 I z �
1
2

2NX

i;j =1 ;i6= j

dij

�
I +

i I �
j + I �

i I +
j

�
; (1)

where! 0 = 
B 0, 
 is the gyromagnetic ratio,I �
i = I ix �

iI iy , and the coupling constant of spinsi andj is dij = 
 2 �h
r 3

ij
:

Herer ij is the distance between spinsi andj , and we assume
that the external �eld

�!
B 0 is perpendicular to the plane of the

ring. The geometry of the ring yieldsr ij = r 12 j sin �
2N ( j � i ) j

sin �
2N

;
wherer12 is the distance between nearest particles.

In single excitation subspace this Hamiltonian can be diag-
onalized exactly. The eigenvalues and eigenstatesju� i (� =
1; 2; :::; 2N ) of the Hamiltonian in this subspace can be writ-
ten as

� � = a + 2
P N

j =1 cj Re(zj
� ) + cN +1 zN +1

�

= a + 2
P N

j =1 cj cos
� ��j

N

�
+ cN cos(�� );

(2)

hu� j = ( ju� i )+ = 1p
2N

(1; (z�
� ); (z�

� )2; :::;
(z�

� )2N � 1); � = 1 ; 2; :::; 2N;
(3)

wherecj = d1;j +1 andz� (� = 1 ; 2; :::; 2N ) are solutions of
the simple algebraic equationz2N = 1 [8, 9].

2.2. Fidelity and entanglement
First we consider the transmission of the state of one

member of a pair of particles in the entangled statej i =
(1=

p
2)(j01i + j10i ) through the ring [2]. The second mem-

ber of the pair is an auxiliary spin which does not belong to
the ring. Let the state of the �rst spin of the pair be transmit-
ted to nodeN + 1 from node 1 at the timet1. It was shown in

Ref. [2] that the perfomance of the quantum channel is deter-
mined by the �delity

F (t) =
jf 2N

N +1 ;1j cos


3
+

jf 2N
N +1 ;1j2

6
+

1
2

; (4)

wheref 2N
N +1 ;1 = hN + 1 j exp(� iHt )j1i is the propagator of

the excitation from a sender (node 1) to receiver (nodeN +1 )
and 
 = arg f 2N

N +1 ;1(t). For the aims of our consideration
we can make the phase
 zero by the appropriate choice of
the external magnetic �eld

�!
B 0. We have demonstrated that

a ring of interacting spins is a very suitable system in order
to study a quantum state transfer with different assumptions
on spin-spin interactions. Although the interactions of remote
spins reduce the quantum state �delity the performance of the
quantum channel exceeds the classical information limit in
rings containing up to 60 spins.

The entanglement of the auxiliary spin and the spin at node
N + 1 , which is determined by the concurrenceC [10], is
given by [2]

C = jf 2N
N +1 ;1j (5)

We can also study the entanglement of spins at nodes 1 and
N + 1 of the ring. This entanglement,C1;N +1 , is determined
by the concurrnce as [11, 12]

C1;N +1 = 2 jf 2N
1;1 jj f 2N

N +1 ;1j: (6)
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The urgency of studies of rare-earth manganitoperovskites
with colossal magnetoresistance (MR) is related to debateson
a unique relationship between magnetic and transport prop-
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 composition, pres-
ence of defects in the structure and properties which are listed
in Table.

Table 1: Molar formulae, lattice parameter, the Curie temperature
and magnetic induction of single-crystalline manganese-zinc fer-
rites.

Sample Molar formulae a, 	A Tc ,
K

Bs , T
(H=10
Oe)

CM3
(Mn 2+

0:48 Zn 2+
0:48 V ( c)

0:04 )A

[Mn 3+
0:06 F e2+

0:06 F e3+
1:88 ]B

O2�
3:95 V ( a )

0:05

8.463 343 0.37

CM9
(Mn 2+

0:30 Zn 2+
0:48 F e3+

0:20 V ( c)
0:02 )A

[Mn 3+
0:04 F e2+

0:04 F e3+
1:92 ]B

O2�
3:98 V ( a )

0:02

8.450 435 0.47

The NMR57Fe spectra of samples are shown in Fig.1

For the both samples there are two lines fromF e3+
B at fre-

quencies 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+

A in tetra (A) – positions is ob-
served.

It is seen from temperature dependences of resistivity (� 0),
magnetic susceptibility (� ) and magnetoresistance (MR =
� R
R 0

) for single crystal CM3, �g. 2, that MZF possess the
semiconducting type of tunnel conductivity. The Curie tem-
perature Tc= 340-380K, at the� maximum, Tc=340 K, there
is a peak of MR. Below that temperature, for T=330K there
is a bending on temperature dependence MR(T). The bend-
ing is possibly due to the twin structure of the single crystal,
as con�rmed by data of electron scanning microscopy, or to
crystallographic reorientation of the easy-magnetization axis
for that temperature.

Figure 1: The NMR57 Fe spectra of single-crystalline Mn-Zn fer-
rites.

Figure 2: Resistivity� 0 , magnetic susceptibility (� ) and magnetore-
sistance (MR = � R

R 0
) of single crystalline Mn-Zn ferrite.
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The experimental results of research of self-diffusion pro-
cesses for a liquid in model porous media in a wide range of
diffusion times are presented. Values of diffusion times var-
ied in all range of possibilities of NMR equipment and lay in
the range from3 � 10� 3 to 1 sec. The analysis of the received
time dependencies of the self-diffusion coef�cient for various
diffusants in model porous systems has allowed to �nd out
exponentional character of dependenciesD(t) � D1 of the
self-diffusion coef�cient for the given system from quantityp

t, whereD1 is the limit (att ! 1 ) self-diffusion coef�-
cient. On �g.1 in semi-log scale dependencies of the reduced
self-diffusion coef�cientD (t) � D1 of some liquids con-
cluded in porous media formed by glass spheres as diffusion
time function in coordinates

�
D (t) � D1

D0 � D1
vs

p
t
�

are presented.

0 2 4 6 8
0,1

1

(D(t)-D
•
)/(D

0
-D

•
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1
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(D(t)-D
•
)/(D

0
-D

•
)

t1/2, ms1/2

a) b)

Figure 1: Exponentional dependence of the reduced self-diffusion
(D (t) � D 1 )=(D 0 � D 1 ) coef�cient on diffusion time: a) Hex-
ane in porous media formed by glass spheres with diameters 44-53,
100-200 and 200-300 mkm; b) reduced self-diffusion coef�cient of
decane, water, octane, hexane, acetonitrille and dibromomethane in
porous media, formed by glass spheres 74-88 mkm.

On �g.1a dependence of the hexane reduced self-diffusion
coef�cient on diffusions time received in porous media,
formed by glass spheres with diameter 44-53, 100-200 and
200-300 microns is show. On �g.1b the time dependence of
the reduced self-diffusion coef�cient for decane, water, oc-
tane, hexane, acetonitrille and dibromomethane in the model
porous media glass spheres with diameter 74-88 microns is
shown. The quantity(D0 � D1 ) in this case is used as nor-
malizing parameter. Apparently from �gures, these depen-
dencies are well approximated by exponentional dependence

D(t) � D1

D0 � D1
= exp( � �

p
t)

which are shown in �gure by solid lines, and it is obvious,
that the size of the exponent index� is determined both value
of bulk self-diffusion coef�cient, and the spheres size, that is
the pore size.

Dependence of a exponent index� on bulk self-diffusion
coef�cient D0 and spheres diameterd is shown on �gs. 2 and
3 which shows linear dependencies of a kind

� �
p

D0

and
� � d� 1:

Figure 2: Dependence of� on bulk self-diffusion coef�cient.

Figure 3: Dependence of� on ratio
p

D 0=d for hexane in porous
media, formed by spheres with diameters 44-53, 100-200, 200-300
mkm.

Thus, generalizing the aforesaid, it is possible to write
down an explicit view of reduced self-diffusion coef�cientas

D(t) � D1

D0 � D1
= exp

�
� F

p
D0t
d

�
;

whereF is the formation factor. Then time dependence of
the self-diffusion coef�cient of liquid in porous media canbe
presented as

D(t) = ( D0 � D1 ) exp
�

� F

p
D0t
d

�
� D1 :
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Pulse NMR in magnetic substances - also known as ”NMR-
in-magnetics” or ”spin echo” technique - is very effec-
tive tool in control, testing and certi�cation of magnetic
(nano)materials of various kinds, e.g. bulk materials, thin
�lms, multilayers and other nanostructures, molecular mag-
nets, etc. Therefore, the technique is the useful addition to
well known diagnostic methods and allows one to get unique
information which cannot be reached by other techniques.
The usefulness of NMR is illustrated by a few examples
namely:59Co spectra in cobalt-containing magnetic nanos-
tructures [1, 2],55Mn and 139La spectra in intrinsically in-
homogeneous perovskite-like CMR manganites [3],57Fe and
61Ni NMR in submicron- and/or nanostructured iron and
nickel, etc. All the examples demonstrate convincingly that
NMR experiments reveal the highly informative and reliable
data on the local magnetic structure and properties of the in-
vestigated systems: hyper�ne �elds, temperature behaviorof
magnetization, etc. For iron-containing nanostructures there
is especially useful to combine NMR and Mössbauer tech-
niques for characterization of the material structure and prop-
erties in more detail. An example of such kind is the descrip-
tion of core-shell structure of bimetallic FeCo nanoparticles
[4].

No ready equipment for NMR-in-magnetics is produced by
industry. As the result only a few spectrometers exist in Eu-

rope and not more than few tens in the whole world - the
situation is absolutely opposite to conventional NMR. How-
ever, the modern spectrometer for NMR-in-magnetics can be
assembled using available industrial modules/units [5]. In ad-
dition to NMR experiments the NMR-in-magnetics equip-
ment is suitable to be used for investigation of acoustical
absorption in superconductors and for detecting of explo-
sives by means of nuclear quadrupolar resonance. An applica-
tion of the ”spin-echo technique” to observation of so-called
”phonon echo” in superconductors is demonstrated for MgB2

powder [6].
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1. Introduction
Reactive oxygen species (ROS)- superoxide anion radical

(O�
2 ), hydrogen peroxide (H2O2) and hydroxyl radical (OH)-

are byproducts of cell respiration. ROS interact with proteins,
nucleic acids, and lipids and damage them. To prevent the
toxic effect of ROS, aerobic organisms from bacteria to hu-
mans have intricate mechanisms, the most important of which
is ROS reduction in the reactions catalyzed by antioxidant
enzymes. The main antioxidant enzymes are superoxide dis-
mutase, glutathione peroxidase, catalase, and a relatively new
class of thiol peroxidases, or peroxiredoxins (Prx). It should
also be noted that Prx6 has a broad range of peroxide sub-
strates, including hydrogen peroxide, alkyl hydroperoxides,
peroxynitrites, and fatty acid and phospholipid peroxides[1].

2. Thermostability and enzymatic activity of
Prx6 from various sources

Human , rat ,XenopusandDrosophila( Dpx 2540 and Dpx
6005) cDNA of peroxiredoxins were cloned and expressed in
Escherichia coli. Their enzymatic activity , temperature op-
timum and thermostability were determined . To summarize,
activity of the enzymes toward H2O2 decreased in the fol-
lowing order: D.melanogasterDPx2540> human Prx6> rat
Prx6> X. laevisPrx6> D. melanogasterDPx6005. Activity
toward TBHP decreased in the following order: DPx2560 =
DPx6005> rat Prx6> X. laevisPrx6> human Prx6. The or-
der of decreasing thermostability was DPx6005� rat Prx6
> human Prx6> X. laevis Prx6 > DPx2540 [2]. The mail
aim of the work was the comparison of structural properties
and thermostability of Peroxiredoxin 6 by NMR and circular
dichroism (CD).

3. Comparison of SHH and SHA structures
A relationship between the activity and thermostability of

enzymes has been addressed in many studies. Although dis-
tinct regularities have not been found as of yet, it is commonly
accepted that disordered regions, which are not involved in� -
helices and� -structures, provide for a greater �exibility of the
protein structure, thus increasing enzymatic activity, but de-
creasing the stability of the enzyme. For investigation of sec-
ondary structure of Prx6 CD spectra were recorded at37oC

in the range of wavelengths 240 — 190 nm. The content of
protein secondary structure motifs was calculated with com-
puter program ”CDPro” (Table 1). Assuming that the portion
of disordered regions determines the stability of the enzyme,
the Prx6 enzymes can be arranged in order of decreasing theo-
retical thermostability as DPx6005> X. laevis Prx6> rat Prx6
> human Prx6> DPx2540.

Table 1: Secondary structure motifs
Prx6 � -helix

(%)
� -structure
(%)

Disordered
regions (%)

Human 26.2 22.9 51
Rat 27.2 23.2 49.6
Xenopus 26.5 24.1 49.4
DPx6005 23.8 26.9 49.3
DPx2540 29.9 16 54.1

The signals from� CH protons (6 — 4,8 ppm) in NMR
spectra are pointed to the presence of� -structure. The high-
�eld signals from methyl protons (1 — 0,5 ppm) permit to
conclude that there are well structured hydrophobic regions
in proteins. The good similarity of high-�eld part of the spec-
trum for rat, drosophila and human proteins is indicated the
resemblance of tertiary structures in hydrophobic regions. It
is possible that the conservatism of structure for studied pro-
teins is due to this fact. The modi�cation of SH groups ox-
idized state byH2O2 and DTT doesn't result in signi�cant
changes in NMR spectra. It points to the stability of the main
protein conformation. The increase of temperature resultsin
decrease of integral intensity of protein spectrum, that indi-
cates the process of temperature induced protein aggregation.
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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 (diagnostics) andin
biological investigations. With the development of science of
materials applications and with the advent of solid-state meth-
ods ability to investigate physicochemical processes, phase
transformations, structures etc. became possible. MRI as a
method of production quality control is taking on special sig-
ni�cance. This new �eld is of great applied importance. Par-
ticularly in caoutchouc and rubber production the structure of
received material, it's porosity, stuff distribution, presence of
defects etc. are of great importance. These things in�uence
the serviceability of products and their operating regime.

2. Experimental
Tubes of different sorts of rubber, of different life time and

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. This tube contained water and was operated for long
time. Tube's wall thickness is about 5.6 mm, water penetra-
tion is 2.5-2.7 mm. Water penetration front is homogeneous
that shows even distribution of water density (in bothT1 and
proton density weighted images). In spite of the water re-
moval walls continue to keep it mobile for long time. As the
�g.1 neatly indicates the structure of rubber is heterogeneous
(heterogeneous data is clearer in the image made with gradi-
ent echo). Possible reasons for such structure typical for other
sorts o rubber (�g. 4) are discussed in this work.

1 2 3
Figure 1: Red rubber tube's axial slices (FOV 40 mm, 1-gradient
echo, 2-T1 weighted, 3- pd weighted)

Images of the same, but dry rubber are represented in the
�g.2. As it's shown structure is also heterogeneous, but signal
intensity is evenly distributed all over the thickness, with no
permanent water fronts.

1 2 3
Figure 2: Dry rubber tube's axial slices (FOV 40 mm, 1-gradient
echo, 2-T1 weighted, 3-pd weighted)

If don't remove the water and continue to keep moist
medium (or water) inside, the penetration nevertheless re-
mains at the level of 2.5-2.7 mm (�g.3). It indicates the ex-
istence of the penetration limit and liquid quantity increases
due to coming it in already sodden inside of the rubber, it's
well shown in the image (pd-weighted image in the �g.3,3
indicates smooth gradient water proton concentration).

1 2 3
Figure 3: Axial slices of rubber tube �lled with water (FOV 40mm,
1-gradient echo, 2-T1 weighted, 3- pd weighted)

Heterogeneous structure of material (rubber) mentioned
above is to be found not only in rubber, but in silicone tubes
too (�g.4).

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

Experimental data indicates MRI method is high-
performance one both for process of synthetic materials
swelling studying and for these material's production quality
control.

Acknowledgements
I am very thankful to my scienti�c adviser for his help in

doing this work.

NMRCM 2009, Saint Petersburg, Russia, 29 June–3 July 2009 – 76 –



NMRCM
2009

29 JUNE-3 JULY

St. Petersburg
ó.-ðÅÔÅÒÂÕÒÇ

NMR microimaging application for investigation of water di stribution in
Siberian larch wintering bud tissues

Evgeny V. Morozov, Petr V. Mironov1, Elena V. Alaudinova1, and Oleg V. Falaleev2

Siberian Federal University, 660041 Krasnoyarsk, Russia
E-mail: morozov sfu@mail.ru
1Siberian State Technological University, 660049 Krasnoyarsk, Russia
2L.V. Kirensky Institute of Physics, SB Russian Academy of Science, 660036 Krasnoyarsk, Russia

1. Introduction
The method of magnetic resonance imaging allows to re-

ceive unique information about internal structure and pro-
cesses which occur in optically opaque samples. This method
is very useful for studying of biological samples, including
small samples (the same as bud).

2. Samples
Wintering sprouts last year of Siberian larch with single

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 tissues
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 in a cav-
ity (ice formation zone), located in the base of meristem's
tissues. The experiment with the sprout was run after its thaw
under room temperature.

3. Results and discussion
Images of sprout saggital slices received using the method

based on spin-echo in periods of time during the process of
drying are represented in the �gure 1. All received images
are proton density weighted. There are neatly discernible ice
formation zone (cavity), that contains liquid after the thaw,
swollen meristem of the bud, sprout tissues in the image.

9 min 70 min 161 min

270 min 803 min 1752 min
Figure 1: Images of Siberian larch sprout saggital slices depending
on the time (FOV 4mm, TR 1000ms, TE 3.4ms)

This date indicate regions which lose moisture rather then
other parts. It is the tissues of sprout while the tissues of
meristem save moisture long time.

In the �g. 2 and �g.3 dependences of relative moisture
load and spin-spin relaxation on the time are represented cor-
respondingly. Relative moisture load Q is intensity of given
point divided by intensity of reference point (in our case this
point - base of primordial sprout).
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Figure 2: Change of relative moisture load during the process of dry-
ing (1-central sprout part tissues, 2-drop in the cavity, 3-meristem)
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Figure 3: Change of relaxation time during the process of drying
(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 moisture
load increases there.

Investigation of water distribution, swelling processes and
drying which occur in bud at thaw or freezing with NMR mi-
croimaging enable receive high-quality unique information.
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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 backgroundof
external noise and interference signals. Very strong interfer-
ing signals prevent the effective accumulation and averaging
of the NQR signal, so the reliable detection become not fea-
sible [1]. The methods of the adaptive two-channel �ltering,
digital processing of NQR signals and passive noise cancel-
lation may be used to solve this problem. Remote sources of
external signals have a very strong in�uence on the NQR sig-
nals especially in the case of detection without shielding.The
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 channel
[2]. After the subtraction various advanced methods of digi-
tal processing, e.g. wavelet transformation may be appliedto
improve further the reliability of NQR detection.

2. Experimental

NQR experiments have been performed on one-frequency
pulse mode spectrometer with operating frequency range of
0.5-18 MHz. Apollo TecmagNQR/NMR console (0.1-100
MHz) with two channel transmitter and two channel receiver
modules have been used.Tomco BT-00500-Betapower am-
pli�er with the output power up to 500 W and the frequency
range of 0.5 - 18 MHz have been applied. The powder sam-
ple of RDX (hexahydro-1,3,5-trinitro-s-triazine)C3H6N6O6

with weight about 100 g was placed on the �at coil with di-
ameter of about 22 cm and without external shielding. The
detection frequency of the system was 3410 kHz which cor-
responds to the0 ! � 1 transition between the14N NQR
energy levels. We use the second receiver channel of the con-
sole for the analysis of the outside interference signal.

3. Experimental results

The signal of RDX with use of noise subtraction system
without shielding is presented in Fig. 2 and compared with
the noise signal presented in Fig. 3. We used the Cadsow de-
noising algorithm (CDA) [3] to process the �nal signal.

Figure 1: The RDX signal detected using the planar coil without
shielding.

Figure 2: Noise signal detected in the absence of the sample at the
same conditions as in Fig.1

The measured attenuation of the subtraction circuit in our
experiments was about 10-20 db. We hope that the system de-
sign may be improved further to receive a larger attenuation
(30 db). Following step to increase the signal to noise ratiois
to use additional channels and digital signal processing.
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1. Introduction
There are different technique of MRI in modern practice

of the medical tomography. In spite of that a progress in im-
provement of image quality still goes on. The one of the most
important problems of getting of both medical-biological to-
mogram and technics MR imaging is appropriate selection
of the mapped layer. The basic defect of selection, in most
cases, is inhomogeneity of contribution to the pixel between
limits of a slice and superposition of NMR signals from adja-
cent zones. In some applications like a MRI-mapping of self-
diffusion tensor such artifacts could be a really considerable
one. In this work was made a number of experiments on slice
selection by excitation of NMR with trains of radio frequen-
cies pulses, what is a development of our earlier published
researches [1,2].

2. Method
Advantage of multipulse method is ability to get a high

quality of slice selection using really simple hardware. In-
stead of popular radio frequency tailored pulses one uses a
series of rectangular pulses, separated with time intervals.
A total width of pulses is adjusted to �ip the nuclear mag-
netization on 90 degrees. Standard method having acronym
“DANTE” (Delay Alternation with Nutation for Tailored Ex-
citation) was proposed by G.A. Morris and R.F. Freeman [3]
and makes use of a train of small equal �ip angle hard pulses
in equal intervals. This technique provides a thin slice but
keeps lobes with rather intense NMR signal out the slice.
Some modi�ed sequences with optimal pulse interval are
found using random technique. A condition for picking up
of intervals was a minimum contribution to represented layer
from adjacent zones.

3. Experimental
Experiment was carried out using a homebuilt NMR mini-

imager at very low �eld (7 mT) [4] and express phantoms
[5]. A modi�cation of supervisory routine was required and
it had been done. Image reconstruction in selected slice was

executed using phase and frequency encoding procedure. The
phase encoding was executed with step-by-step changes of
phase-coding gradient amplitude. The data acquisition was
carried out at the time of action of frequency-coding gradi-
ent that at the same time acted to form a gradient echo signal.
Complex 2D Fourier transform was applied to complex 2D
data array got in quadrature.

4. Results
A series of NMR images was obtained. Those proved an

availability of the method. A control of the selection pro�le
was made by receiving projections with a gradient collinear
to selective gradient. A comparison of ef�ciency of different
multipulse sequences modi�cation is made.
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1. Introduction
The development of new generation of ion-exchange mem-

branes is the ground of modern high effective energetic tech-
nologies. Therefore, the production of cheap and chemical re-
sisting membranes is very important task. From this point of
view the sulfo containing aromatic polyamides as the initial
membrane material is very attractive.

The mono and bi sulfocontaining aromatic polyamides
based on the diaminisulfonic acid and phthalic acid dichlo-
ranhydride inH + , Li + , Na+ , K + ionic forms were synthe-
sized. The exchange capacities were 0.5-2.5 mg-eq/g (mono-
sulfo) and 2-5 mg-eq/g (bisulfo). The water solution and inter
polar complex �lms of Li and Na bisulfo aromatic polyamides
iso- ( mPA) and tere- ( pPA) isomeric composition were de-
veloped. The local molecular mobility and self-diffusion of
water in pore �lms and track etched membranes, which may
be support for bi-sulfoaromatic composite membranes, were
investigated.

2. Ionic channel formations hydration partic-
ularities, water and lithium self-diffusion

A scienti�c base for creation membranes based on sulfur
contained aromatic polyamids is an investigation of processes
of transport channels formation either in basic polymer ma-
terials or in the �lms prepared from them. This investigation
was carried out by NMR technique with the pulsed gradient
of magnetic �eld . For revelation a connection between the
structure transport channels and diffusive water and cations
mobility it was investigated a self-diffusion of water andLi +

ions in iso— and tere-isomers of PA.
In bi-sulfo-contained aromatic polyamides the supramolec-

ular structure is formed as a result of formation of hydro-
gen bonds between carbonyl and N-H groups of neighboring
macromolecules with inclusion in their composition a water
molecule as a structure-forming component (approximately
one water molecule on one amide group). In that way the
channel 2 is formed. This channel has the same structure as
analogous channels, formed by macromolecules of aromatic
polyamides without sulfogroups. Changing of total precip-
itable water doesnt have noticeable in�uence on the channel
2 structure, and number of water molecules in these chan-
nels changes slightly in terms of n variation, and come to
1-2 water molecules on one amide group. Water molecules,
sorbed above mentioned earlier quantity free situated in 1-
type channels, formed by sulfogroups, counterions and water
molecules. Channels 1 are similar in their structure to trans-

port channels in per�uorinated sulfocation exchange mem-
branes. In these membranes the regular systems of ionic chan-
nels are formed [1,2].

It is necessary to memorize, that in channels of 2nd type
preferentially amide groups, and in channels of the �rst type -
sulfo-acid groups are located, and is not excluded, that some
share of sulphonic groups is in 2nd channel while the part of
amide groups is a part of 1st channel.

In formation of channels for conduction of the cations,
spotting role is played by the water related to polar groups of
macromolecular chains. Most the density packing of macro-
molecules is reached when in system� PA - water remains
only the bound water (16 and 12 molecules of water on one
fragment for� PA and� PA, accordingly). This water is pro-
portioned between two ions of the lithium, two sulfonate-
acid groups, two C= O groups and two N-H groups. Con-
sidering that fact, that at these water contents lithium ions
possess enough high diffusion mobility, it is possible to con-
clude, that for a lithium ion the hydrated shell consisting of
four molecules of water, and, at least, one molecule of water
is completely generated located between a sulfonate group
and hydrated cation. The remained molecules of water form
hydrogen bridges between amide groups of the next macro-
molecules. Apparently, such moisture content is optimum for
embodying of selective conduction of cation of lithium as at
these humidities the ions having the larger hydration number,
will form contact ion pairs and their mobility will decrease.
From this consideration, there is the principal possibility of
the speci�c membranes production which are selective to the
different types of cations. For these membrane construction
the optimal water content should be �xed. It may be achieved
by the means of membrane cross linking or by the creation
of composite membranes. The composite membranes may be
synthesised on the basic of pore polymers or other polymers
with high chemical resistant and mechanical properties.
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Physical processes of magnet-containing structures are
supplemented with established laws, critical states, proper-
ties, that gave rise to fundamental experimental studies. We
suggest analysis and consideration of evolution of a solid
through the processes of bulk elastic deforming stresses trans-
formed by the impact of temperature (T), hydrostatic pressure
(P) and magnetic �eld (H) that form structural phase transi-
tion determining the state of properties, phenomena and ef-
fects/ Physical models an not be foreseen without detailed
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 processesof
cognition into limited narrow areas where it was dif�cult to
formulate some general laws. The analysis and generalization
of a wide set of analogies and results of experimental studies
in well-studied metals [1] (Fig. 1), semiconductors [2,3] (Fig.
2, 3), dielectrics [4] (Fig. 4), superconductors [5] allowed to
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 temperatures:
T1=86 K, T2=63 K, T3=20 K.

The main factors of the structure formation are physical
and chemical processes of high-temperature burning where
the magnetism is absent. The succeeding heatsink (the re-
duction of T) is connected with linear elastic change of the
structure parameter in mono- and policrystals [6,7] and the
in�uence of hydrostatic pressure P and magnetic �elds H in-
�uencing the properties of formation and magnetism at the

rate of linear elastic laws of structure transformation [3,4].
These results give a possibility to establish the causing role
of elastic deforming processes that determine the structural
phase transitions and the properties as a de�ning factor of the
structural changes. We should stress that the energy of elastic-
ity is comparable with the energy of a bond and it in�uences
the redistribution of lower energies of interaction connected
with the form and size of orbitals and anisotropy that form
stresses in all the area o T-H-P in�uence.

Figure 2: Figure 7.17. (a) Behavior of magnetization of CuCl2 �2H2O
monocrystal at external magnetic �eld directed along the easy axis:
1 – 1.59 K; 2 – 3.02 K; 3 – 4.1 K. (b) temperature-�eld dependence
of the �eld of the phase transition at pressures: 1 – P=0; 2 – P=11.2
kbar. (c) Frequency-�eld dependence of AFMR in CuCl2 �2H2O at
Hjja and T=1.65 K: 1 – P=0; 2 – P=11.2 kbar. (d) magnetic phase
diagram of CuCl2 �2H2O monocrystal.
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While considering high sensibility of galvanomagnetic
phenomena to the structure changes with respect to thermo-
magnetic dependences of resistivity, linear law by Kapitsa
was selected [1]. The author de�ned the effect of the mag-
netic �eld in crystals. It produces structural changes under de-
forming stresses that in�uence the conductivity equally tothe
introduced impurities or defects followed by lattice changes,
too.

Figure 3: Temperature dependences of La0:56 Ca0:24 Mn1:2O3 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 4: Field dependence of the longitudinal magnetostriction of
LaMnO3 single crystal.

The large amount of results of investigations [1-4] dealing
with linear dependences of resistivity, magnetization, mag-
netostriction allowed to separate and to formulate the laws
of “heating-cooling” effects of T-H-P impact that determine
the adequate in�uence of the se parameters on the structural
changes. The signs of the mechanisms of EAD stresses form-
ing the structural phase transitions of the I and the II type
with Tpp=T and Tc equal to magnetic phase transitions are re-
vealed. The linear parameters of elasticity and anisotropyof
elasticity are estimated by the example of x-ray studies in a
monocrystal under hydrostatic pressure [4]. Using analytical
methods on analysis of analogies and compared physical pro-
cesses, we suggest experimental results of the investigation
of MuF2 [8] (Fig. 5), and manganates of varied composition
where critical phase states are illustrated by structural phase

transition of type I and II as well as the locations of the critical
points that determine the laws of the in�uence of the mech-
anisms of EAD stresses. We clarify the causing role of the
energy of bulk elasticity in the study of structural, dynamical,
magnetic and electron bonds.

Figure 5: (a, a') Magnetic phase diagram MnF2 in the �eld parallel
to (001) axis. (b) Temperature and �eld dependence of a structural
phase transition of the �rst order with separated critical point PPx

and Tpp (Tx =0, Hx � 93 kOe). (c, c') The jump of magnetization
of MnF2 at varied orientation of magnetic �eld with respect to (001)
axis at T=4.2 K. (d) Frequency and �eld dependence of resonance
absorption of MnF2 in the �eld parallel to (001) axis at T=4.2 K.
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The NMR longitude R1 and transverse R2 relaxation rates
of 23Na counterions were investigated for a range of am-
phiphilic concentration. Data was analyzed in terms of a sim-
ple two-site model. From variable concentration studies the
relaxation rates R1m and R2m of counterions bound to the
micelles were reduced. The R1m and R2m values are infor-
mative as regards the interactions of the counterions. Also

critical micelle concentration have been determined for potas-
sium octanoate in deuterium oxide from the concentration de-
pendence of23Na relaxation rates. A second critical micelle
concentration has been observed around 1.0 m.
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The analysis of the23Na spin-lattice R1 and spin-spin R2
relaxation rates was performed for systems of silica-water
with added potassium octanoate. The adsorption of potassium
octanoate at different concentration was investigated. A bi-
nary model was used to interpret the adsorption and micelle
formation and to obtain the information about23Na dynamics
behavior. The NMR values for this ternary system was com-

pared with similar parameters for potassium octanoate solu-
tion. It is demonstrated that surfactant adsorption may conve-
niently be studied by23Na NMR relaxation.
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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 pollution by
dust, soot, �y ashes. As an example marble is a metamorphic
carbonated rock composed mostly of calcite CaCO3. By the
moment it has been collected a lot of information concerning
to paramagnetic properties of calcite obtained with electron
paramagnetic resonance (EPR) technique.

The recognition of early stages of decay caused by litho-
biontic fungi is a great signi�cance for the correct option of
the conservation strategy. One of the major blackening pro-
cess is the surface colonisation by melanin containing fungi.
This bunch of species during vital activity deteriorate appear-
ance and even cause damage of substratum surface. All these
factors provide information of biogenic destructive mecha-
nisms. By means of paramagnetic labels in pigments synthe-
sized in micro-organisms one can investigate their nutrition
speci�cs. In this case EPR is a non-invasive and extraordinary
informative method to discover both stone and biological ob-
jects (Fig. 1 and Fig. 3).

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

Melanin is a widespread dark pigment containing chemi-
cally stable radicals which represent natural spin markersfor
distinguishing of fungal contamination by EPR [1]. It plays
a very important role in any organism because of its protec-
tive properties. Thus melanin containing fungi are the most
adapted species to alive on such adverse environment like
stone surface and they can be recognized by color. Melanin
and black fungi have similar single line spectrum (Fig. 1) but
species picked from marble surface have signi�cant distinc-
tions in spectrum characteristics (Fig. 2). Spectra comparison
lets suppose that fungi dissolve marble and assimilate its ele-
ments as a nutrition substratum.

Figure 2: EPR spectrum of fungi grown on marble surface. Narrow
central line belongs to pigment and 6 equally spaced lines belong to
Mn2+ in fungi strains.

The dry biomasses of 26 species of black fungi, isolated
previously from art objects exposed on the open air (antique,
medieval and modern time) were studied. Fig. 1 shows that
spectrum lines resolution depends on spectrometer work fre-
quency. EPR spectra analysis in Q-band lets us get more in-
formation concerning to lines quantity and its characteristics.
Spectral lines of different fungal strains are anisotropic. g-
factor falls in the range from 2.0037 to 2.0041 (Fig. 3). From
ot her hand non-biogenic black products exhibited symmetric
ones with g-factors about 2.0028.

Figure 3: EPR spectrum of fungi-marble mixture. Line with
g=2.0039 belongs to biogenic part and 6 equally spaced lines be-
long to Mn2+ in marble.

In conclusions, EPR spectroscopy clearly demonstrate that
biogenic destruction of monuments can be recognized from
technogenic ones without special labeling.
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Range of 1-500000 Hz. frequencies, super weak intensity
it is widely used in medicine for diagnostics and therapy.
IMEDIS devices [1] allow to carry out electromagnetic in�u-
ence on the patient in the range of 1-500000 Hz. frequencies
with various intensity and duration under certain programs.
Live organisms represent the organized water-albumen-ionic
systems. Water plays a role of the information tank and an in-
formation transfer from external electromagnetic in�uences
to cellular system [2]. The present work is devoted experi-
mental de�nition H-1 spin-spin relaxation times (T2) of wa-
ter before and after electromagnetic processing of water by
IMEDIS devices in various modes.

Spin-spin relaxation times of water (T2) have been mea-
sured by Carr-Purcell-Meiboom-Gill spin-echo sequence
with MARAN Ultra ( Oxford Instruments ) relaxometer.
Measured samples were physiological solutions (0.9%NaCl
in water ). Solutions �lled in the NMR-ampoules of 18 mm.
diameter on 20 mm. height. Frequency of H-1 NMR was 23.4
MHz. T2 times before and after electromagnetic processing
of solutions by IMEDIS devices have been measured at var-
ious modes of processing. Duration of T2 time measurement
was 5 min.

Thus the data of a T2 relaxation time of physiological so-
lutions depending on type, mode and intensity of an IMEDIS
devices irradiation has been obtained. IMEDIS devices irra-
diation parameters corresponding to the maximum and mini-
mum changes of T2 relaxation time concerning not irradiated
samples have been de�ned. For example, before processing
T2 time of a phys. solution made 2.60� 0.05 s. and after
processing by an irradiation with 6.2 Hz. frequency and 100
relative units intensity made 2.30� 0.05s .

The basic conclusion of our work consists that a phys. so-
lution at certain modes of IMEDIS devices irradiations ac-
cepts and remembers the information from external electro-
magnetic in�uence also it is re�ected on change of T2 spin-
spin relaxation time of H-1 NMR.
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1. Introduction
Method of magnetic resonance imaging (MRI) had become

popular and wide-available method of structure investigation
ranging from medical to solid state applications. To develop
new MRI pulse sequences it is important to have possibility
of simulation of real experiments. In present work different
publicly available simulators are considered and their charac-
teristics are compared.

2. Artefacts in Magnetic Resonance Imaging
The quality of images received in MRI depends on large

amount of parameters (heterogeneity and instability of basic
and gradient �elds, outside noises, methods of coding k-space
and etc.). To understand origin and to create an analytical
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 image
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 MRI 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 the signal
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 magneti-
zation vector uses Bloch–Torrey equations:
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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 recorded
and the character of instability in time of basic magnetic �eld
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
spherical functions and there coef�cients:

H z (R; �; � ) =
1X

l =0

lX

m = � l

A lm R l Y m
l (�; � );

whereY m
l (�; � ) andA lm denote spherical harmonics and

their coef�cients and(R; �; � ) - spherical coordinates [1].
The pulse sequences on interface of ODIN described in

terms of the physical properties of their elements and the
arrangement of these sequence elements as a function of
time. Programming of pulse sequences used on ZPhTI's to-
mographs was done on the templates of standard sequences.
Timing diagram of ZPhTI's Multislise SE sequence is given
on Fig. 1.

Figure 1: Multislise SE timing diagram.
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1. Introduction
Carbon nanoparticles (NP) could cause redox effects due to

their pronounced anti/pro-oxidant properties [1,2]. Thiscould
contribute to the biomedical use of water-soluble NP.

2. Experiments
Time-stable aqueous dispersions of fullerenes C60/C70(F),

shungite carbon (ShC) and nanodiamond (ND) were prepared
by the ultrasonic treatment and further centrifuging. An aver-
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 investigatedin vitro on the
example of microscopic fungiUlocladium 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 FeSO4 (10� 4 M)
during 1 h, 24 h, 10 days. Treated fungal spores were cul-
tivated on agar Czapek medium in standard Petri dishes. The
minor fungistatic activity were shown for ShC and F nanopar-
ticles, while ND displayed more considerable once in relation
to both fungal species. It has been shown that the effect de-
pends on such factors as NP and fungal spores concentrations,
time of exposition, etc.

To study mechanism of NP behaviour the effect of F and
ShC on the rate of the Fe2+ ion-induced loss and recovery
of the paramagnetic properties of water- dissolved 4-oxo-
TEMPO (1) and membranotropic 5-Doxyl-stearic acid (2)
stable spin-probes has been investigated. The probes were
considered as a substrate of radical reactions (spin traps)and
indicators of NP effect.

In experiments with spin probe (1), FeSO4 (10� 4 –10� 3

M) was added to colloids that contained 0.01-1 mg/ml of NP.
During the �rst 20-30 minutes rapid reduction of the spin
probe by Fe2+ ions (reaction (I)) with the loss of spin probe
paramagnetism (=N-� O ! =N-OH), was followed by slow
hydroxylamine oxidation by O�2 (reaction (II)) with the re-
covery of the ESR signal (=N-OH! =N-� O). The reaction
(I) and (II) rates grew in proportion to the concentration of
both FeSO4 and NP. The oxidation reaction (II) did not pro-
ceed without NP (Fig.1).

The spin probe (2) was introduced into the erythrocyte
ghost membrane. The dynamics of variations in spin probe
paramagnetism was traced by addition FeSO4 to the ghost

suspension, contained no F and 20� M of F.

Figure 1: Kinetic curves for the reduction and oxidation reactions of
the 4-Oxo-TEMPO, induced by FeSO4 , in water, in colloid solutions
of ShC and F: (1) – 1mg/ml ShC + 10� 3M FeSO4 ; (2) – 1mg/ml
ShC + 10� 4M FeSO4(3) – 0.1 mg/ml ShC + 10� 3M FeSO4 ;(4) –
0.1mg/ml ShC + 10� 4M FeSO4;(5) – 20 � M C60 /C70 + 10� 3M
FeSO4 ;(6) - 10� 3M FeSO4

In both cases, instant spin-probe reduction induced by
Fe+2 was immediately (< 3 min) followed by the growth of
an ESR signal, the rate of growth varying proportionally to
the FeSO4 concentration and rising in the presence of F.

Hydrated carbon nanoparticles are assumed to contribute
to the dissolution of spin probe, Fe+2 and O2 in their hydra-
tion shells, thus catalyzing the process of Fe+2 induced O�

2
generation and nitroxide moiety reduction$ oxidation. The
identical effect of F and ShC is connected with similar mech-
anisms of NP stabilization in water.
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1. Introduction
In modern practical NMR and NQR applications methods

of data processing became of high importance. This is due to
low SNR ratio, hostile environment, and a need for automati-
cal signal registration with high reliability.

We investigate characteristics of real noise signals and
NMR signals, and possibilities of adaptive �ltering of NMR
signals with wavelet transform.

2. Statistical analysis of noise signals
In most of methods of signal extraction, including wavelet

�ltering, it is assumed that signal is corrupted by white Gaus-
sian noise. To examine this, we perform a statistical analysis
of given noise signals.

We decompose the noise signal with wavelet transform and
investigate behaviour of main statistical parameters (expecta-
tion, variance, skewness and kurtosis) in different frequency
bands, comparing them to that of model signal (white Gaus-
sian noise). Wavelet base and decomposition level are chosen
adaptively, using the entropy criterion [5]. The results show
that the real noise signals differ from white Gaussian.

To be able to apply the wavelet �ltering method, we per-
form then a statistical preprocessing of signal. We examine
noise distribution to choose the preprocessing method. Using
the Shapiro-Wilk normality test, we see that noise distribution
differs from normal; it also has heavy tails. It is expedientto
apply median �ltering to remove tails and transform the dis-
tribution form to normal [6].

Figure 1: Quantile-quantile plot, showing deviation of noise distri-
bution from normal, before and after processing.

3. Wavelet �ltering
We construct a two-channel (real and reference signals)

system of wavelet �ltering, using local SURE (Stein's Un-
biased Risk Estimate) criterion for adaptive thresholding.

We apply Vidacovic function as a threshold [3]:

y(x) = sign(x)
p

x2 � t2; x � t
because of its lesser tendency to generate parasitic harmonic

components.
Algorithm is the following:
Step 1. Choose the initial threshold value based on SURE:

t = � � 2 � ln (N � log2N )

t is threshold,N is number of signal components,� is noise
standart deviation.

Step 2. Calculate local Stein estimator [4] for current
wavelet coef�cients:

Rsi (t) = 1 + kg(ui )k2 + 2 r g(ui );

where g(ui ) is the error (difference between thresholded
wavelet coef�cients and reference signal),ui is series of
wavelet coef�cients of noisy signal.

Step 3. Adaptive threshold adjusting:

t(i + 1) = t(i ) � � t(i ); i = 0 ; : : : N � 1;

� t(i ) = A(i ) �
@Rsi (t)

@t
whereA is learning rate.

Figure 2: Noisy and �ltered signals.
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1. Introduction
The diameter of nanoglobulesd can be determined by de-

pendence of magnetizationI , created by nanoglobules, on in-
tensity of magnetization �eld. This dependence is usually in-
vestigated by electromagnetic method. For the experimental
curve of magnetization to coincide with theoretical Langevin
formula it is necessary to assume, that in its initial interval
d is large by 80-100 % thand near saturation. Show, that if
I andHH are determined by NMR method, then it is pos-
sible to describe the magnetization curve by Langevin for-
mula at constantd, which allows to estimate the diameter of
nanoglobules.

2. Experiment
For determinationI by NMR method we used the classical

dependence:

I =
B
� 0

� H; (1)

whereB andH – induction and intensity of magnetic �eld in
magnetic liquid.

The experimental device consisted of a magnet and the nu-
tation sensor, placed between the poles of magnet. The sen-
sor was involved in a �owing main waterway between po-
larizer and analyzer and sensor has two coils. The �rst coil
was placed near normal B side of probe. The second coil was
places near parallel B side of probe. The NMR signal in ana-
lyzer was indicated by magnetic inductometer. The generator
provided voltage on a coil of nutation sensor. The frequency
meter measured the frequency of voltage.

The probe was put between poles of magnet. Induction B
in the �rst coil and induction� 0H in the second coil were
measured by indication of frequency meter.

The magnetization curve was plotted by means of determi-
nationI from (1). In the initial interval of the magnetization
curve (HH < 500A=m) the value of magnetic susceptibility
of investigated magnetic liquid was founded to be:

� =
dI

dHH
= 0 ; 45: (2)

The �nal interval of the magnetization curve (HH >
5000A=m) was represented as the dependence ofI on b,
whereb = 1

H H
. The derivative atb ! 0 was found to be

dI
db

= � 6 � 106; (3)

3. Discussion of results
From Langevin formula the theoretical value of magnetic

susceptibility in an initial interval of the magnetizationcurve
was de�ned by equation:

� = I H
� 0Pm

3KT
; (4)

whereI H = 8100A=m - saturation magnetization of investi-
gated liquid,Pm - nanoglobules magnetic moment, which de-
pends on diameterd, - magnetization saturation of magnetite
I m = 4 ; 5�105A=m and the presence of magnetic component
in a solid phase� = 0 ; 8:

Pm = �I m
�d 3

6
: (5)

The experimental value� was put in (4) from (2) and it was
found thatPm = 5 ; 1 � 10� 19A � m2. ThePm and� were put
in (5) wherefrom it was found thatd1 = 13; 9 nm. On the
�nal interval of magnetization curve from Langevin formula
at theb ! 0:

dI
db

= �
I m KT
� 0Pm

(6)

The value (3) was substituted in (6) and was foundedPm =
4; 5 � 10� 19A � m2, wherefrom according to (5)d2 = 13; 3
nm. The factd1 � d2 shows that present method is correct.
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1. Introduction
The problem of spectrometer's control automation is rather

actual and timely. In this �rst place it associates with simpli-
�cation of physical experiment, with it laboriousness mini-
mization and with increasing precision of getting results.In
this work monitoring performance of relaxometer ”ECHO-
12”, developed at the Department of Quantum Magnetic Phe-
nomena of Saint Petersburg State University, realizing by
means of pulse generator card PulseBlaster PB12-100-32k-
SP2 [1] programming. Features of generator allow it to pro-
vide running of pulsed relaxometer in the network of most
NMR pulsed sequences, detailed described in [2], [3]. How-
ever, direct programming of speci�c pulsed sequence requires
knowing of fundamental circuit technology base. Often it is
not be acceptable to experimenter. In connection with this,we
made hardware-software interface (HSI) in LabVIEW [4], [5]
programming environment.

2. Results
In a very convenient form, the HSI allows an experimenter

to set following pulsed sequences by means of controlling
console represented on computer display:

Figure 1: HSI for automatic measuring of relaxation times.

1. The simplest double-pulse sequences for measuring re-
laxation times (pulsed Hahn's echo, ”inversion-recovering”
method) and its modi�cations for automatic measuring of re-
laxation times.
2. Multi-pulse sequences for measuring spin-lattice relaxation
(”progressive saturation”, ”saturation-recovering” methods,

sequence of Csaki-Bene).
3. Multi-pulse sequences for measuring spin-spin relaxation
(sequence of Carr-Purcell).
4. Pulsed gradient of magnetic �eld sequence for measur-
ing coef�cients of diffusion and it modi�cation for automatic
measuring of diffusivity.

Also for convenience, NMR signal, by the digital oscillo-
scope B-423 [6], proceeds directly to user interface, therefore
any changes of pulsed sequences parameters can be made and
NMR signal evolution can be registered in real time mode.

3. Conclusions
Simplicity of HSI controlling allows using it not only

for carrying out fundamental researching but also as conve-
nient laboratory bench for students studying of modern NMR
pulsed methods.

Indicators of pulse parameters is visualized on single con-
trol panel of monitor, this makes the work with spectrome-
ter signi�cantly easier. Due to convenient user interface of
the programs, an experimenter has an opportunity to change
all required parameters of pulsing sequence at any moment.
Moreover, program's autonomy does not need continuous
control from experimenter.

Veracity of the HSI provides an opportunity to control not
only relaxometer ”ECHO-12”, for which it was developed,
but also any other pulsed NMR spectrometer.

Acknowledgements
This work is supported by the Russian Foundation of Basic

Research (grant No. 09-03-01105-a).

References
[1] http://www.spincore.com
[2] Y.S. Chernishev A.V. Komolkin, N.M. Vecherukhin.

”Nuclear magnetic relaxation and pulsed nuclear mag-
netic resonance”. Publisher SPbGU (in Russian).

[3] Quantum radiophysics under V.I. Chizhik redaction.
Edition 1-st �xed and added. Publisher SPbGU 2004
year (in Russian).

[4] Zagidullin R.Sh. LabVIEW in researching and develop-
ing. Publisher Telekom, 2005. (in Russian).

[5] Jeffrey Travis. LabVIEW for everyone. 2-nd edition,
2007.

[6] http://www.auris.ru

– 91 – NMRCM 2009, Saint Petersburg, Russia, 29 June–3 July 2009



NMRCM
2009

29 JUNE-3 JULY

St. Petersburg
ó.-ðÅÔÅÒÂÕÒÇ

On the connection between the magnetic and elastic properti es

Tatyana A. Ryumshyna

Physical and technical institute of NAS, Donetsk, Ukraine
E-mail: r-tatyana@ukr.net

1. Introduction
The comparative analysis of the numerous experimental

data about the effect of temperature, high pressure and mag-
netic �eld to the magnetic and elastic properties of solids
shows that there is a similar tendency in the behavior of ma-
terials in the overwhelming majority of the cases [1]. So, an
increase in the temperature leads to the weakening both the
elastic properties (bulk modulus K, Young's modulus E, the
shear modulus G) and magnetic properties [2-4]. Elastic mod-
ules and magnetic properties of materials grow with an in-
crease in the hydrostatic pressure [1,2]. Furthermore, there is
a phenomenon of magnetostriction, which testi�es about the
direct reciprocal effect of magnetic and elastic properties.

2. Correlation elastic and magnetic proper-
ties

For the elements of periodic system is a periodicity of
change both the elastic modules and magnetic susceptibility �
within the limits of long periods (with exception of the mag-
netically ordered elements). And although experimental val-
ues have suf�ciently large spread (because of different proce-
dures of measurements, different impurity and structural state
of materials), regularities are examined. In the limits of period
is observed �rst the increase of both the elastic modules and
the magnetic susceptibility, and then decrease. In the limits
of group both elastic and magnetic properties monotonically
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 elastic prop-
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 of electron
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 of� 0

ij , which are the measure for
the chemical interaction between the atoms in the crystal and
determine the structure of crystal and the crystal lattice pa-
rameters. These stresses are also the macroparameter of the
material, which it is possible to directly measure.

The tensor nature of value re�ects the number of the prop-
erties of material. If the diagonal part of the tensor describes
volume change, then deviator part describes a change in the
form and it is connected with the anisotropy of properties.
Thus, forms and dimensions of electron cloud are the constant
of atom, but dependent on the ambient conditions. Any in�u-
ence (temperature, magnetic �eld, mechanical forces) leads
to a change in form and dimensions of cloud, and therefore to
a change in the thermal, magnetic and elastic properties. All

properties are inseparably connected with each other, since
they are determined by united reason - electron cloud.

The analysis of dependences of the shear modulus and den-
sity of electron cloud on the atomic number of the element
of periodic system revealed their identical nature (�g.1,2).
Therefore an increase in shell density with the compression
determines the elasticity of material. The increase in the mag-
netization with an increase in the elastic anisotropy (as the
factor of anisotropy used relation K/G) is observed, which
also testi�es in favor this model.

Figure 1: In�uence of atomic number on the elastic properties of the
elements

Figure 2: In�uence of the atomic number on the density of the elec-
tron shells
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Per�uorosulfonic cation-exchange membranes, such as
Na�on and MF-4SC (Russian analog) are widely used for
electrochemical synthesis, water puri�cation and fuel cells
applications. But all these membranes are expensive and have
some disadvantages e.g. low conductivity at low humidity.
In order to improve their properties many approaches have
been developed. Incorporation of inorganic species can assist
in improving membrane conductivity, mechanical properties,
water management, structure of pores and channels. Finely
dispersed inorganic particles contribute to ion sorption at the
phase boundary which leads to defect concentration and con-
ductivity increase. From this point of view, silica, zirconia
and zirconium hydrogen phosphate with high sorption ability
can be considered as perspective additives. Development of
processes for manufacturing materials that have high proton
conductivity with low relative humidity is impossible without
understanding of the proton transport mechanism.

This report is devoted to the result of investigation of trans-
port properties of composite membranes based on MF-4SC
incorporating nanoparticles of silica, zirconia and zirconium
hydrogen phosphate using impedance spectroscopy, high res-
olution and pulsed-�eld gradient NMR spectroscopy.

Composite membranes were obtained by two different
methods: incorporation of nanoparticles into membrane ma-
trix directly (in situ) and casting in presence of dope nanopar-
ticles or precursor for its synthesis. Membranes were investi-
gated by complex of physicochemical methods. Proton con-
ductivity was measured both in contact with liquid water in
the temperature range 20–100 	 C and at different relative hu-
milities (RH) at 25 	 C.

Composite membranes have higher proton conductivity
than the polymer-only system measured under the same con-
ditions. Composite effect reaches one order of magnitude for
some samples. Sharp falling of conductivity is observed at
RH< 40% for non-modi�ed MF-4SC. The conductivity of
MF-4SC/SiO2 and MF-4SC/Zr2H(PO4)3 exceed the same
values of initial material more than for one order at RH=9%.
The generation of an additional H-bond involving the dope
agent and sulfo-groups of the membrane is the most possible
reason for this effect.

NMR investigation have shows both the presence of in-
organic substances in membrane matrix and interaction be-
tween membrane material and particles of dopants. It result
in the shift of NMR 19F lines for some atoms in composite
membranes.

The parallel trends of the conductivity and water self-
diffusion coef�cients as a function of temperature or humid-
ity have indicate that water molecules are directly involved in
proton transport in the test compounds. Moreover the com-
parison of NMR relaxation and impedance spectroscopy data
have show that membrane modi�cation has results in the ac-
celeration of ion transport in membrane channels.
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1. Introduction
Agar is a gel–forming polysaccharide extracted from sea-

weeds. In laboratory work, agar gels act as bacterial culture
supports and therefore their properties must be maintained
within very narrow speci�cations. Water, always present in
biopolymer systems, hydrates molecules and affects the prop-
erties of biopolymers. To predict these properties understand-
ing of the water-agar interactions is necessary.

1H NMR relaxometry is unique in that, depending on the
choice of pulse sequence, it can probe the dynamic states of
both the water and the biopolymer on a variety of time scales.
In the present work,1H relaxometry was used to investigate
the effects of adsorbed water on the agar molecular mobil-
ity to achieve a better understanding of the agar plasticization
and to �nd a key parameter(s) for quality control of agar pow-
ders.

2. Experimental
All NMR data were obtained on commercial NMR pulse

analyzer “Hromatek-Proton-20M” (Russia) operating on
line with PC at 20 MHz and 40oC. The overall dead time
of the spectrometer was 10� s; 8192 data points with a dwell
time of 0.25� s were acquired to registration of free induction
decay (FID).

Figure 1: Experimental FIDs of agar samples at different water con-
tent (WC-mass H2O on mass dry agar). The signals where nor-
malised to the signal at 10� s.

Experimental FIDs (Fig.1) were analyzed by �tting to re-
laxation functions consisting of a functions of a fast (solid) -
and a slow (mobile) -relaxing component [1]:

I t A f t T bt bt

f t T
S g Sa

g

( ) (( ) exp(( / ) )sin( ) /( )

exp(( /

= * - * -

+ * -
0 2

2

2

1

SSg m m mvA t T t T) )) (exp( / ) exp(( / ) ))2
0 2 2

2+ * - * -

whereI (t) is the signal intensity observed,As0andT2s are
the amplitude (the initial intensity) and characteristic times of
solid matrix ( low mobility protons); bcharacterizes a forced
damped oscillation andAm 0and Tm represent theamplitude
and T2of the high mobility protons component. The second
moment M2, of the solid component, was calculated as:

M 2 = 2 =T2
2Sa + b2=3

3. Results& discussion
If to de�ne a mobile-proton content (1HC), as the ra-

tio of mobile to solid protons amplitudes, then this ra-
tio can be converted into the true water content by rela-
tive spin density (RSD) of agar compared to water: WC=
RSD1HC. In a gravimetric calibration experiment, we found
that RSD=0.502� 0.03 for both agar used in this study.

The 1H second moments are shown in Fig. 2 as a func-
tion of water content for agar hydrated powders. In all sam-
ples M2 decreased as water content increased, re�ecting the
decreasing strength of dipolar interactions, associated with
“swelling” of the agar structure and increase in motional free-
dom of the solid matrix protons.

Figure 2: Effect of water content on: a) the second moment of the
solid component: b) T2 of the FID's mobile component.

By de�nition T2m is often used as a re�ection of molecu-
lar mobility, increasing when proton mobility increases. In
agar samples T2m increases with increasing water content
(Fig.2b). However, as T2values followed almost linear rela-
tionship (R2=0.978) with the agar water content, it is possible
to assume, that the local mechanism governing water T2 re-
laxation is de�ned the interaction of water molecules with the
solid agar matrix.
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1. Introduction
MgH2 which contains 7.6% hydrogen by weight is one of

the most promising materials for hydrogen storage. However,
the hydrogen sorption kinetics of Mg is rather slow and the
dissociation temperature is high. These factors limit MgH2

usage signi�cantly. Nevertheless, by mixing Mg or MgH2

with a small amount of transition metals or their oxides it is
possible to accelerate the hydrogenation remarkably [1].

Here we focus on the clusterab initio study of the in�uence
of 3d-metals on the local structure and stability of magnesium
hydride. To simulate magnesium hydride doped by3d-metals
Mg11M2H26 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)n H2n and (Mg-Ni)n H2n clusters [2].

2. Method of calculations
To optimize the geometry (to �nd the stable cluster con�g-

uration) and calculate total energy and electronic structure of
clusters the density functional theory method based on the hy-
brid B3PW91 exchange-correlation functional was used. All
calculations have been carried out using the GAUSSIAN03
package [3]. To expand the cluster orbitals the 6-311G basis
set from primitive Gaussian functions was involved.

3. Results and discussion
The starting geometry of Mg13H26 and Mg11M2H26 clus-

ters was constructed from a fragment of the crystal structure
of Mg7TiH16 hydride [4], see Fig. 1a. The cluster symmetry
Ci was kept during the geometry optimization.

Figure 1: The starting (at the left) and optimized geometries for
Mg13 H26 (in the centre) and Mg11 Sc2H26 (at the right) clusters.

The interatomic distances analysis shows that when replac-
ing Mg by 3d atoms average Mg–H distances increase, espe-
cially for clusters containing Sc, Cr and Zn atoms, whereas
the M–H distances become shorter.

We also analyzed the HOMO-LUMO energy gapEHL –
the energy gap between the highest occupied and the lowest
unoccupied molecular orbitals. The lowering of the energy
gap is one of the criterium of the cluster instability. The main
result is that all clusters, except Mg11Zn2H26 for which the
3d shell is complete, exhibitEHL values less than that one
for Mg13H26. However, for all clusters, except Mg11Zn2H26

the energy of formationEhf calculated using the formula:
Ehf = E t (Mg11 M 2H 26 ) � 11E t (Mg ) � 2E t (M ) � 26E t (H );

(whereE t is the total energy of corresponding cluster), is
less then that one of Mg13H26. In Fig.2 we tracedEhf as a
function of3d-atom.

Figure 2: Heat of formationEhf vs 3d-metal.

4. Conclusion
The data analysis leads to contradictory conclusions. On

the one hand, increasing the Mg–H distances and decreasing
the energy gap are evidence of destabilizing role of the3d-
atoms. On the other hand, short M–H bonds together with
heat of formation testify against it. These facts point out that
the proposed cluster model has to be improved.

A further development of this cluster model may involve,
for example, lowering the cluster symmetry down toC1, con-
sidering different mutual arrangement of two3d atoms and
increasing the cluster size.
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1. Introduction
Hydroxylapatite (Ca10(PO4)6(OH)2) 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 XO3�

4 !
(PO3�

4 /VO3�
4 /AsO3�

4 ) substitutions are of great interest.

2. Results and discussion
Apatite of mixed composition and the arsenate hydroxyl-

patite (Ca10(AsO4)6(OH)2) have been studied by the high
permission nuclear magnetic resonance method in solids
on 1H, 31, 51V nuclei (MAS NMR). It was established
that substitution of AsO3�

4 by PO3�
4 and VO3�

4 anions in
Ca10(AsO4)6(OH)2 results in a certain increase of1H elec-
tronic shielding, whereas31 and 51V electronic shielding
decrease with increase of VO3�

4 content relative to PO3�
4

(Fig.1,2).

Figure 1:31 P MAS NMR spectra.

In accordance with [1], it can be assumed, that hydro-
gen bond OH ��� OXO3 between hydroxyl group and
XO3�

4 anions increase with increase of VO3�
4 content.

It was established that noticeably different widths of31P
spectrums (Fig.1) are determined by spin-spin relaxation time
for 31P nuclei and not by different structural positions of
PO3�

4 anions in investigated compounds.

Figure 2:51 V MAS NMR spectra.

Fig. 2 shows, that increase of vanadium ions concentra-
tion, results in decrease of51V nuclei electronic shielding.
According to [2], isotropic chemical shift of51V nuclei
in VO4-tetrahedrons decreases practically linearly with in-
crease of mean V – O bond length. Thus, increase of VO4-
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.

Increase of VO4-tetrahedrons content, presumably, results
in increase of hydrogen bond between OH and XO4.
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1. Introduction
In recent years an increasing interest in the development of

direct methanol (ethanol) fuel cells is observed because alco-
hols as the fuel for fuel cells can be easily produced, stored
and transported in great quantity. The overall chemical re-
action occurring in an anode of fuel cell fed by methanol
can be written as follows: 2(CH3OH) + 2(H2O) = 2(CO2)
+ 12(H+ ) + 12(e� ). In reality, the oxidation of methanol on
the platinum containing catalysts goes through the formation
of intermediate reaction products, such as methoxide CH3O,
formaldehyde CH2O, carbon monoxide CO and H2[1]. The
muon spin rotation technique (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 hy-
drogenation of carbon nanotubes are presented.

2. MuSR experiments
The muSR measurements were carried out on the GPD

and ALC instruments of Swiss Muon Source in Paul Scher-
rer Institute. The transverse �eld experiments (GPD instru-
ment) were carried out on the methanol, Pt-Ru catalyst sup-
ported on Vulcan XC-72 carbon black (Pt-Ru/ Vulcan XC-72)
and methanol covered Pt-Ru/ Vulcan XC-72. The increase of
asymmetry of diamagnetic muon fraction at high temperature
(500K) on Pt-Ru catalyst covered by methanol was observed.
Avoided level crossing resonance measurements (ALC in-
strument) were carried out at room temperature by sweep-
ing the magnetic �eld in interval 0-3T at different steps of
magnetic �eld. ALC resonance was observed at magnetic
�eld 2.018T that we assign to transient CH2OMu� formalde-
hyde muonated radical. From the analysis of experimental
linewidth value which is 36 mT HWHM (half width at half
maximum) and the intrinsic muon linewidth (6.04 mT) the
contribution of chemical decomposition reaction of formalde-
hyde to carbon oxide and hydrogen is estimated.

3. NMR experiments
It is found that NMR spectrum of the methanol covered

Pt-Ru/ Vulcan XC-72 consists of three broad resonance lines
(Fig.1 ) with chemical shifts: 5.89 ppm, 4.50 ppm and 3.5
ppm we assosiate with the methanol molecule (OH and CH3

groups) and chemisorbed hydrogen respectively. The interest-

ing feature of experiments is that the similar1H NMR signal
with � = 3.81 ppm was observed in electrochemically hydro-
genated multiwall conic carbon nanotubes grown by chemi-
cal vapour deposition method using granular polyethelene as
source of carbon [4]. It may indicate that the NMR signal ob-
served in MeOH/Pt-Ru/Vulcan XC-72 is associated with ad-
sorbed hydrogen arising as a product of methanol dissociation
in this system.

Figure 1:1H NMR spectrum of the methanol covered Pt-Ru/ Vulcan
XC-72.

Small chemical shifts in comparing with initial methanol
indicate weak interaction of methanol molecule with the sur-
face of carbon black and are characteristic of the physisorbed
molecules bound by Van-der-Waals forces. The comparison
with NMR investigations of high-pressure hydrogen loaded
single- and multiwalled carbon nanotubes is carried out and
peculiarities connected with the introduction of protons (H+ )
in carbon nanotubes during electrochemical hydrogenationis
discussed.
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1. Introduction
Fluoropolymers are widely used as antistick, anticorrosion,

and insulating coatings for metals. However, under certain
conditions, most metals, including transition metals, canin-
teract with non-per�uorinated copolymers. Therefore, here
we report the results of the19F, 13C, and1H study of the in-
teraction of some transition metals (Mo, W, Ta, Nb, and Ti)
with VDF–TFE copolymer.

2. Experimental
According to 19F NMR, the commercial VDF–TFE

copolymer F42 used in this study contains 71% VDF and 29%
TFE. Metal–F42 composite samples were prepared by hot
pressing at 423 K of mechanical mixtures of a metal and F42.
After cooling, the samples were heat treated at 313–673 K in
an argon �ow. The resulting samples were dissolved in ace-
tone, the solutions were separated from the insoluble residue
(containing mainly unreacted metals and their oxides), and
NMR spectra of the solutions were recorded (7.04 and 14.09
T).

3. Results and discussion
As follows from the1H NMR spectra of the solid polymer,

it contains� 0.1% (0.4 mol %) H2O (absorbed in the course
of polymerization). Thus, the interaction of a metal with the
copolymer involves at least three different processes: forma-
tion of a metal �uoride, partial hydrolysis of this �uoride to
form oxo�uoride, and partial destruction of the copolymer.
Mass spectrometry shows that the major reaction products are
volatile highest transition metal �uorides [1]. Therefore, 19F
NMR spectra of solutions show no signals of metal �uorides
or oxo�uorides.

The 19F NMR spectrum of the initial F42 solution shows
26 signals arisen from S7 sequences of carbon atoms, which
form three groups due to the –020–, –022–, and –222– tri-
ads (0 and 2 stand for the CH2 and CF2 groups, respectively).
The19F NMR spectra of the solutions prepared after the heat
treatment show, in addition to these signals, new signals inthe
range –100� –110 ppm and at about –120 ppm. The spec-
tra of solutions of the products prepared at higher tempera-
tures also show weak multiplet signals in a low and high �eld
with respect to the polymer signals, which can be assigned
to low-molecular-weight fragments due to partial destruction
of the polymer chain. The intensity of the signals due to the
–020– triad sharply decreases after the reaction, whereas the
–020– : –222– intensity ratio remains almost unaltered (table,
�gure). This means that the CF2 groups surrounded by CH2

groups are more prone to react with a metal than the other CF2

groups in the copolymer chain. The new signals in the range
–100� –110 ppm and at about –120 ppm can be assigned
to �uorine atoms bonded tosp2- hybridized carbon atoms in
the polymer chain. Formation of multiple (presumably conju-
gated) CC bonds is supported by the13C NMR spectra of the
same solutions.

Table 1:19 F NMR of solutions in acetone-d6

System Signal intensity, % New
signals, %

020 022 222

VDF–TFE
30 45 25

–1.2 : 1.8 : 1.0

VDF–TFE+Nb
6.3 42.1 23.3

23.70.27 : 1.8 : 1.0

VDF–TFE+Ti
9 43 25

� 180.36 : 1.7 : 1.0

VDF–TFE+W
19.1 47.6 27.1

5.60.7 : 1.8 : 1.0
VDF–TFE (af-
ter pyrolysis)

24.2 43.4 23.4
6.1

1.03 : 1.8 : 1.0

��

������ �������� �������� �������� �������� �������� �S�S�P
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Figure 1:19 F NMR spectra of soluble fractions of the products of
the reaction of transition metals with F42.

It is worth noting that formation of aliphatic polyenes as the
products of the reaction of the above transition metals with
F42 was also postulated on the basis of thermodynamic esti-
mates [1].
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1. Introduction
Titanium hydrides TiHx at x = 1.6–2.0 have an fcc lat-

tice. The titanium atoms are located at the center of a cube
formed by hydrogen atoms (x = 2.0) and/or vacancies v (x
¡ 2). At 290–310 K, titanium hydrides undergo a reversible
phase transition fcc$ fct accompanied by a small change
in the tetragonality parametera/c. The phase transition tem-
peratureTpt depends dramatically onx. This study addresses
possible sources of this phenomenon on the basis of47;49Ti
NMR data.

2. Experimental
Three �ne crystalline samples TiD1:92, TiD1:98, and TiD2:0

were studied. The D/Ti ratio was determined with an accuracy
of � 0.005. The average particle size was ¡10� m [1]. 47;49Ti
NMR measurements were taken in a �eld of 7.05 T in the FT
mode at the frequency� 0 = 16.914 MHz in the temperature
range 120–400 K. The spin system was excited by one- and
two-pulse sequences with a short pulse of 6 us.

3. Results and discussion
The47;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 position� 0�

on the frequency scale depends onx(Table 1).

Table 1: Linewidths� � , distances between the titanium isotope sig-
nals (� � � 0), and quadrupole coupling constants of titanium isotopes
47;49 � Q in TiDx at 295 K

TiDx � � ,
kHz

(� � � 0),
ppm

47;49� Q ,
MHz

47Ti 49Ti 47Ti 49Ti
TiD1:92 � 6 � 6 159 3.85 3.18
TiD1:98 4.1 2.7 80 2.73 2.24
TiD2:0 1.7 1.5 12 1.05 0.87

These data are evidence that (� 0� ) is determined not only
by the magnetogyric ratios of the titanium isotopes (47I = 5/2,
eQ= 0.25 barn;49I = 7/2,eQ= 0.21 barn) but also by second-
order quadrupole coupling of the� 1/2 transition. The (�� )
value (at47 � Q =49� Q = 2.54) is determined by the formula

(� 0� ) = ( 47 � 0 � 49 � 0) + 0 :8949� 0 where49� 0 and47� 0 are
the resonance frequencies of the unperturbed� 1/2 transition,
49 � Q is the quadrupole frequency, and� 0 is the excitation fre-
quency.

Two sources of disturbance of cubic symmetry in the tita-
nium positions are considered:

(i) lattice de�ciency due to H vacancies and (ii) tetragonal
distortion of the lattice in the phase transition (Fig. 1).

Figure 1: QCC of47;49 Ti versus temperature for TiD2:0 .

4. Conclusions
For the random distribution of D atoms and vacancies v,

there are nine cubic environments of titanium [TiD8–v ] with
probabilitiesP0, P1, P2, ...P8. With increasing number of va-
cancies,P1 andP2 increase whileP0 decreases. Tetragonal
distortion due to the Jahn–Teller effect is expected only for
symmetric [TiD8] clusters. Their content is determined by the
probabilityP0 and sharply decreases with decreasingx. The
temperature of ”freezing” of deuteron self-diffusion overva-
cancies decreases with a decrease inx. Thus, the probability
P0 and diffusion freezing temperature determine the depen-
dence of the phase transition temperature onx in the
 -phase
of TiDx .
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Start
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, equalization etc.
Let's try to follow this direction by the orthodox way.

1. Step one
Usually shimming starts after the uniformity of main mag-

netic �eld about of 10 ppm is reached. It means that the in-
tervals between parallelB lines are differ one from the other
on about of 10 ppm (within the volume of a sample). So very
little displacement� x is needed for equalization of these dis-
tances (Fig. 1).

When we use ferromagnetic shim the displacement ofB
lines is explained by their refraction at both surfaces of shim.
The displacement� x depends on thickness (d) 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 obtain:� x = d�� . For
linear approximation (� x = Cx) it gives

d�
dx

=
C
d�

= C � 10� 5 rad
m

if d = 1 mm; � = 1000:

So very little curvature of ferromagnetic shim is needed for
�eld correction.

2. Step two
The direction of displacement ofB lines depends of the

sign of shim curvature (convex or concave). Simple acces-
sory can be designed to change both the value and the sign
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. When the
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 needed at both sides (N and S) of a sam-
ple. To correct the gradients of any type the array of discrete
magnet bits should be used (this is equal in some extent to
Halbach approach). Each of these magnets is moved by servo-
drive (nanomotor, polymeric “muscle”, etc.) which is driven
by the computer. Thus the multilayer self-adapting shims can
be designed (Fig. 3).

Finish

Figure 1: a) An uniform (dashed) and non-uniform (solid) magnetic
�eld. Displacement� x is proportional to the distance x from left to
right: � x = Cx. b) Ferromagnetic shim placed into non-uniform
magnetic �eld (bottom) creates the uniform magnetic �eld (top) due
to refraction of induction lines. Both pictures are hyperbolized.

Figure 2: a) Thin ferromagnetic shim is placed near magneticpole
on the non-magnetic spacer so the tight cavity is created. Hydraulic
cylinder with micrometric screw is used to change the curvature of
shim. b) The dependencies of resonant frequency (in MHz) versus
the position (inch) of a sample in the middle section of magnet gap
at various curvatures of shims. Note the wide interval of changes

Figure 3: a) The structure of a shim: 1) sensors array; 2) movable
magnet bits array; 3) N-pole computer. b) The position of each mag-
net bit is adjusted with the help of servodrive driven by computer
which is updated by sensors
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1. Introduction
The NMR pulsed spectrometers are effective tools for the

measurement of porous structure of sorbents. However, the
presence of two phases in the pore volume requires a more
careful separation of these phases while studying media with
pore size distribution within broad ranging. The model sam-
ples used in our measurements have allowed to explain the
results obtained for self-diffusion coef�cients (mobility of
molecules) of water �lling the complicated structure of pore
space in fossil coals.

2. Experimental technique
Measurements by a spin-echo spectrometer with a constant

magnetic �eld gradient G0 = 0.14 T/m were made for a set of
water-saturated samples: silica gels having 1.4; 6.5, 26.0; 38.0
nm mean pore size, porous silica glass, ferroceramics, and
also for coals – anthracite and D-rank coal. The Carr-Purcell
pulse sequence was used to determine the spin-spin relax-
ation time T2 and self-diffusion coef�cient Ds. For water-
saturated samples with a volume self-diffusion coef�cientof
water D0=2.5�10� 9m2/s and with the initial interpulse inter-
val � 0 = 70 � s we have a diffusion lengthL D = 420 nm, de-
phasing lengthL G = 4 � s. I.e. an inequalityL G >> L D

holds with the spectrometer measurements. [1]
The most general form of an equation to calculate the dif-

fusion coef�cient takes account of a NMR-signal from coal
substance protons (the �rst term), a relaxation component of
a signal from the studied sorbate (the �rst exponential of the
second term) and diffusion multiplier:

I (� ) = a exp
�

�
2�
T2c

�
+ bexp

�
� 2�
T2s

�
� (1)

� exp
�

�
D s

3
(G0
 )2 (2� )3

�

Here,� is the delay time between 90o and 180o pulses in
the Carr-Purcell sequence, Ds is the self-diffusion coef�cient
of sorbate,
 is the proton gyromagnetic ratio, T2C , T2S are
the spin-spin relaxation times for1H contained in coal and
water respectively. The �rst term was taken into account for
coals only. The water-saturated samples were dried at a high
temperature with mass monitoring, which enabled to deter-
mine the surface relaxation rate� .

3. Results and discussion
The pore size dependence of DS for silica gels has been

obtained. With the pore size of d = 1.4 nm the `motionally

averaging' mode is realized when the exponential attenuation
of the spin-echo signal occurs under the partially restricted
geometry, and the self-diffusion coef�cient relates to there-
laxation timeT2 by the equation [1]:

L S =
�

120D0


 2G2
0T2

� 1=4

(2)

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) up toDS = 2 :3 � 10� 5m2=s is observed dur-
ing the �nal drying at a temperature t> 100� C [2].

Really, an abrupt increase of the diffusion coef�cient is
observed for samples of silica gels – 1.4, 6.5 and 38.0 nm
at the �nal stage of drying. The substitution of the obtained
Dsvalues of 3.3�10� 7, 1.22�10� 6 and 1.14�10� 6 m2/s and T =
313 K into the formula for the Knudsen diffusion coef�cient
led to the values of pore diameters of 1.5, 6.5 and 5.3 nm.
The �rst two values perfectly coincide with the rated values
for silica gels. The last value differs from the data for silica
gels of 38.0 nm which assumes the value of the liquid sorbate
�lling factor f = 0.98.

No increase of the diffusion coef�cient by several orders of
magnitude was observed for porous glass and ferroceramics.
One can consider that the contribution of saturated water va-
por over the liquid phase meniscus into the general mobility
of water molecules remains insigni�cant because pore sizes
are large enough (d� 10-15� m). Therefore, the self-diffusion
coef�cient of water, obtained for porous glass, is close to the
volume self-diffusion coef�cient of water, which enables to
apply methods of determining the pore size distribution, de-
veloped for liquid sorbates.

4. Conclusions
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 pore size,
it is necessary to use methods developed for these purposes
both for liquid, and gas phases.
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1. Introduction
The main goal of this work was a comparison of 59Co

NMR spectra of cobalt-containing nanostructures detected
under different experimental conditions. As a preliminary
task we need to test our equipment in order to be sure if the
device allows one to obtain reproducible spectra and if a spec-
trum central frequency and shape are correct. As the main
sample we used a powder nanocomposite consists of core-
shell iron-cobalt nanoparticles �xed onto surface of polyte-
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 regular
device working. The next step was an attempt to get an aver-
aged spectrum (Fig.1).
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Figure 1: Examples of the spectra obtained with the same conditions
on different days of experiment.
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Figure 2: Spectrum obtained earlier.

It should be noted that the high-frequency side of the �rst
spectrum had a more shallow slope than it really is. This is
due to the fact that the spectrometer receiver ampli�es the sig-
nal unevenly in frequency namely, the increases with increas-
ing frequency. Unfortunately this effect is able to notice only
in the middle of the experiment, but in subsequent spectra,
it has already taken into account. Therefore, during averaging
we excluded some points which were extremely distinguished
from the other ones, and then calculated the main values for
the array of the remaining points in the 0.5 MHz range at ev-
ery step on the frequency axis. We compared our averaged
spectrum with the spectrum obtained earlier [1]. It is clear
from the Fig.2 that the resonant frequencies of both spectra

are different. One of the explanation of this difference could
be the difference in experimental conditions during spectra
registration. Therefore we asked our colleagues to repeat the
spectrum a few times using different pulse amplitudes (Fig.3).
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Figure 3: The spectra obtained in Donetsk in a variety of exitation
conditions. The numbers at the left side of the graphs show relative
amplitudes of exciting pulses.
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Figure 4: Comparison of our spectrum with the Donetsk.

As one can see from the �gure both the shape of the spec-
trum and a frequency of the maximum depend on the excita-
tion conditions. The current set of spectra allows us to com-
pare our results with a whole array of spectra. As it is clear
from the Fig. 4 the line shape and the frequency of the max-
imum of our averaged spectrum are the closest to the spec-
trum with the pulse amplitude of ”400 V” in the notation of
Donetsk laboratory.

3. Two consequences follow the observation
1) Our device allows us to obtain right line shapes and reso-

nant frequencies of 59Co spectra and therefore can use for in-
vestigation of cobalt-containing (nano)materials 2)The care-
ful comparison of the spectra for the same sample obtaining
at different devices allows the mutual calibration of the de-
vices and further coordinated application of both devices for
an investigation of magnetic materials.
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Water at supercritical conditions has attracted the great
interest especially in the last few years, because of tech-
nological and industrial importance due to its. In fact, wa-
ter above the critical pointT = 647K , P = 22:1MP a,
and0:32g=cm3 shows signi�cant differences in its thermo-
dynamic and structural properties as compared to ambient
conditions. Structural and dielectric properties of supercriti-
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 to obtain
detailed information about it's microstructure and dynamic
processes on molecular level.

The scope of the present simulations is to provide a detailed
analysis of hydrogen bonding in supercritical water near the
critical point and saturation curve via Car-Parrinello molec-
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 distribu-
tion functions, the dipole moments of the different hydrogen-
bonded clusters were calculated. Since dipole moment plays
a crucial role in determining the dielectric properties andthe
chemical behavior of a solvent, we analyzed its distribution
for the simulated systems. This also provides a deeper insight
into the clustering properties, since molecular dipole moment
is affected by the presence of other H-bound monomers.

As shown on Figure 1, the distribution is similar to that for

normal liquid state, but shifted to the lower values of dipole
moment since the hydrogen bonded network is destabilized,
that could be seen from the hydrogen bond network monitor-
ing. At lower densities, hydrogen bond network is not con-
tinuous, and single monomers are present in the system with
dipole moments 1.7 – 2.0D.

Figure 1: Distribution of dipole moments for water
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1. Introduction
Transverse NMR relaxation times of some proton fractions

in heterogeneous systems are often close to the duration of
FID that is restricted due to poor homogeneity of the magnetic
�eld in samples volume. Application of the CPMG pulses se-
quence gives an insuf�cient number of points for the accurate
allocation of these fractions because of the large total length
of 1800 pulses and transients after them. The ”join” problem
of the FID curve with the CPMG echo's amplitudes stand up.

2. Experiment
In the present work the reference convolution of low res-

olution FID's technique [1] was updated to restore the true
form of FID. Firstly, proton transverse relaxation time of
“ reference sample” (glycerol)T2r was measured by the
CPMG pulses sequence. Then the FID of glycerol was regis-
tered and divided onA0r exp(� t=T2r ), whereA0r is the am-
plitude at the end of 900 pulse (t=0). Result of these calcu-
lations was stored in computer memory as “reference FID”.
This normalization compensate the decrease of FID's am-
plitude due to natural transverse relaxation of the glycerol
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 for1H.

Figure 1: Proton FID's of glycerol (1), cellulose acetate (2) and re-
covered FID of cellulose acetate (3). Glycerol's FID is rather short
as the long �lled ampoule pass through probe head for technology
needs.

The testing samples were placed into the identical tube
with the same diameter as reference sample. FID's were dig-
itized with the step 0,1� s in the range of 10 to 1500� s and
then were divided on appropriate amplitudes recorded in the
memory as “reference FID”.

The CPMG echo's amplitudes were recorded from 50 to

20000 � s with the steps 50, 100, 200� s, etc., depend-
ing on the testing objects. Both curves (FID and CPMG
echo's) were normalized to FID's amplitude A0 at the zero
time. Equation 1 was used for �tting decays and calculating
A0(A0=A1+A2+A3 at t=0).

3. Discussion
On the �gures 1 and 2 are presented an example of this

methodology for the study of cellulose acetate seasoned at
a relative humidity of about 44%. FID and the echo's am-
plitudes in the overlapping zone from 200 to 1500� s coin-
cide with accuracy not worse than� 0.5%. It is important for
such accuracy, that true valueA0of FID's amplitude after 90O

pulse has been restored (�g.2.4) and used in calculations. The
usual practice, when for0 is accepted the FID's amplitude
after ”dead time”, does not lead to such concurrence.

Figure 2: PTransverse relaxation of glycerol (1) and cellulose acetate
(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 acetate;4 - Ex-
trapolated parts of acetate FID; 5 - CPMG echo's curve of acetate.

The time logarithmic coordinate on �g. 2 demonstrates that
the ”joint” curve of transverse relaxation overlap more than
three orders of magnitude for the duration. This greatly im-
proves the possibilities of differentiating the various groups
(phases) of protons and determining their quantity more ex-
actly.

4. Function used for �tting decays

A(t) = A1e� t 2 =T 2
21 + A2e� t=T 22 + A3e� t=T 23 (1)

References
[1] M. A. Cremonini, L. Venturi, S. Sýkora, C. Cavani and
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1. Introduction
The poly(butylene terephthalate) PBT is a thermoplastic

polyester used for many engineering applications. This poly-
mer is resistant to solvents, mechanically strong and heat-
resistant. The molecule of PBT has four �exible methylene
groups and a hard segment of terephthalate group [1]. It is
suggested that modi�cation of PBT with fullerene C60 would
give new attractive nanocomposite material both with im-
proved chemical and physical properties [2]. The macroini-
tiator TCNEO-C60 was prepared by means of cycloaddi-
tion of tetracyanoethene oxide with fullerene C60. Fuller-
enation of PBT by direct reaction between TCNEO-C60
was carried out according to the Olah method, using AlC13
as a catalyst [3]. The molecular reorientation and struc-
ture of PBT/TCNEO/C60 nanocomposites were character-
ized by Nuclear Magnetic Resonance (NMR), Scanning Elec-
tron Microscopy (SEM) and Differential Scanning Calorime-
try (DSC).

2. Results
A detailed analysis was performed for PBT and TCNEO-

C60 proportion equal to 1000:1 (wt/wt). The morphology of
the pure PBT and PBT/TCNEO/C60 nanocomposite was ob-
served using SEM (Fig.1).

Figure 1: SEM micrographs of the virgin PBT and
PBT/TCNEO/C60 nanocomposite

The melting and crystallization behavior of the PBT and
new nanocomposite were investigated by differential scan-
ning calorimetry (Q2000 TA Instruments). The samples un-
derwent two series of heating and cooling. The samples were
heated up to 550 K and cooled down to 223 K at a rate of 10
K/min.

The molecular dynamics of the nanocomposite was studied
using solid-state pulse NMR spin-lattice relaxation method
and NMR off-resonance technique [4]. The spin-lattice relax-
ation times T1� off in the presence of an off-resonance rf �eld

were measured. The obtained rates of relaxation times as a
function of angular frequency were �tted into equation

1
T of f

1 �

= K
4 sin 2�J (! e; � c; � ) + 1

T1
;

using the following density function given by Davidson
and Cole:

J (! e; � c; � ) = 2�
! e

�
sin ( �arctan (! e � c ))

(1+ ! 2
e � 2

c )
�
2

�
;

were K = 64�10-50 m6/s2 for protons,! e is the effective
frequency,� c is upper cut-off correlation time,� is the width
of the distribution of the correlation time,� is the amplitude
of the spectral density function and T1 is the spin-lattice re-
laxation time in the laboratory frame. The correlation cut-
off times were found in different temperatures, below and
above the glass transition temperature, respectively. Studies
of �rst derivative of the absorption1H NMR and the tem-
perature dependence of the second moment of1H NMR line
have shown different internal dynamics of the virgin PBT and
PBT/TCNEO/C60 nanocomposites.

3. Conclusion
Analysis of the SEM, the DSC and1H NMR results shows

that new nanocomposites were obtained by a modi�cation
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 energies of the
internal motions of the polymer chain estimated on the basis
of the dispersion of the relaxation time are different for the
virgin PBT and PBT/TCNEO/C60 nanocomposites. The de-
gree of nanocomposites crystallinity decreases relative to that
of the virgin PBT.
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1. Introduction
This work is devoted to investigation of the cross-

relaxation effects between the1H and 19F spin systems in
the solid 3-(tri�uoromethyl) benzoic acid. The fundamen-
tals of cross-relaxation between two unlike spins were es-
tablished by Solomon and co-workers [1,2]. The differential
equations (1) describe the longitudinal polarisations< I z >
and< S z > :

dhI Z i
dt

= � � I (hI Z i � I 0) � � (hSz i � S0) (1)

dhSZ i
dt

= � � S (hSz i � S0) � � (hI Z i � I 0)

were I0 and S0 are the magnetisations of spin I nuclei and
spin S nuclei at thermal equilibrium,� I and� Sare the proton
and �uorine spin-lattice relaxation rates, respectively and� is
the cross-relaxation rate.

The NOE is de�ned by the equation:

� = NOE =
hI Z i sat � I 0

I 0
=


 S


 I

�
� I

(2)

werehI Z i sat is the magnetisation of proton nuclei after sat-
uration of S nuclei.

2. Results
The NMR measurements were carried out on the laboratory

home made pulse spectrometers operating at the frequency of
30.2 MHz and 28.411 MHz for protons and �uorines, respec-
tively.

The measurement technique uses pulse sequence which is
shown in Fig.1.
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� �
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The �rst pulse with the frequency of 28.411 MHz saturates
the spin S. After900

x , 900
y pulse sequence at 30.2 MHz the

solid echo is observed. The amplitude of the solid echohI Z i
depends on the duration t of the �rst RF pulse at the frequency
of 28.411 MHz. By measuring the amplitudehI Z i as a func-
tion of duration t, one can obtain the proton relaxation rate
� I and thecross-relaxation rate� by �tting the formula [3]:

hI Z i � I 0

I 0
=

�
� I


 s


 I
[1 � exp (� � I t)] (3)

to the experimental data. For long timet >> 1=� I spin
system for19F is saturated.

For a single pair of unlike nuclei, with motion describing
by a single correlation time, the ratio of cross-relaxationrate
to spin-lattice relaxation rate (NOE= 
 S


 I
) is (2):

�
� I

=
6J (! I + ! S ) J (! I ! S )

6J (! I + ! S) + 3 J (! I ) + J (! I ! S )
(4)

whereJ (! i ) = 2� C
1+ ! 2 � 2

c
.

Using above equation the NOE= -0.376 and the correla-
tion time � c= 1:2 � 10� 8s were estimated for the solid 3-
(tri�uoromethyl) benzoic acid at 303 K temperature.

3. Conclusion
The experiment provides opportunity for examinations the

heteronuclear cross-relaxation phenomenon. Using indepen-
dently two resonance frequencies for proton and �uorine it
is able to determine the correlation time� c:The NOE rate
is strongly dependent on correlation times from the range of
1*10� 9s to 5*10� 8s taking into consideration frequencies of
30.2 MHz for protons and 28.411MHz for �uorines.
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1. Introduction
Synthetic polypeptides belong to an important class of

macromolecules widely used by modern pharmacology, cos-
metology and medicine. This work is connected with the
development of new design of synthetic poly-lysines, with
characterisation of poly-lysines novel molecular architecture
by pulsed NMR techniques and hydrodynamic methods, and
with the modi�cation of poly-lysines by fullereneC60.

2. Synthesis and modi�cation method
The methodology of dendrigraft poly-lysines synthesis by

polymerisation ofN -carboxyanhydride in the buffered water
have been suggested not far ago [1].

Dendrigraft polymers are the most recently discovered sub-
set of dendritic polymers. Compared to the original den-
drimers, dendrigraft polymers are less controlled by the syn-
thesis conditions. Molar mass of dendrigraft polymers in-
creases more rapidly with generation than for classical den-
drimers and its structure is not so perfect than for den-
drimers. But a possibility to synthesize dendrimer-like macro-
molecules using inexpensive monomers by means of more
low coast method is very attractive for practice. That is why
the dendrigraft polymers are objects of interest for modernbi-
ology, medicine and pharmacology due to their potential ap-
plications as drug delivery systems, biocides, gene transfers
or catalyst supports.

Based on synthetic methodology suggested in [1], �ve
poly-L-lysine samples of generations from 1 to 5 have been
received for the present work.

Modi�cation of dendrigraft poly-L-lysines by fullerene
C60 have been undertaken with the purpose to inforce biologi-
cal activity of these water soluble nanoparticles [2]. Reaction
of fullerene with the terminal amine-groups of poly-lysines
in dimethyl formamide (DMF) have been used. Special con-
ditions have been selected for the preventing of uncontrolled
aggregation of macromolecules in DMF solutions.

3. Characterisation methods
3.1. Hydrodynamic methods
Translation isothermal diffusion method, velocity sedimen-

tation, and viscometry had been used for molecular mass M

and hydrodynamic dimensions Rh of dendrigraft poly-lysine
(DGPL) samples in aqueous solvents and in DMF

3.2. NMR techniques
Experimental study of the self-diffusion and nuclear mag-

netic relaxation had been applied for determination of struc-
tural details and mobility of DGPL and DGPL macro-
molecules modi�ed by fullerene.

4. Results and discussion
There was established very good agreement between data

of all the methods used at the present work on hydrody-
namic dimensions of DGPL molecules up to the forth gen-
eration in buffered water and solted water. This experimental
fact permits us to conclude that utilising synthetic methodol-
ogy really gives dendrigraft poly-lysine samples with the thin
enough molecular mass/size distributions.

According to NMR analysis, modi�cation of DGPL sam-
ples by fullerene C60 leads to partial aggregation/crosslinking
of polypeptides macromolecules, but the weight fraction
of aggregates may be decreased by the variation of initial
reagent concentrations at the start of reaction between DGPL
and fullerene in DMF solutions.

An interesting result have been established by1H NMR
in D2O+0.2M NaCl showing that the second generation of
DGPL exchanges after modi�cation by fulleren its unimodal
initial size-distribution to new one with the ratio double
size/initial size particles approximately 1:1, that pointed out
on a linking ability of fullerene. There was not observed an in-
creasing of aggregation ability of fullerene-containing DGPL
molecules of second generation in aqueous media.
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1. Introduction.
In order to solve a problem of safe coal production, it is of

importance to extend knowledge of structural changes as well
as evolution of composition of plant tissues that are the base
of coal�eld.

2. Materials and methods.
For the purpose of controlling the processes of transfor-

mation of plant tissues as well as predicting the stability of
natural composites, it is necessary to collect data on atom-
molecule architecture of coals. In this study the statistically
valid results of qualitative and quantitative analysis of solid-
state NMR spectra of Donetsk coals were given.

3. Results and discussion.
On the basis of experimental data a structure functional

identi�cation of natural composition was carried out. The
scheme of formation and further transformation of compo-
nents of carbonic matrixes in natural reactors (from brown
coal to anthracite) was proposed. Comparison of integral in-
tensities of13C NMR spectra of genetically related coals cal-
culated correctly allowed to reveal the relationship between
the coal explosibility and general content and ratio of car-
bon atoms (CHal /CHar ) with different degree of hybridiza-
tion of valence electrons. It was shown that the most explosive
coals generate on the intermediate stage of metamorphism.
Research results of coal samples (Skochinskogo' mine) with
different depth of occurrence gave an opportunity to evalu-
ate quantitatively the content of groups with different func-

tional properties (with sp3, sp2, sp-hybridized carbon atoms)
and systematize a data set for the purpose of visualization
methane-generated samples.

4. Conclusions.
The scope of obtained information indicates that contem-

porary possibilities of13C NMR of coal allow to evaluate not
only qualitative changes in carbon-containing materials but
also to determine quantitative distribution of carbon atoms be-
tween different functional groups, revealing thereby the rela-
tionship between composition, structure and reactivity ofnat-
ural carbonic composites.
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1. Introduction
Gadolinium(III) complexes with polyamino carboxylates

are widely used in magnetic resonance imaging (MRI) for
contrasting images of blood stream, tissues and pathologies
[1]. Interest to paramagnetic iron(III) ions arises from the pos-
sibility of their use in composition of MRI contrast agents
(CA's) instead of highly toxic Gd(III) ions [2]. Meanwhile,
the majority of Fe(III) complexes possess low spin-latticere-
laxivity values (R1) – the effectiveness of paramagnetic com-
pound in proton's relaxation – which is one of the objective
scoring of using the compound as a CA [1]. Another impor-
tant factor which de�nes the application of metal complex as
CA in vivo is its stability (the dissociation degree up to free
metal ions). It is known that ligands with dihydroxybenzene
fragments possess high af�nity to iron(III) ions. For example,
natural siderophore due to presence of threeortho-diphenolic
groups forms highly strengthened complex with Fe(III). Sta-
ble iron(III) complexes with similar ligands may be used as
MRI CA.

2. Experimental Section
In present work we report the results obtained using1H

NMR-relaxation method (Minispec MQ20, Bruker; 20 MHz,
298 K) of complexation Gd(III) and Fe(III) with disodium salt
of 4,5-dihydroxybezene-1,3-disulfonic acid (tiron, Na2H2L).

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 I and
II Groups cations, amino acids, dicarboxy acids, diamines,
dithiophosphorus acids. Special attention was paid to investi-
gation of interaction of tironate complexes with albumine (i.e.
bovine serum albumin, BSA).

3.1. Fe(III) complexes
The Tiron was found to form with Fe(III) three complexes

FeLn (n=1-3) in acidic, neutral and basic media respectively.
Each complex can be characterized by it's relaxivity value
named as coef�cient of relaxation effectiveness (CRE) [1].
The CRE values of some iron complexes are collected in the

Table 1.

Table 1: CRE values of iron complexes.

Complex Fe(H2O)3+
6 FeL� FeL5�

2 FeL9�
3

CRE, M� 1s� 1 13000 3400 5900 3100

Iron-tironate complexes possess characteristic parameters
of their absorbance spectra in visible region thus permitting
unequivocally identify the composition of central ion coordi-
nation sphere in mixed ligand or heteronuclear compounds.
Addition of I or II Group metal salts resulted in shift of for-
mation regions of bis- and tris-ligand complexes to acidic
medium. This can be described as apparent stabilization of
corresponding complexes. At the same time their CRE val-
ues also changed. For example, the CRE value of the bis-
tironate complex in solutions of calcium, barium and stron-
tium chlorides (8307, 6900 7580 M� 1s� 1 respectively) ap-
preciably exceeds the value 5900 M� 1s� 1 for aqueous so-
lution. The mentioned effects were explained by formation
of heterometallic complexes with cations of added inorganic
salts. In presence of ligands capable to bind iron(III) ionsthe
formation of ternary [Fe(Tir)2L] compounds with L = oxalate,
glycinate, ethylene diamine were found. In order to evalu-
ate the state of iron-tironates in serum the experiments with
bovine serum albumin were carried out and the results will be
presented in the report.

3.2. Gd(III) complexes

Figure 1: Relaxivity changes with BSA concentration in Gd-BSA
systems. CGd = 0.1 (1), 0.2 (2) 0.35 (3) mM. pH 6.5.

In the case of Gd(III) only two complexes GdHL (CRE
10190 M� 1s� 1) and Gd(HL)2 (8742 M� 1s� 1) were revealed
in neutral media. More over, in acidic media Gd(III) ions
associate with sulfonato groups of tiron (Gd(H2L), CRE
15000 M� 1s� 1). Unlike Fe(III)-tiron system, the presence of
great amounts of Na+ (up to 200 m) does not in�uence the
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complexation of Gd(III) with tiron. The addition of double-
charged cations was found to be more effective: in this case
not only the state of ligand in complexes (M2)GdL2 changed,
but also new complex form ()GdL2 was revealed. These 2
complexes existed in different pH area and had different CRE
values (10070 and 5791 M� 1s� 1, respectively).

Figure 2: Relaxivity changes with pH in Gd-Tiron (1), Gd-BSA(2)
and Gd-Tiron – BSA (3,4) systems. CGd = 0.35 mM, CL = 2 mM,
CBSA = 0.12 (2,3), 0.2 (4) mM.

Very interesting results were obtained in solutions of BSA.
Gadolinium ions were found to bind albumin molecule via

two sets of binding sites characterized by high and low CRE
values (�g. 1). In ternary Gd - Tiron – BSA system formation
of mixed ligand complex with medium CRE (35000 M� 1s� 1)
was observed (�g. 2).

The revealed Fe(III) and Gd(III) tironate complexes are
suf�ciently stable and are sensitive to the presence of
biometal ions (Na+ , K+ , Ca2+ ) and protein in solution. The
found interesting results may be useful in the development of
new generation contrast MRT-agents.
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