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Living Systems Can Produce Magnetic Iron Oxide Crystals.
EPR Spectroscopy Data

S. Yurtaeva

Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS, Kazan 420029,
Russian Federation, s.yurtaeva@kfti.knc.ru

Presently it is well known about the processes of spontaneous biomineralisation
in living organisms. Iron biomineralisation results in formation of iron oxide
biominerals. The iron is accumulated mostly in ferrihydrite form (5Fe,0, 9H,0)
within ferritin mineral core and magnetite/maggemite (Fe,O,/yFe,O,) forms. These
crystals play an important part in functioning of living systems as provide the
organism with the iron store and protect cells from radicals. The excess amount
of them may be observed in different pathologies, such as pathologies of brain,
tumors and others.

Such crystalline particles cause the appearance of magnetic properties in
biological tissues and may be detected by the EPR technique. The signal is due
to Electron Magnetic Resonance (EMR) of iron oxide nanoparticles. The nature
of the signal and characteristics are still the subject of interest.

The characteristics of EMR signals in different biological tissues (tissues
of laboratory rats with different pathologies, cancer tumor tissues, rat tissues
after the effect of hypogravitation, nerve tissues) were investigated. The general
characteristics of EMR signals were determined: non-monotonic temperature

Fig. 1. Angular dependence of EMR signal in injured spin cord.
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The structure of sodium gluconate in the crystalline state is given in [2].
In the '"H NMR spectra of solutions of sodium gluconate in D,O, displacement
of some lines as a function of concentration was detected (Fig. 1). This, as we
know, indicates the presence of intermolecular hydrogen bonds [3]. The most
noticeable shift is observed for the H2 and H3 lines corresponding to the protons
closest to the sodium atom in the structure of the sodium gluconate molecule.

1. Horton D., Walaszek Z., Ekiel I.: Carbohydrate Research 119, 263-268 (1983)
2. Lis T.: Cardohydrate Research 122, 23-29 (1983)
3. March J.: Organic chemistry. New York: A Wiley-Interscience Publication John Wiley and Sons 1985.
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He NMR in Contact with Nanoparticles

E. M. Alakshin', E. I. Kondratyeva', V. V. Kuzmin',
K. R. Safiullin'?, A. A. Stanislavovas', A. V. Savinkov',
A. V. Klochkov!, M. S. Tagirov'?

!'Institute of Physics, Kazan Federal University, Kazan 420008, Russian Federation,
alakshin@gmail.com
2 Institute of Applied Research, Academy of Sciences of the Republic of Tatarstan, Kazan 420111,
Russian Federation, murat.tagirov@gmail.com

The resonance magnetic coupling between '®Tm and 3He nuclei at the solid
(thulium ethyl sulfate) — liquid interface manifested by cross-relaxation processes
was observed for the first time in 1984 [1]. Later on, the resonance magnetic
coupling of the nuclei of liquid *He with the "*'Pr nuclei of a PrF, van Vleck
paramagnetic fine powder was discovered by pulsed nuclear magnetic resonance
(NMR) methods [2]. In addition, a series of works on the NMR study of 3He in
contact with PrF; and LaF, nanopowders was carried out [3—4]. The only one
observation of the effect of the magnetic phase transition of a solid substrate
on the magnetic relaxation of *He nuclei was reported [5].

The spin kinetics of *He in contact with a mixture of LaF; and DyF, micro-
powders at temperatures of 1.5-3 K has been studied by pulsed nuclear magnetic
resonance. The DyF, is a dipolar dielectric ferromagnet with the phase transi-
tion temperature 2.55 K, whereas the diamagnetic fluoride LaF; is a diluting
substance for the optimal observation conditions of *He NMR in powder pores.
The magnetic phase transition in DyF, is accompanied by a considerable change
in the character of fluctuations of the magnetic moments of dysprosium ions,
which affect the spin kinetics of *He in contact with the substrate. Significant
changes in the relaxations rates of the longitudinal and transverse magnetizations
of *He have been discovered in the region of magnetic ordering of the solid
matrix. This work was supported by the Russian Foundation for Basic Research,
project no. 16-32-60155 mol_a_dk.

Egorov A.V., Aukhadeev F.L., Tagirov M.S.: JETP Lett. 39, 584 (1984)

Egorov A.V., Irisov D.S., Klochkov A.V.: JETP Lett. 86, 416 (2007)

Tagirov M.S., Alakshin E.M., Gazizulin R.R.: J. Low Temp. Phys. 162, 645 (2011)
Alakshin E.M., Gazizulin R.R., Gazizulina A.M.: Low Temp. Phys. 41, 47 (2015)
Saito S.: Phys. Rev. Lett. 36, 975 (1976)
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Low-Frequency RYDMR in Mechanical Properties of Crystals

V. L. Alshits, E. V. Darinskaya, M. V. Koldaeva, E. A. Petrzhik

Shubnikov Institute of Crystallography of FSRC “Crystallography and Photonics” RAS,
Moscow 119333, Russian Federation, mkoldaeva@ns.crys.ras.ru

The sensitivity of mechanical properties of nonmagnetic crystals to the magnetic
field is now a well-established phenomenon known as magnetoplastic effect
(MPE). Its physical origin is related to transformations of structure of impurity
complexes due to magnetoinduced spin transitions eliminating a quantum exclu-
sion of some electron transitions. The effect of the magnetic field on a crystal
manifests itself in dislocation displacements, changes of macroplastic characteris-
tics or microhardness, etc [1]. MPE is observed both under a constant magnetic
field and in the scheme of electron paramagnetic resonance (EPR). In the latter
case one deals with the Reaction Yield Detected Magnetic Resonance (RYDMR).
In our case we detect dislocation paths in NaCl crystals and microhardness of
ZnO, triglycine sulfate, and potassium hydrogen phthalate crystals. The main
specific feature of our experiments is using the ultralow magnetic fields (and
accordingly frequencies) with the Earth’s magnetic field 50 puT and other fields
in the range of 26-261 puT as the static field [2, 3].

The low-frequency RYDMR of dislocation path in NaCl crystals manifests
very anisotropic properties, for instance, a strong dependence of the resonance
frequency v, on the sample orientation in the static magnetic field [2, 3]. This
frequency changes when the sample turns about the selected crystallographic
direction by an angle 0 to the Earth’s magnetic field as v, = v,cos0, where v, is
the resonance frequency at 6 = 0. Different structural positions of impurities in
a distorted lattice of the dislocation core are characterized by a discrete set of
angles 8 — 0 + A6, which leads to a frequency spectrum of dislocation paths.

In fact, an anisotropy of RIDMR is not specific for the motion of disloca-
tions only. That is a common property of resonance effects in ultralow fields.
Resonance changes have been detected in the microhardness of ZnO, triglycine
sulfate, and potassium hydrogen phthalate crystals after their exposure in the
Earth’s magnetic field in the same EPR scheme. It has been shown that the pre-
liminary exposure of ZnO, triglycine sulfate, and potassium hydrogen phthalate
crystals to ultralow crossed magnetic fields — the Earth’s magnetic field and ac
pump field — leads to a resonance change in their microhardness. The resonance
frequency of microhardness peaks is determined by the classical condition of
electron paramagnetic resonance only at certain orientations of the crystals
with respect to the Earth’s magnetic field . Turns of all samples with respect to
the direction B, by angle 6 reduce the resonance frequency in proportion to
cosO like in the case of dislocation motion. The observed giant anisotropy of
the resonance is attributed to the presence of own local magnetic fields B, >
Bp,. in the crystals.
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RYDMR spectra including numerous peaks of dislocation paths at low pump
frequencies beginning with 10 kHz [4], as well as the quartet of equidistant
peaks [5] related to & = 0, have been measured in NaCl crystals. In the static
magnetic field B = (26-261) uT the frequencies of the RYDMR peaks corre-
spond to the Zeeman splitting of the levels with four g-factors 1.79, 1.88, 1.97
and 2.06. The difference of the neighboring values Ag = 0.09 does not depend
on B. The equidistance is violated only at the lowest fields, B > 26 uT, and
frequencies v ~ 0.7 MHz.

1. Alshits V.I., Darinskaya E.V., Koldaeva M. V., Petrzhik E.A. in: Dislocations in Solids (J. P. Hirth, ed.).
Amsterdam: Elsevier 2008.

Alshits V.I., Darinskaya E.V., Koldaeva M. V., Petrzhik E.A.: JETP Lett. 104, 353 (2016)

Alshits V.I., Koldaeva M.V., Petrzhik E.A.: JETP Lett. 107, 618 (2018)

Alshits V.I. et al.: JETP Lett. 99, 82 (2014)

Alshits et al.: JETP Lett. 98, 28 (2013)
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EPR Spectra in CaF, Crystals Doped with CeO,

L. K. Aminov, I. N. Kurkin, A. V. Lovchev, R. M. Rakhmatullin

Institute of Physics, Kazan Federal University, Kazan 420008, Russian Federation,
rafail.rakhmatullin@kpfu.ru

The variation of EPR spectra is observed in CaF, crystals depending on the
content of CeO, and methods of the crystal growth. In this study the content of
CeO, has been increased gradually from 0.5 wt% CeO, up to 15 wt% CeO,. The
research is partly motivated by previous EPR studies of mixed fluorite crystals
with general formula (MeF,),  (REF;) (RF;); Me = Ca, Sr, Ba; R =Y, La, Lu;
RE — paramagnetic trivalent rare-earth ions [1]. A high concentration of R and
RE ions in fluorite crystals leads to the appearance of variety of paramagnetic
centers and to formation of clusters.

CaF, single crystals were grown by Bridgman—Stockbarger (BS) and tempera-
ture gradient techniques (TGT) in argon atmosphere. EPR measurements were
made at X-band cw Bruker ESP 300 spectrometer at low (helium) temperatures.
For samples grown by the BS technique with 0.5 wt% CeO, and 2 wt% CeO,
the “usual” tetragonal centers with g-values g, = 3.05 + 0.01, g, = 1.39 + 0.01
predominate. For samples grown by the TGT method with approximately the
same content of CeO,, with 0.5 wt% CeO, and 3 wt% CeO, the trigonal centers
with g-values g, = 3.67 and g, < 0.3 are observed. For the sample grown by
the BS technique with 5 wt% CeO, the “new” tetragonal center with g, ~ 0.73,
g, = 2.38 has been detected (Fig. 1). These values are close to the tetragonal
centers with g, = 0.725 + 0.001 and g, = 2.402 + 0.002 observed earlier in [2]
in CaF, doped with CeF, and co-doped with sodium. Such center was recently
detected [3] in mixed Ba, LaF,  crystals doped with 0.1 at% Ce*" ions. The
structure of the center is a controversial issue. It was supposed in [3] that this

~9.43GHz, ~15K

9,~0.73

Intensity (a. u.)

0 200 400 600 800 1000 1200 1400
Magnetic eld (mT)

Fig. 1. EPR spectrum of CaF,+5wt%CeO,.
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tetragonal center is due to cubooctahedral cluster CeLaiF,,. However, it has
been found later that similar center is observed in BaF, doped only with CeF,
[4]. Therefore it has been proposed that this tetragonal center may be due to the
chain Ce** — o — Ce** elongated along the fourfold axis, where o is a vacancy at
the Ca position. Note that the concentration of the “new” tetragonal center had
a maximum at 1% of CeF; in BaF, and it does not dominate over the “usual”
tetragonal center. Fig. 1 shows that the “new” tetragonal center in this work is
the main type of paramagnetic center in CaF, at 5% of CeO,.

The further increase of CeO, content from 10wt% to 15%wt of CeO, leads
to the broad EPR line extended over all available ranges of magnetic fields.

This work was funded by the subsidy allocated to Kazan Federal Uni-
versity for the state assignment in the sphere of scientific activities [numbers
3.1156.2017/4.6]. EPR measurements were done using the equipment of the
Federal Center of Shared Equipment of Kazan Federal University. The authors
are grateful to A.A. Rodionov for the help with EPR measurements.

1. Aminov L.K., Gafurov M.R., Kurkin I.N., Rodionov A.A.: Appl. Magn. Reson. 45, 1147 (2014)

2. McLaughlan S.D.: Phys. Rev. 160, 287 (1967)

3. Aminov LK., Kurkin IN., Kurzin S.P., Gromov I.A., Mamin G.V., Rakhmatullin R.M.: Phys. Solid
State 49, 2086 (2007)

4. Aminov L.K., Kurkin I.N.: Phys. Solid State 55, 123 (2013)



Posters 109

Influence of Magnetic Field on the Luminescence
from X-irradiated Diamonds

S. V. Anishchik!, V. I. Borovkov!, A. R. Melnikov', V. G. Vins?,
D. G. Bagryantsev?, A. P. Yelisseyev®

! Voevodsky Institute of Chemical Kinetics and Combustion SB RAS, Novosibirsk 630090,
Russian Federation, svan@kinetics.nsc.ru
2VELMAN Ltd., Novosibirsk 630060, Russian Federation
3V. S. Sobolev Institute of Geology and Mineralogy SB RAS, Novosibirsk 630090,
Russian Federation

Investigation of magnetic field effects provides information about primary spin-
dependent processes under irradiation. We detected for the first time such effects
in luminescence from samples of synthetic diamond.

We studied the magnetic field effects in the luminescence from diamonds
under X-irradiation. Two types of experiments were performed. In the first type
we used CW irradiation from a Mo anode X-ray tube and varied the detection
wavelength and external magnetic field B [1]. In the second type the sample
was irradiated with about one nanosecond long X-ray pulses and the kinetics of
luminescence was measured with and without external magnetic field alternately
with the method of single photon counting [2].

In most of the tested diamond samples we observed a magnetic field insensi-
tive long lived (time range of minutes) luminescence after the X-ray pulse. In
these samples it is impossible to study the nanosecond tine scale magnetic field

w
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Fig. 1. The stationary magnetic field effect on the intensity of luminescence from single crystal of Ib
type diamond with about 50% of '*C under continuous X-ray irradiation.
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Fig. 2. The time-resolved magnetic field effect on the intensity of luminescence from single crystal of
Ib type diamond with about 50% of *C under pulse X-ray irradiation.

effects in the luminescence. Although the nanosecond time scale luminescence
kinetics could be detected in the first seconds of measurements, so short a mea-
surement time is not enough to obtain sufficient signal to noise ratio. The CW
magnetic field effects were also not detected in these samples.

But in several diamond samples the long lived luminescence was not so
intense. In these samples we detected CW and time-resolved magnetic field ef-
fects. The shapes of the effects are different in different samples. As an example
Figures 1 and 2 show the CW and time-resolved effects from isotope substituted
diamond sample of type Ib with about 50% of 3C. Currently we consider pos-
sible models to account for the observed effects.

The financial support of the Foundation for Basic Research (grant 16-03-
00672) is gratefully acknowledged.

1. Kalneus E.V., Melnikov A.R., Korolev V.V., Ivannikov V.I., Stass D.V.: Appl. Magn. Res. 44, 81-96
(2013)

2. Anishchik S.V., Grigiryants V.M., Shebolaev 1.V., Chernousov Yu.D., Anisimov O.A., Molin Yu.N.,
Instruments and Experimental Techniques 32, 813-815 (1989)



Posters 111

The Application of the Clinical MR Scanner
for Multinuclear Research

N. V. Anisimov!, A. G. Agafonnikova?

! Faculty of Fundamental Medicine, Lomonosov Moscow State University, Moscow 119991,
Russian Federation, anisimovnv@mail.ru
2 Faculty of Physics, Lomonosov Moscow State University, Moscow 119991,
Russian Federation

It is reported the use of 0.5 T clinical MR scanner Bruker Tomikon S50 not
only in biomedical research, but also for technological applications. For this
purpose, NMR signals were registered from nuclei other than protons. Typical
MRI equipment only works on protons. We carried out technical work that al-
lowed us to register nuclei different from protons.

The '"F NMR signal was recorded during the perfluorocarbon compounds
(PFC) research. Particular attention was paid to the preparation Perftoran®,
well-known as blood substitute. We experimented with animals (rats), which
were intravenously injected with this drug. In addition, by the '°F MRI method,
the human gastrointestinal tract was studied, for which the volunteer swallowed
capsules, filled with PFCs — perfluorodecalin and perfluorotributylamine. In all
cases, at a specified time interval, the localization of the drug was monitored
by MRI, and by NMR its transformation and the dynamics of excretion from
the organism were monitored.

Studies were also carried out using test samples (phantoms) to optimize the
parameters of the 'F MRI scanning of specific PFCs — perfluorodecalin and
octafluorocyclobutane in the gas phase. The latter drug is a potential contrast
agent for lung research.

In the process of multinuclear research, NMR spectra and MR images from
3P, "B, 2’Na nuclei were obtained at natural abundance, and for '3C, ?H — for
isotope enrichment. For isotopically unenriched samples of 7O, #Si and N,
only NMR spectra, (but not MRI) have so far been reliably recorded. In ad-
dition, outside the magnetic field, the nuclear quadrupole resonance spectra of
35CI (28.1 MHz) were successfully detected from powdered potassium chlorate.
For Na, NMR spectra and MR images of various parts of the human body,
including the brain, were obtained.

We successfully recorded '*C signals using the polarization transfer meth-
ods — the Overhauser effect and the DEPT and INEPT techniques. We obtained
NMR spectra using these methods not only by rf excitation of protons, but also
fluorine nuclei. We used these techniques when recording the *C signal from
perfluorodecalin. It is hydrocarbon compound in which the hydrogen atoms are
replaced by fluorine.

We conducted experiments on the simultaneous recording of NMR signals
from two types of nuclei with close gyromagnetic ratios. The pairs 'H/"F (isoflu-
rane — C,;F,HCIO) and *C/*Na (sodium bicarbonate — NaHCO, were chosen. The
excitation of signals for both nuclei of pair was carried out simultaneously — by
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a short single pulse or by a sequential selective RF excitation of each nucleus
from the selected pair. The reference frequency of the phase detector was set
equal to the half-sum of their Larmor frequencies. The speed of digitization of
the signal was less than their difference, and the filtering of the signal (digital
and analog) was disabled. A useful result — the spectrum on which NMR lines
from both nuclei from the selected pair are represented, was achieved due to a
multiple spectral “aliasing” of both signals relative to the reference frequency
of the phase detector — the undersampling effect [1].

Multinuclear resources of the scanner were also used for technological ap-
plications — non-invasive identification of alcohol-containing products. It was
assumed on the basis of measuring the amplitudes of 'H, *H, *C, 7O NMR
spectra and relaxation times for each of the branded samples with a volume of
0.5 liters and a 40% strength, to reveal their possible differences. The reason
for the differences was that the products were made from different raw materials
and brought from different geographical regions [2]. The spectra of all the above
mentioned nuclei were obtained. Due to the large volume of the sample, they
are obtained with a high signal-to-noise ratio at an acceptable time (~10 min).

It was noted that the difference in the 7, values is most clearly seen on
the 7O NMR spectra. This difference is well revealed by the linewidth. On
the spectra of *H, this difference is less pronounced, and for protons — it is not
detected at all. It is due to the fact that the 7O NMR lines are very wide, and
the contribution of the inhomogeneous broadening is very small, in contrast to
the 'H NMR lines.

The clinical scanner can be successfully used for multinuclear applications —
both medical-biological and technological. The ability to examine large samples
in it creates favorable opportunities for recording nuclei with a low natural
abundance and a small gyromagnetic ratio. To increase the sensitivity to signals
from such nuclei, it is also useful to implement the double resonance methods.

1. Anisimov N.V,, Pavlova O.S.: Appl. Magn. Reson. 49(5), 523 (2018)
2. Martin M.L., Martin G.J.: NMR Basic Principles and Progress 23 (1990)
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NMR Study of Magnetic Properties of New Triangle-Lattice
Compound A,MnTeO,

E. Anisimova'*, D. Gafurov'#, G. Raganyan?, E. Zvereva?,
V. Nalbandyan?®, A. Vasiliev?, E. Vavilova!

! Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS, Kazan 420029,
Russian Federation, jenia.vavilova@gmail.com
2MSU, Moscow 119991, Russian Federation
3 SFU, Rostov-na-Donu 344090, Russian Federation
4+KPhU, Kazan 420019, Russian Federation

As it was shown by magnetometry and ESR measurements a new family of
A,MnTeO4 (A = Li, Na) demonstrates a nontrivial effect of hidden magnetic
order. It’s static and dynamic magnetic properties indicate a strong frustration
on the triangular lattice and a two-dimensional character of magnetism. Our
NMR studies make it possible to clarify the picture of the establishment of the
magnetic order for different values of the external magnetic field. The data on
nuclear magnetic relaxation and transformation of the shape of the spectrum
prove a presence of the magnetic order, even in small external fields, where the
static magnetometry data does not demonstrate any features on the temperature
dependence of the magnetic susceptibility.
The work was supported by grant RFBR 18-02-00664
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CW Saturation of Nitroxyl Radicals in Liquids

M. M. Bakirov', K. M. Salikhov'?, R. T. Galeev!,
I. T. Khairuzhdinov', B. Bales®

! Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS, Kazan 420029,
Russian Federation, pinasl@yandex.ru
2 Kazan Federal University, Kazan 420008, Russian Federation
3 Western Institute of Nanoelectronics, University of California, Los Angeles 18111, USA

The shape of the CW saturation line of the spin probes depends on 7, and 7,
relaxation times, the spin decoherence and spin coherence transfer between
probes. These parameters depends on the different interactions: spin exchange
interaction, dipole-dipole interaction and the hyperfine interaction of the unpaired
electrons with magnetic nuclei. This gives the way to study these interactions.
We carried out an experimental and theoretical study of the possibilities of
this approach to the determination of relaxation parameters that depend on the
exchange and dipole-dipole interactions.

EPR Measurements of 4-Hydroxy-2,2,6,6-tetramethylpiperidine-1-""N-oxyl,
(TEMPOL-"N) and 4-Hydroxy-2,2,6,6-tetramethylpiperidine-d,,-1-'*N -oxyl,
(TEMPOL-"N-d,,) in 60% water glycerol solution were carried out at different
mw power. Experiment was performed at temperature range from 273 to 340
(K) and concentrations from 10 to about 30-102 mole/l. T,, T, relaxation
times were measured for each temperature. Heisenberg spin exchange and
Dipole-Dipole constants were obtained for this samples in our previous work
[1, 2]. Some saturation curves for EPR spectra of nitroxyl radicals have been
shown on Fig. 1.

1. Salikhov K.M., Bakirov M.M., Galeev R.T.: Appl. Magn. Reson. 47, 1095-1122 (2016)
2. Bales B.L., Bakirov M.M., Galeev R.T., Kirilyuk I.A., Salikhov K.M.: Appl. Magn. Reson. 48, 13991445
(2017)
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Fig. 1. Saturation curves Tempol N15D at 298 K (points — experimental data, lines — model values).



Posters 115

Receiving and Transmitting System for a Specialized
Small-Sized Magnetic Resonance Scanner with a 0.4 Tesla Field

A. A. Bayazitov!, Ya. V. Fattakhov', V. E. Khundiryakov?,
A. R. Fakhrutdinov', V. A. Shagalov', R. Sh. Khabipov'

! Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS, Kazan 420029,
Russian Federation, bayazitov.alfis@kfti.knc.ru
> Kazan Federal University, Kazan 420008, Russian Federation

The work is devoted to the receiving-transmitting system for a small-sized spe-
cialized traumatological magnetic resonance scanner with 0.4 T magnetic field
induction. At the heart of the scanner is a permanent magnet, which makes it
possible to use a less expensive means of cooling. Also the scanner has compact
dimensions and can be installed in mobile specialized transport. The dimensions
of the working area of the scanner along the field direction are 210 mm. Small
workspace area of the scanner, imposing some restrictions on the size of the
receiving and transmitting system. The transmitting circuit and the receiving coil
are located at a distance of 5 mm, for this reason, a small inductive coupling is
shown in both circuits. To reduce the coupling, we rotated the receiving sensor
relative to the transmitting circuit.

In the work, mathematical modeling of a receiving sensor of various designs
was carried out to obtain a sensor with a homogeneous signal distribution in
the field of interest. When modeling the coil, parameters such as X, X,, R, R,
and the number of loops were changed. X, and X, is the distance between the
loops, and R,, R, is the half-axis of the ellipse. It was assumed that the maxi-
mum deviation of the field from the mean value should be less than 10%.The
area of homogeneity estimation is 150x100x60 mm, respectively along the X,
Y and Z axes.

Taking into account the simulation results, several prototypes were manu-
factured and their characteristics were measured. The magnitude of the received
signal of the NMR-imaging response along the main axis of the prototypes was
measured. The first prototype corresponds to a sample of 4 parallel loops. The
second prototype corresponds to a sample of 6 loops connected in parallel.
Double extreme loops have a width of 20 mm, two internal ones have a width
of 10 mm. The third prototype reflects the variant corresponds to the sample
of 6 loops: internal double loops are connected in series with each other with
a loop width of 20 mm, the last one in loop is connected in parallel, the width
of the loop is 10 mm. We settled on the second variant of the test sample with
6 loops, since it has a large signal amplitude for reception.
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Spatial Structure of YRFK Peptides with Triphenylphosphonium
Moiety by NMR Spectroscopy

D. S. Blokhin'?, R. Garifullin!, T. I. Abdullin', V. V. Klochkov?

! Institute of Fundamental Medicine and Biology, Kazan Federal University, Kazan 420008,
Russian Federation, dblohin@kpu.ru
2 Institute of Physics, Kazan Federal University, Kazan 420008, Russian Federation

Chemical conjugation of oligopeptides with artificial compounds, including
amino acid analogues, is an established way of increasing stability and improv-
ing pharmacokinetic properties of oligopeptides without substantial disruption of
their natural structure and functions. For this purpose, terminal and/or side group
modification of peptides with alkyl/lipid or polymeric moieties are routinely used
[1]. Phosphorus-containing compounds are poorly investigated peptide modi-
fiers which however have a great potential for modulation of physicochemical/
transport properties of oligopeptides. Their properties are directly related to their
spatial structure.

NMR spectroscopy is one of the most powerful techniques for characterization
of spatial structure of peptides. In this paper, we determined the spatial structures
of a series of modified TPP oligopeptides (Fig. 1) by NMR spectroscopy in H,O/
D,0 mixed solution supplemented with DPC micelles. Micelle-forming deuterated
surfactants are commonly used to assist the NMR analysis of peptide molecules
in aqueous solution. DPC micelles are utilized to decrease mobility of small
peptide molecules, thus increasing informativeness of their NMR spectra [2].

NMR assignments for oligopeptides were obtained from 2D 'H-'H TOCSY
and '"H-"H NOESY spectra on a 500 MHz NMR spectrometer (Bruker, AVANCE
11-500) at 298 K. For structural calculations, the ensemble was subjected to
restrained molecular dynamics using the XPLOR-NIH software.

LEZ &m r?l &Nm 21 4%

NH

B
HaN NH HZN NH HoN A NH NH
YRFK-NHZ TPP-3-YRFK-NH2 TPP-G-YRFK-NH2
%£E¢LM \/\/\)LJ;E%;LLLJ
=
Br
NH HoN NH
YrFK- NH2 TPP-6-YrFK-NH,

Fig. 1. Structure of tetrapeptides based on YRFK motif and their triphenylphosphonium derivatives
(R — L-arginine; r — D-arginine).
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Fig. 2. Three-dimensional minimum energy structures of YRFK-NH,, TPP-3-YRFK-NH,, YrFK-NH,
and TPP-6-YrFK-NH,.

The structures of oligopeptides are shown in Fig. 2. The backbone RMSD
values for Arg-Lys fragment were 0.56 + 0.18 A (YRFK-NH2) and 0.55 £ 0.22
A (YrFK-NH2). The analogous values for Tyr-Lys fragment were 0.05 + 0.03
A (TPP-3-YRFK-NH2), 0.20 £ 0.12 A (TPP-6-YRFK-NH,) and 0.09 = 0.06 A
(TPP-6-YrFK-NH2). From the analysis of the obtained spatial structures and
RMSD, it can be concluded that the presence of TPP-tailings stabilizes the
oligopeptide molecules.

This work was performed according to the Russian Government Program of
Competitive Growth of the Kazan Federal University.

1. Shiba K.: Chem. Soc. Rev. 39(1), 117 (2010)

2. Warschawski D.E., Arnold A.A., Beaugrand M., Gravel A., Chartrand E., Marcotte I.: Biochim Biophys
Acta (BBA), Biomembranes 1808(8), 1957 (2011)
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Peculiarities of Low Temperature FMR in Ion Beam
Synthesized Co Silicide Films

V. V. Chirkov', G. G. Gumarov', V. Yu. Petukhov', M. M. Bakirov'
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Thin ferromagnetic films with the uniaxial magnetic anisotropy were synthesized
by Co" implantation into single-crystal silicon in the external magnetic field [1].
It was concluded that the formation of the induced magnetic anisotropy is due
to the directional atomic pair ordering (the Neel-Taniguchi model). The linear
temperature dependence of the magnetic anisotropy constant for synthesized films
was revealed in the temperature range from 100 to 300 K that is not described
by the Callen-Callen model. The obtained dependence can be explained by the
difference in the coefficients of thermal expansion of the Si (111) substrate and
the ion-beam-synthesized cobalt silicide films. The aim of this work is to study
the peculiarities of FMR at temperatures below 100 K.

The samples of thin films of cobalt silicides obtained by ion-beam synthesis
in the external magnetic field at energy of 40 keV were studied. FMR spectra
were recorded on an EMXplus X-band EPR spectrometer at in-plane geometry.
The set of oscillating peaks are observed in the spectra in the temperature
range from 40 to 80 K (see Fig. 1). The period of oscillations increases with
the temperature rise and depends on the power of the microwave radiation in
a complex manner.

We believe that observed oscillations in the FMR spectra are the spectrum
of spin-wave resonance in a tangentially magnetized thin film [2].

1. Chirkov V.V., Gumarov G.G., Petukhov V.Yu. et al.: Appl. Magn. Reson. 49, 381 (2018)
2. Vasilevskaya T.M., Sementsov D.L.: J. Solid State 49, 1913 (2007)
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Fig. 1. FMR spectra for a sample at a temperature of 40 K.
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Fe’*-Cytochromes Signals in EPR Spectra
of Sportsmen’s Serum Blood

A. L. Chushnikov!, M. I. Ibragimova', G. V. Cherepnev?,
V. Yu. Petukhov!, I. V. Yatsyk'

! Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS, Kazan 420029,
Russian Federation
2 Tatarstan Republic Clinical Hospital Ne2, Kazan, 420043, Russian Federation

Monitoring the health of professional athletes is very important in sports medicine
because any metabolic disorders can adversely affect the professional qualities
of sportsmen. Usually examining the status of athletes include hematological
and biochemical analysis but these tests do not provide information about a
protein such as cytochrome C. At the same time, for example EPR can detect
signals from the paramagnetic centers of iron and copper incorporated into the
composition of the cytochromes. The blood levels of such proteins in athlete’s
blood may also provide useful information for a more correct assessment of the
status of the athlete. Therefore, the aim of this work was to analyze the signals
in the EPR serum spectra from the paramagnetic centers of iron in cytochromes.

EPR spectra were recorded from equal volume (0.5 ml) of serum on a
Bruker EMX Plus spectrometer at 9.38 GHz with a microwave power of 2
mW, a modulation frequency of 100 kHz, a modulation amplitude of 5 G at a
temperature of 7 = 5-77 K. A study group consisted of 57 professional athletes
from the Continental Hockey League.

At a liquid nitrogen temperature the EPR spectra from blood serum usually
contain 3 signals: with g ~ 4.3 from Fe*" (§ = 5/2) incorporated into the com-

a Fes*-Tf Cu*-Cu b Fes*-Tf Cu*-Cu
R ~5.87 R
_ g~5.87 N g~88 9 g~2.05
¢} 8.*8 V4043 g 2.%5g~2 oo *g~4.3 hg~2
Y A PTR  y9m2 A Vsl

e T h———

e TV
e fo——
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Magnetic eld (Oe) Magnetic eld (Oe)

Fig. 1. Spectra from the samples of the athlete’s serum recorded at 7= 5 K. Spectra in Figs. la and b
demonstrate the different levels of Fe*'-cytochrome C.
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position of the transferrin — plasma iron-glycoprotein; with g ~ 2.05 from Cu?*
ions incorporated into the composition of the ceruloplasmin — copper-containing
plasma protein and signal with g ~ 2 from free radicals. The nature of the last
has not yet fully established. At helium temperatures, the signals with g-factors
5.87 and 8.8 are presented along with the three above mentioned signals. These
signals with high probability can identified as a signal of high-spin heme iron
(Fe**) in the composition of cytochromes. This assumption was based on the
fact that signals from cytochromes are recorded only in the temperature range
T = 5-40 K [1]. In particular, the signal with g = 5.87 with high probability
can be identified as a signal from Fe** in cytochrome C. The type of another
cytochrome with g-factor 8.8 is not yet uniquely identified.

A feature of the spectra is that for 14% of athletes at 7 = 5 K the line
intensity with g ~ 5.87 is practically comparable with the intensity of the Fe**-
transferrin line with g ~ 4.3 (Fig. 1a). Spectra with a relatively low intensity of
the line with g ~ 5.87 were recorded for 86% of athletes (Fig. 1b). The presence
of highly intensive absorption line from cytochrome C in the EPR spectra of
serum is possibly due to the usage of various metabolically active preparations,
for example, the permitted preparation of cytochrome C. This assumption requires
further additional studies.

It should be noted that biochemical analyzes do not provide data on the
content of cytochrome C in the blood serum, therefore the EPR method can be
useful in routine testing in order to clarify the assessment of the athlete’s status.

1. Harbitz E., Andersson K.K.: Cytochrome ¢-554 from Methylosinus trichosporium OB3Db; a protein that
belongs to cytochrome c2 family and exhibits a HALS-type EPR signal: PloS One, 22014, 6 (7) (2011)
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The Study of Protein Ligand Interaction
by Water LOGSY NMR
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The protein ligand interaction plays a key role in structural biology. Such in-
teractions depend both on the specific interactions in the binding site as well
as the non-specific forces outside the binding pocket. Computational modeling
such process widely used in modern science together with experimental mea-
surements by physical methods. One of the promising approaches to study of
protein ligand interaction is application WaterLOGSY NMR experiment [1].
This experiment allows to measure dissociation constant for the system of low
molecular weighted ligands that bind protein.

Thus in this work dissociation constants of interaction ceftriaxonum, warfa-
rin and routin with human serum albumin or bovine serum albumin have been
measured. The formation of complexes of the studied ligands with albumin is
shown experimentally.

1. Dalvit C., Fogliatto G., Stewart A. et al.: J. Biomol. NMR 21, 349 (2001)

4.4 4.2 4.0 3.8 3.6 3.4 3.2 [ppm]

Fig. 1. Fragment of WaterLogsy spectra for water solution of 800 uM free warfarin (bottom) and 800
uM warfarin with 10 uM bovine serum albumin (upper). Changing of the phase NMR signals of the
warfarin indicate formation protein ligand complex.
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Electron Spin Resonance Study of Sm, Eu B, Solid Solutions
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Topological Kondo insulator candidate SmB, was recently investigated by the
means of electron spin resonance (ESR) [1]. A possible magnetic phase transi-
tion was reported on the (110) sample surface at the temperature 7, = 5.35 K.
In this regard, the study of an influence of different magnetic impurities on
ESR and magnetic order formation could be quite valuable. First results of such
examination performed on high frequency (60 GHz) ESR spectrometer for the
case of Eu doping are reported in the present work.

A series of solid solutions Sm, Eu B, with x = 0.005, 0.02, 0.05 have been
studied. It is found out that even the smallest Eu concentration drastically changes
the ESR spectrum at low temperatures (Fig. 1). At temperatures 7 > 7-8 K the
only one narrow line with g = 2 is observed for every concentration as should
be expected for the case of isolated Eu’" magnetic ion in ®S,, state. Below
T" ~ 7 K the ESR line intensity starts to grow significantly and the spectrum
structure becomes much more complicated. The most striking feature of the
observed behavior is that the value of 7° ~ 7 K is very close to characteristic
temperature 7, corresponding to the transition in undoped SmB, single crystal
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Fig. 1. Temperature dependence of Sm, Eu B, ESR spectra for x = 0.005.
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and almost coincides for different compositions. It is worth noting that even 10
times change in Eu®" concentration leads to relatively small shift in 7% value
about ~1-2 K.

The ESR parameters analysis in Sm; Eu B, line shape analysis is difficult
due to complicated line shape, which dramatically changes with Eu concentra-
tion. This problem may require future additional study of transport and magnetic
properties which together with ESR data may shed more light on the effects of
Eu doping of strongly correlated topological Kondo insulator SmB,.

This work was supported by programmes of Russian Academy of Sciences
“Electron spin resonance, spin-dependent electronic effects and spin technolo-
gies”, “Electron correlations in strongly interacting systems” and by RFBR grant
17-02-00127 A.

1. Demishev S.V., Gilmanov M.I., Samarin A.N., Semeno A.V., Sluchanko N.E., Samarin N.A., Bogach
A.V., Shitsevalova N.Yu., Filipov V.B., Karasev M.S., Glushkov V.V.: Sci. Rep. 8, 7125 (2018)
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The Nature of Electron Spin Resonance in CeB
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In our recent study angular dependencies of electron spin resonance (ESR) line
parameters in CeB, were reported [1]. Significant discrepancies with the model
of ESR in antiferroquadrupolar (AFQ) phase of CeB, developed by Shlottmann
[2] were found. For example, g-factor predicted in [2] turned out to be ~25%
larger than the theoretical expectation. Moreover, theory [2] fails to describe
satisfactorily symmetry of experimental angular dependencies of the g-factor.
Another observation which could not be at the time explained by the model [2]
is considerable anomalies in temperature behavior of g-factor, line width and
oscillating magnetization in [100] direction. These results were disputed in recent
publication [3], which suggests that theory [2] may be used for description of
the ESR in CeBy. Here we are aimed to compare these two different interpreta-
tions in order to elucidate physics of the ESR in this strongly correlated metal.

Although it seems that with some presumptions model [3] actually allows
fitting g-factor data, it still faces problems of accounting for an antiferromagnetic
fluctuations, which are essential for the explanation of the observed anomalies
of ESR parameters for [100] direction. Even more importantly, the only rea-
son for the ESR signal to become observable offered by models [2, 3] is the
narrowing of the resonance line due to ferromagnetic correlations in the AFQ
phase. However, close to the phase boundary along with broadening of the ESR
line its intensity tends to zero, which does not taken into consideration in [2,3].
Moreover, phase transition inside the AFQ was reported recently [4] from the
transport data. In fact, ESR line is observable only below the transition which
occurs around 7' = 3.8 K at the resonance field. Thereby the physical picture of
the aforementioned theoretical models [2, 3] is also should be reconsidered. This
work is supported by the Russian Scientific Foundation, Grant Nel17-12-01426.

1. SemenoA.V., Gilmanov M.1., Bogach A.V., Krasnorussky V.N., Samarin A.N., Samarin N.A., Sluchanko
N.E., Shitsevalova N.Yu., Filipov V.B., Glushkov V.V., Demishev S.V.: Scientific Reports 6, 39196,
(2016)

2. Shlottmann P.: Appl. Phys. J. 113, 17E109 (2013)

Shlottmann P.: Magnetochemistry, 4, 27 (2018)

4. Demishev S.V., Krasnorussky V.N., Bogach A.V., Voronov V.V., Shitsevalova N.Yu., Filipov V.B.,
Glushkov V.V,, Sluchanko N.E.: Scientific Reports 7, 17430 (2017)
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Structural Model of the Yb*" Ion in the LiCaAlF,
Single Crystal
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Lithium calcium hexafluoroaluminate LiCaAlF, (LiCAF) is a colquirite-type
fluoride with the hexagonal structure belonging to the D2, (P31c) space group
(group number 163). It is an optically uniaxial crystal with two formula units
per unit cell. Six fluorine (F) atoms surround a lithium (Li), calcium (Ca), or
aluminum (Al) atom. Each Li, Ca, and Al cation occupies a deformed octahedral
site with C,, symmetry as shown in Fig. 1 [1]. The lattice constants are a =
4.996 A and ¢ = 9.636 A. The LiCAF crystals when doped with rare-earth (RE)
ions (Ce*", Nd*', Er*", Tm*") are used in photonic devices because they are good
hosts for optically active cations. Recent examples of applications include the
use of Nd**-LiCAF in photolithography [2] and Ce3-LiCAF in ultraviolet (UV)
chirped-pulse application [3]. In addition, Ce*-doped LiCAF has been reported
as a leading candidate for a tunable solid-state laser in the UV region [4].

The optical spectra due to f-d transitions between the ground and excited
configurations of RE ions were investigated in the majority of studies devoted
to doped LiCAF crystals. Electron paramagnetic resonance (EPR) spectra of
Ce*, Dy*', Er¥*, Yb** ions were observed in [4, 5]. However, the study of EPR
spectra and optical spectra of RE ions which are due to the configuration f-f
transitions, provides information about the magnetic properties of the RE**-doped
LiCAF and the local structure of the RE ion site in such crystals.

This report is devoted to the detailed study of impurity RE paramagnetic
centers formed by Yb** ions in the LiCAF single crystal by EPR and optical
f-f spectroscopy methods.

The LiCAF crystals were grown using the Bridgman technique in the
fluorinating atmosphere. Their melting point is about 810 °C. We used an Ar:CF,
gaseous mixture with the volume ratio of 7:4 to fill the chamber after its evacu-
ation to 10~* mbar. Components of the charge of LiCAF to be grown were taken
in ratios correspondent strongly to the stoichiometric composition. The measured
temperature gradient was about 70 °C/cm. The achieved temperature gradient was
sufficient for the LICAF compound which melts congruently to crystallize with
relatively high rates. The pulling rate of the crucible in our experiments was 4
mm/h. The LiCAF crystals were grown on seed crystals with the orientation of
the specified optical c-axis perpendicular to the boule.

The results of these experiments made it possible to conclude that Yb**
ions replace host cation sites Ca?" forming one type of the paramagnetic center
with trigonal symmetry (C,,) without any charge compensators in its immediate
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neighborhood. The positions of lines in optical spectra were specified for this
center. The Stark level energies of the Yb*" multiplets were determined from
optical spectra. The crystal field parameters of this center were determined
from the scheme of energy levels and g-factors of the ground Kramers doublet.
The crystal-field potential of the Yb*" center made it possible to judge, at least
qualitatively, about the nearest surrounding of the Yb*" ion.

This work was supported by the program of the Presidium of the Russian
Academy of Sciences no. 5 “Electron spin resonance, spin-dependent electron
effects and spin technologies” and by the subsidy of the Russian Government
(agreement No0.02.A03.21.0002) to support the Program of Competitive Growth
of Kazan Federal University and optical spectroscopy experiments were funded
by the Russian Foundation for Basic Research (project no. 18-32-00936). AML
was funded by the subsidy allocated to Kazan Federal University for the state
assignment in the sphere of scientific activities (project 3.672.2017/8.9).
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New Fe(IlI) Complexes with Tetradentate Schiff Bases and
Photosensitive Ligands
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I. Ovchinnikov, A. Turanov
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As aresult of the search for new materials with a photoactive channel for control-
ling magnetic properties, a series of Fe (III) coordination compounds of general
formula [FeL(Sp),|BPh,xMeOH (where Sp is a photosensitive monodentate e
ligand, such as salen, bzacen, acen) was synthesized, characterized and studied
by EPR, NMR, and UV-spectroscopy.

The effect of the chemical structure of the equatorial ligand on the spin state
of the Fe (III) ion was proved by EPR and NMR both in solid state and in CH,Cl,
solutions. For complexes with two aromatic groups in L (salen), the high-spin
state of Fe (III) ions is observed (S = 5/2, D > hv, E/D ~ 1/3). For compounds
with the presence of two methyl groups and the absence of aromatic rings in L
(acen), a spin transition was observed in the temperature range 160—340 K. The
combination of aromatic and aliphatic groups in L (bzacen) leads to extending
the temperature range of the spin transition.

Finally, the variation of structural fragments in tetradentate ligands leads to
a change in the electronic environment of the coordination node, the geometry
of the molecules, and, correspondingly, the spin state.

2SS

[Fe(salen)(Sp),] [Fe(vanen)(Sp),] [Fe(acen)(Sp),l  [Fe(bzacen)(Sp),] BPhy

Fig. 1. The structure illustration of the studied Fe (III) complexes.
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Study of the Conformation of y-Irradiated Calcium Gluconate
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One of the most popular drugs used in disorders of calcium metabolism in the
body is calcium gluconate (GC). The new mechanically activated modified nano-
dispersed amorphous form of calcium gluconate (MACG) significantly increases
the bioavailability and efficacy of treatment [1, 2]. When attempting to study the
changes in the stereochemical structure of a molecule by mechanical activation,
it became clear that accurate data on the structure including the initial GC are
still lacking, since classical methods proved to be inapplicable. In this paper we
consider the possibility of using the ESR method to determine the conformation
of calcium gluconate. Since the initial GC does not have a resolved ESR signal,
then to obtain information about the system, it is possible to introduce artificial
defects into it, for this we used ionizing radiation in our work. We used samples
of tableted calcium gluconate, as well as pure laboratory GC Sigma Aldrich. The
samples were irradiated with photons on the gamma-therapeutic system Rokus,
after which they were investigated by ESR.

The spectra were analyzed using the Easy Spin program. The spectra are
multicomponent, with a clearly pronounced hyperfine structure. The components
of the model spectra correspond to different radicals. The data obtained with
the help of modeling can be used to calculate torsion angles corresponding to
the hyperfine coupling constants [3]. Thus, in the study of GC samples, exact
values of the torsion angles between the C-H bond and the axis of the orbital
of the unpaired electron were obtained. The position of the paramagnetic centers
on different carbon atoms with the components of the spectrum is compared.
As a result, two possible conformations of the calcium gluconate molecule were
revealed.

1. Patent of Russia Ne 2373185 (2009)

2. Konygin G.N. et al.: Experimental substantiation of calcium gluconate production. Materials of conf.
“Actual Issues of Pediatric Surgery”, p. 56-59. Izhevsk, 2003.

3. Sosulin LS., Sosulin V.I., Shiryaeva E.S., Feldman V.I.: Radiation Physics and Chemistry, 178-183
(2015)
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One of the most popular drugs used in disorders of calcium metabolism in the
body is calcium gluconate (GC). The new mechanically activated modified nano-
dispersed amorphous form of calcium gluconate (MACG) significantly increases
the bioavailability and efficacy of treatment [1, 2]. When attempting to study the
changes in the stereochemical structure of a molecule by mechanical activation,
it became clear that accurate data on the structure including the initial GC are
still lacking, since classical methods proved to be inapplicable. In this paper we
consider the possibility of using the ESR method to determine the conformation
of calcium gluconate. Since the initial GC does not have a resolved ESR signal,
then to obtain information about the system, it is possible to introduce artificial
defects into it, for this we used ionizing radiation in our work. We used samples
of tableted calcium gluconate, as well as pure laboratory GC Sigma Aldrich. The
samples were irradiated with photons on the gamma-therapeutic system Rokus,
after which they were investigated by ESR.

The spectra were analyzed using the Easy Spin program. The data obtained
with the help of modeling can be used to calculate torsion angles corresponding
to the hyperfine coupling constants [3]. Thus, in the study of GC samples, exact
values of the torsion angles between the C-H bonds and the axis of the orbital
of the unpaired electron were obtained. The position of the paramagnetic centers
on different carbon atoms with the components of the spectrum was compared.
As a result, two possible conformations of the calcium gluconate molecule were
revealed. The reliability of the results of conformational analysis is confirmed
by EPR studies in two frequency bands (X- and Q-bands).

1. Konygin G.N. et al.: Patent of Russia Ne 2373185 (2009)
2. Konygin G.N. et al.: Materials of conf. “Actual issues of Pediatric Surgery”, 56 (2003)
3. Sosulin I. S., Shiryaeva E.S., Feldman V.I.: Radiation Physics and Chemistry. 117, 178 (2015)
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We investigate the critical temperature 7, of F2/S2/F1/S1 structure (Si is a sin-
glet superconductor, Fi is a ferromagnetic metal), where the long-range triplet
superconducting component is generated at canted magnetizations of the F layers
[1]. Previously it was demonstrated that transition temperature 7, in F2/F1/S [2]
and F2/N/F1/S [3] structures (N is a normal metal) can be a non-monotonic
function of the angle o between magnetizations of the two F layers, against the
monotonic 7 (o) behavior obtained for the F2/S/F1 trilayers [4].

Matrix method [5] is employed to calculate 7, as a function of the spin-
valve parameters. We study the impact of an additional layer S2 on different
spin-valve effect modes — the standard switching effect, the triplet spin-valve
effect, the inverse switching effect — by variation of the interfaces transparen-
cies, the exchange splitting energies, and the layers thicknesses. We examine
the conditions under which superconductivity in an additional S2 layer is sup-
pressed and it plays the role of a normal layer, and conditions under which the
superconductivity is conserved and affects on the superconducting 7.

The support in part by RFBR (grants No. 16-02-01171-a, 15-32-20362-bel a
ved) is gratefully acknowledged.

1. Bergeret E.S., Volkov A.F., Efetov K.B.: Rev. Mod. Phys. 77, 1321 (2005)

2. Fominov Ya.V., Golubov A.A., Karminskaya T.Yu., Kupriyanov M.Yu., Deminov R.G., Tagirov L.R.:
JETP Lett. 91, 308 (2010)

3. Deminov R.G., Tagirov L.R., Gaifullin R.R., Kupriyanov M.Yu., Fominov Ya.V., Golubov A.A., to be
submitted

4. Fominov Ya.V., Golubov A.A., Kupriyanov M.Yu.: JETP Lett. 77, 510 (2003)

5. Kushnir V.N.: Superconductivity of the Layered Structures. Minsk: Belarus National Technical University
2010.
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System of nitric oxide (NO) is one of the most studied systems of the organism
[1, 2]. Its role is documented for the central and autonomous nervous systems,
for cardiovascular function and blood supply to the brain and the heart, where
deviations in NO level may incur risks of stroke and infarction [1, 3, 4, 5]. The
NO system participate in reactions of oxidative stress, glutamate-calcium cascade,
and inflammation [2]. In present time the development of cerebral ischemia
and following stroke is associated with impaired cerebral blood flow, as well
as violations of its regulation by the NO system [6]. No doubt that the role of
NO system in the pathogenesis of a number of diseases associated with vascular
disorders is defining [6, 7]. Previously, by the methods of EPR spectroscopy our
team has evaluated effect of ischemic stroke on the intensity of NO production
in the tissues of the brain, heart and liver of rats in vivo [8]. It was shown that
in 5 hours after modelling of ischemia double reduction of NO production was
observed in the tissues of the hippocampus, heart and liver. This investigation
continues the previous research, and its main purpose is to study the processes
of NO-synthase involvement in the control of NO levels in the hippocampus of
rats after modelling both ischemic and haemorrhagic stroke.

Modeling of ischemic and hemorrhagic stroke was produced on rats according
to [8]. After 5, 24 and 72 hours it was carried out fence of the hippocampus. A
similar extraction of tissue samples were also produced from control animals. In
all series, on the day of the experiment, rats were anesthetized by intraperitoneal
injection of a mixture of ketamine-chloralose-acepromazine (55.6 mg, 5.5 mg
and 1.1 mg/kg, respectively). The components of the spin trap NO (DETC-Na,
FeS0O4, sodium citrate) was injected 30 minutes before the extraction of studied
tissue. The studies of the effect of non-selective blocker of NO-synthase (NOS)
on the NO production in the modeling of ischemic and hemorrhagic stroke
were carried out to estimate of the contribution of different sources of NO.
The L-NAME in dose of 10 mg/kg, which was administered intraperitoneally
60 minutes previously to decapitation. The measurements of the spectra of the
complex (DETC),-Fe**-NO were performed on the spectrometer ER 200 SRC
Bruker in the X band (9.50 GHz). The amplitude of the EPR spectra was always
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normalized to the weight of the sample (details of the EPR signal measurement
technique described earlier [5, 8].

Based on direct measurements of NO by EPR spectroscopy it was shown
that in 5 hours after the onset of symptoms ischemic and hemorrhagic stroke
the formation of NO in the hippocampus was reduced by 2-3 times and this
reduction was maintained for 24 and 72 hours. The results show that a systemic
character of decreasing in the intensity of NO production during the modelling
of ischemic events in the brain reflects the effects of central dysregulation of
the functions at the level of the whole organism that it is appropriate to consider
under implementing the correction of the vital systems of the body in stroke.
It has indicated that nonselective NO-synthase blocker L-NAME reduced the
low level of NO production in 3 times by its administration in 72 hours after
post-ischemic and hemorrhagic stroke. But it was discovered that L-NAME
returns the level of NO production to baseline (control) by its administration in
5 hours after ischemia.

Supported by RFBR (Grant No. 18-515-00003) and by Belarusian Republican
Foundation for Fundamental Research (Grant B16R-166).
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A very short time has elapsed since the discovery [1, 2] of the 3D analog of
graphene, the Dirac semimetal of cadmium arsenide Cd;As,. From that moment,
other substances of this class were discovered. Particularly of particular interest
is the Dirac semimetal in which, in the composition of Cd;As,, one cadmium
atom is replaced by an europium atom, i.e. EuCd,As,. This semimetal belongs
to the class of antiferromagnetic (AFM) Dirac semimetals [3]. Many exotic
topological states can be derived from such AFM Dirac semimetals by means
breaking certain symmetry, thereby providing an model system for investigation
of topological phase transitions.

Very effective method for investigation of magnetic and spin states is the
electron spin resonance. We performed the X band ESR measurements in the
temperature range 10-300 K of two pnictides: EuCd,As, (structural type CaAl,Si,,
space group P3ml) and Eu Cd, As, (centrosymmetric fluorite type structure,
space group I41/acd).

In the ESR for EuCd,As,, it was observed almost symmetric Lorentzian
resonance line. At high temperature g-factor for this compound was 2.03 and
pic-to-pic linewidth was 900 Oe. The resonance linewidth and field depend on
temperature as (7-7,)"2 This indicative of spin fluctuations associated with
the phase transition temperature 7,. Also at high temperatures was observed
Curie-like temperature dependence of the inverse the ESR intensity with positive
temperature Curie Weiss 0, = 16 K (high temperature approximation 0, ~ 25
K, see figure) , which contradicts 7, = 7, ~ +7 K.

For the Eu Cd, As,, data on the magnetic susceptibility and ESR showed
the presence of an Eu?* ions additional AFM phase ordered at T,.,~ 124 K.
Measurements of the ESR allow us to identify this phase (g-factor near 4.4) as
it consisted of Eu?* ions located in tetrahedral vacancies in fluorite type cell.
Main phase (g ~ 2.2) consists of the Eu*" ions in the positions substituting of
the Cd*" ions. Taking in attention, in normal cases g ~ 2.0, the ESR data for
both compounds show anomalous large values of the g-factor of the Eu** ions.
Analysis of the role of the RKKY interaction in this situation leads to the con-
clusion that the RKKY interaction in the classical view can not lead to change
of a sign of interaction selectively in dependence on position types in the crystal
lattice. Consequently, we are dealing with a new type of spin-spin interactions,
associate with the local symmetry breakings of the crystal by magnetic ions. This
interaction leads to the splitting of twice degenerate Dirac nodes on two Weyl
nodes with different energies and to formation of different topological phase.
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Fig. 1. The temperature dependence of the ESR line intensity and an inverse intensity in the EuCd,As, .

We believe such observed behaviour of 0, 7y, g-factors and lineswidth

cw?

are connected with critical spin fluctuations and these critical spin fluctuations
are caused by the relevant topologic instability of electronic structures of these
compounds.
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Here we investigated the materials, which consist of two inorganic phases. One
of the components of the composite material is CaCu,Ti,O,, (CCTO), which
dielectric behavior exhibits an extraordinary high dielectric constant and shows
good thermal stability in a wide temperature range. As the second component of
the composite material we chose two ferromagnetic materials: lanthanum-strontium
manganite La,,Sr,,MnO, (LSMO) or strontium hexaferrite SrFe ,0,, (SFO).
LSMO,CCTO,_, (0.01 < x < 0.3) and SFO,CCTO,_, (0.0l <x <0.1) com-
posites were synthesized using a solid state method, while the pre-synthesized
ferromagnetic was added to the stoichiometric amount of CaO, CuO and TiO

[ um LSMO=CCTO1-x g SFOxCCTO1-x
o= x=0.05 x=0.03

t:M=M

+M
fer pat
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Fig. 1. SEM images: a LSMO, ,sCCTO, ,; b SFO0.03CCTO0.97; ¢ High-resolution transmission electron
microscopy image of SFO0.07CCT00.93; d Temperature dependencies of magnetization in LSMO,CCTO,_.
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oxides to form the CCTO structure. The obtained composites had the granular
structure (Fig. la, b). The intrinsic structure of the granules (ferromagnetic
nanoinclusions inside CCTO matrix) is shown in Fig lc.

The magnetization of investigated samples can be presented as the sum of the
paramagnetic contribution M, = y-H = C-H/(T — 0©) from CCTO component
and ferromagnetic contribution M, = M-tanh(7 .M, /TM) from LSMO or
SFO component (see Fig. 1d). From the fitting of the temperature dependence
of the magnetization we can see the mutual influence on the magnetic properties
of both components: (i) decrease of the Curie temperature of the ferromagnetic
phase; (ii) the Weiss constant 0 and the effective magnetic moment of the para-
magnetic phase has the strong concentration dependence. ESR measurements
confirm mutual influence on the magnetic properties of both components to each
other [1, 2]. The observed mutual influence on the magnetic properties of both
components can be tentatively attributed to the interface exchange interactions
between them, suggesting the presence of a possible magnetic proximity effect.

1. Gavrilova T.P,, Eremina R.M., Yatsyk L.V. ez al.: J. Alloys and Compounds 714, 213 (2017)
2. Gavrilova T.P.,, Deeva J.A., Yatsyk I.V. et al.: Physica B: Cond. Matter 536, 303 (2018)
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A computer program for modeling a tunnel magnetoresistance (TMR) in magnetic
nanocontacts (NC) ferromagnetic/insulator/ferromagnetic (FMY/I/FMR, where FM*
are left and FMR® right ferromagnetic metals) with taking account gradients of
chemical potentials was created. The NC is simulated by a nanosized circular
insulating disk of the radius made in a membrane, which divides the space on
two half-spaces, occupied by single-domain ferromagnetic metals. The main
program units are a module for calculating the TMR of the planar contact, based
on the quasiclassical theory of spin-polarized conductivity [1]; a module that
takes into account geometry of the contact [2]; and an original module taking
account gradients of chemical potential. We develop a theory of spin-transport
through magnetic NC’s taking into account gradient terms in the series expan-
sion of Green function. The theory covers ballistic / > a and diffusive / < a
regimes (/ is the mean free path, a is the radius of the contact) to explain the
variety of observed experimental data. The basic mathematical background and
calculation details can be found in article [3].
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Fig. 1. The TMR dependence on the voltage applied to NC at room temperature. Solid line — without
taking into account, dotted line — with taking into account the difference in effective masses in a fer-
romagnetic metal.
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The quantitative model of spin-polarized conductance and TMR of point
magnetic contacts is of great importance for determining the characteristic di-
mensions of a NC, and for explaining the large value of the TMR observed in
experiments. At present time, great efforts have been made to create reliable
nanocontacts with predictable properties, considering the interface matching of
the nanowire connections between normal, semiconductor, ferromagnetic and
superconducting materials in nanoscale spintronics devices.

The main goal of the present work is to study the effect that the chemical
potential gradients can have on the tunnel characteristics in a magnetic NC, in
particular, on spin-polarized conductance and TMR. A specific feature of the
study is to take into account some distinction between in the effective masses
of electrons with different spin orientations in the ferromagnetic metals.

Results of the TMR calculations for symmetric NC Fe/Al,O,/Fe are shown
in Fig. 1. The tunnel barrier thickness between the magnetic domains is assumed
to be equal d = 100 A The height of the energy potential above the Fermi
energy is U, = 0.76 eV. The values of Fermi wave vectors k,.,®, spin-polarized
mean-free paths /“® and effective mass in units of free electron mass m “®/m,
for electrons of spin subbands in ferromagnetic layers are shown in the figure
(where o = (1)) is the spin index).

In this work are shown dependences of TMR on the ratio of radius contact
to mean free path of conduction electrons and dependences of TMR on voltage.
It can be used for interpreting the experimental data on tunnel structures like of
Fe/AlL,O,/Fe or CoFeB/MgO/CoFe, NC’s resistance of Fe-Co or Ni-Mumetall.
The TMR effect may improve possible MRAM benefits, which can be fabricated
as a system of uniform NC cells.

1. Tagirov L. ef al.: Phys. Rev. B 63(10), 104428 (2001)
2. Useinov A. et al.: J. Phys.: Condens. Matter. 19(19), 196215 (2007)
3. Useinov N.: Theoretical and Mathematical Physics 183(2), 705-714 (2015)
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Metal alloys with a low concentration of magnetic impurities were studied for a
long time [1, 2]. Palladium (Pd) films of nanoscale thickness with an admixture
of iron (Fe) in the concentration range 1-10 at.% are of particular interest. Usu-
ally such films are obtained by magnetron sputtering [3] and molecular beam
epitaxy (MBE) [4, 5]. However, ion implantation is a very promising method
for alloying of palladium matrix with a magnetic impurity of iron [6], it can be
used to produce new nanostructured materials with unique magnetic properties.

We implanted Fe" ions with an energy of 40 keV and a different fluence
(0.5-3.0- 10'¢ ion/cm?) into Pd epitaxial films in order to induce ferromagnetism
in them and to study its evolution depending on the nominal concentration of
the iron impurity. The thickness of the Pd films was chosen to adjust the aver-
age projected range (Rp) of the iron ions with the middle of the film thickness
for the each fluence. The crystal structure of the films was studied by low en-
ergy electron diffraction technique and X-ray diffraction analysis. Experimental
profiles of iron depth distribution were obtained by X-ray photoelectron spec-
troscopy in combination with the argon ion etching technique. The magnetic
properties were studied by methods of ferromagnetic resonance and vibrating
sample magnetometry in a wide range of temperatures and various measurement
geometries. The effect of the implanted iron fluence on Curie temperature was
investigated. At the maximum fluence, the spinodal decomposition and formation
of a multiphase magnetic system were detected by FMR technique. The effect
of subsequent ultra-high vacuum annealing on the magnetic parameters and the
magnetic phase composition of the Pd films with an implanted iron impurity was
studied. A comparative analysis of magnetic properties of the samples obtained
both by ion implantation and MBE methods is carried out.

The Program of Competitive Growth of Kazan Federal University supported
by the Russian Government is gratefully acknowledged, as well as the partial
support by RFBR projects No 18-32-01041 and 16-02-01171-a. Synthesis and
analysis of the films were carried out at the PCR Federal Center of Shared
Facilities of KFU.
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The frustrated dimeric chain compound BiCoPO; orders antiferromagnetically
at 7, = 11 K at zero magnetic field. Application of an external magnetic field
lowers the transition temperature towards zero at a field of H. ~ 153 T [1]
which, according to theory, could be a signature of a field-driven quantum phase
transition [2]. In this work we present an investigation of the title compound by
magnetometry and nuclear magnetic resonance (NMR) techniques. The high-field
magnetization measurements show no saturation of the magnetic moment up to
the highest magnetic field of 60 T. The *'P NMR relaxation rates measured at 9
T exhibit a peak at 7= 8 K corresponding to the AFM order. With increasing
the field this peak shifts towards lower temperatures and is not seen any more
down to 1.7 K at a field of 13 T. Remarkably, at a magnetic field of 15 T the
T-dependence of the relaxation rates shows an opening of the gap that possibly
indicates the emergence of a new quantum disordered phase of BiCoPO, with
gapped spin excitations above H,.

1. Mathews E., Ranjith K.M., Baenitz M., Nath R.: Solid State Commu. 154, 56 (2013)
2. Rong-Gen Cai, Run-Qiu Yang, Kusmartsev F.V.: Phys. Rev. D 92, 086001 (2015)
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The optical properties of poly(9,9-di-n-octylfluorenyl-2,7-diyl) (PFO) films doped
with potassium iodide (KI) are investigated. Adding an external heavy atoms
into a semiconductor polymer can change not only the rate and efficiency of
various photophysical reactions but also the probability of formation of free
charge carriers in the polymer. Absorption and luminescence spectra, kinetics of
fluorescence and delay luminescence of polymer films were studied. Investiga-
tions of the effect of an external magnetic field on the PFO luminescence over
a wide time range was investigated.

A degree of ordering of the composite films is determined from an analysis
of absorption spectra. It is found that the addition of potassium iodide leads to
a drop in the degree of ordering of PFO films and decreases the fluorescence
intensity and lifetime of the polymer. The kinetics of photoluminescence of
PFO—KI films is studied in wide time range. Analysis of the experimental data
on long-term luminescence using the percolation model showed that the addi-
tion of potassium iodide to the polymer increases the degree of disordering of
the film. This disorder has a substantial effect on the time characteristics of
annihilation delayed fluorescence and phosphorescence at recording times above
50 us after laser photoexcitation.

Investigations of the effect of an external magnetic field on luminescence
kinetic of the PFO in the range from 107'% s to 10~ s indicate a complex char-
acter of the time dependence of the magnetic effect. The changes in both the
magnitude and sign of the magnetic effect are observed over the entire measured
time range. In a pure PFO film, a magnetically sensitive photoprocess occurs in
the ordered phase of the polymer at times below 1 ns. The magnetic effect is
connected with the process of triplet-triplet annihilation of electronic excitations
in a polymer at registration times of more than 1 ps.
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of Polymer Semiconductor Composites

N. Ibrayev', D. Afanasyev'?, A. Nurmakhanova'

!'Institute of Molecular Nanophotonics, Buketov Karaganda State University,
Karaganda 100028, Kazakhstan, niazibrayev@mail.ru
2 Institute of Applied Mathematics, Karaganda 100028, Kazakhstan, a_d_afanasyev@mail.ru

An investigation of features of the generation and recombination of electron-hole
pairs (EHP) in molecular semiconductor composites are receiving much attention
in connection with the possibility of their practical use in electroluminescent
and photovoltaic solar cells. A degree of participation of the triplet state in the
processes of formation of EHP is one of the poorly studied questions. This
work presents results of an investigation of the effect of an external magnetic
field (EMF) on the kinetics of luminescence of polymeric composites of poly
(N-epoxypropylcarbazole) (PEPC) derivatives with heavy atoms of different
chemical nature doped with anionic polymethine dye (PD).

The investigation of delayed luminescence (DL) of PD in the range from
100 K to 300 K was carried out to determine the role of the triplet state in the
formation and recombination of EHP. Samples were irradiated with the second
harmonic of the neodymium laser LCS-DTL-374QT (532 nm). It led to the
excitation of dye molecules in the absorption band S, — S,

DL of dye consisting of two bands was recorded under pulse photoexcita-
tion at temperature of 7= 100 K of PEPC films. The short-wave band with a
maximum at 600 nm coincides spectrally with the fluorescence spectrum un-
der steady-state photoexcitation and is due to the radiative transition from the
singlet-excited state S, to the ground state S,. DF spectrum exhibits a broad
band in the region of 700-850 nm with a maximum of about 750 nm, which
is a phosphorescence band of the dye.

Measurements of DL kinetics at the A, = 600 nm have shown that emis-
sion decays more slowly in the PEPC matrix than in the polyvinyl butyral. The
lifetime is equal to 0.5 ms for a PD in polyvinyl butyral, which is shorter than
the lifetime of the dye luminescence in PEPC films. The difference in the lu-
minescence duration of PD in these polymers is result of presence of a portion
of the recombination luminescence (RL) in the total luminescence along with
the delayed fluorescence (DF) S, — S,. The nature of DF is associated with
the interconversion of dye molecules from T, state to the S, state. A slower RL
is associated with the formation of EHP of the cation-radical of the carbazole
fragment of PEPC and the electro-neutral radical of PD:

T,(dye) + S,(PEPC) — [T, (dye)S,"(PEPC)] — S, (PEPC) + T, —
Sy(dye) — S, + hv, (RL).
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The value of magnetic effect (g(B)) falls in the series of PEPK — 2IPEPC — 3Br-
PEPC — PEPC + KI films. For the dye in PEPC matrix, a negative g(B) was
observed, and g = 26% for B ~ 0.5 T. The g(B) is smaller in matrices of 2IPEPC
and 3BrPEPC. The value of g(B) decreases from 10 to 6% at a value of B ~
0.5 T with increasing number of heavy atoms in the polymer unit. In PEPC film
with the addition of an external heavy atom (KI salt), the magnitude of g(B) was
equal to 5%. In the time range after 0.2 ms the value of g(B) decreases with
a further increase in time for polymer films of 2IPEPC and 3BrPEPC. For the
PEPC + KI film, the decrease in g(B) occurs in a another time range — starting
from 0.6 ms. The g(B) becomes close to 0 at 7, ~ 1.2 ms. Decrease in g(B)
was not registered in the accessible time range for PEPC-PD film.

The singlet-triplet (S-T) conversion of EHP is the magnetosensitive stage.
A decrease in the intensity of RL in EMF shows that the formation of EHP
mainly proceeds along the triplet channel (S, — T, — Ty;;). EMF reduces the
probability of annihilation of triplet EHP and increases the probability of their
dissociation into free charge carriers (CC). The CC (electron), remaining on
the dye, is in a stationary state, while the hole can move along the polymer
chain. When the Coulomb barrier is overcome by a hole, the bound EHP can
form free CC. In the opposite case, there will be a recombination of EHP with
subsequent emission of a light quantum. As shown by measurements of the
time dependence of g(B), the presence of a heavy atom in the polymer leads
to a decrease in the lifetime of triplet EHP. In the case of the presence of an
external heavy atom (PEPC + KI), the lifetime of triplet EHP is greater than in
films of 2IPEPC and 3BrPEPC. The processes occurring in the polymer chain
play a decisive role in the EHP lifetime.

The decrease in g(B) with the addition of a heavy atom to the sample is
due to the competing effect of spin-orbit interaction and EMF on spin-selective
processes involving the excited triplet states of dye. A heavy atom leads to an
increase in the concentration of triplets in the sample and increases the prob-
ability of both transitions from the singlet state to the triplet state and vice
versa. This in turn reduces the degree of influence of the EMF on transitions
of the EHP from one spin state to another. At times above 200 ps, a reduction
in the concentration of the EHP and a decrease in the contribution of RL to the
intensity of total luminescence may occur.
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Hydroxyapatites (HA) play an important role in biomaterial engineering, espe-
cially in mineralized tissue engineering like bone tissue and tooth enamel. Thus,
HA and blood components based biocomposites can be used for rhinoplasty.
HA ceramic foams are perfect for a treatment of defects of bone tissue and for
increasement of osseointegration degree of metal prosthesis and soft tissues.
There are some research on calcium phosphate paste for 3D print too.

As methods of synthesis and processing of HA based materials are improved,
various techniques of analytical control of their chemical composition and mor-
phology are required. We investigated HA samples, which were synthesized us-
ing CaCl, and CaNO, solutions and had a different purification levels. Samples
were irradiated by X-ray for 30 minutes. The research was conducted by using
electron paramagnetic resonance (EPR) method on X-band EPR spectrometer
Bruker ESP300 at room temperature.

The received data was processed by using a spectra simulation in Matlab
programming environment using special module EasySpin. As a result of the
research, we identified range of EPR signals as CO,, NO{, CO; and estimated
its spectroscopic parameters. We also tracked dynamics of signal intensity of
irradiated paramagnetic centers. During the investigation it was revealed that
EPR method is able to differ HA sampeles, which were synthesized by using
different techniques.

The financial support of the Russian Foundation for Basic Research (grant
18-32-00337 mol_a) is gratefully acknowledged.



Posters 145

Resinous-Asphaltene Aggregates by NMR Analysis

D. Ivanov, V. Scirda

Institute of Physics, Kazan Federal University, Kazan 420008, Russian Federation

Resins and asphaltenes primarily make the greatest contribution to the forma-
tion of solid-state structures in oil. Resins and asphaltenes are very important
fractions of crude oil, oil residues, and bitumen. The tendency of asphaltenes
to aggregate distinguishes them from other components of oil. Aggregation of
asphaltenes can cause complex nonlinear effects in the rheological processes
characteristic of asphaltene-containing solutions, including oil and water-oil
emulsions. In turn, the anomalies of the rheological properties of oil cause the
latter to be classified as non-Newtonian fluids.

A promising approach for solving this problem is the use of the nuclear
magnetic resonance (NMR) method [1]. The choice of NMR as a physical
method for studying such complex systems as oil is not accidental and is due
to a number of undeniable advantages: the method is non-destructive, sensitive
to the component composition of the object under study, and the possibility of
research directed at the site of the object under investigation [2, 3].

Summarizing the experimental results obtained in this paper, it can be con-
cluded that the use of the NMR method makes it possible to characterize the
state of asphaltene aggregates. It is shown that the size of a resinous-asphaltene
coat directly depends on the size of aggregates of asphaltenes.

The work was supported by the scholarship program of British Petroleum
in the promising areas of development of the oil and gas industry.
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2. Yang Z., Hirasaki G.J.: J of Magn. Reson. 192, no. 2, 280-293 (2008)
3. Sun B.: Magnetic Resonance Imaging 25, no. 4, 521-524 (2007)
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by NMR Spectroscopy Data and Computer Modeling
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The development of new receptors capable to recognize the biologically important
molecules is an actual problem of supramolecular chemistry. Pillar[5]arenes are
a new class of macrocycles containing 10 carboxylate fragments. The unique
properties of pillar[S]arene derivatives such as the spatial form (pillar), poly-
functionality (possibility step-by-step functionalization), planar chirality attract
a particular interest. However, the combination of all these properties in one
molecule makes the selection of optimal conditions for effective binding with a
substrate more complicated. In connection with this, our goal is to study intra-
molecular mobility of the decahammonium pillar[5]arene salt 1 in the aqueous
solution and to measure the thermodynamic parameters by NMR spectroscopy.

The '"H NMR spectra of the pillar[5]arene 1 recorded at different temperatures
have revealed the existence of fast exchange in the NMR time scale. The 'H

Fig. 1. Decahammonium 4,8,14,18,23,26,28,31,32,35-deca (carboxymethoxy) — pillar [5] arene salt(pillar[5]
arene 1.
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NMR spectrum was significantly broadened at the temperature +2 °C and became
narrow when the temperature was increased. We could not reach the region of
slow exchange because of the limited temperature range of the solvent, thus the
line shape analysis was not used. For measuring the thermodynamic parameters
in fast exchange regime the CPMG (Carr-Purcell-Meiboom-Gill) technique was
applied [1]. The CPMG NMR spectra were recorded for the temperature range
from +2 to +16 °C. Then the values of chemical exchange rate were found for
two groups of protons. The activation thermodynamic parameters (enthalpy,
entropy) were obtained from the Eyring plot.

It was assumed that the exchange processes observed in the 'H NMR
spectra were related with the interconversion between pS- and pR-enantiomers.
This exchange occurs because of the low energy barrier between pS- and pR-
enantiomers due to rotation of the functionalized arene fragments.

The semiempirical quantum chemical method was used to analyze the struc-
ture and energy of pillar[S]arene 1 in the ground, intermediate and transition
states and to estimate the energetic barrier of the transition between enantiomers.

This work was supported by the Russian Foundation for Basic Research
(grant Ne17-03-00858).
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Heterointerfaces Composed of Complex Ferroelectric Oxides:
an Experimental Insight
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For the paradigmatic oxide heterostructure with LaAlO, (LAO) thin films grown
on SrTiO, (STO) substrates for LAO films with more than three layers and LaO
termination towards the TiO, interface, a two dimensional electronic gas (2DEG)
is formed in the STO layers next to the interface which becomes superconducting
below a temperature of 300 mK [1, 2]. The superconducting state coexists with
a magnetic state. It was concluded, that the primary mechanism responsible for
the 2DEG formation is electronic and structural reconstructions.

2DEG has been later found in other non-magnetic dielectrics. But the com-
mon feature for all systems is that the creation of the 2DEG can be due to
either the polar nature of one of components or due to defects or dopants. It
has been shown that analogous to the ionic polar discontinuity, 2DEG may be
created at an interface due to electric polarization discontinuity [3, 4]. An at-
tractive materials for such a purpose are ferroelectrics. They have a wide range
of different distinctive properties, which can expand the scope of application
in nanoelectronics.

Recently, it has been theoretically predicted that 2DEG can be created at
the interface of nonpolar oxides one of which is ferroelectric [3, 4]. And In the
present work we experimentally test the possibility of such a switchable 2DEG
realization. The thin film of epitaxial Ba,4Sr,,TiO; (BSTO) was sputtered on
the top of single crystalline SrTiO, substrate using the magnetron sputtering
technique. Conductivity measurements were performed by a four-point probe
method. In our investigation we present electrical resistivity versus temperature
measurements and results are still under consideration.

The reported study was funded by RFBR according to the research project
Ne 18-32-00595.

Ohtomo A., Hwang H.: Nature 427, 6973 (2004)
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Rescaling of 2D ESEEM Data for Inverse Problem Solving

Yu. E. Kandrashkin, A. A. Sukhanov, V. F. Tarasov
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An electron spin echo envelope modulation (ESEEM) spectroscopy has proven
to be a useful technique for studying unresolved hyperfine interactions (HFI).
However, solving the inverse problem in a one-dimensional ESEEM experiment
in complex systems becomes a challenge due to overlapping signals from dif-
ferent sources. The rare earth ions often have magnetic nucleus which strongly
interacts with the electron(s). This allows the multifrequency ESEEM methodology
to be expanded for experiments with a single microwave frequency applied to
different EPR transitions. Here we present the results of the rescaling transfor-
mation (w/Am)* — ,?, where w is the experimentally detected frequency, w, is
the nuclear Larmor frequency and Am is the order of the coherence, to the 2D
ESEEM data. This procedure allows the ESEEM peaks to be tracked with the
change of the magnetic field, and as a result, essentially simplifies the resolving
of the HFI and nuclear quadrupole interaction (NQI) parameters even in the case
of the complicated ESEEM data.

The rescaling procedure has been applied to spectra from crystals Y,SiO;
and YVO, doped by Neodymium ion (Nd**) [1]. The near-to-reflection sym-
metry of peaks allows to differentiate the HFI parameters from 8 nearby sites
located in the range 0.35-0.55 nm around the ion doped in the crystal Y,SiO;.
The comparison of the crystal structure based on the X-ray diffraction data [2]
from intact crystal and on the ESEEM data from doped by Nd ions crystals is
discussed [1]. The crystal YVO, consist of Vanadium nuclei / = 7/2 with rela-
tively strong NQI. In general, this interaction greatly increases the number of
the detectable ESEEM frequencies, and the identification of the peaks becomes
non-trivial. Nevertheless, the rescaling of the ESEEM data simplifies essentially
the evaluation of the interaction parameters.

1. Kandrashkin Yu.E., Zavartsev Yu.D., Koutovoi S.A., Sukhanov A.A.: Appl. Magn. Reson., 2018,
(accepted)

2. Maksimov B.A., Kharitonov Y.A., Ilyukhin V.V., Belov N.V.: Dokl. Akad. Nauk SSSR 183(5), 1072-1075
(1968)
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New Approach of Determination 7, and 7, Relaxation Times
by Using the CPMG Pulse Sequence

L. Khairuzhdinov, R. Zaripov, K. Salikhov

Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS, Kazan 420029,
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The Carr-Purcell-Meiboom-Gill (CPMG) pulse sequence is useful to avoid some
decoherence pathways into the spin system [1, 2]. Long train of echo signals
enables efficient measurements of spin-spin relaxation time and the diffusion
constant (Fig. 1). When the EPR spectrum line width is much less than the mi-
crowave field strength, so-called non-selective excitation, the refocusing pulses
can be effectively de-phase of magnetization to refocus the magnetic field inho-
mogeneity at each echo time [3]. In selective excitation case the magnetization
will be particularly on longitudinal direction. This leads to a large number of
echo signals. Time decay of echo signals looks like exponential combination of
relaxation times 7', and 7, in different proportions.

Analytical expressions for the first few echo signals within the spin density
matrix formalism were obtained and analyzed. We performed numerical simula-
tion of CPMG experiment for different relations between inter pulse delays and
relaxation times values.

In this work we propose methods for more accurate determination of relax-
ation times by using CPMG sequence.

The reported study was funded by RFBR according to the research project
Ne 18-32-00428.

1. Carr H.Y., Purcell E.M.: Phys. Rev. 94, 630 (1954)
2. Meiboom S., Gill D.: Rev. Sci. Instrum. 29, 688 (1958)
3. Song Y.-Q.: Journal of Magnetic Resonance 157, 82-91 (2002)
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Fig. 1. Simulation of pulse train for CPMG sequence.
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Strain-Induced Rotation of Magnetic Easy Axis in Permalloy
Microparticles Studied by Ferromagnetic Resonance
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Influence of mechanical stress on magnetic properties of ferromagnets is of great
interest nowadays. It’s well known that creating of magnetic data storages and
logical elements for micro- and nanoelectronics is available using stress-induced
magnetic effect, and extremely low energy consumption is the special feature
of these devices [1]. In this report it is shown that due to mechanical stress the
magnetic easy axis of permalloy microparticle array can be rotated substantially.
Also, using calculations, as it was demonstrated in [2], the anisotropy fields were
evaluated for unstressed and stressed samples and compared with the earlier
obtained values in work [3].

To fabricate stressed samples the glass substrate (10x4 mm? and 0.30 mm
thick) was bent by fixing on a special holder with constant curvature radius
(76 mm). On the next step, permalloy was deposited through the grid with 2525
um? mesh by electron beam evaporation in ultrahigh vacuum of Multiprobe P
(Omicron) setup. After that, the sample was extracted from the holder, so that
compressed permalloy particle array was created on the glass substrate. To fab-
ricate unstressed sample, the same technology was utilized, however, without
using special holder. Permalloy film thickness was adjusted to 30 nm.
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Fig. 1. Angular dependence of the FMR field for resonance: A3 — unstressed sample; A4 — stressed sample.



152 Modern Development of Magnetic Resonance

The magnetic anisotropy of the samples was studied using ferromagnetic
resonance (FMR) technique. The FMR measurements were carried out on
Bruker EMX Plus spectrometer with the external magnetic field () up to
1.4 T and microwave field H _, with the frequency o = 9.8 GHz perpendicular to
H,_,. Spectra were recorder in the in-plane geometry in 0 to 360 angular degrees
range with 10° step. Angular dependences of resonant field for unstressed and
stressed samples are shown on figure 1.

As we can see from Fig. 1, the direction of the magnetization easy axis for
the stressed sample (A4) appeared to be rotated about 35 angular degrees against
the unstressed sample (A3). Taking into account that the deposition procedure
was similar for the both samples, we conclude that rotation of the easy axis
direction took place due to mechanical stress in stressed sample A4. It is main
finding of the investigation presented in this report.

1. Roy K.: Appl. Phys. Lett. 103, 173110 (2013)

2. Esmaeili A., Vakhitov I.R., Yanilkin I.V., Gumarov A.I., Khaliulin B.M., Gabbasov B.F., Aliyev M.N.,
Yusupov R.V,, Tagirov L.R.: Applied Magnetic Resonance 49, 175 (2018)

3. Bizyaev D., Bukharaev A., Kandrashkin U., Mingalieva L., Nurgazizov N., Khanipov T.: JETP 20, 24
(2016)
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Magnetic Properties of Antiferromagnetic Chain Ternary
Chalcogenides T1FeS, and RbFeSe,
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We report on magnetic susceptibility, specific heat, Mdssbauer and ESR ex-
periments on single crystals of the covalent-chain antiferromagnetic compounds
TIFeS, and RbFeSe,. Collinear magnetic order with strongly reduced moments
sets in at 7, = 196 K for TIFeS, and at T}, = 248 K for RbFeSe,, respectively.
The magnetic moments are oriented perpendicular to the chain direction. For
RbFeSe, compound, the small anomaly in C(7) and the corresponding low value
of entropy at T, indicate a significant spin reduction and the existence of AFM
fluctuations even far above T,. The specific heat measurements of TIFeS, do
not show any anomaly at 7, [1]. Mossbauer parameters determined in the en-
tire temperature range indicate that iron in TIFeS, [2] and RbFeSe, is in ferric
(trivalent) state having strong covalent bonding to selenium ligands. The mea-
sured hyperfine fields are quite reduced as compared to that in high-spin ferric
compounds corroborating the strong spin reduction of Fe*". High-temperature
susceptibility and ESR measurements strongly suggest a one-dimensional metallic
character of chains composed of edge-sharing [FeX,] tetrahedra (X is chalcogen).
This work was supported by the German Research Foundation (DFG) within
the Transregional Collaborative Research Center TRR 80 “From Electronic
Correlations to Functionality” (Augsburg-Munich-Stuttgart). Z. Seidov received
financial support from German Academic Exchange Service (DAAD).
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Low Temperature Mossbauer Study and Magnetic State
of Fe, \;Se,;Te,,
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Fe,,Se, ,Te, system was actively investigated after discovering of supercon-
ductivity in iron selenide [1]. The interplay between magnetism and supercon-
ductivity in the systems is still unclear. It is well known that partial substitution
of selenium by tellurium atoms leads to appearance of over-stoichiometic iron
atoms. This feature is a consequence of structural instability of FeTe that could
be considered as a parent compound for Fe,.,Se,  Te, system at x > 0.5 [2-4].
It has been shown that such over-stoichiometry of iron atoms leads to the ap-
pearance of excess interlayer iron centers (Fe2) located between Fe-Te layers
formed by Fel iron atoms [4, 5]. Multiple studies confirmed the significant
influence of that excess iron atoms on the magnetic and electronic properties
of the compound.

In the present study we focus on the influence of partial substitution of
tellurium by selenium on magnetic properties of the iron telluride system. The
single-crystalline Fe, ,Se,;Te,, sample was investigated utilizing Mdossbauer
spectroscopy. The analysis of the result correlatively with our previous Mdssbauer
studies of Fe, ,sTe system [4] allowed to highlight the contribution of tellurium-
selenium substitution effects, because the fraction of excess iron atoms is the
same for the both samples according to our data.

The studied single-crystalline Fe, ,sSe, ;Te,, sample was grown by the Bridg-
man method. The structure and stoichiometry were measured and confirmed by
the Rietveld analysis of the XRD patterns and wave-length-dispersive X-ray
electron-probe microanalysis. The Mdssbauer-effect measurements were carried out
in a temperature range from 5 K to 297 K (RT), using a conventional constant-
acceleration spectrometer (WissEl, Germany) with Co as y-radiation source. A
set of numerous thin flakes packed with the surface orientation parallel to the
cleavage plane (001) was used as a sample (absorber) for the Mossbauer-effect
measurements. Low-temperature measurements were carried out with a continuous
flow cryostat (model CFICEV from ICE Oxford, UK). The measurements were
done for the zero angle between the crystallographic c-axis of the crystalline
flakes and propagation direction of y-radiation.

The Mossbauer spectra of Fe, (sSe,;Te,, single-crystalline sample obtained
at low and room temperatures are presented in Fig. 1. Both of the spectra show
only one asymmetric doublet line which is typical for Fe, Se,  Te, system. It is
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Fig. 1. The Mossbauer spectra of Fe, sSe,;Te,, single-crystalline sample obtained at low and room
temperatures.

notable that the low temperature spectrum does not show any traces of magnetic
splitting of the doublet. This indicates an absence of any magnetic order in the
sample. Nevertheless, it could not been deduced that selenium doping leads to
suppression of magnetism in the system, because magnetic sextets were observed
in FeSe,;Te, s [6] compound with higher concentarion of selenium atoms.

We expect that our ab initio calculations can shed light on the reasons for
absence of magnetic order in Fe, ,;Se,;Te,, system unlike that in Fe, Te.

The reported study was funded by RFBR according to the research project
Ne 18-32-00342. The measurements at KFU were carried out utilizing equipment
of the PCR Federal Center of Shared Facilities.
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NMR Structural Elucidation of Indole-3-Carbaldehyde
Phenylhydrazones
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Phenylhydrazones 1 obtained from indole-3-carboxaldehydes, as well as their
previously unknown trifluoroacetyl derivatives 2 were characterized by the 'H,
PF, 3C and ''N NMR spectroscopy. The full assignment of the NMR signals
was carried out by 2D 'H-"*C and 'H->N HSQC/HMBC experiments.

According to the published data, in compounds with fixed geometry, both
two-bond and three-bond nitrogen-proton couplings constants are larger in mag-
nitude for the proton that lies closer in space to the lone-pair electrons on the
nitrogen atom [1, 2]. To determine the configuration of C=N double bond in
hydrazones, we performed 2D 'H-'"N HSQMBC [3] experiments and measured
coupling constants "Jy; (n = 2, 3).

In the starting hydrazones 1, the value of geminal coupling constants are
*Jyu = 3.0-3.5 Hz, which indicates the E-configuration, whereas the trifluoroacyl
derivatives 2 are formed as Z-isomers, %y, =~ 12.0-13.0 Hz. The three-bond
coupling constants in the £/Z isomers differ insignificantly, but they also depend
on the double bond geometry: the vicinal constants are larger for syn-orientation
of the proton relative to the lone-pair electrons on nitrogen.
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Hydrazones 2 exist as pseudo-cyclic structures stabilized by an intramolecular
hydrogen bond of the N-H...F-C type in chloroform, or N-H...O=C in dimethyl
sulfoxide, which was confirmed by the observed coupling constants through
hydrogen bond, Jy, = 1.3 Hz in CDCl; and Jjyy.co = 3.8 Hz in DMSO-d.

It should be noted that unusual long-range through space couplings between
nitrogen N-3" and proton H-2 (R, = H) or protons of the methyl group at indole
carbon C-2 (R, = CH,) were observed.

1. Crepeaux D., Lehn J.M., Dean R.R.: Molecular Phys. 16, 225 (1969)
2. Crepeaux D., Lehn J.M.: Org. Magn. Reson. 7, 524 (1975)
3. Williamson R.T., Marquez B.L., Gerwick W.Y., Kover K.E.: Magn. Reson. Chem. 38, 265 (2000)
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Nanosized rare-earth fluorides such as TbF; and DyF, are perspective can-
didates for the use as contrast agents (CA) in high-field MRI due to their
advantages. Lanthanides used as CA usually shortens the time 7, slightly, but
have a significant effect on the relaxation time 7,. The Dy** ion has a highest
effective magnetic moment among of all lanthanides (10.63 pB). Although the
magnetism is an intrinsic property of bulk materials, the magnetic properties of
nanoparticles are significantly affected by their size, shape, and surface proper-
ties [1]. Zheng and coauthors [2] reports about TbF, nanoparticles coated with
polyethylamine (PEI) as 7,-contrast agents for strong field (>3 T) MRI. Due
to strong paramagnetism, the TbF, nanoparticles showed excellent r, relaxivity
(395.77 MM 's™") and negligible r, relaxivity in magnetic field 7 T. The authors
of the article [3] proposed the use of HoF, and DyF; nanoparticles as contrast
agents for high-field MRI. In this paper, ellipsoid-like and rhomboid-like HoF,
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Fig. 1. The concentration dependences of the longitudinal and transverse relaxation rates of water protons
in colloid solutions of DyF, (5 nm).
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and DyF; nanoparticles with characteristic sizes of 50-100 nm were studied.
The highest values of transverse relaxation at 9.4 T, described in the literature
for this type of contrast agents, were found.

The samples of nanosized DyF, and TbF, were synthesized by a method
of precipitation from a colloidal solution. NMR experiments were carried out
on a unique pulsed home-built NMR spectrometer. All experiments were car-
ried out at a temperature of 21.5 °C in magnetic fields of 1.5 T; 3.65 T; 6.12
T. The concentration dependences of the longitudinal and transverse relaxation
rates of water protons in colloid solutions of DyF, (5nm) are shown in Figure
for different magnetic fields.

This work has been supported by the Russian Scientific Foundation (project
no 17-72-10198).
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According to PFG NMR Spectroscopy
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During last years the considerable attention has been given to the intrinsically
disordered proteins for further understanding of protein functioning. In the pres-
ent study we have chosen bovine ag-casein (0g-CN) from casein family of milk
proteins. Conformation and aggregation of caseins are controlled by the balance
of hydrogen bonds, hydrophobic interactions and electrostatic repulsion, which
depend on temperature, pH and ionic strength of solution. Due to the lack of a
rigid three-dimensional tertiary conformation, all caseins can reply directly on
changes in protein environment.

Pulsed field gradient nuclear magnetic resonance (PFG-NMR) allows direct
observation of translational mobility of molecules in mono and polydisperse
systems. The self-diffusion coefficient can give information about the size and
structure of the molecules, about the physical and chemical interactions The
study of the concentration dependences of self-diffusion coefficients macromol-
ecules makes it possible to analyze the types and contributions of intermolecular
interactions.

In this article, we have shown the great potential of the PFG-NMR appli-
cation to study the behavior of protein with a disordered structure in a wide
range of concentrations. Concentration dependence of the casein self-diffusion
coefficient is analyzed in the frame work of known theoretical approach based
on the Vinj’s frictional formalism of non-equilibrium thermodynamics. Using
this phenomenological approach, the concentration dependence of self-diffusion
coefficient of casein was divided into two parts, corresponding to different sizes
of diffusing particles. It is shown that at beyond the definite protein concentra-
tion in solutions the protein ag-casein molecules interact with each other and
form associates.

This work was supported by RFBR grant no. 18-415-160011.
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The ESR spectrum of Er*" in several binary copper-erbium alloys was studied.
Erbium concentration was varied in the range 30-2500 ppm. Measurements
were conducted in X-range at the temperature 1.7—4.2 K. The spectrum cor-
responds to the ion in crystal field of cubic symmetry with g-factor respected
to the value for I'; doublet. Alloys preparation method was reported earlier [1]
and allows getting ESR spectrum with fully resolved hyperfine structure of odd
erbium isotopes '’Er. Presented measurements spread ESR observable erbium
concentration range from tens of ppm to thousands ppm in copper-erbium
system having zero-solubility scale. Hyperfine interaction constants values in
wider concentration range support tendency of evident decreasing with erbium
concentration increase previously found in very dilute area (Fig. 1).

The formation of an increasing number of erbium clusters and the onset of
special erbium-copper phases take place in the transition from a dilute to a more
concentrated area. Therefore found tendency is discussed from point of view
strengthening role of the RKKY interaction between erbium spins. Experimental
results evaluated in terms of extended Bloch-Hasegawa theory.

1. Kukovitsky E.F., Lvov S.G.: ESR Study of CuEr Dilute Alloys. PMM (in press).
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Fig. 1. Concentration dependence of hyperfine coupling constant of '’Er in copper-erbium alloy.
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Nuclear Quadrupole Resonance Study
of Polymorphic Forms of Piracetam

S. Mamadazizov', G. Kupriyanova!'

!Institute of Physics and Mathematics, Immanuel Kant Baltic Federal University,
Kaliningrad 236016, Russian Federation, sultonazar.mamadazizov@mail.ru

In recent years, scientific community reveals a renewed interest to nuclear
quadrupole resonance (NQR) spectroscopy. This method represents a very con-
venient tool for structural studies of different pharmaceutical compounds. It is
non-destructive, does not demand special preparation of the sample or expensive
equipment and, at the same time, it is very informative especially for identifica-
tion of different polymorphic structures.

Piracetam is a nootropic drug, which has proven to be effective against several
degenerative disorders, from cognitive deficits to Alzheimer’s disease. In spite of
its extensive use in medicine mechanisms underlying its pharmaceutical action
are still far from being deeply understood. It is well-known that physical and
chemical properties of the compounds depend on their polymorphic structure.

Table 1. Calculated '“N NQR frequencies of different piracetam
polymorphic structures.

Form N() v,, MHz v, MHz vy, MHz
I 1 3.493 3.066 0.428
2 2.044 2.945 0.099
11 1 0.987 0.661 0.326
2 1.735 1.311 0.423
111 1 3.306 2.940 0.366
2 2.961 2.595 0.365

Fig. 1. Polymorphic forms of piracetam.
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The purpose of this work to investigate polymorphic states of piracetam in
order to understands the impact of slight difference in structure on '“N NQR
spectra and relaxation times. It was shown than density functional theory could
be used for N NQR lines assignments even in complex models [1]. NQR
frequencies for nitrogen could be calculated:

—_ QCC + . - QCC
V. =00 v, > -

Results of theoretical calculations on B3LYP/6-311++G(3df,3pd) level, with
additional functions for hydrogen, shown on Table 1. Difference in spectra is
obvious. The mechanism of hydrogen bonding formation and its influence on
NQR data is discussed. NQR could be used for identification of polymorphic
structures in piracetam based drugs. Experimental data will be published elsewhere.

1. Mamadazizov S., Shelyapina M.G., Kupriyanova G.S., Mozzhukhin G.V.: Chem. Phys. 506, 52—60
(2018)
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Modelling NMR Spectra of Galium Borate Glasses

D. Materka, M. Olszewski

Institute of Physics, University of Szczecin, 70-451 Szczecin, Poland,
daniel.materka@gmail.com; marcin.olszewski@usz.edu.pl

Currently, it is possible to obtain well theoretically predicted spectra of crystal-
lite matter consisted of quadrupole nuclei [1]. However, for simulating a glassy
state quadrupole nuclei NMR spectrum, it is needed to slightly scatter parameters
of quadrupolar coupling. In order to compute a total spectrum, the numerical
methods have to be employed in spite of the fact that the analytical representa-
tion of the spectrum at each point of the sample when summing on all of its
orientations does not exist [2].

The method of computing the model is similar to the method used to analyze
powders, but amongst others, additional parameters e.g asymmetry coefficient of
the EFG (Electric field gradient) and quadrupolar coupling constant have been
scattered to simulate a local disorder in the structure of the glass. Such a feature
is not supported or partially supported by any other NMR modelling-related soft-
ware so the separate computer program has been written for this particular need.

The family of borate glasses have the very interesting optic, magnetic, su-
perionic conductivity properties related to possible applications in the optical
engineering which come from uniqueness of its structure and chemical proper-
ties which has been taken into consideration. In order to obtain a very near and
therefore an information-abundant spectrum the MAS (Magic-angle spinning)
spectroscopy method has been used [3]. The comparison with the empirical data
and results of the in-house sofware and the commonly used programs such as
DMFit has been done in order to assess the accuracy of the model.

1. Seleznyowa K., Sergeev N.A., Olszewski M., Stepien P., Yagupov S.V. et al.: Fittin MAS NMR spectra
in crystals with local disorder: Czjzek’s vs. Maurer’s model for 11B and 71 Ga in polycrystalline gallium
borate. Solid State Nuclear Magnetic Resonance 85-86, pp.12—18. Elsevier 2017.

2. Olszewski M., Stepien P.: Journal of Education and Technical Sciences 2, iss. 1, 31-33 (2015)

3. Freude D.: Quadrupolar Nuclei in Solid-State Nuclear Magnetic Resonance, in: “Encyclopedia of
Analytical Chemistry” (R. A. Meyers, ed.), p. 12188. 2000.
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Towards an Alpha-Casein Translational Mobility by NMR

D. L. Melnikova', I. V. Nesmelova?, V. D. Skirda'

!Institute of Physics, Kazan Federal University, Kazan 420008, Russian Federation,
melndaria@gmail.com
2 Department of Physics and Optical Sciences, and Center for Biomedical Engineering and Science,
University of North Carolina, Charlotte, NC 28223, USA, Irina.Nesmelova@uncc.edu

In the last decade it became known, that proteins have functional activity not only
in globular condition, but in partly or whole disordered form [1]. The intrinsi-
cally disordered proteins functional role could be bound to the need of molecular
plasticity for more effective identification by the partner-molecules [2, 3].

The degree of compactness of the polypeptide chain depends on the amino
acid residue composition of a given protein and on environmental conditions,
including the concentration of the protein itself and/or the crowders. Hence, there
is a great interest to understand how the intrinsically disordered proteins (IDPs)
behave in the wide range of concentrations, from dilute to highly concentrated
solutions. In particular, understanding the translational diffusion of IDPs, which
is the major mode of macromolecular transport in biological or chemical systems
(e.g., the self-diffusion, hereafter denoted simply as diffusion), becomes important.

The purpose of current work was to study structural and dynamical features
of translational mobility of the intrinsically disordered protein a — casein in
water solutions in a wide range of concentrations by NMR with pulsed field
gradient (PFG).

This work was supported by the Faculty Research Grant from the University
of North Carolina to I.V.N. NMR measurement were carried out on the equip-
ment of the Federal Centre of Shared Facilities at Kazan Federal University.

1. Uversky V.N., Gillspie J.R., Fink A.L.: Proteins 41, 415-427 (2000)
2. Dunker A.K., Lawson D.J.: J. Mol. Graphics and Modelling 19, 26-59 (2001)
3. Uversky V. N.: J. Biomol. Struct. Dyn. 21, 211-234 (2003)
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Optimization of Pulse RF Sequences Parameters for Contrast
Enhancement of MR Images in the Presence
of Magnetic Nanoparticles

A. V. Nikitina, Yu. V. Bogachev

Department of Physics, St.-Petersburg State Electrotechnical University,
St.-Petersburg 197376, Russian Federation, nastya nikitinal 996@mail.ru

Promising contrasting agents for MRI are multimodal negative agents based
on magnetic nanoparticles (MNPs), which can perform not only diagnostic but
also therapeutic functions [1]. In this case, the analysis and optimization of
parameters of pulsed RF NMR sequences becomes relevant for MRI studies in
the presence of MNPs.

In this regard, research was carried out on NMR relaxation of protons of
biological liquids models in the presence of magnetic nanoparticles of differ-
ent composition and with different shells. For the majority of the investigated
MNPs, the dependence of the spin-lattice R, and spin-spin R, relaxation rates
on the concentration of MNPs in water-holding model solutions was linear [2].
Found r, relaxation efficiency had a constant value, indicating the aggregation
stability of the investigated MNPs.

For some of the studied MNPs, the dependence of the spin-spin R, relaxation
rate on the MNPs concentration was nonlinear, their dynamic r,; relaxation effi-
ciency decreased when the MNPs concentration increased, indicating a significant
aggregation of these MNPs in water-holding model solutions in the presence of
the magnetic field. A method for assessing the aggregation stability of MNPs in
water solutions has been developed.

There was also a difference in the values of R, rates of protons in differ-
ent magnetic fields, that testified to the presence of frequency dispersion of the
spin-lattice relaxation time, typical for heterogeneous media [3, 4].

Based on the obtained relaxation characteristics, a program was developed
to optimize the parameters of pulse RF sequences for MRI studies both in the
absence of MNPs and in the presence of MNPs (the working windows of the
program are shown in Fig. l1a and 1b, respectively).

This program implements three sequences: “spin echo”, “inversion-recovery”,
and “gradient sequence”. The program provides an opportunity to study graphs
of the dependence of the intensity of the MR signal on the parameters of the
sequence for white, gray matter and cerebrospinal fluid.

When using magnetic nanoparticles, a graph of the dependence of the MR
signal intensity on the sequence parameter for five MNPs concentrations is
also displayed. Also in the program window are simulated images showing the
intensity of the signal on a scale of gray.

Using this program, the user can evaluate the impact of pulse sequence pa-
rameters on the contrast of MR images, choose the optimal sequence parameters
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Fig. 1. The working windows of the program.

and determine the necessary concentration of MNPs to improve the contrast of
MR images.

The developed program of control of parameters of pulse RF sequences can
be used for training of students and medical personnel too.

The obtained results can be used for medical diagnostics with the use of new
contrast agents based on magnetic nanoparticles in vivo and in vitro, and in the
development of new methods for magnetic resonance theranostics.

1. Bogachev Yu.V., Knyazev M.N., Marchenko Ya.Yu. et al.: Diagnostic magnetic resonance. S.-Petersburg:
Publishing house of SPbETU “LETI”, 212 p., 2013.

2. Bogachev Yu.V,, Nikitina A.V. et al.: Appl. Magn. Reson. 48, 1.7, 715-722 (2017)

3. Chizhik V.I., Chernyshev Yu.S., Donets A. V. et al.: Magnetic Resonance and Its Applications. Switzerland:
Springer International Publishing, 785 p., 2014.

4. Bogachev Yu.V., Drapkin V.Z., Knyazev M.N. ef al.: Magnetic Resonance Imaging in a Weak Magnetic
Field. SPb.: Publishing house of SPbETU “LETI”, 260 p., 2012.
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Experimental Investigation of Magnetostriction in LiRF,
(R = Ho, Dy) in Strong Magnetic Fields

D. S. Nuzhina!, S. Abe?, A. G. Kiiamov!, S. L. Korableva!,
K. Matsumoto?, I. V. Romanova', A. C. Semakin', M. S. Tagirov’,
K. Ubukata®

!'Institute of Physics, Kazan Federal University, Kazan 420008, Russian Federation,
nuzh.darya@gmail.com
2 Physics Department, Kanazawa University, Kanazawa, 920-11, Japan

Due to excellent magnetic properties, double fluorides of rare earth elements have
been the subject of intense research over the past four decades [1-4]. Neverthe-
less, the study of magnetic properties of LiRF, single crystals (R = rare earth)
is an important problem for the development of the theory of magnetoelastic
effects in magnetically concentrated crystals containing rare-earth ions. It was

a
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Fig. 1. Magnetostriction as a function of the magnetic field in a LiDyF, single crystal B||(100), 7' = 2,

5, 10, 20, 30, 77 K; b LiHoF, single crystal BJ[(001), 7= 2, 5, 10 K.
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previously found that external magnetic fields significantly affect the structure
and elastic properties of the crystal lattice of rare-earth double fluorides [5—7].
However, for double fluorides crystals giant magnetostriction in high fields was
not observed. Also, as shown in ref. [2], LiHoF, and LiDyF, crystals can be used
as miniature devices for effective Faraday rotation of the radiation polarization
plane in spectral ranges of visible, ultraviolet and vacuum ultraviolet radiation
(with a wavelength of less than 200 nm).

Single crystals of LiHoF, and LiDyF, were grown by the Bridgman-Stock-
barger method. The single crystal was oriented using an X-ray diffractometer
Bruker D8 Advance and then shaped into a cube approximately 3 mm. Mag-
netostriction measurement of LiHoF,, LiDyF, single crystals have been carried
out on a capacitive dilatometer [8] in static magnetic fields in the range 0-8 T
at temperatures of 2, 5, and 10 K (Fig. 1). Record values of magnetostriction in
single crystals of LiDyF, (AL/L 107%) were obtained for the first time. Also, the
destruction of crystals was observed at B = 6 T. Calculations of magnetostriction
will be made in accordance with [9].

The work was supported by Russian Foundation for Basic Research (grant
No 18-42-160012 p a)
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Soviet Serial EPR and NMR Spectrometers by the Mid-1980s

V. V. Ptushenko'?

U'A. N. Belozersky Institute of Physico-Chemical Biology, M.V. Lomonosov Moscow State University,
Moscow 199234, Russian Federation, ptush@belozersky.msu.ru
2N. M. Emanuel Institute of Biochemical Physics of Russian Academy of Sciences, Moscow 199334,
Russian Federation

Thanks to the efforts of outstanding Soviet scientists and organizers of science,
beginning with the head of the Soviet scientific school of chemical radiospec-
troscopy Academician V. V. Voevodsky, his disciples, and scientists of other
scientific schools in Moscow, Leningrad, Kazan, Donetsk, Novosibirsk, Kras-
noyarsk, Minsk, Tallinn and other scientific centers of the USSR, there was a
serial production of devices for magnetic resonance by the 1980s in the USSR.

The scientific research and development works in the field of magnetic
resonance methods were concentrated mainly in the institutes of the Academy
of Sciences (AS) of the USSR, as well as in some industry-specific research
institutes and universities. At the same time, the industrial production belonged
mainly to the Ministry of Instrumentation, Automation and Control Systems of
the USSR (Minpribor) since 1965. Scientific institutions often also possessed
abilities to produce small series of the devices developed.

Two organizations of AS played a major role in coordinating the research
and development works and manufacturing: the Council for Scientific Instru-
ment Engineering headed by V. L. Talroze since 1965, and the Commission on
Radiospectroscopy headed consecutively by V. V. Voevodsky (since foundation
in 1959 to 1967), L. A. Blumenfeld (in 1967-1971), and E. 1. Fedin (since 1971
until the end of the Soviet AS).

The main manufacturer of serial EPR and NMR spectrometers until 1982
in the USSR was the Smolensk Scientific Development and Production Center
“Analitpribor” which produced up 20-25 EPR and up to 20 NMR spectrometers
annually by the early 1980s. The models RE-1306 (EPR), RYa-2305, RYa-2309,
and RYa-2310 (NMR) were the main produced devices from mid-1970s till
early 1980s. In addition, small series of magnetic resonance devices were also
produced in a number of special design departments (SDD).
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EPR of Calixarenes Dopped by Rare-Earth Metals Ions

E. A. Razina!, A. S. Ovsyannikov'?, S. E. Solovieva'?, 1. S. Antipin'?,
A. L. Konovalov!, G. V. Mamin', M. R. Gafurov!, M. S. Tagirov',
S. B. Orlinskii'

! Kazan Federal University, 420008, Russian Federation, Kazan, helenrazi@yandex.ru
2 Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center of RAS,
Kazan 420088, Russian Federation

The development of current computation technologies is closely related to cre-
ation of new type materials based on the application of quantum states such as
metal-organic grids. Calixarenes dopped by rare-earth metal ions are a promising
molecular platform for the realization of metal-organic grids, and accordingly
have great potential for use as functional materials [1].

The investigated substances are BuS,CH,COOH calixarenes dopped by ions
of rare-earth metals Lu**, La*", Gd**, Yb**, Er’* and S;CH,COOH dopped by
Tb*, Dy*". Samples were synthesized by the Antipin L.S. in Laboratory of Or-
ganic Chemistry at the Institute of Chemistry of KFU [2]. For the EPR studies
calixarenes dopped by rare-earth ions Lu*’, La**, Tb*', Gd**, Yb**, Er*" and Dy**
were grown in the form of crystals. Important, calixarenes dopped by rare-earth
ions in during the growth of the molecules. The average size of the microcrystals
of calixarenes is about 100x100x4 pm.

The measurements were carried out using a Bruker spectrometer, W-band,
at a temperature of 15-300 K.

The EPR spectra of calixarenes dopped by Lu*", La*", Tb**, Gd**, Yb*', Er**
and Dy*" ions are shown in Fig. 1. The approximation results are presented in
figure 1 and colored blue. The parameters obtained as the result of the approxi-
mation are listed in table 1.

Comparing the g-factors of calixarenes dopped by rare-earth metal ions with
the g-factors of free Gd**, Yb**, Er*" and Dy*" ions and g-factors of Gd**, Yb*",
Er** and Dy*" ions in CaWO, [3] indicates that the obtained g-factors values are
closer to the values of the g-factors in CaWO, crystals and differ from g-factor

Table 1. Comparison of g-factors.

S g.. &y & D (MHz)  g-factors g-factors
of free ions in CaWO, [3]
S8-Tb 32 - - - 1.5 17.7-17.8
S4-Gd 72 2.01(1) 1.98(1) 1.98(1) 880(9) 2 1.9915-1.9916
S4-Yb 1/2 4.70(5) 6.95(5) 7.50(5) - 1.1 1.05-3.90
S4-Er 1/2 9.5(1) 13.0(1) 16.8(1) - 1.2 1.25-8.38
S8-Dy 1/2 19.8(5) 16.5(5) 12.0(5) - 1.3 5.5-7.5

13.05)  5.7(5)  5.7(5) -
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Fig. 1. Continues wave EPR spectra of 1: Lu**, 2: La**, 4: Gd**, 5: Yb*", 6: Er** ions in BuS,CH,COOH
and spectra of 3-Tb*" and 7-Dy** ions in S;CH,COOH.

of free ions which indicates the electric crystal field of the surrounding atoms
and shows the localization of ions in microcrystals .

However, the lines obtained in the study have a significant width (0.03—0.1
T.). To reduce the spin interaction, and by extension the linewidth, the calix-
arenes containing paramagnetic and nonparamagnetic rare-earth ions must have

a 1:100 ratio or less.

1. Furukawa H., Miiller U., Yaghi O.M.: Angewandte Chemie International Edition 54, iss. 11, 3417-343

(2015)

2. Antipin L., Burilov V., Valiyakhmetova A., Mironova D.L: RSC Advances 6, iss. 50, 4487344877 (2015)
3. Kurkin I.N.: Collected Paramagnetic Resonance 5, 31-73 (1969)
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ESR and Luminescence Investigations on Quantum Dots
Doped with Various Paramagnetic Ions

D. O. Sagdeev', R. R. Shamilov!, V. K. Voronkova?, A. A. Sukhanov?
Yu. G. Galyametdinov'?

! Kazan National Research Technological University, Kazan, Russian Federation, demsagdi@yandex.ru
2 Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS, Kazan 420029,
Russian Federation, ansukhanov(@mail.ru

Quantum dots (QDs) doped with various paramagnetic ions are the perspective
materials for optoelectronics, biomedicine and spintronics [1, 2]. At the least
time, the most investigated paramagnetic QDs are doped with manganese ions.
However, doping QDs with other paramagnetic ions is also interesting for the
science and applications [3].

In that research we synthesized and studied luminescent and magnetic proper-
ties of paramagnetic quantum dots CdS doped with Mn?*, Cu**, Eu?’, Gd*" ions
and analyze correlation between reaction conditions and paramagnetic shell of
dopant ions using ESR method [4]. Also using the ESR technique we studied
changing of Cu:CdS QDs luminescence wavelength on Cu ions oxidative state.

The europium (II) doped CdS QDs were studied by ESR for the first time.
Also influence of doping CdS with europium and gadolinium paramagnetic ions
on luminescence was investigated. CdS luminescence quenching by doping the
Eu*" ions was observed in comparison with pure CdS and Gd:CdS QDs synthe-
sized by the same method.

This work was financially supported by the Russian Foundation for Basic
Research (Project Ne 17-03-00258 A).

1. Jiang C., Shen Z., Luo C., Lin H., Huang R., Wang Y., Peng H.: Talanta 155, 14-20 (2016)

2. Fainblat R., Barrows C.J., Hopmann E., Siebeneicher S., Vlaskin V.A., Gamelin D.R., Bacher G.: Nano

Lett. 16 (10), 6371-6377 (2016)

Wauab P., Yan X.P.: Chem. Soc. Rev. 42, 5489 (2013)

4. Galyametdinov Yu.G., Sagdeev D.O., Voronkova V.K., Sukhanov A.A., Shamilov R.R.: Russ. Chem.
Bull. 67 (1), 172-175 (2018)
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Excessive Oscillating Magnetization in CeD; and
ESR Line Shape Analysis in Wolfle-Abrahams Theory

A. N. Samarin'?, M. 1. Gilmanov'?, A. V. Semeno', S. V. Demishev'*?

! Prokhorov General Physics Institute of RAS, Moscow 119991, Russian Federation
2 Moscow Institute of Phsyics and Technology, Dolgoprudny 141701, Russian Federation
* National Research University Higher School of Economics, Moscow 101000, Russian Federation

In our recent work [1] we presented results of high frequency (60 GHz) electron
spin resonance (ESR) investigation of dense Kondo system cerium hexaboride,
CeB6. Experimental technique used allowed absolute calibration of the cavity
absorption in the units of magnetic permeability [2]. Further line shape analysis
within localized magnetic moments (LMMs) model [1, 2] allowed finding oscil-
lating magnetization value M,, g-factor and ESR line width W. It was found
that the oscillating magnetization M (T) exceeded the static magnetization M(7)
by about 20% in the temperature range 7 ~ 2.4-2.6 K when magnetic field H
was aligned along the [100] crystallographic direction [1]. At the same time,
for the cases HJ|[110] and HJ|[111], the oscillating magnetization was 20% less
than static magnetization.

In the present work, we are aimed on explanation of observed anomalous
M(T) behavior with the help of Wolfle-Abrahams theory developed for the ESR
description in dense Kondo systems [3]. In this approach, the ESR absorption line
consists of three contributions: 4f LMMs contribution, contribution of itinerant
electrons and cross-term describing interaction of free electrons and LMMs. The
LMMs and itinerant electrons are characterized by different g-factors (g, g,) and
line widths (W, W) and dynamic susceptibility acquires the form

%~ Mg (@ + &% T 28,80

where y, — denotes contribution from 4f LMMs, . — is the contribution from
itinerant electrons and y , — mark the term due to interaction between LMMs
and itinerant electrons [3].

We show that Wolfle-Abrahams theory may describe experimental ESR line
shape of CeB6 assuming equal g-factors (g,= g,) and equal static and oscillating
magnetizations (M, = M) thus eliminating the paradox discovered in [1]. Fig. 1
shows temperature dependencies of ESR line width W(T) for magnetic field
directions [100], [110] and [111]. Although our analysis gives an estimation of
ESR line width W(T), which is about 30-75 times larger than W(T) (Fig. 1), the
contribution of free electrons ccc and the cross-term ccf appear very important for
correct description of the ESR line shape in the strongly considered case. To our
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Fig. 1. Temperature dependencies of ESR line width for various CeB directions. /, — LMM contribu-
tion, W, — itinerant electrons contribution.

best knowledge, this is first time when Woélfle-Abrahams theory [3] was applied
just for detailed analysis of the ESR line shape in strongly correlated metals.
This work is supported by Programmes of Russian Academy of Sciences
“Electron spin resonance, spin-dependent electronic effects and spin technolo-
gies” and “Electron correlations in systems with strongly interacting systems”.
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(2016)
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Peculiar Features of the Spectrum Saturation Effect When the
Spectral Diffusion Operates. System with Two Frequencies

K. M. Salikhov

Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS, Kazan 420029,
Russian Federation

The saturation of the spins spectrum with two separated spectral lines is theo-
retically analyzed in the presence of the spectral diffusion. Surprising effects of
circularly polarized magnetic field on the spectrum under saturation conditions
were obtained. The alternating field pushes two lines while the spectral diffu-
sion tends to shift the lines to the center of gravity. As a result the so called
exchange narrowing of the spectrum occurs at a higher rate of spectral diffusion
with an increase in the amplitude of the alternating field.
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Theoretical Study of the EPR Spectrum Saturation Effect
Taking Into Account Spectral Diffusion
in a System with Gaussian Distribution
of Resonance Frequencies of Spins

K. M. Salikhov, I. T. Khairuzhdinov

Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS, Kazan 420029,
Russian Federation

The paper analyzes the saturation effect for the model situation when a set of
resonant frequencies of spin packets is described by the Gaussian distribution and
when there is spectral diffusion, which is a random process without correlation.
The shape of the spectrum is obtained for arbitrary values of magnetic resonance
parameters: relaxation times of the longitudinal and transverse components of the
system magnetization vector, spectral diffusion rate and dispersion of the Gaussian
distribution of resonance frequencies and magnetic induction of the microwave
field. An analytical expression for the spectrum saturation curve is found. For
the optimal case, when the frequency of the microwave field coincides with the
center for the Gaussian distribution of resonant frequencies, a detailed analysis of
the dependence of the saturation curve of the spectrum is presented. The value
of the induction of the microwave field, at which the maximum of the saturation
curve is achieved, is found for arbitrary values of the paramagnetic relaxation
times, the spectral diffusion rate and the dispersion of the Gaussian distribution
of spin frequencies. An algorithm for finding the spin-lattice relaxation time is
formulated using the experimental value of the microwave field induction at
which the saturation curve passes through the maximum.
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NMR Study of Influence of the Defects to the Magnetic
Interactions and Ground State of Honeycomb Compound
Li;M,SbO, (where M is Cu and Ni)

T. Salikhov!, E. Zvereva?, V. Nalbandyan?, A. Vasiliev?, E. Vavilova'

! Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS, Kazan 420029,
Russian Federation, jenia.vavilova@gmail.com
2MSU, Moscow 119991, Russian Federation
3 SFU, Rostov-na-Donu 344090, Russian Federation

A new generation of layered antimonite A;M,SbO, (where A = Li, Na and M
is transition metal) with honeycomb structure is in the focus of the attention of
the investigation during last years. In these compounds ordered mixed-layers of
magnetic cations M?" and Sb®" alternate with non-magnetic alkali metal layers.
The crystal structures are very soft and even slight modification results in drastic
changes in the magnetic properties. The non-stoichiometry and the non-magnetic
defects in such systems are very important factors that allow adjusting their
magnetic and electrical characteristics. Here we present the results of NMR study
of Li;M,SbO, (where M is Cu and Ni) in presents of non-stoichiometry. We
show that the lithium deficiency and the site inversion in these compounds lead
to the transformation of interactions in a two-dimensional hexagonal lattice and
change the ground state. Moreover, the appearance of vacancies at the position
of lithium increases its mobility, which can be detected by NMR-relaxometry
even in such a magnetically concentrated compound.
The work was supported by grant RFBR 18-02-00664
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Anomalous Features of Antiferromagnetic Resonance in GdB,

A. V. Semeno', M. 1. Gilmanov'?, N. E. Sluchanko, N. Yu. Shitsevalova®,
V. B. Filipov?, S. V. Demishev!

! Prokhorov General Physics Institute of RAS, Moscow 119991, Russian Federation, semeno@lt.gpi.ru
2 Moscow Institute of Physics and Technology, Dolgoprudny 141701, Russian Federation
3 Frantsevich Institute for Problems of Materials Science NASU, Kiev, Ukraine

We report first measurements of electron spin resonance (ESR) performed as
in paramagnetic (PM) and in antiferromagnetic (AFM) phases of the metallic
antiferromagnet GdB, (7, = 15.5 K). Single resonance line is observed above
Ty. It is found that strong line broadening starts in PM below 7" ~ 70 K ac-
companied by the shift of g-factor from its high temperature value g = 2. The
relation between g-factor and the linewidth AW in this range is: AW(T) ~ Ag(T).
Such behavior is not typical for AFM metals and may be caused by the motion
of Gd*" ions in oversized boron cages. The transition to AFM phase manifests
itself by abrupt shift of the line position (from B, ~ 1.9 T no B, ~ 3.9 T at
v = 60 GHz) with further smooth evolution characterized by four-line structure
formation shifting to lower fields. The dependence w(B,) in AFM phase is well
described by the model of easy axis antiferromagnet w/y = (H,H, + H;*)"?,
where H; is the exchange field and H, is the anisotropy field, which allows
us estimating the latter parameter as H, =~ 800 Oe. The origin of H, may be
explained by dipole-dipole interaction induced by mutual shift of Gd** ions. In
this case the value of H, gives the upper limit of this shift as ~10%.
This work was supported by RSF Grant No. 17-12-01426.
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Influence of the Substrate Bias Voltage on the Structure
Pd,_Fe, Thin Films by Magnetron Sputtering

Sh. M. Shabakaev!, I. V. Yanilkin', A. M. Rogov?, R. V. Yusupov'

'nstitute of Physics, Kazan Federal University, Kazan 420008, Russian Federation
2 Interdisciplinary Center for Analytical Microscopy, Kazan Federal University, Kazan 420008,
Russian Federation, shshabakaev(@gmail.com

Substrate bias voltage is one of the factors that affect the crystal structure and
morphology of thin films deposited by magnetron sputtering [1]. Thus, in the
case of Ni thin films bias voltage was used to control a type of a film texture
[2]. In this work, we report on the results of studying the influence of bias
voltage on the morphology and magnetic properties of thin Pd, Fe_ thin films
with low x values. The films of ~20 nm thickness were deposited to the n-type
Si or R-cut AL,O, substrates by DC magnetron sputtering from two separate Pd
and Fe targets (99.98% purity) with the power adjusted for a desired film com-
position (x = 0.04). Substrate bias values were 0 V, =20 V, =50 V and —100 V.

In Fig. 1 we compare the morphologies of the Pd,,Fe,,, films on AL O,
deposited with 0 V and —100 V biases of the substrate. In both cases, films
have the granular structure. Application of the bias to the substrate has led to a
set of the morphology modifications. The shape of the grains has changed from
elliptical to spherical and the lateral size of the grains has increased by ~20%.
Simultaneously the roughness of the film has decreased by a similar amount.
We assume that the electric field due to the applied bias accelerates the ions of
the Ar gas in the magnetron chamber as well as the ions of the target materials
that create a pressure and make the film denser in the course of the deposition.

Deposited films were studied with ferromagnetic resonance (FMR) spec-
troscopy. In particular, we investigated temperature dependencies of the FMR

-1.1nm

Height Sensor 50.0 nm

Height Sensor 50.0 nm

Fig. 1. AFM images of the Pd,,Fe,,, films on Al,O, substrate deposited with the substrate bias voltages
of 0 V (a) and —100 V (b).
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Fig. 2. Temperature dependencies of the FMR resonance field of the magnetron sputtered Pd,,Fe,,, 20
nm thick films on Si deposited with various substrate biases.

resonance fields for the films of the identical composition that differed only in
the value of the substrate bias (Fig. 2).

Temperature variation of the FMR resonance field reveals a clear difference
for the films deposited with and without the applied bias irrespective of the
bias value. We note also that the character of the temperature dependencies for
the films deposited with nonzero bias is closer to the dependence observed for
epitaxial Pd, Fe_ films. This, in our opinion, indicates the improvement under
bias application of the quality of Pd, Fe_ films deposited by magnetron sput-
tering technique.

1. Hakansson G., Sundgren J.E., Mclntyre D., Greene J.E., Miinz W.D.: Thin Solid Films 153, 55 (1987)
2. Dzhumaliev A.S., Nikulin Yu.V., Filimonov Yu.A.: Physics of the Solid State 58, 1247 (2016)
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EPR Spectroscopy of Impurity Centers in Mixed Crystals
LiSr Ca, AlF:Ce*

A. A. Shakirov, A. A. Shavelev, S. B. Orlinsky, D. G. Zvereyv,
A. A. Rodionov, A. S. Nizamutdinov, V. V. Semashko

Institute of Physics, Kazan Federal University, Kazan 420008, Russian Federation,
shakirov_1995@mail.ru

Fluoride crystals with the colquiirite structure LiCaAlF, (LiCAF) doped with
Ce*" ions are used as active media for obtaining laser radiation in the ultraviolet
spectral range [1]. A significant vibrational broadening of the laser transitions
of these ions causes a broad laser tuning range (282—312 nm), and due to wide
band gap of the matrix, there is no photoinduced degradation of laser proper-
ties [2]. The disadvantage of this active medium is low isomorphic capacity
with respect to Ce*" ions, which leads to appearance of three types of impurity
centers and the limitation of the differential efficiency on the one hand and the
increase of defects quantity with increase of concentration of the activator ions
on the other [3]. Thus, an increase of isomorphic capacity for a given active
medium is an urgent task, especially in view of the possibilities of developing
ultrashort pulse duration generators [4] and lasers with distributed feedback [5].

The purpose of this work is investigation of impurity centers of Ce*" in mixed
crystals LiSr Ca, AIlF, (with a step x = 0,2) grown by the Bridgman method.

The reported study was funded by RFBR according to the research project
18-32-00936.

Dubinskii M.A. et.al.: Journal of Modern Optics 40, 1-5 (1993)

Fromzel V.A. et.al.: Advances in Optical and Photonic Devices 101-116 (2010)
Semashko V.V. et.al.: Laser Physics 5, 69-72 (1995)

Sarukura N. et.al.: Optics Letters 22, 994-996 (1997)

Schowalter S.J. et.al.: Optics Letters 37, 4961-4963 (2012)
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EPR-Spectroscopy and Spin-Lattice Relaxation NO;~ Complex
and Mn?** Tons in Synthetic Hydroxyapatite

D. V. Shurtakova, G. V. Mamin, M. R. Gafurov, S. B. Orlinskii

!Institute of Physics, Kazan Federal University, Kazan 420008, Russian Federation,
darja-shurtakva@mail.ru

Hydroxyapatite Ca,,(PO,);(OH), is used in medicine for various applications,
including pain reduction and restoring functions of damaged body tissues, for
creating implants, in orthopedics and maxillofacial surgery. Getting full infor-
mation about synthetic materials based on hydroxyapatite is an important and
urgent task.

The aim of work is to describe the temperature dependences of the spin-
lattice relaxation of NO~ complex and Mn*" ions in synthetic hydroxyapatite.
Sizes of the powder particles are 1000 nm and 30 nm.

Temperature dependence of the spin-lattice relaxation rate for the micrometer-
sized particles has been described by phonon density function p ~ @* The Debye
temperature obtained was 7, = 328 £ 10 K. However, in work [1] the Debye
temperature obtained from the heat capacity and was found to be 7}, = 389
K. The next step was description of the spin-lattice relaxation rate by phonon
density taken from [2]. In this case, the Debye temperature was 7, = 378 £ 10
K and coincided within the error with the value 7}, = 389 K.

Also description of the spin-lattice relaxation rate by the phonon density taken
from [2] was made for nanoparticles and for the powder containing Mn*" ions.

1. Slepko A.: Journal of Applied Physics 117(7), 074701
2. Biktagirov T.B.: Journal of Low Temperature Physics 9, no. 1, 1-6 (2015)



184 Modern Development of Magnetic Resonance

The Study of the Receptor Properties of Pillar[S]arene
Binding to DNA by NMR Spectroscopy

P. Skvortsova!, D. Shurpik?, I. Stoykov?, Yu. Zuev!, B. Khairutdinov'?

! Kazan Institute of Biochemistry and Biophysics, FRC Kazan Scientific Center of RAS,
Kazan 420111, Russian Federation, skvpolina@gmail.com
2 Kazan Federal University, Kazan 420008, Russian Federation

The development of systems for the efficient transfer of genetic material is one
of the greatest promise for the medical therapy and diagnostics. Such systems
can be based on using the supramolecular platforms as the transfection agents.
Pillar[5]arens are a class of new macrocyclic compounds, which potentially can
act as the universal platforms of creating transport systems for the delivery of
the biologicaly active compaunds as well as the plasmid DNA into the cell.

Thus in this work the complex of 4,8,14,18,23,26,28,31,32,35-decakis-
[(N-(2,2",2" -triethylaminoethyl)-carbamoylmethoxy]-pillar[5]arene deca-iodide
with the palindromic DNA decamer was investigated by high resolution NMR
spectroscopy. The NMR spectra were completely assigned using homo- and het-
eronuclear correlation experiments: '"H-'"H COSY, 'H-'H NOESY, 'H-"*C HSQC,
'H-C HMBC. The formation of the pillar[5]arene complex with the DNA was
shown by two-dimensional NOESY spectroscopy and diffusion measurements.

The work was supported by the Russian Foundation for Basic Research No.
17-03-00858a.

F)NW r/”@) |

Fig. 1. Structure of the investigated pillar[S]arene.
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Effect of Dimerization on the Photophysical Properties
of Zinc Coproporphyrin I

A. A. Sukhanov'!, V. S. Tyurin?, V. K. Voronkova'

! Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS, Kazan 420029,
Russian Federation
2 A. N. Frumkin Institute of Physical chemistry and Electrochemistry Russian Academy of Sciences,
Moscow 119071, Russian Federation

The results of time-resolved electron paramagnetic resonance (TR EPR) of
zinc complexes of coproporphyrin I tetracthyl ester (ZnCPP-1) in solvents: o-
terphenyl, chloroform/isopropanol mixture and dichloromethane depending on
the time after the laser pulse photo-excitation have been presented. The TR EPR
spectra of the ZnCPP-1 complex in o-terphenyl indicate the presence of only one
type of the photoexcited triplet state, while in the solution of the chloroform/
isopropanol the TR EPR spectrum is a sum of two different triplet spectra.
The triplet spectrum detected in o-terphenyl is described by the zero-field split-
ting (ZFS) paremeters and the aaa/eee electron spin polarization (ESP) pattern
characteristic of zinc porphyrin derivative triplets. This spectrum is assigned to
the monomeric ZnCPP-1 complex. A new spectrum detected together with the
monomer spectrum in the chloroform/isopropanol has a reverse ESP pattern.
The new spectrum is especially clearly observed in the time interval of 1.4-3
us after the laser pulse, when the intensity of the spectrum from the monomer
triplet is substantially reduced. In addition to the reverse ESP pattern, an increase
in the ZFS parameters of the new spectrum is observed. The density functional
theory (DFT) calculation of the monomer and dimer structures and their energies
show that the dimer formation is energetically favorable. On the basis of the
TR EPR data and DFT calculation, it is concluded that the ZnCPP-1 complex
is dimerized in the solution of the chloroform and isopropanol mixture and the
new spectrum is assigned to the dimer. The effect of the dimerization on the
photoexcited triplet state of ZnCPP-1 is discussed.

This work was supported by the Russian Foundation for Basic Research
(project No. 16-03-00586).
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TR EPR of Compact Naphthalimide-Phenothiazine Dyads
for Understanding of Photophysics of Thermally Activated
Delayed Fluorescence

B. G. Tang!, A. A. Sukhanov?, X. Li®, W. Yang!, Zh. Wang', F. Zhong',
J. Zhao!, V. K. Voronkova?, G. Gurzadyan®

! State Key Laboratory of Fine Chemicals, School of Chemical Engineering, Dalian University of
Technology, Dalian 116024, P. R. China, zhaojzh@dlut.edu.cn
2 Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS, Kazan 420029,
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3 Institute of Artificial Photosynthesis, State Key Laboratory of Fine Chemicals, Dalian116024,
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Precise controlling of the electronic coupling between electron donor and ac-
ceptor units in a dyad is pivotal for development of novel organic materials, for
instance, thermally-activated delayed fluorescence (TADF) materials. Knowing
the underlying photophysics of TADF allows proper design of high efficiency
organic light-emitting diodes. Herein we present the synthesis of two compact
electron donor/acceptor dyads based on phenothiazine (PTZ,electron donor) and
naphthalimide (NI, electron acceptor), and the study of the electronic coupling
effect on the photophysical properties (C—N substitution in NI-N-PTZ and C-C
substitution in NI-C-PTZ, respectively). Picosecond and nanosecond transient
absorption spectra showed the formation of charge separated states in these dy-
ads. TADF was only observed for NI-N-PTZ. The study of the triplet state with
time-resolved electron paramagnetic resonance spectroscopy (TREPR) confirms
significant difference in photophysical properties of NI-C-PTZ and NI-N-PTZ.
The TR EPR spectra of NI-C-PTZ are typical for triplet state with e a e/a e
a electron spin polarization (ESP) pattern. The zero-field splitting (D and E)
parameters which characterize the splitting of the triplet into sublevels in zero
magnetic field were determined by computer simulation.

The shape of spectrum for NI-C-PTZ dyad remains unchanged within the
detection interval of 0.6-3 ps. In contrast to this the spectrum of NI-N-PTZ
dayd changes with increasing observation time after laser flash. In addition,
the shape of the spectrum and the ESP pattern differ significantly from those
observed for NI-C-PTZ dayd.

The observed features of the TR EPR spectra for NI-N-PTZ are discussed
from the point of view of their connection with theTADF properties.

This work was supported by the Russian Foundation for Basic Research
(project No. 16-03-00586) and the Program of the Presidium of RAS Ne9.
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Influence of the Tetradentate Schiff Base on the Spin-Variable
Properties of [FeL(tvp)] BPh, Complexes According
to EPR Data

O. Turanova, E. Milordova, T. Ivanova, L. Mingalieva,
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In connection with the search for new coordination spin-variable compounds,
a series of Fe (III) polymer complexes [FeL (tvp)] BPh,, where the equatorial
ligands L = salen, bzacen, acen are the tetradentate Schiff N,O, base of the
donor type, has been synthesized, characterized and studied by the EPR method.
The photosensitive bidentate ligand tvp = 1,2-di (4-pyridyl) ethylene was used
as the axial bridging ligand.

In coordination compounds with two aromatic groups C,H; in L ligand
(salen), Fe (III) ions are in high-spin state (S = 5/2, D > hv, E/D ~ 1/3). In
compounds with two aliphatic groups CH, in ligand L (acen), Fe(Ill) ions are in
the low-spin state and form dimers with weak exchange interactions (S, = S, =
12, gy = 1.945, g, = 2.135, g, = 2.380, g,,) = 2.100, g,,, = 1.945, g, =
2.380, J,, = 0.005 cm™). The combination of aromatic and aliphatic fragments
in the ligand L = bzacen leads to the appearance of spin-variable properties.
The influence of the crystallization time on the properties of the spin transition
is revealed. When fast crystallization (1-4 hours) spin transition observed in
the interval (240-320) K, when slow crystallization (24 hours) — in the interval
(100-230) K. The difference of the structures formed in this cases is confirmed
by the measurement of X-ray powder diffraction patterns and may be due to the
presence of solvent molecules in the complex when fast crystallization.

The change of the spin state of the Fe (III) complexes with N,O, donor en-
vironment is explained by the change of the crystal field strength and symmetry
depending on the donor activity of the terminal fragments of the equatorial ligand.
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The Study of Magnetic Properties of Fe(IlI) Complexes
with Multidentate Shiff Bases in Dichloromethane
by NMR, EPR, and UV-Spectroscopy

M. Volkov, E. Frolova, L. Mingalieva, L. Gafiyatullin, O. Turanova,
E. Milordova, I. Ovchinnikov, A. Turanov
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Spin-crossover transitions are very sensitive to weak external influences (tem-
perature, pressure, photo irradiation, etc.). Their study is important both for
fundamental science and for the prospects of their practical applications. Most
studies of magnetic properties of complexes have been performed for solids and
much less attention is focused on their solutions, although the magnetic proper-
ties of complexes in solutions can vary widely.

In this work the magnetic properties of the solutions of three Fe(IIl) complexes
[Fe(salten)Cl], [Fe(salten)(Pic)|BPh,, and [Fe(acen)(Him),|BPh, were studied (in
the temperature range of 185-295 K), where H,salten = 4-azaheptamethylene-
1,7-bis(salicylideneiminate), H,acen = NN’-ethylenebis(acetylacetonylideneimi
ne), Pic = 4-methylpyridine, Him = imidazole, BPh, = tetraphenyl borate. Each
of these complexes was dissolved in dichloromethane, the first and the second
at a concentration of 5.0 mmol/L, the third at 5.5 mmol/L. The magnetic sus-
ceptibility y, of the studied solutions was measured by a Bruker Avance 400
NMR spectrometer with using a spherocylindrical ampoule [1]. The paramag-
netic contribution y,, ., was determined as the difference of the volume magnetic
susceptibility y,, of the complex solution and yg,, of the pure solvent. The
temperature dependences of u . for the three solutions of the complexes were
obtained. In the solution of the first complex only the high-spin state S = 5/2 is
observed, while the solutions of the second and the third complexes demonstrate
an incomplete spin-crossover between the low-spin S = 1/2 and the high-spin
S = 5/2 states. It was revealed that in the solutions of the last two complexes
the spin-crossover has a greater slope than in the solid state.

The EPR spectra of the above solutions were recorded by an Bruker EMX-
plus EPR spectrometer (X-band, CW mode), the electronic spectra recording
was carried out by a Varian Cary 100 spectrophotometer. The methods of EPR
and spectrophotometry allow us qualitative to confirm the presence or absence
of a spin-crossover in solutions.

1. Volkov M.Y., Turanova O.A., Turanov A.N.: Appl. Magn. Reson. 49, 327 (2018)
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Magnetic Properties of Hight-Spin Fe(IIl) Complexes
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The unusual magnetic behavior of two novel Fe(Ill) compounds of the for-
mula [FeL,]X (where X = CI' (1), NO; (2), and L is a photoactive ligand,
4-bromobenzoyloxy-4-salicylidene-N’-ethyl-N-ethylenediamine) was examined
by means of electron paramagnetic resonance and pulsed laser irradiation. EPR
spectrum consists of two types of resonance lines and all Fe** ions are in a high-
spin state. The I-type of resonance lines dominates at low temperatures (LT),
while the II-type prevails at high temperatures (HT). A transition from the LT to
HT spectrum with increasing temperature accompanied by a redistribution of the
integrated intensity are observed. This behavior is typical for a structural phase
transition with a double-minimum potential. The height of the barrier between
the potential minima was determined from the EPR data and is 35 cm™'. The
redistribution of the number of Fe** centers between the LT and HT minima
with changing the temperature calculated for compound 1 allowed to conclude
that the sample, most likely, undergoes an order-disorder ferroelectric phase
transition, and below 7, = 100 K (the phase transition temperature) a nonzero
average electric dipole moment appears. To get an insight into molecular structure
of Fe*" centers and their supramolecular organization, a DFT calculations was
performed. On the basis of our findings, the LT- and HT-phase structures were
proposed for our compounds. It was also shown that photoexcitation in the UV
region at 5 K converts cationic complexes into ligand-to-metal charge transfer
(LMCT) states, in which the iron is ferrous, and the unpaired electron is located
on the salicylidene moieties. The LMCT states decay back to the ferric one, and
ferric complexes further form the most stable (LT) phase structure.
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Time-Resolved EPR Study of TEMPO-Bodipy Dyad
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Boron Dipyrromethane (Bodipy) chromophores show high quantum yields,
hydrophobicity, and large extinction coefficients [1-3]. Many chromophores
covalently linked to or coordinated by stable nitroxide radicals have shown the
ability to control the magnetic properties by photoexcitation of those systems
[4-6]. Photoexcitation of chromophores initiates highly spin-polarized triplet
states. Interaction between those triplet states and ground spin state of stable
radical often leads to the spin polarization of the electron radical, which is a
simple means for control the magnetic properties by photoexcitation. To observe
those photoexcited states of such systems electron paramagnetic resonance (EPR)
spectroscopy techniques are intensively used.

Laser flash induced spin-polarized transient electron paramagnetic resonance
(TREPR) spectra for TEMPO-Bodipy dyad in isotropic and frozen solutions of
liquid crystal 5CB are presented. Continuous wave TREPR measurements were
carry out at X-bands. The TR EPR of the excited doublet state (S = 1/2) and
quartet state (S = 3/2) of the dyad were observed. Mechanism of spin polariza-
tion as a result of triplet-radical interactions is discussed.

We are grateful to the Program of the Presidium of RAS Ne5 for partial
financial support.
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EPR Investigation of Antioxidant Protection and Production
of Nitric Oxide in Rat after Spinal Cord Injury

G. G. Yafarova'??, 1. 1. Shaikhutdinov?, V. V. Andrianov'?,
V. S. Iyudin!, Kh. L. Gainutdinov'?

! Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS, Kazan 420029,
Russian Federation

2 Institute of Fundamental Medicine and Biology, Kazan Federal University, Kazan 420008,
Russian Federation

3 Republican Clinical Hospital of the Tatarstan Republic, Kazan 420064, Russian Federation
gusadila@mail.ru

System of nitric oxide (NO) is one of the most studied systems of the organism
[1, 2]. Its role is documented for the central and autonomous nervous systems,
for cardiovascular function and blood supply to the brain and the heart, where
deviations in NO level may incur risks of stroke and infarction [1, 3-5]. The
NO system is also essential in adaptation to environmental changes and external
conditions. In addition to vasodilation, NO participate in reactions of oxidative
stress, glutamate-calcium cascade, and inflammation [2]. There is a debate about
the role of NO in development of spinal cord injury (SCI), however research
on dynamics of NO production at different stages of traumatic disease of the
spinal cord (SC) is limited. In SCI processes leading to the accumulation of Ca*
ions in the cell, energy deficiency, changes in active ion transport, glutamate
excitotoxicity, and oxidative stress occur [6]. According to the literature, the
activation of inducible NO-synthase in the SC is observed by 3 days after the
injury [7]. According to other authors, a moderate increase in the level of NO
(up to 0.5 um) promotes cell survival or has a cytoprotective effect [7, 8]. Thus,
NO, depending on the specific conditions, is characterized by both damaging and
protective functions. Presumably, the role of NO depends on the concentration
range, the cell type source and the environment in which it was received NO.

We used a model of SCI at the level of the first lumbar vertebra (L1)
according to the modified method of A. Allen [8, 9]. We studied the tissue
samples of the spinal cord, liver and heart in intact animals and in different
periods of traumatic disease of the SC by EPR spectroscopy using the method
of spin traps [1, 5, 10, 11]. As spin trap were applied the complex of Fe** with
diethyldithiocarbamate (DETC),-Fe?**-NO. The records were carried out on EPR
spectrometer X-band firm “Bruker” ER 200E SRC. In intact rats the production
of NO in the SC was on average 1.3 nm/gxhour and in the heart of 5.2 nm/
gxhour. After 5 hours of SCI there is a decrease of NO production in the tested
tissues and remains low up to 1 day. 3 days after SCI level of NO production
in SC increases in 2.5 times. In a chronic period of SCI observed decrease in
the level of NO production in the tissues of the heart, but in the SC levels of
NO production in chronic period of traumatic disease was significantly more
control level. We used the method of EPR spectroscopy also as method for
estimation of the balance of systems (DETC),-Cu and (DETC),-Fe**-NO (NO/
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Cu). The ratio of NO/Cu in SCI in intact rats averaged 1:80, which apparently
helps to prevent the formation of peroxynitrite. It was found that 3 days after
SCI, when the level of NO production in SC was on average 2.5 times more
than in intact animals, also increases the concentration of (DETC),-Cu; and the
ratio of NO/Cu in this period has averaged 1:50. In chronic period, the ratio
NO/Cu was only 1:3. Thus, the dynamics of the intensity of formation of NO
after SCI indicates its possible role as an inducer of apoptosis in the tissue of
the damaged SC, and generalized activation of NO-ergic stress-limiting system
in the early stages of SCIL.

This work is supported by the Russian Science Foundation under grant Ne
17-04-01746 A.
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CaCu,Ti,0,,:Fe solid solutions were synthesized using a solid state method from
stoichiometric amounts of calcium carbonate (CaCQ,), iron (Fe) and copper and
and titanium oxides (CuO, TiO,). The resulting mixture was annealed at the
temperature # = 1100°C during 6 hours with an intermediate milling. However,
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although the investigations of the dielectric properties of the CaCu,Ti,O,,:Fe
is presented in the literature, the data about the magnetic properties of these
compositions are practically absent. The magnetic resonance investigations are
presented only in [1] without the detailed analysis of the electron spin resonance
(ESR) lineshape. The investigation CaCu,Ti,O,,:Fe by the magnetometery and
Mossbauer spectroscopy methods are presented in [2] and [3], respectively. Here
we present the investigations of magnetic properties of CaCu,Ti,O,,:Fe (1, 3,
7%) solid solutions by the magnetometery, magnetic resonance and Mossbauer
spectroscopy methods.

The magnetization measurement showed the all investigated samples are in
the paramagnetic state in the temperature range above 25 K, that corresponds
to the Neel temperature of the pure CaCu,Ti,O,,. The investigation using the
Mossbauer spectroscopy method showed: (i) Fe ions replace Cu, Ca and Ti ions
in CaCu,Ti,O,, crystal structure; (ii) iron ions are in a paramagnetic state and
have a valence Fe?" and Fe’".

ESR spectra of one of the investigated here solid solutions is presented in
Fig. 1a. ESR lineshape of all investigated samples was fitted as the sum of two
Lorentz lineshape (Fig. 1a). The temperature dependencies of parameters of the
ESR spectra were obtained as the result of the fitting in the entire temperature
range (Fig. 1b). The temperature dependence of the integral intensity of both
components is closed to the paramagnetic Curie-Weiss low. The obtained values
of resonance field correspond to g-factors 2.01-2.1, that typical for paramagnetic
ions. The physical nature of these lines will be discussed.

1. Brizé V., Autret-Lambert C., Wolfman J. et al.: Solid State Sciences 11, 875 (2009)
2. Grubbs R.K., Venturini E.L., Clem P.G. et al.: PRB 72, 104111 (2005)
3. Pansara P.R., Raval P.Y., Vasoya N.H. et al.: Phys.Chem.Chem.Phys. 20, 1914 (2018)



Posters 195

EPR, Magnetic Susceptibility Measurements, and
Quantum-Chemical Calculations of Trinuclear Copper(1I)
Complexes Embedded in Functionalized Hyperbranched

Polymer Boltorn H30

S. Yurtaeva!, R. Galeev', M. Kutyreva?, N. Khafizov?, I. Gilmutdinov?,
A. Rodionov?®, R. Zaripov', O. Kadkin?

! Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS, Kazan 420029,
Russian Federation, s.yurtaeva@kfti.knc.ru
2 Butlerov Institute of Chemistry, Kazan Federal University, Kazan 420008, Russian Federation
3 Institute of Physics, Kazan Federal University, Kazan 420008, Russian Federation

Hyperbranched polymers and their functionalized forms can serve as a basis
for the fabrication of various organic-inorganic hybrid materials combining the
properties of both organic and inorganic constituents. Incorporation of transition
metals into dendrimers and highly branched polymer architectures allows one to
bring promising electrical, magnetic, optical, sensing, and catalytic properties to
this kind of materials. Hyperbranched polymers with “imperfect” structure are
more readily available as compared to their “perfect” dendrimer counterparts
and exhibit, at the same time, comparable properties despite their random and
polydisperse molecular composition. Metal centers in the dendritic environment
can also serve as artificial models simulating biological systems, such as the
metalloenzymes, thereby making it possible to study various biochemical reac-
tions in vitro. Commercial hyperbranched polymers produced under the trademark
Boltorn™ (Perstorp Specialty Chemicals AB, Sweden) can be functionalized
with fumaric acid residues by the reaction with maleic anhydride. The resulting
hyperbranched polymers contain a different number of free carboxyl groups per
macromolecule depending on the ratio of reagents and are capable of coordi-
nating transition metals. It was found that the structures and compositions of
coordination adducts of the carboxyl-functionalized dendritic oligomer on the
basis of third-generation hyperbranched polyester polyol Boltorn H30 are quite
sensitive to variation of the degree of functionalization. Depending on the number
of monofumaric ester groups per macromolecule, different types of complexes
are formed even with the same metal ions. The ESR spectra of the synthesized
copper(Il) complexes with acid-functionalized Boltorn H30 containing six car-
boxylic acid groups per macromolecule in average indicated the formation of
a trinuclear ferromagnetically-coupled cluster with a ground spin state of S =
3/2 in solid samples. The obtained copper(Il) triads incorporated in the Boltron
H30 dendritic architecture potentially can mimic active centers of oxydase and
oxygenase enzymes. Moreover, exchange-coupled systems are of special interest
as magnetic materials for newly developing areas of molecular spintronics and
quantum information technologies.

EPR spectroscopy and magnetic susceptibility measurements were performed.
The EPR spectra of a powder sample of the synthesized copper(Il) complex
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demonstrated four resonance lines with different temperature behavior. To confirm
the assumption about the ferromagnetically-coupled trinuclear copper(Il) clusters,
the temperature dependence of the total integrated intensity of the EPR lines
was studied. The integrated intensity of the EPR spectrum sharply increases at
temperatures below 8-9 K, which is consistent with the assumption of the pres-
ence of ferromagnetic exchange interactions in the studied complex. As follows
from the temperature dependence of the inverse value of the integrated intensity,
the interaction between the Cu(Il) ions should be weakly ferromagnetic and the
transition of the complex to the quartet ground state with S = 3/2 takes place
at low temperatures.

To complement the EPR studies and to confirm conclusions made on the basis
of the behavior of the EPR at low temperatures, magnetochemical measurements
of the powder copper(Il) complex were performed. The temperature dependence
of the magnetic susceptibility shows that there is some deviation from the Curie-
Weiss law below 10 K and indicate the transition to a ferromagnetically ordered
state. This result may be explained by the presence of ferromagnetically coupled
copper(Il) triads, as well as chain structures formed by coordination of copper(Il)
in polymer species with substantially lower molecular weights in comparison
with the hyperbranched polymer globule.

Despite the impossibility of unambiguous determination of the structure of
the studied copper(Il) complexes by the accessible physicochemical methods, the
combination of the quantum-chemical approach and experimental studies of the
magnetic properties by the methods of ESR and magnetic susceptibility measure-
ments allowed us to gain insight into the feasible structure of the coordination
sites in the synthesized copper(Il) complex with functionalized hyperbranched
polymer Boltorn H30. The theoretical magnetic curves are in good agreement
with the experimental data. It should be noted that the only method to uncover
the structure—property relationships in this sort of “vague” systems seems to be
to simulate their structure using computational techniques and to analyze their
magnetic states at a molecular level using the quantum-chemical methods.
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In 2004 the astounding phenomenon was found at the interface between two
nonmagnetic wide-band-gap insulative oxides LaAlO, (LAO) and SrTiO, (STO)
[1]. A two-dimensional electronic system (2DES) is formed in the STO layers
next to the interface which becomes superconducting below a temperature of
300 mK [1, 2]. Remarkably, this superconducting state coexists with a magnetic
state being stable up to the room temperature. It was concluded, that the primary
mechanism responsible for the 2DES formation is the electronic reconstruction
followed by structural reconstruction.

Since then 2DES has been later found in other non-magnetic dielectrics. And
all of them have in common is that the creation of 2DES is due to either the
polar nature of one of components or due to defects or dopants. Latter, it has
been shown that 2DES can be created at the interface of nonpolar oxides one
of which is ferroelectric [3,4]. The main advantage of using ferroelectrics is a
possibility to switch on and off the polarization and thus to control properties
of the electron system.

In the present work based on first-principles band structure calculations, we
theoretically investigate the interface between a ferroelectric film (KNbO,, Ba-
TiO,, LiNbO,, PbTiO;) and a nonpolar insulating SrTiO, (and MgO) substrate.
We demonstrate the possibility of a 2DES formation at the interface. We analyze
an impact of ferroelectric polarization onto the 2DES conducting properties, as
well as a possibility of switchable and controllable metal-insulator transition in
considered types of heterostructures. We present comparative study of different
combinations of components containing varying number of ferroelectric overlay-
ers, as well as layer-resolved density of states.

The reported study was funded by RFBR according to the research project
Ne 18-32-00595.
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Geometric isomers of molecules have the same chemical structure but differ in
configuration. It creates a difference in their physical (melting and/or boiling
points, dipole moment, etc.), chemical (reactivity) and biological (antitumor ac-
tivity) properties. Photoisomerization is an additional channel for controlling the
state of such systems. This allows them to be used in medicine and technology.

In this work cis-trans-isomerisation of ethylene series compounds with various
substituents on unsaturated atoms (4-stilbene, 4-styrylpyridine, 1-(Pyridin-4-yl)-
2-(N-methylpyrrol-2-yl)ethene) and diazene series compounds (azobenzene) have
been studied in acetonitrile solution at room temperature by UV-VIS spectro-
photometer Varian Cary 100 and NMR spectrometer Bruker AVANCE-III 700.

An influence of ligand substituents on photoisomerization under irradiation
has been shown (A = 254 and 365 nm). An unusual kinetics of cis-tfrans-transition
for styrylpyridine has been detected.
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Fig. 1. '"H NMR spectra of azobenzene before (upper) and after 110 minutes irradiation on 365 nm (bottom).
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Electrically conductive compounds have been increasingly used for the manu-
facture of shields for high voltage cables, self-regulating heating cables, and
earthing conductors resistant to aggressive environments. Therefore, the study
of the influence of temperature on the electrically conductive of compounds and
the identification of the mechanisms of this influence is of great interest. In this
paper, we present the results of studies of the temperature dependences of the
EPR parameters of an electrically conductive peroxide-crosslinked compound
EPC-35. The matrix of this compound was ethylene vinyl acetate, a filler provid-
ing electrical conductivity — carbon black with a mass fraction of about 34%.
The EPR spectra were recorded at a frequency of 9.3 GHz on radiospectrometer
PS 100X. A single absorption line with a g-factor of approximately equal to 2
was observed in the EPR spectrum.

141 a

08
1000 ¢ p

100 ¢

p/pg

10 ¢

1

20 40 60 80 100 120 140 160
T(°C)

Fig. 1. Temperature dependence of the relative intensity of EPR ((a) triangles — compound, circles —
carbon black) and electrical resistivity (b).
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Fig. la shows the dependences of the intensity of the EPR line (the area
under the curve of the absorption line) of an electrically conductive compound
and pure technical carbon on temperature. It is seen that with increasing tem-
perature the intensity of the absorption lines of the test compound significantly
increases. At the same time, the resonance field and the width of the EPR line
remained practically unchanged. Such a temperature dependence of the intensity
of the EPR line indicates an increase in the concentration of paramagnetic cen-
ters in the sample electrically conductive compound. In the temperature range
~90-110 °C, the intensity of the EPR line reaches a maximum, and then its
decrease is observed.

The observed dependence of the paramagnetic centers concentration with
temperature increase can be explained by the formation of unpaired electrons
due to the break of bonds in the conducting chains of carbon black. The chains
break occurs due to higher value of the coefficient of thermal expansion of the
matrix of ethylene vinyl acetate in comparison with the carbon black particles.
The mechanism of formation of unpaired electrons in carbon black particles is
described in [1, 2]. The partial destruction of the percolation grid in an electri-
cally conductive compound is confirmed by the temperature dependence of the
specific volume electrical resistance (Fig. 1b). It can be seen that this depen-
dence correlates well with the temperature dependence of the intensity of the
EPR absorption line.

At the same time, the intensity of the EPR line of pure carbon black used
as the filler in the electrically conductive compound EPC-35 decreases smoothly
with increasing temperature (Fig. 1a), similar to its behavior in paramagnets. This
confirms the conclusion that the observed feature of the temperature dependence
of the intensity of the EPR line of the conductive compound is due to the in-
crease in the concentration of paramagnetic centers caused by the above-described
mechanism of rupture of conducting chains formed by carbon black particles.

1. Kawamura K., Kimura S.: Bull. Chem. Soc. Jpn. 59, 2991-2996 (1986)
2. Kashapov N.F., Nefed’ev E.S., Fahrutdinov I.M.: Bulletin of the Kazan Technological University, no.
6,25-30 (2008)
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