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Lecture: Antiviral metabolite isolation and characterization from
Acremonium sp (SIMATS2121) endophytic fungi from medicinal plant

12:50-13:10 Galina Kupriyanova (Kaliningrad, Russia)

Oral report: Study of the influence of Au nanoparticles of various shay
on the dynamics and structure of tyrosine ustig\MR methods.



13:10 +£13:25

13:25 +14:05

14:05 +£15:10
Chairman
15:10 +£15:50

15:50 +£16:10

16:10 +£16:25

16:25 +16:40

16:40 +£17:00

17:00+17:20

17:20 £17:40

18-30 +22:00

Chairman
10:00 +£10:40

10:40 +£10:55

10:55 #11:10

11:10 £11:25

S hedule

Mark Smirnov (Kaliningrad, Russia)
Oral report: Influence of the shape of gold nanoparticles on the struct
and dynamical properties of L-tyrosine
llya Gridnev (Moscow, Russia)
Lecture: Use of various NMR techniques in the study of mechanism o
asymmetric hydrogenation
LUNCH
Prof. Galina Kupriyanova (Kaliningrad, Russia)

Carlos Cabal-Mirabal (Havana, Cuba)

Lecture: Wound healing rate and treatment effectiveness determined

MRI

Nikolay Anisimov (Moscow, Russia)

Oral report: MRI of wildlife

Anna Yi (Novosibirsk, Russia)

Oral report: Intra- and intermolecular transfer of parahydrogen-induce

hyperpolarization via nuclear Overhauser effect induces RASER

Manuel Arsenio Lores Guevara (Santiago de Cuba, Cuba)

Oral report: Proton MRD profile analysis in Human Serum Albumin

solutions: a two site exchange model approach

Leonid Grunin (Yoshkar-Ola, Russia)

Lecture: NMR Transverse Relaxation as the Tool for Structure and

Thermodynamics Analysis

Cengiz Okay (Istanbul, Turkey)

Oral report: Investigation of Relaxation Times of Cotton Oil-Diesel Fu

Mixtures by TD-NMR

Dmitry Filimonenko (Minsk, Belarus)

Oral report: Zero-field cross-relaxation resonances in ensembles of N

centers in diamond and fully optical magnetic field detection
Welcome Party

TUESDAY +1 April, 2025

Prof. Marina Shelyapina (Saint-Petersburg, Russia)

William Price (Sydney, Australia)
Lecture: Accurate NMR Diffusion Measurements in Reacting Systems

Bulat Mukhamadullin (Kazan, Russia)

Oral report: Study of fluoride nanoparticles nucleation processes by N
in the capillary system

Polina Zefirova (Saint-Petersburg, Russia)

Oral report: *H NMR spectroscopy application for assessment catalyti
behavior of comb-like polyelectrolytes in Suzuki reaction

Naira Gromova (Saint-Petersburg, Russia)

Oral report: Cell size dependence of diffusion properties of PAMAM
dendrimers by MD simulations
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11:25 £11:40 Milosh Ubovich (Saint-Petersburg, Russia)

Oralreport: 3, RQLF /LTXLG 4$H. ZO612WHP 6WXGI
and Computational Methods

H&2) (1 %5(S.

Chairman Prof. Peter Tolstoy (Saint-Petersburg, Russia)

12:10 £12:50 Daniil Kolokolov (Novosibirsk, Russia)
Lecture: Hydrogen bonds types, strengths and dynamics in hydroxyl-
carboxyl-functionalized ionic liquids

12:50 £13:10 Alexander Khudozhitkov (Novosibirsk, Russia)
Oral report: 2H NMR study of [P444-D][OMs] and [N444-D][OMs] ionit
liquids

13:10 £13:25 Daria Chetverikova (Saint Petersburg, Russia)
Oral report: NMR Diffusometry for Studying lonic Association in
Plasticized Polymers

13:25 £13:45 Alexandr levlev (Saint Petersburg, Russia)
Oral report: Study of complex ionic liquids according to NMR relaxatic
and diffusion measurements

13:45 £14:05 Nikita Slesarenko (Chernogolovka, Russia)
Oral report: Competitive ion transport in polymer gel electrolytes studi

by NMR
Chairman Prof. Denis Markelov (Saint-Petersburg, Russia)
15:10+16:20 Oral blitz reports of young scientists
16:20-16:30 CONFERENCE PHOTO
16:30-18:30 Oral blitz reports of young scientists

POSTER SESSION |

- WEDNESDAY 2 April, 2025

11:00 £14:00 Excursion to the Grand Menshikov
Palace
15:00£17:00 Excursion to Magnetic Resonance
Research Centre of St. Petersburg State
University
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- THURSDAY =+3 April, 2025

Chairman Dr. Andrei Egorov (Saint-Petersburg, Russia)

10:00 £10:40 Elena Charnaya (Saint Petersburg, Russia)
Lecture: Metals under nanoconfinement: NMR studies

10:40 +11:00 llya Yakovlev (Novosibirsk, Russia)
Oral report: Silicon-enhanced incorporation of boron into AIPO-11
framework according t&'B solid-state NMR

11:00+11:15 Danil Markelov (Novosibirsk, Russia)
Oral report: Hyperpolarization of'Se nuclei using signal amplification |
reversible exchange (SABRE) at microtesla fields

11:15+11:30 Allisher Vasilev (Saint Petersburg, Russia)
Oral report: Directional solidification in gallium under strong magnetic
field: NMR studies

11:30+11:45 Aliya Galimova (Kazan, Russia)

Oral report: Theory of two-stage quantum transduction based on use
magnetic material coupled to erbium-doped crystal

ha2)) (1 %5(S.

Chairman Prof. Elena Charnaya (Saint-Petersburg, Russia)

12:10 +12:40 Kev Salikhov (Kazan, Russia)
Oral report: Further development of the theory of spin exchange in dil
solutions of paramagnetic particles

12:40 £13:00 Kocharyan Gaspar (Yerevan, Armenia)
Oral report: Determination of anti-peroxyl radical capacity of flavonoic
(quercetin, morin and rutin) by the kinetic EPR method with pulse reac
injection.

13:00+13:15 Daria Pomogailo (Moscow, Russia)
Oral report: Electron Spin Resonance of Fe-doped.T@noparticles

13:15 +13:30 Anastasia Batueva (Saint Petersburg, Russia)
Oral report: Registration of nickel and nitrogen spin centers signals by
their interactions with negative NV centers in diamond by
photoluminescence

13:30 #1410 Alexandr Trifonov (CIQTEK, Moscow, Russia)
Lecture: The development and results of magnetic resonance technol
and instruments

EPR Round Table and connected demonstration

14:10 £15:10 LUNCH

Chairman Prof. Denis Markelov (Saint-Petersburg, Russia)
15:10+16:30 Oral blitz reports of young scientists
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16:30-18:30 POSTER SESSION I
19:00+23:00 Conference Dinner
s FRIDAY +4 April, 2025
Chairman Prof. Yury Bunkov (Moscow, Russia)

10:10 £10:30 Sergey Dvinskikh (Stockholm, Sweden)
Oral report: lon dynamics in liquid crystal-electrolyte mixtures

10:30 £10:50 Sergei Bystrov (Saint Petersburg, Russia)
Oral report: Unified NMR: towards universally accessible NMR workfl:
ZLWK 747 31XFOHL’

10:50 £11:10 Pavel Kupriyanov (Gebze, Turkey)
Oral report: RFI suppression system for NQR detection in unshielded
conditions

11:10+11:25 Alexander Snadin (Novosibirsk, Russia)
Oral report: Development of a new class of adiabatic inverting MCA
pulses combining constant and offset-independent adiabaticity

11:25 £11:40 Gleb Dolgorukov (Kazan, Russia)

Oral report: Low field setup for DNP studies in stray field of
superconducting magnet

H&2)) (1 %5(S.

Chairman Dr. Andrei Komolkin (Saint-Petersburg, Russia)

12:10 £12:30 Pavel Yushmanov (Stockholm, Sweden)
Oral report: Electrophoretic NMR and its application in studying the
electrokinetic transport of water and methanol in Nafion membranes
12:30 £12:50 Natalia Yevlampieva (Saint-Petersburg, Russia)
Oral report: Magnetic relaxation properties of metal-carbon
heterostructures
12:50 £13:10 Sergey Vasil'ev (Chernogolovka, Russia)
Oral report: Lindblad dephasing relaxation and quantum entanglemer
two-spin systems
13:10 £13:30  Georgii Bochkin (Chernogolovka, Russia)
Oral report: Quantum entanglement in quasi-equilibrium states in NM
multi-pulse spin locking
13:30 £14:10 Yury Bunkov (Moscow, Russia)

Lecture: Quantum self-oscillator based on magnon Bose-Einstein
condensate

14:10 +15:10 LUNCH

15:10+15:40 $ZDUGLQJ &ORVLQ 3B PHGRIHBH@D W H
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Exploring the Ability of the P=0O Group to Form Multiple

1 | Omar Alkhuder
Hydrogen Bonds
2 | Anastasiia Antonenko 2°Te NMR spectra in Td-phase WiTe
3 | Exaterina Batueva Multifunctional Heptanuclear Iron Complexes: Magnetiq
Properties and Potential Applications in MRI
Phase structure and molecular mobility of drug delivery,
4 | Aleksandra Sashina systems based on liposomes with Pluronics by nuclear
magnetic resonance method
5 | wwacheslax Gonvalin NMR assignment of eucaryotic initiation translation fact
y Y 5A of Candida albicans
SRWHQWLDO RI 105 VSHFWURVFR
6 | Anastasia Dmitrieva hydrophobicity of microsphere cellulose carriers for
spiking cancer cells
7 | Ekaterina Dmitrieva Analysns o_f hy_perflne and qua_ldrupole interactions !n_the
first coordination sphere ¢fN in hexagonal boron nitride
. Study of conformation of mechanically activated calciur|
8 | Albina Gafarova - . .
gluconate irradiated with gamma quanta
9 | Ekaterina  Zaitseva NMR Study of the fibrile-forming peptide SEM1(86-107
10 | Kristina Gorkovaia NMR control of the synthesis of pharmaceutical
intermediates
The optimization of the conditions of 2D NMR spectra
11| llya Grishanovich registration for the analysis of thermoplastic organic
compounds in molten state
12 | Roman Haponchyk Investigation of the magnonic nonlinear phase shifter b
on forward volume spin waves
13 | Artem Igonin Effegt of palladium(ll) on NMR spectra of coordinated
semicarbazones
14 | Dmitry lvanov Features of the study of th_e pore space of the core by t
method of nuclear magnetic resonance
Modelling localization of various statins within a POPC
15 | Natalya Karmanova . .
bilayer by molecular dynamics and metadynamcs
16 | Daniil Khroshin Modellng_ of spin-wave spectrum for YIG films at sub-TH
frequencies
17 | savelii Levit NMR analysis of surfactants characteristics based on
methacrylic acid.
: Study of intramolecular mobility in ionic liquid
18| Daria Malakhova [BMIM] ,Cd(SCN), using NMR relaxation data.
Effect of the disulfide reducing agent TCEP on the
19 | Daria Melnikova translational mobility of.- and -casein and their ability tg
form supramolecular structures
. . NMR diffusometry and micellar solubilization using
20| Daria Melnikova biological surfactants
21| Artem Alexandrov Generator of arbitrary sequences of commands/pulses
22 | Sergey Andronenko The FMR/EPR studies of magnetite/maghemite

nanopatrticles, synthesized by different methods
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Simultaneous detection of nucféiK ZNa, /Al and>Mn

23 | Nikolay Anisimov at 0.5 Tesla

. - Construction of sensitivity maps for wireless coils using
24 | Nikolay Anisimov 9 MRI
25 | Konstantin Bozhenko Quantum-Chemical study of Interactions of®Gg(n=7, 9)

Clusters with H and Q Molecules

Proton attached to nitrogen in porphyrins and tetrapyrrg

26 | Nina Djapic
Determination of Rotational Correlation Time of and
27 | Alexey Kiryutin Iridium Dihydride Complex in Aqueous Medium by Mea
of NMR Relaxometry with High-resolution
Modification approaches to the development of
1| Olga Mikhailovskaya | pervaporation sodium alginate-based membranes witl
enhanced properties
2 | Marina Mikhalap Determlnatlc_)n of the spirocyclopropanoxindole fine
structure using NMR spectroscopy
3| Anna Mikulan Novel blend cellulose nitrate/cellulose acetate
ultrafiltration membranes for enhanced water treatmet
Determination of the structure of regioisomeric furan-
4 | Veronika Minaeva containing naphthofuranes based on 1D and 2D NMR|
spectroscopy experiments
Conformational behavior of cyclic peptides cyclosporil
5| Guzel Minnullina and alisporivir in acetonitrile and their interaction with
Dy** ions
Hydrogen/deuterium isotope effects on the microstruc|
6 | Dmitriy Mizyulin and molecular mobility in the aqueous solution of
europium nitrate. A molecular dynamics simulation stu
B : 14 13
7| lya Pilipenko Appllp@tlo_n of 'H- C HMBC _NMR spectroscopy for
identification of regioisomeric polycyclic dihydrofurang
8| Julia Pronina The spiro[1-azabicyclo[3.2.0]heptane] frameworks:
structures determination using NMR methods
9! Julia Pronina The spiro[1-azabicyclo[3.3.0]octane] frameworks:
structures determination using NMR methods
10| Andrej Rochev lefere_nF mechanisms of spin-lattice relaxation of gallil
in semi-insulator GaAs
. . Effect of rare earth impurities on structural properties ¢
11/ Margarita  Sadovnikova calcium phosphate-based materials by EPR spectrosg
Effect of alkaline treatment on structure, morphology,
12| Azamat Samadov CO2 sorption of mesoporous ZSM-5 zeolites
13| Stepan Galiakhmetov Ianuenpe of substltu_tes and chalcqgen atom nature or|
alkylation of phosphine chalcogenides
14| Georgiy Shonin Synthe:3|s of 4,5-diethynyl-1,2,3-triazoles and structurg
analysis by NMR spectroscopy
Spectral characteristics of cyclosporin G and L in
15| Artyom Tarasov deuterated acetonitrile with water solution determined
NMR spectroscopy
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The structural features of the fibril-forming peptide

16| Anastasia  Troshkina SEM2(49-107) by NMR spectroscopy and its role in
enhancing HIV activity
Microstructure and molecular mobility in the ternary

17| Sergey Cheremensky LiCl-Cs-CI-H,0 systemA molecular dynamics
simulation study

18| Valentina  Yakovleva St_udy of NV- centers in natural diamonds (carbonado
micron scale scanning spectroscopy

. . NMR TH/*C study of biocompatible copolymer of

19| Andrei Komolkin divinyl ether and maleic anhydride
Evaluation of plasma viscosity in patients with

20| Yulianela Mengana hyperviscosity syndrome using Proton Magnetic
Relaxation.
Molecular dynamics simulation ofs&Cro fulleren_

21| Valerii Bezrodnyi complexes with peptide dendrimer containing histidine
spacers

22| Igor Neelov Computer s!mulatlpn of interaction of fullereneg @ith
short amyloid peptides

23| Igor Neelov Invest!gatlon_of interaction of cygllc pe_ptlde with short
amyloid peptides by computer simulation

24| Anastasia  Nikitina Investlgaplon qf magnetic chargcterlstlcs of magnetite
nanoparticles in various organic shells

25| Konstantin  Tyutyukin Study of slow molecular motions by NMR relaxation

26| Yamirka Alonso Physicochemical characterization of carbon-coated

magnetic cobalt nanoparticles
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Lectures

7KH 6FKR&RQIHUHQFH 36SLQXV" Rl 6DLQW 3HWHUVEX
8QLYHUVLW\

"H 6W 3HWHUVEXUJ 6WDWH 8QLYHUVLW\&RBEHBHRRB
S0DJQHWLF UHVRQDQFH DQG LWV DSSOLFDWLRQ" 6SLQX
DRUGLQJ WR WKH VXEMHFWYV RI UHVHDUFKHY DQG HGXFD
DQG LPSOHPHQWHG LQ WKH 63E68 ,Q PRGHUQ SK\VLFV W
VHW RI SKHQRPHQD DFFRPSDQLHG ZLWK WKH HPLVVLRQ Fk
WKH UDGLRIUHTXHQF\ GLDSDVRQ E\ TXDQWXP V\VWHPV (
"HVH SKHQRPHQD WKH SK\WLFDO QDWXUH RI ZKLFK LV RI
Rl UDGLRVSHFWURVFRSLF PHWKRGV IRU VWXGKRQPLWBEE
SURFHVVHYV LQ LW "H\ DUH DOVR XVHG IRU WKH FUHDWL
PDJIQHWRPHWHUV )RU WKH GHYHORSPHQW RI LGHDV DQ
1REHO 3UL]JHV ZHUH DZDUGHG LQ WKH DUHDV RI SK\VLF
PHGLFLQH WKH ODWWHU ZDV LQ

Primarily, magnetic resonance methods are:

X Nuclear Magnetic Resonance (NMR)

x Electron Paramagnetic Resonance (EPR)

X Nuclear Quadrupole Resonance (NQR)

"HVH PHWKRGYV EHLQJ FRQWDFWOHVV GR QRW GHVW
WKHP XQLTXH DQG LQ GHPDQG QRW RQO\ LQ SK\VLFV DQG
ELRORJ\ DUFKHRORJ\ 1RZ DQ\ PHGLFDO FHQWHU ZLWK K
LPDJLQJ 05, ,Q 5XVVLD 105 LV XVHG LQ RLO ZHOO Ot
SURGXFWLMEHDWURQRUKHVHUYRLUYVY DQDO\WLV RI RLO FRQ"
WHFKQLTXH LV XVHG IRU -THRORUX FIVQ YHHFRIQ WEIKR OQRIQS U
DV IRU WKH GDWLQJ RI SDOHRQWRORJLFDO DUWLIDFWV 'V
Rl VROLG H[SORVLYHV DQG QDUFRWLFV ODJQHWRPHWU\
LQGLVSHQVDEOH IRU FDUU\LQJ RXW DUFKDHRORJLFDO UH

(DUOLHU WKH VFKRRO RUJDQL]JHUV ZRUNHG DW WK
SKHQRPHQD 403K RI WKH 6W 3HWHUVEXUJ 6WDWH 8QLYF
LQLWLDWLYH RI 3URIHVVRU 9 , &KL]KLN RQ WKH EDVLV R
FHQWXU\ E\ ) , 6NULSRY DW WKH 'HSDUWPHQW RI 5D
5DGLRSK\VLFV" 2Q -DQXDU\ WKH '"HSDUWPHQW RI ¢
Rl QXARXHDYUFV UHVHDUFK PHWKRGY +HDG RI WKH 'HSDUW
WKH 5XVVLDQ $FDGHP\ RI 6FLHQFHV 3URIHVVRU OLNKDLO
QXPEHU RI SULRULW\ ZRUNV LQ WKH ¢(¢HOG RI QXFOHDU
VLIQL,;FDQW DFKLHYHPHQWY ZDV WKH (UVW LQ WKH ZRU
WUDQVIRUP RI D IUHH LQGXFWLRQ VLJQDO LQ RUGHU WR ¥
&RQFXUUHQWO\ ZLWK WKH UHVHDUFK DFWLYLW\ WKH V\
GHYHORSPHQW RI SUDFWLFDO DSSOLFDWLRQV RI PDJQHW
QRW RQO\ LQ 5XVVLD DQG WKH &,6 EXW DOVR LQ 6ZHGHQ
&XED *HUPDQ\ )UDQFH 86%$ ,WDO\ 7XUNH\ RFFXG\LQJ :
RSHUDWRU RI UDGLRVSHFWURPHWHUY WR D SURIHVVRU

The main research areas developing by the collective:

X Nuclear magnetic resonance in liquid¢ SHFWUD UHOD[DWLRQ GLIIX
Nuclear magnetic resonance in solids;

NMR in liquid crystals;

NMR in heterogeneous systems;

Nuclear magnetic resonance in the magnetic field of the Earth;
The quantum magnetometry in archeology and industry;

25
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Lectures

x Computing modeling in magnetic resonance.

It is evident from the above that the scope of our research interests is quite wide. We
are always open for the collaboration with researchers from various fields of science.

Our team has published a series of monographs, textbooks and training manuals on
Magnetic Resonance. For example:

1. Vladimir I. Chizhik, Yuri S. Chernyshev, Alexey V. Donets, Viatcheslav Frolov,
Andrei Komolkin, Marina G. Shelyapina. Magnetic Resonance and Its
Applications. 2014, Springer-Verlag. 782 gow more than 40000 chapters

download).

2. D\Zglh\Zy jZz~"bhnbabdZ fZ]gblguc j_ahgZgk b _]h ijbeh™_
ihkh[b-_ ba” i_j_jZ[ Ih™j_» < BI[QB&®UXKI _H_ j[
md Z k

3. <B Qb'bd Y~_jgZy fZ]gblgZy j_ezZzdkzZpbybawgqlf[ ihkh[b_
BaAh KI_I_j[ -mg k

4. 1jZzdlbdmf ih fZ]gblghfm j_ahgZgkm Mq_[gh_ ihkh[b_ 1Ih”
<B Qb bdzKIf Bah Ki_I_j[ -3 k

7KH JRDO RI 36SLQXV" LV WR SURYLGH D IRUXP IRU \RXQJ
aspects of magnetic resonance methods and techniques, as well as computational and

theoretical approaches, for the solving of fundamental and applied problems in physics,
chemistry, medicine and biology.

Annually, selected papers of participants are published in a special issue of the journal
3$SSOLHG ODJQHWLF 5HVRQDQFH’

WelcomeWR WKH DQQ@XDO 36SLQXV’

Dr. Sci., Professor, SPbSDgnis A. Markelov
Chairman of Organizing committee of thé'®8chool-conference

@/ S0DJQHWLF UHVRQDQFH DQG22%/V DSSO

[1] V.I. Chizhik. On the history of the Fourier transform in NMR spectroscopy. 2018,
%8//(7,1 '8 *5283(0(17 $03(5¢( < -6.
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Quantum self-oscillator based on magnon Bose-Einstein

condensate
Yury M. Bunkov, Aleksey N. Kuzmichev, Danila A. Samodelrin.
O-*UDQDW 5XVVLDQ 4XDQWXP &HQWHU % %RXOHYDUG €
(-PDLO \ EXQNRY#UTF UX

"H REMHFWLYH RI RXU UHVHDVYFIXQ GVIOWR/ H- IPHFWRZDY
JHQHUDWRU IRU XVH LQ FRPSXWLQJ GHYLFHV VXFK DV WKH
"H EDVLV RI WKLV GHYLFH LV D FRKHUHQW TXDQWXP VWD
FRKHUHQW PLFURZDYH VLJQDO "LV VLJQDO LV IHG WR DQ T
WKH H[FLWDWLRQ Rl QHZ PDJQRQ TXDVLSDUWLFOHV $FF
PHFKDQLFV QHZ TXDVLSDUWLFOHV DUH H[FLWHG RQO\ L
TXDVLSDUWLFOHV $V D UHVXOW WKH PDJQRQ % (& H[LVW
SUREOHP RI WKH FRQWLQXRXV H[LVWHQFH RI WKH % (& VWI
YHU\ JUHDW WHFKQLFDO GLVFXOWLHV XVLQJ D ARZ RI FRR
FDVH Rl WKH PDJQRQ %(& WKLV SUREOHP KDV DOUHDG\
H[SHULPHQWY "LV H[SHULPHQW H[SDQGVY WKH SRVVLELOLW
RI %(& DQG LQ SDUWLFXODU WKH SURFHVVHV RI % (& G\QE
RI WKH VHPLFODVVLFDO WKHRUB3RW DYV 1§\ QORPVLHF \F RQ GMKQHV
VHPLFODVVLFDO WKMRUWRPDDQEWXF SUHFHVVLRQ > @

"H ¢UVW H[SHULPHQWDO UHVXOWV KDYH DOUHDG\ VKRZ
ZLWK HQKDQFHG IHHGEDFN -HMFZDWH 8 KRRZJD RE DAR WWHK A RWGHEH
D PDJQRQ GHQVLW\ RIFWKHKREIGHFRWIHVSRQGY WR SUHFHV

GHYLDWLRQ DQJOHV RI f ZKLFK FRUUHVSRQGV WR R
FRQGHQVDWH $W WKH VDPH WLPH GXH WR WKH UHSXOVLR
VKLIW RI WKH RUGHU RI 0+] RFFXUV DW WKH UHVRQDQFF

IUHTXHQF\ VKLIW IURP WKH H[FLWDWLRQ DPSOLWXGH OHDG
LQ D VWDWLRQDU\ PDJQHWLF ¢HFEGWDIR. RQHSNHBORVMVRRI |
FRUUHVSRQGLQJ WR WZR GLUHUHQW PDJQRQ GHQVLWLHV
HTXLOLEULXP VWDWHY LV GHWHUPLQHG E\ WKH SKDVH LQF
UHYHUVH SXPSLQJ 1DWXUDOO\ WKH UHWXUQLQJ H[FLWDW
UHVRQDQFH VLJQDO 'DW LV WZR PLQLPD RI WKH +DPLO
GLUHUHQFH RI & LQ WKH UHWXUQ VLJQDO FLUFALWKDUH
VIVWHPV XVLQJ VXSHUFRQGXFWRU TXELWV ([SHULPHQWDO
EHWZHHQ WZR VROXWLRQV ZLWK D ZHDN VKRUW SXOVH RI
ZLWKLQ D WLPH RI DERXW V LW ZDV SRVVLEOH WR VL
IUHTXHQFLHV DV VKRZQ LQ )LJ

‘H ¢cWWHG WEW VQIX@BO®V ZLWK WZR IUHTXHQFLHV DQC
VKRZV WKH WLPH GHSHQGHQFHV Rl WKH DPSOLWXGHV RI W
VWDWH RI WZR %RVH FRQGHQVDWHY "H SRVVLELOLW\ RI X\
7R UHVROYH WKLV LVVXH LW LV QHFHVVDU\ WR FRQGXFW
FDQQRW EH UHVROYHG VLQFH WKHUH LV QR DGHTXDWH
PDJQRQ FRQGHQVDWHYV

aH ZRUN ZDV VXSSRUWHG E\ WKH 5XVVLDQ-6FLHQFH )RX
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®ypbe ¢ 0KHOM 0.2MKC, - CepeuHa oKHa
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Fig. 1. Fourier analysis of the radiation signal of magnon Bose condensates. Point A i
end of a small change in the external field by 1 Oe. B is the formation of the second
condensate; C is the destruction of the initial Bose condensate.

175 — r=23ms Mz
— — 1= 2650 MHz

105.0 1055 106.0 106.5 107.0
£ mKe

Fig. 2. Dependence of the amplitude of signals at two frequencies. At 105.0 the magne

was changed. At 105.5 a signal at the second frequency began to appear. Then ti

coexistence of two frequencies of BEC signal generation is observed. At 106.7 a sti
coherent signal at the second frequency was formed.

1. Yu. M. Bunkovetal., 7 JETP Letters, 120, 421 (2024).
2. G. A. Knyazevetal. /Optics Express 32, 13761 (2024).
3. P. E. Petroetal., 7 JETP Letters, 119, 118024).
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Wound healing rate and treatment effectiveness

determined by MRI
Carlos Cabal-Mirabal', Evelio Gonzalez-Dalmau
&XEDQ 1HXURVFLHQFH &HQWHU
FDUORYV FDEDO#TXLPLFD XQOS HGX DU
Introduction
"H PDMRULW\ RI 05, UHSRUWY SHUIRUP D TXDOGWWDWLY
ZLWKRXW JLYLQJ FRQWLQXLW\ WR WKH HYROXWLRQ ORQJL
VKRZ JXDUDQWHHYV RI PDNLQJ LW@QGHU HTXDO FRQGLWLRC(
,Q WKLV DUWLFOH TXDQWLWDWLYH GDWD RQ WKH HYR
DUH SUHVHQWHG 3DUWLFXODU HPSKDVLVY LV SODFHG RQ F
GLDEHWLF IRRW>-X@FHUV ")8
Materials and Method
ODJQHWLF 5HVRQDQRH, SHMFHM@MMEHYLRQ ZDV SHUIRUPHG
6\PSKRQ\ ODVWHU &0DVV V\VWHP 6LHPHQV *HUPDQ\ “H VI
FRURQDO D[LDO DQG VDJLWWDO ZLWK (FKR 7LPH 7( DQGC
PV UHVSHFWLYHO\ "H 6KRUW 7DX ,QYHUVLRQ 5HFRYHU\ 67
PV 7( PV DQG ,QYHUVLRQQDWWPM FDVHV WKH VOLFH V
PP DQG WKH VOLFH JDS ZDVZHWHIKRVAB LADG@HYXVLRQ@HUH U
E\ 6LQJOH 6KRW (FKR 30DQDU ,PDJLQJ 66(3, VHTXHQFH IR
vV PP 7( PV 75 PV VOLFH WKLFNQHVV PP DQG LQ
$'& YDOXHYV ZHUH FDOFXODWHG IURP WKH ", E0D®WDWE
REWDLQHG XVLQJ D VORFOBLYREHOQ WHWH XOFHU UHJLRQ DQ
WKH FRUUHVSRQGLQJ FRQWUDODWHUDO KHDOWK\ IRRW
2XU JURXS KDV GHYHORSHG D VWHUHRWDI[LF I&#DPH 6)
@ "HUH DUH IRXU H[WHUQDO PDUNHUV ZKLFK DRH SDUL
VROXWLRQ DW WKH VDPH OHYHO LQ RUGHU WR FRQWURO
05, HYDOXDWLRQV
,PDJH 6WRUDJH DQG®53URPWRBVEZERUH VWRUHG DQG SURF
IRUPDW LQ D GDWDEDVH XVLQJ H)LOP [ "H DUHDV DQG °
PDQXDOO\ XVLQJ $PLUDE [ "HWQGILUYWWQFH RI VWDWLVWL
GLUHUHQFHY EHWZHHQ WKH YDOXHVY REWDLQHG IRU HDFK Y
$129% WHVW IRU QRUPDOO\ GLVWULEXWHG GDWD RI KRPRJ!
ZDV VHW DW S JRU HDFK KHDOWK\ YROXQWHHU WKH YI
Results and discussion
JLIXUH DV DQ H[DPSOH VKRZV WKH HYROXWLRQ RI D
VOLFH DW WKUHH GLUHUHQW WLPHV ,W LV PDUNHG ZLWK D
,W LV REVHUYHG WKDW WKH VL]H RI WKH OHVLRQ GHFUHD\
DSSHDUV LQ WKH LPDJH WKDW FRUUHVSRQGV WR WKH Ql
UHFRQVWUXFWLRQ RI DQRWKHU SDWLHQW V OHVLRQ DQG V
"H GHFUHDVH LQ WKH VL]H RI WKH OHVLRQ GXH WR KHDOLQ
DVVRFLDWHG HGHPD "H OHVLRQ V $'& WHQGY WR WKH $'& \
IRRW
JLIXUH $ LV REVHUYHG PRVW RI WKH FXUYHV FDQ EH ¢
DUH IHZ SDWLHQWY ZKRVH HYROXWLRQ FXUYHV RQO\ SUHVt
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Patient 07

)LJ $[LDO 7 aH OHVLRQ VWXGLHG RYHU WLPH ZDV
WKDW WKH SRVLWLRQ RI WKH IRRW LV PDLQWDLQH
‘RXQG& $DQG (GHPRKDQJHV GXULQJ (*) TUHDWPHQW

% DQG ( :HHN DIWHU 7UHDWPHQW & DQG ) :HHN
SLQN FRORU LQ ' ( DQG ) aH &DOFXODWHG (GHPD
FP ) $Q H[DPSOH RI $'& PHDVXUHPHQWYV LQ D S
EODFN OLQH LV WKH $'& Rl IUHH ZDWHU FRQWURO
WKH KHDOLQJ SURFHVV RI WKH GLVHDVHG IRRW DQ
DUHD DQG LQMXU\ RI WKH KHDOWK\

Tiempo transcunido [ias]

i
curido Dis]

)LJ aH YDULDWLRQ RI WKH DUHD GXULQJ WKH Kt
DGMXVWHG WR WZR H[SRQHQWLDO

"HVH FXUYHV RI WHPSRUDO YDULDWLRQ RI WKH OH
UHJDUGLQJ WKH NLQHWLH]6 RQ HKHDIOD. @ JG H $ HRXGOHMLFH R W
OHVLRQ DUHDV FDQ EH H[SODLQHG LI RQH WDNHV LQWR D
WDNHV SODFH WKURXJK WZR LQWHUUHODWHG SURFHVVH
ZRXQG EULQJLQJ WKH HGJHV RI WKH OHVLRQ FORVHU V
IRUPDWLRQ RI-Q¥1Z WLVVXH >

5L 4F oiF385F —G7E Qi8S —?EE:p& 44d;

:KHUKH-;LV WKH DUHD RI WKH OHVLRQ DW WLIPH WK HP I

PHFKDQLFDO FRQWUDFWLRQ YHORFLW\UWYGSRHEMHJWWKW KH)
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KHDOLQJ GXH WR WKHEJYD @EODWLREY XSUWRFHVVRPSOH[ WHU
VHYHUDO SK\VLR SDWKRORJLFDO SURFHVVHV OLNHW WKH
KHDOLQJ
A 4F 0185 —g%E of8F —?(E:—-& 44KHDOLQJ DQG LWV WUF
VXFFHVVIXO WKH KLJKHU WKH FRQWULEXWLRQV RI WKH H
KHDOLQJ ZRXOG EH ,Q0 WHKH:RIBRRLW ;T 5D VJIIE
o0ls8—? ZKHUH WKH NLQHWLFV RI WKH KHDOLQJ SURFHVV
UHVSRQVH WR WKH WKHUDS\ LV GH{FLHQW
$Q LPSRUWDQW SLHFH RI LQIRUPDWLRQ WR WDNH LQWR
FXUYHV RI WKH OHVLRQ DUHDV $Q DUHD XQGHU WKH NLQtF
LQVWDQWDQHRXV KHDOLQJ $Q DUHD WHQGLQJ WR LQ¢QLW!
EH LQIHUUHG WKDW D SDWLHQW ZLWK D VPDOOHU DUHD XC(
DQRWKHU ZLOO EH D SDWLHQW ZKR ZLOO KHDO PRUH TXLFU!
DQG (GHPD V UROH LQ WKH KHDOLQJ SURFHVV LV GRQH
Conclusion
"H YDULDWLRQ LQ DUHD YROXPH DVVRFLDWHG HGHPD
KLJKO\ YDOXDEOH ELRPDUNHUV IRU TXDQWLI\LQJ WKH V
HUHFWLYHQHVV RI WUHDWPHQWY IRU HDFK SDWLHQW $ KHI
REWDLQHG IURP WKH 05,
Acknowledgments
"H DXWKRUV ZRXOG OLNH WR WKDQN WKH KHDOWK\ YRO
WKH VWXG\ "H\ DOVR WKDQN WKH &,0(4 &0LQLFDO 6XUJLFD
References.
7 *RUEDFKRYD 30DJQHWLF UHVRQDQFH LPDJLQJ RI WKH
H +H 'RL SMU
& &DEDO OLUDEDO HW DO 3)HHW 3RVLWLRQLQJ 6\VWHP
$SSOLFDWLRQ 3XEOLFDWLRQ 86
& &DHEDWDEDO ( *RQJiOH] 'DOPDX - %HUODQJD $FRVWCLC
SAXDQWLWDWLYH 6WXGLHV RI WKH (YROXWLRQ RI 'L
7UHDWPHQW E\ ODJQHWLF 5HVRQDQFH ,PDJLIQPG -RXUQD
BUDFWLFH 9RO $SUWLFOH ,°' '2,
&DEDO OLUDEDO & JHUQIQGH] *DUFtD $ /IRUHV *XHYD
&RPSOH[ %LRPHGLFDO 3UREOHPV E\ ODJQHWLF 5HVRQDQF
0DJQ 5HVRQ SS KWWSV -GRL RUJ \Y
& &DEDO OLUDEDO - %HUODQJD $FRVWD - )HUQIQGH] (
*RQJIiOH] HW DO 34 XDQWLWDWLYH 6WXGLHV RI 'LDEHWLHF
7TUHDWPHQW E\ 'LJLWDO 6WHUHRWDFWLF 3KRWRJUDSK\’
7THFKQRORJ\ GRL RUJ

9 : :RQJ 6 $NDLVKL 0 7 /RQJDNHU DQG * & *XUWQHU
OHFKDQRWUDQVGXFWLRQ LQ 5HSDLU DQG 5HJHQHUDWL
'"HUPDWRORJ\ 9RO-XPH s

9 : :RQJ 0 7 /RQJIJDNHU * & *XUWQHU 36RIW WLVVXH

ZRXQG KHDOLQJ DQG ¢(EURVLV' 6HPLQDUV LQ &HOO 'HYH
,VVXH 'HFHPEHU - 3DJHV
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Metals under nanoconfinement: NMR studies
Elena V. Charnaya, Allisher A. Vasilev, Andrei V. Uskov, Denis Yu. Nefedov
J)DFEXOW\ RI 3K\VLFV 6W 3HWHUVEXUJ 6WDWH 8QLYHUVLW'
(-PDLO H FKDUQD\D#VSEX UX

Introduction

105 JLYHV YDOXDEOH LQIRUPDWLRQ DERXW SURSHUW
VROLG DQG OLTXLG VWDWHV WKURXJK PHDVXUHPHQWV F
QLJKW VKLIW D Q GOW KHV QKH QHHEIDWD NDSVIQRQ UDWH FDXVHG
HOHFWURQV DQG ZLWK G\QDPLF HOHFWULF (HOGV GXH
ORUHRYHU 105 DOORZV VWXG\LQJ SURSHUWLHV RI PHWD!
PRGHUQ DUHD LQ QDQRSK\VLFV ,Q SDUWLFXODU VXEVWEL
UHFHQWO\ VWXGLHV E\ 105 UHYHDOLQJ QHZ FUXFLDO
QDQRFRQ¢(QHPHQW DQG VL]H HuHFWV 'LuHUHQW QDQRSRIL
RSDOV SKRWRQLF FU\WWDOV SRURXV JODVVHV DQG S
JHRPHWU\ SRUH QHWZRUN FRQQHFWLYLW\ DQG YHU\ OD
KXQGUHGV QDQRPHWHUV )LUVW 105 SURYHG WR EH HI[\
VSHFL¢{F IHDWXUHV Rl FRQ¢QHG PHWDOV GXULQJ WKH P
LQVWDQFH WKH SURQRXQFHG VXSHUFRROLQJ DQG KLJKC
IUHH]LQJ DQG PHOWLQJ DV ZHOO DV UHGXFWLRQ RI WKH F
UHVXOW RI WLJKW FRRSHUDWLRQ EHWZHHQ 6W 3HWHU\
/HLS]LJ 8QLYHUVLW\ DQG 1DWLRQDO &KHQJ .XQJ 8QLYHL
VORZGRZQ RI WKH DWRPLF PRELOLW\ LQ OLTXLG DQG VX
JHRPHWU\ FRPSDUHG WR WKHLU EXON FRXQWHUSDUWYV D
QDQRFRQ¢{QHG PHOMXL® KHUDQVXMARQ RFFXUUHQFH RI
PRGL¢(FDWLRQV XQGHU QDQRFRQ:QHPHQW VKLIW RI WKH
WKH LQAXHQFH Rl QDQRFRQ:QHPHQW RQ WKH SKDVH GLD:

+HUH ZH UHYLHZ EULHA\ WKHVH UHVXOWV

Experimental

"H QDQRVWUXFWXUHG IXVLEOH PHWDOV DQG DOOR\V
LOQWR RSDO PDWULFHVY SRURXV JODVVHV DQG SRURXV D
L, QVWLWXWH 5%6

6WXGLHV ZHUH FDUULHG RXW XVLQJ 105 %UXNHU $YD(
SXOVH VSHFWURPHWHUV ZLWKLQ D EURDG WHPSHUDWXL
WHPSHUDWXUH RI WKH .QLJKW VKLIW LQWHJUDO LQWHQV
PHOWYV DQG VROLG SKDVHV $W HDFK WDUJHW WHPSHUDVW
PLQ 'H UDWH RI FKDQJLQJ WHPSHUDWXUH GLG QRW H[FL
RYHUVKRRWYV

Results and discussion

$WRPLF PRELOLW\

'UDVWLF VORZGBRY RMAIBMLRQ zDV REVHUYHG IRU C
DOOR\V SXUH JDOOLXP DQG LQGLXPLQGHKKIPQ PIO@IRY\ DQ® R
VRGLXP -“GBLYMOLRQ UHGXFWLRQ ZDV HYLGHQFHG E\ D VV
WLPH RI DWRPLF PRELOLW\ 3URQRXQFHG LQFUHDVH ZD
QDQRFRQ¢(QHG VROLG VRGLXP LV ZDVODMH®DL BX HJ MIRD SMW
QXFOHDU TXDGUXSROH PRPHQWVY FRXSO-L@J DAQG K KB \HQLDHX
WKHUHLQ
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ILTXD&ETXLG SKDVH WUDQVLWLRQ

"H OLTXLTXLG SKDVH WUDQVLWLRQ //37 ZDV IRXQG LQ
JDOOLXP DQ®GDOMIDFOR\V Rl GLUHUHQW FRPSRVLWLRQV /
WKH 105 OLQHV ZLWKLQ VRPH WHPSHUDWXUH UDQJHV XSR
FRPSRQHQW DW ORZHU WHPSHUDWXUHV 'HWDLOHG PHDVXL
SHUIRUPHG WR MXVWLI\ //37 LQ WKH DOOR\V > @ DQG UHI

3RO\PRUSKLVP XQGHU QDQRFRQ:.QHPHQW

3RO\PRUSKLVP LQ SXUH JDOOLXP DQG JDOOLXP DOO
REVHUYHG - MK HUMWH®J DQG PHOWLQJ SURFBI\YRXYGHYG |
GLUUDFWLRQ 'H FU\WWDOOLQH PRGL{FDWLRQV HPHUJHG X!
IRXQG WR EH VWURQJO\ GHSHQGHQW RQ SRUMHD/LIKVFKQG .
LV PHWDVWDEOH LQ EXON ZHUH GHPRQVWUDWHG E\ REW
UHIHUHQFHV WKHUHLQ

"H GUDVWLF LQFUHDVH LQ WKH WHPSHUDWXUH RI SDLU
VROLG VRGLXP ZDV IRXQG E\ REVHUYLQJ WKH HPHUJHQFH
OLQH > @

(XWHFWLF DOOR\V SKDVH GLDJUDP DQG DEQRUPDO PHC(

105 LV YHU\ XVHIXO LQ VWXG\LQJ WKH LPSDFW RI QDQR
RI WKH HXWHFWLF PHWDOOLF DOOR\V-SRW DB QIOXXPD DORR
LQYHVWLIJDWHG "H FKDQJHV LQ WKH OLTXLGXV DQG VROL
PHOWLQJ WUDQVLW LR QIVOIOR WZAKHU ARI@X@HEGWIRD GLUuHU UHPDL
WKH EXON DOOR\ > @ DQG UHIHUHQFHV WKHUHLQ

Acknowledgements
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A few little-known facts in the history of NMR in Russia
and a couple of thoughts on unfortunate terminology in

magnetic resonance
Vladimir I. Chizhik
J)DFEXOW\ RI 3K\VLFV 6DLQW 3HWHUVEXUJ 6WDWH 8QLYHUYV
(-PDLO Y FKL]KLN#VSEX UX

$IWHU WKH H[LVWHQFH RI PDJQHWLF PRPHQWYV RI HO
WKH WXUQ RI WKH V DQG V RI WKH ODVW FHQWXU\ WK
DSSOLFDWLRQV EHJDQ ODJQHWLF UHVRQDQFH LQFOXGH"
105 HOHFWURQ SDUDPDJQHWLF UHVRQDQFH (35 DQG Q
ZHOO DV VRPH Rl WKHiAD GFRRGELGBWERBVUHAMRQDQFHYV
UHVRQDQFH LV FKDUDFWHUL]HG E\ WKH JUHDW HVQV EEFHUHD
REVHUYHG IRU DQ\ FKHPLFDO HOHPHQWY IRU DQ\ HOHP!
PDJQHWLF PRPHQW DQG LQ DQ\ DJJUHJDWH VWDWHV RI P

105 zDV LQLWLDOO\ REVHUYHG LQ E\ , S5DEL L(C
PROHFXODU EHDPV > @ IRU ZKLFK KH ZDV DZDUGHG WKH
WKH KH\GD\ RI 105 UHVHDUFK EHJDQ DIWHU ZKHQ DU

VFLHQWLVWYV ZHUH SXEOLVKHG RQ WKH REVHUYDWLRQ
LPSRUWDQFH RI WKH ZRUNV > @ LV VR JUHDW WKDW LQ
TXDOL¢{HG DV SLRQHHULQJ LQ WKH ¢HOG RI 105 ZLWKRXW
FRQGHQVHG VWDWH
W LV ZRUWK QRWLQJ WKDW DWWHPSWV WR GHWHFW :
YHU\ HDUO\ V WKLV ZDV GLVFXVVHG LQ SDUWLFXODU
ORVW RI WKHVH DWWHPSWV ZHUH XQVXFFHVVIXO EX
SXEOLVIR® GRQH  , ZRXOG OLNH WR EULHA\ GHVFULEH
UHJLVWHU WKH SURWRQ + UHVRQDQFH LQ FRQGHQVHG
HYLGHQFHV LQ WKH IRUP Rl QRWHV LQ KLV ODERUDWRU\
PDJQHWLF UHVRQDQFH UHSHDWHGO\ LQ WKH VSULQJ RI
REWDLQ D VWDEOH 105 HuHFW GXH WR WKH GHVLJQ LPS}H
LQWHUYHQWLRQ RI *HUPDQ WURRSYV LQWR WKH WHUULWR!
VWXGLHV ZHUH FORVHG LQFOXGLQJ WKH H[SHULPHQWYV
PHQWLRQHG H[SHULPHQWV ( . =DYRLVN\ PDGH VHYHUDC
KLP WR GLVFRYHU UHJLVWHU WKH SKHQRPHQRQ RI HOHFW
"H VHFRQG VDG VWRU\ FRQQHFWHG--ZQWW \B R H/ OIRJ [T
WKH PDJQHWLF UHVRQDQFH LPDJLQJ 05, ,Q D \RXQJ
DSSOLHG IRU UHJLVWUDWLRQ RI DQ LQYHQWLRQ REWDLQ
Rl PDWHULDO ERGLHV E\ PHDQV RI 105 UHJLVWUDWLRQ L
Kihkh[ bkke_~h\Zgby \gmlj_gg_]h kljh_gby HZI _jbZ«
DSSOLFDWLRQ ZDV UHYLHZHG QHJDWLYHO\ DQG UHMHFWF

RI 05, LQ WKH V LQ PDQ\ FRXQWULHV LV ZHOO NQRZQ

UHYLHZLQJ 9 $ ,YDQRY V DSSOLFDWLRQ DQG D SRVLWI
SULRULW\ RI VHH )LJ $V D UHVXOW RI WKH IDFV
LQ WLPH LQ WKH 3HWHU 0DQV¢HOG DQG 3DXO &KUL\

GHYHORSPHQW RI 05, LQ 3K\ WLRORJ\ RU OHGLFLQH
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Figure1.7KH ,YDQRYfV SDWHQW 1R 30 HW KsRuBturel
RI PDWHULDO ERGLHV’

"H QH[W VWRU\ FRQFHUQV WKH IDWH RI D SDSHU SXEC
SXEOLFDWLRQ RQ WK H WHRMRIGAL GRIQ ¢ UOASW VISHRWUXP REWD
LQGXFWLRQ GHFD\ ), XVLQJ WKH )RXULHU WUDQVIRUP >
DWWUDFW WKH DWWHQWLRQ RI FRQWHPSRUDULHY SUREDE
D YHU\ ORQJ WLPH PDQ\ GD\V WR FDOFXODWH RQH VSHFWI

- 1128 -

4 7 0 7 & Bveps

Fig.l. a - Photograph of free proton induction signal from tributyl phosphate
(TBP) and its averaged envelope (in the t = 0 to 0.6 sec range the vertical
scale is 5 time smaller than for t > 0.6 sec); b - spectral representation of
the same signal (Fourier transform).

Figure 2. The first high-resolution NMR spectrum obtained from a free induction decay
using the Fourier transform [4].
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8QIRUWXQDWHO\ WKLV DUWLFOH ZDV QHYHU FLWHG
LQ DQG ZLWQHVVHG WKH ODZVXLW RI 9DULDQ $VVRFLD
DG LWV UHMHFWLRQ EDVHG RQ WKH DUWLFOH > @ $V D
DV WKH VRXUFH RI WKH )RXULHU 105 VSHFWURVFRS\ :L\
55 (UQVW ZKR ZDV DZDUGHG WKH 1REHO 3UL]H LQ
GHYHORSPHQW RI )RXULHU 7UDQVIRUP QXFOHDU PDJQF
VXEVHTXHQW GHYHORBHOQYVWR ®RDPXOWMWHFKQLTXHV ZH ZF
DWWHQWLRQ RI WKH VFLHQWL¢{(F FRPPXQLW\ WR WKH XQGI
YXUWKHU WKH OHFWXUH ZLOO GLVFXVV WKH LQDS!
SSUHFHVVLRQ  IRU WKH LQGLYLGXDO VLQJOH PDJQHWI
8QIRUWXQDWHO\ WKLV WHUP LV TXLWH SRSXODU LQ WKF
FRQFHSW RI WKH 3SUHFHVVLRQ  HUHFW DULVHV IURP WKH
FDQ EH DSSOLHG RQO\ WR WKH PDFURVFRSLF PDJQHWL]D!
WUDQVYHUVH UHODWLYH WR WKH VWDWLF PDJQHWLF ¢HC
, ZRXOG DOVR OLNH WR GLVFXVV WKH DSSWBIQLDW
UHOD[DWLRQ UDWH WLPH  ~ , FDQQRW JHW XVHG WR WKt
VLQFH WXMHWWSLFH UHOD[DWLRQ LV DOVR LQFOXGHG LQ WI
XVH VLPSO\ AVSLQ UHOD[DWLRQ WLPH3> @ VHH DOVR > @
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55 (UQVW :$ $QGHUVRQ $SSOLFDWLRQ RI )RXULHU
UHVRQDQFH 5HY 6FL ,QVWU YRO

&KL]JKLN 9 , %XOOHWLQ GX JURXSHPHQW $03(5(

*XSWD $ *DEMBMIHY 7 3ULFH : 6 ,V ,W 7LPH WR )RL
36SLQI/DWWLFH" DQG 26SLQi6SLQ" 5HOD[DWLRQ LQ 10
IJHWWHUV -
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Use of various NMR techniques in the study of
mechanism of Rh -catalyzed asymmetric hydrogenation

llya D. Gridnev
1' =HOLQVN\ ,QVWLWXWH RI 2UJDQLF &KHPLVWU\ /HQLQVN
(-PDLO LO\DLRFKHP#JPDLO FRP

Introduction

105 ([SHULPHQWYV GHVLJQDWHG WR FODULI\ WKH PHFK
FDWDO\]HG DV\PPHWULF K\GURJHQDWLRQ D U RV KBF VQ/XVGD WE
FRPSRXQGV "XV YDVW PDMRULW\ RI WKH FDWDO\WLF
LQWHUPHGLDWHY DUH SHUIHFWO\ VROXEOH LQ WKH PRV
SURFHOXIPHMWKDQRO DQG PHWK\OHQH FKORULGH DOWKRX.
VOLJKWO\ ZRUVH %RWK FRUUHVSRQGLQJ GHXWHUDWHG V
VKDUS DQG LQWHQVLYH VLIJQDOV RI GHXWHULXP WKDW DOC

+LJK VROXELOLW\ RI LQWHUPHGLDWHY VADRBD VS RV VW E
FDUERQV EHORQJLQJ WR WKH FRRUGLQDWHG GRXEOH ERQG
DWRPYV

LV WDON VXPPDUL]JHV WKH DXWKRUfV DPSOH H[SHULHC
RI BKDWDO\]HG DV\PPHWULF K\GURJHQDWLRQ

NMR characterization of BisP*-Rh solvate dihydrides

,QLWLDO WKHRU\ FRQFHUGQEQRW MWXHHBHB X DRPIHMP UR F 5K G

FRQVLGHUHG DV YHU\ XQOLNHO\ IRUPDWLRQ RI VROYDWH G

FDWID/X\BMWUDWH FRPSOH[HV :H KDYH FKDUDFWHUL]JHG W

K\GURJHQDWLRQ RIFRREOM[UR5&EHXWHULRPHWKDQRO LQ W
- . )LIXUH > @

Me
. H=—H .\ H
r Bu?, Bu®,
P, | H —Pa,, / P, | S
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Figure 1. Hydride signals in the 1H NMR spectrum of the equilibrium mixture (600 Ml
CD;0D, 183K)

Low -temperature hydrogenation of TCFP-Rh catalyst-substrate
complexes

"UHH GLUHUHQYWEVD/WDWWWRPSOH[HV ZHUH FKDUDFW
VA\VWHP 7ULFKHFHNKH Q@R WBEHIDRWFHWDPLGRFLQQBBPOWH ZLW
FRRUGLQDWHG GRXEOH ERQG QHDUE\ WKHUWRR URXLQDWH &
GRXEOH ERQG QHPKIEVD®WKSEKR\RIKRUXY DWRMPYHIDWHX Ut
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K\GURJHQDWLRQ RI HDFK RI WKHVH WKUHH FRPSOH[HV Z
SURGXFW LQGHSHQGHQWO\ RQ WKH PRGH RI FRRUGLQDWL
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inated from non-chiral side
Figure 2. Low-temperature hydrogenation of TCFP-Rh catalyst-substrate complex¢
monitored by NMR

Detection and characterization of
substrate complex

/RZ WHPSHUDWXUH UHDFWLRQ EHWZHHQ=-BHQ]3
DFHWDPLGRFLQQDPDWH JDYH DQ XQVWDEOH LQWHUPHG
OXOWLQXFOHDU 105 H[SHULPHQWYV FRXSOHG ZLWK ')7 FRP
VWUXFWXUH Rl WKH LQWXE\WPW GDNW HIR KX G G
ERQG > @ )LJXUH GHPRQVWUDWHV D FRQYLQFLQJ FRUU
& FKHPLFDODMVEKRRKIEG IGRXEBE ERQG

2WKHU 105 VWXGLHV RI WKAFD WQ@QWHUHBHDBVY PR HW W QF 5K
ZLOO EH GLVFXVVHG LQ WKH WDON

gaushe -coordinated catalyst-
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Figure 3. Comparison of the experimental and compti@d:hemical shifts for complexes
with different type of the double bond coordination.
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Antiviral metabolite isolation and characterization from
Acremonium sp (SIMATS2121) endophytic fungi from

medicinal plant
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Abstract

(QGRSK\WLF IXQJL DUH PLFURRUJDQLVPV WKDW OLYF
DQ\ DSSDUHQW KDUP WR WKH KRVW “H\ FDQ EH IRXQG LC
VLIQL:{FDQW LQWHUHVW LQ WKH ¢HOG RI ELRPHGLFDO L
OLPXVRSV WBRPRIQO\ NQRZQ DV WKH 6SDQLVK FKHUU\ RU
VSHFLHV WKDW KDV VHYHUDO ELRPHGLFDDPRQRS 8 KIDWWE
FRQWDLQV YDULRXV ELRDFWLYH FRPSRXQGV LQFOXGLQ.
VHHPV WR EH XVHG DV DQW L P-ILRUADEPLADON RO W$. @ DH)FGIRIS B!
$FUHPRQL %P0 LV RO DWRXCV RSR/POIOBIOHY. ZDV FXOWLY]
ODUJH VFDOH IHUPHQWDWLRQ LQ VROLG ULFH PHGLXP Il
GLUHUHQW VHFRQGDU\ PHWDEROLWHVY RI FODVV DOND!
FKDUDFWHUL]DWLRQ SIOHGLRMWBG WKARXIKY HHDOHG WKDW
LVRPHULF FRPSRXQGV %LRORJLFDO VFUHHQLQJ RI DOC
&RPSRXQi® DQG &RPSRXQG $& KDV VLIJQL:(FDQW DQWLYL
VWUDLQV ZLWK (& YDOXH RI —J P/ )XUWKHU PROHFXC(
XQGHU YDOLGDWLRQ

Compound 147AC Compound -149AC
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Hydrogen bonds types, strengths and dynamics in
hydroxyl- and carboxyl-functionalized ionic liquids
Daniil I. Kolokolov? Alexander E. Khudozhitkb¥ Ralf Ludwig

1RYRVLELUVN 6WDWH 8QLYHUVLW\ 3LURJRYD 6WUHHW
(-PDLO NGL#FDWDO\VLV UX
%RUHVNRY ,QVWLWXWH RI &DWDO\VLY 6LEHULDQ %UDQFK |
$NDGHPLND /DYUHQWLHYD 1RYRVLELUVN 5XVVLD
Universitat Rostock, Institut fir Chemie, Abteilung fiir Physikalische Chemie, Albert-
Einstein-Str. 27, 18059 Rostock

/ILNFFKDUJH DWWUDFWLRQ KDV -EBBG RBMVWEHBEMWICR QQOK\E
LRQLF OLTXLGV ,[/V FKDOOHQJLQJ WKH JHQHUDO ZLVGRP
FKDUJHY UHSHO®~ "HUHLQ K\GURJHQ ¥RBRHM/ IKODWL RRRFS A
K\GURJHQ ERQGH® LRGHWBPUWN UHSXOVLYH LQ WKH (UVW
LOQOWHUDFWLRQV LQ WKH ODWWHU FDVH :‘H VKRZBBQWGKRDW W
LV FRQWUROODEOH E\ WKH VKDSH FKDUJH GLVWULEXWLRQ
FF K\GURJHQ ERQGV DWH K\\BURQHBUEWE®GY DV LQGLFDWHCG
I[IUHTXHQFLHYV VPDOOHU 105 GHXWHURQ TXDGUXSROH FRXS
GLVWDQFHVY 52 2 DQG 5+ 2 A{YHEORWICN @D\HEWLORYJR U
WKRVHDRK\BURJHQ ERQGV

1

We also demonstrate that (c-c) clust
influence the dynamics of the cations in
characteristic way. Our results confirm tt
the solid-state®H NMR spectroscopy it
perfectly suited to study molecular mobili
of distinct molecular species in compl
fluids such as the hydrogen-bonded io
liquids. Here we provide valuab
information about the applicability of wel
accepted relaxation models and show that
simple Bloembergen-Purcell-Pound (BF
approach is not suitable to describe

\ze\axat/o,7

JLIXUH +\GR{\@DQG FBUEF

IXQFWLRQD OLHBGHSL URGLEKF
DUH FDSDEOH WR IRUP FDW
VWDELOL]HEDEN -FRIDK R QR G
ERQGYV QRWDEO\ VWURQJH
DQLRDR RQHV aHVH FOXVW
ORFDO VWUXFWXUH G\QDPL
SURYLGHGW®& FKDUDFWHWL
DQGF FK\GURJHQ ERQGV 4\
105
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dynamics in such complex systems.

‘H IXUWKHU VKRZ WKP
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Accurate NMR Diffusion Measurements in Reacting

Systems
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Nanoscale Organisation and Dynamics Group, Western Sydney University, Penrith, NSW,
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https://westernsydney.edu.au/nanoscale

105 GLUXVLRQ PHDVXUHPHQWY JUHDWO\ H[SDQG RQ W
IURP 105 > @ DQG DUH QRZ D ZLGHO\ DYDLODEOH WHFF
PRVW FRPPHUFLDO VSHFWURPHWHUV %HLQJ DEOH WR PF
RUHUV D GLUHFW FRQQHFWLRQ ZLWK PROHFXODU VL]H DQ
PHDVXUHPHQWY KDYH WUDGLWLRQDOEFER HRUSWW LPPXRHG
EDVHG VHTXHQFH DQG LQ VXFK PHDVXUHPHQWYVY LW KDV J
DFFXUDWHO\ VHS DUYDDAVH GV B MW W H QP DIWL RRE QUIRP HWW KBIWGVLHI(
YXUWKHU WKH PDMRULW\ RI PHDVXUHPHQWY KDYH EHHQ
UBID[DWDRRAG DWWHQXDWLRQ RFFXUV XQGHU FRQGLWLRC
SRSXODWLRQV RI WKH GLUXVLQJ VSHFLHV GR QRW FKDQJ}

$OWKRXJIK KDYLQJ WKH SRWHQWLDO WR SURYLGH VLI
Rl HDFK VSHFLHY DQG WKH NLQHWLFV RI D UHDFWLRQ VX
FDQ EH FRPSOLFDWHG 3HUIRUPLQJ WKH 105 GLUXVLRQ PF
FKDQJLQJ V\VWHPVIMPWR PQOWHXREGAH DOOHYLDWHY VRPH EX
WKH WLPHVFDOH IRU WKH FKDQJHV GHFUHDVH DQG DSSlI
PHDVXUHPHQW IXUWKHU DOWHUDWLRQV WR WKH KRZ WKt
WKH GLUXVLRQ GDWD LV WR BBH&FRUUHFWO\ LQWHUSUHWH!
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&DPEULGJH 8QLYHUVLW\ 3UHVV &DPEULGJH
6 $ LOOLV-*DOUGBQ@BUWS 0 7RUUHYV * =KHQJ $ *XSWD

105 9HUVDWLOLW\ LQ $ %XQGH - &DUR & &KPHOLN

6SUHDGLQJ LQ 1DWXUH 7HFKQRORJ\ DQG 6RFLHW\ 6SL
SS -

0 BUED F]\N ' %HUQLQ $ &]JXUR . .DJLPLHUF]XN OF

105 'LuXVRPHWU\ ZLWK 7DLORUHG 1RUPUBDHPHKGDREHMD WL
$QDO\WVW -

76 & ODF'RQDOG :6 3ULFH5HVRO%BHEHYVLUXYPRQ
OHDVXUHPHQWYVY IRU 7UDQVLHQW 3URFHVVHV &KHP3K\V.

-3 *<QWKHU // )LOOEURRN 76 & ODF'RQDOG * ODN
%HYHV &RPPHQW RQ 3%RRVWHG OROHFXODU ORELO
5HDFWLRQV  6FLHQFH HDEH

/1 )LOOEURRN 0' 1RWKOLQJ 0 + BWHQJHO :6 3L
$QDO\VLV RI 3KRWRSRO\PHUL]DWLRQ .LQHWLFV DQG OR
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DNA Binding Mechanism of the Virulence Regulator SarA

of Staphylococcus aureus
Bin Xia
Beijing Nuclear Magnetic Resonance Center, Peking University, Beijing, 100871, China

6WDSK\ORFRFERVHBWURRY KDYH ORQJ EHHQ D VLJQL¢
KHDOWK SDUWLFXODUO\ GXH WRUWKIH WBQW WQWFHD RO \P X ©DN
JOREDO UHBXORUARNVIKQELQOVFWR/BTXHQFHY LQ WKH SURP
YDULRXV JHQHVE EXGL @KXRHEKDQLVP Rl 6DU$ UHPDLQV XQFC

‘H KDYH GHWHUPLQHG WKH VROXWLRQ VWUXFWXUHV RI
6DUS BDUHQG LWV FRPSOWM[FKLBRWEQBGHG '1$ "H ZLQJHG
GRPDLQ RY LGV WR '1$ LQ D FODVVLF ZD\ ZLWK WKH
JURRYH RI '1$ ZKLOH WKH / ORRS ELQGLQJ WR WKH PLQR!
SHVLGXHV / 3 DQG 9 RI WKH . KHOL[ KDYH K\GURSKI
EDVHV DQG VXJDU ULQJV "H VLGH FKDLQV RI $UJ DQG $UJ
PLQRU JURRYH IRUPLQJ K\GURJHQ ERQGV ZLWK $ 7 EDVH
K\GURSKLOLF UHVLGXHV LQFOXGLQJ /\V /\V N\V N\V
WKH SKRVSKDWH JURXSV RQ WKH '1$ EDFNERQHYV

"LV FRPSOH[ VWUXFWX{GHSWKRYXGENUDWDRGLQJ RI V
PHFKDQLVP IRU 6DU$ WR ELQG '1$ DQG D EEMAMHW LVINOU & )\
GHVLJQ WDUJHWLQJ 6DUS$

)X * 'XDQ % 'RQJ ; ‘LD % 3+ & DQG 1 UHVRQDQFF
PRQRPHU IURP 6WDSK\ORFRFFXV DXUHXV LQ FRPSOH[ ZL

)X " *XR ; 'XDQ 9% *'1BDALQGLQJ OHFKDQLVP RI "H 9LUXO
6DUS LQ 6WDSK\ORFRFFXV DXUHXV" - 0DJQ 5HVRQ 2SHQ
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E LEMENT 7. ZHONGTAI

eloeneet of your

The ELEMENT LLC company is the official representative in Russia of the manufacturer of
high-tech equipment - the ZHONGTAI company (China). The main business includes
Scanning Electron Microscopes (SEMs), Electron Paramagnetic Resonance (Electron Spin

Resonance) Spectroscopy, Scanning NV Probe Microscopes, and BET Surface Area &
Pore Analyzers.

ELECTRON PARAMAGNETIC RESONANCE

X-Band* X-Band* W-Band High-

Benchtop EPR CW-EPR Pulse-EPR frequency EPR

Spectrometer Spectrometer Spectrometer  Spectrometer
ZT6500 ZT15C ZT15P ZT60W

*Optional Q-band extension available

Modernize your old EPR spectroscopy for the cutting-edge EPR research:

CW Microwave Bridge (X-band, Q-band), Pulsed Microwave Amplifier (X-band, Q-band),
EPR Spectrometer Console & Magnetic Power Supply, Resonators (High-Q, Dual Mode,
Pulsed, ENDOR Pulsed), Cryogenic Systems

NITROGEN-VACANCY (NV) MAGNETOMETRY

Magnetic field imaging with high spatial resolution
by using the principles of nitrogen-vacacy (NV) center
’ optically detected magnetic resonance (ODMR)

1

NV Magnetometr &, Widefield NV
, based on AFM ((é . Microscope
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MRI of wildlife

Nikolay V. Anisimov
Faculty of Fundamental Medicine, Lomonosov Moscow State University, Moscow, Russia
E-mail: anisimovnv@mail.ru

Introduction/Purpose

,Q DGGLWLRQ WR PHGLFDO GLDJQRYVV8OMWQ VW%, LYGXY & GI
6PDOO ODERUDWRU\ DQLPDOV PDLQO\ PLFH DQG UDWV D!
SDWKRORJLHV 05, RI -GRPWVWGRID/QLPWOVLY XVHG LQ YHV
LOQWHUHVW DUH 05 LPDJHV RI RWKHU DQLPDOV LQ WKH VW
XVHG PDLQO\ LQ WHFKQRGBRJIDBXDOVRYSODFOWYRBDNQW RI W
SURGXFWV IUXLWV EHUULHV 'LV SDSHU SURYLGHV D EUI
SUDFWLFH RI 05, RI OLYLQJ REMHFWV RQ D FOLQLFDO 70

Immobilization

2l LQWHUHVW DUH VRPH EHKDYLRUDO DVSHFWV LGH
LPPRELOL]DWLRQ ZKLFK DOORZV LQ VRPH FDVHV WR SHUIR

YLIXUH
DQG & + IURJ 3HORSK\OD[ OHVVRQDH KHDG D[LDO DQG
WXUWOH KHDG D[LDO DQG ZKROH ERG\ VDJ

6RPH SODQWV O5LFFLD ZHUH DOVR XVHG WR LPPRELO
PROOXVN HWF LQVLGH WKH ZLUHOHVV FRLO

Wireless coil without lumped capacitance for underwater MRI

W WXUQHG RXW WR EH SRVVLEOH WR XVH D VROHQRL!
ZLWKRXW FRQQHFWLQJ D FRQFHQWUDWHG FDSDFLW\ WR L
LOWHUWXUQ FDSDFLW\ ZKLFK LQFUHDVHYV WLPHV LQ ZD
LPPHUVHG LQ ZDWHU IRU 05, RI DQ XQGHUZDWHU SODQW

S

YLIXUSH VROHQFN.QOBGI—%JZDWHU SODQW V&RHOIHI/RR SKNQ X K H &Y |
ZDWHU LQVLGH ZKLFK D SODQW LV SODFHG '+ ' LPDJH |
VROHQRLG WKH VLJQDO LV W-LPHWDUHDRWHUSWRDQ® R>

Simultaneous MRI of several objects. Different orientation of
objects and coils

"H VSHFL,FLW\ RI D W\SLFDO FOLQLFDO VFDQQHU DV D
DQLPDOV LV QRWHG LQ FRPSDULVRQ ZLWK ZKDW LDV SRVVL
VPDOO JDS ,Q SDUWLFXODU WKH SRVVLELOLW\ RI SODFLQ
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WKH SRVVLELOLW\ RI FKDQJLQJ WKH RULHQWDWLRQ RI W
¢HOG 6RPHWLPHV WKLV JLYHV D PRUH HYHQ GLVWULEXWIL

JLIXU$ )RXU PLFH LQVLGH D ORRS UWFRWO : L9QWIBH L UR@3Y D&
SRVLWLRGQ 0HQR WKH UDW V KHDG LQ D KRUL]JRQWDNM SR
LQ YHUWLFDO SRVOWIRRQNRKHOQBW V KHDG LQ D YHUWLFDO

MR | of plant development in real time

5HDMOLPH 05 YLVXDOL]DWLRQ RI WKH SURFHVV RI GHY
EHHQ LPSOHPHQWHG )RU WKLV SXUSRVH 05 VFDQQLQJ Z
WKH JURXQG ZLWK LWV ORFDOL]DWLRQ LQ UHODWLRQ WR
ZHUH FRPSRVHG DV IUDPHV IRU D YLGHR ¢(¢OP ZKLFK VK
EORVVRPLQJ Rl WKH ARZHU ZLWK WKH VXEVHTXHQW ZLWK

oo u B8 EY
¢ ¥ § ¢
i

YLIXUH 05, RI WKH FROFKLFXP S QX)W HYKRR RHOWD 18
¥Fand ®NaMRI

) 05, ZHUH FRQGXFWHG ZLWK WKH LQMHFWLRQ RI
SDUWLFXODU 3HUIWRUDQ LQWR WKH ERG\ IR ODWAH U H®
FRQGXFWHG RQ IUHVK (VK HXWKDQL]HG D IHZ PLQXWH\
SRVVLEOH WR REWDLQ WKHLU DQDWRPLFDO 1IDP U 1 8§ DOIDQ GA
WUDFN WKH G\QDPLFV RI QHFURWLF FKDQJHV LQ YDULRXYV

$FNQRZHOHJPHQW
aH VWXG\ ZDV FRQGXFWHG XQGHU WKH 6WDWH $VVLIJQPHC
References
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Registration of nickel and nitrogen spin centers signals
by their interactions with negative NV centers in

diamond by photoluminescence
Anastasia V. Batueva, Roman A. Babunts, Aleksandr S. Gurin, Daria D. Kramushchenko,
Pavel G. Baranov
loffe Institute, 194021, St. Petersburg, Russia
E-mail: rarain1345@yandex.ru
https://ioffe.ru/labmsc/ru/main.html

Introduction

1HJDWLYHO\ FKDUJHG 19 FHQWHUV 6 LQ GLDPRQG D!
LPSRUWDQFH IRU TXDQWXP FU\SWRJUDSK\ FRPSXWLQJ R!
VDPH SUDFWLFDO DSSOLFDWLRQV LW LV 59U RS RWH W R LX\
RWKHU GHIHFWV FIMQWHOY DALQBH WKH\ GR QRW UHTXLUH
UHVHDUFK LV EHLQJ FRQGXFW HGURIY RGMNQLFID\D UGG L&Y MWYUDONV |
/$&V LQ GLDPRQGV JURZQ E\ +3+7 DQG &9' LQFOXGLQJ P
PLFURZDYH SRZHU > @ GXH WR WKH LPSRUWDQFH RI Wt
VHQVRUV EDVHG RQ WKH UHJLVWUDWLRQ RI UHVRQDQW
PLFURZDYH SRZHU ORI HFDPS®YHFWRU PDJQHWRPHWU\ RQ
LQIRUPDWLRQ SURFHVVLQUHTKPOIMKRGEWRGKRIWLFDOO\ GF
UHVRQDQFH ZHUH SUHYLRXVO\ XVHG WR VWXG\ WKH SURSH!
PDJQHWLF ¢HOGV \@H IRU H[DPSOH >

Results

The results of a study of the N\¢enters interaction with nitrogen and nickel spin
centers in HPHT grown diamond by recording changes in the photoluminescence (PL) signal
during magnetic field sweep without applying microwave power are presented. The lock-in
measurements were carried out with magnetic field modulation at a temperature of 150 K
with a 532 nm laser to excite PL and photodiode to collect.

The signalsof the PL dependences on the magnetic field correspond to the fields at
which cross-resonances are observed, i.e., the coincidence of the energy gap between the spin
levels of NV~ centers and Ni levels, as well as the levels of N-N pairs (a pair of P1 centers,
S1=1/2) [7] (figure 1) The characteristics oNi, N and NV™ impurity spin centers are
confirmed by the results of high-frequency EPR measurements at different temperatures. For
the magnetic field orientation parallel to the [111] crystal axis, several groups of lines are
observed. The signal in a magnetic field of 26 mT corresponds to the coincidence of the
energy gap r¢™ F s¢in theNV™ center, directed along the [111] axis of the crystal, and the
gap between the levels with / L ufor Ni. In fields of 3288 mT, corresponding to the
second group of signals, coincidences of transition energies are observed between the levels

rcand F gfor NV™ and levels with¢, / 4L t for Ni, between the levelsr¢and F <for
NV’, directed along the [111] crystal axis, and the leved®t E$¢ s &gor the N-N pair, as
well as between different levels of N¥enters directed along the axes equivalent to [111].
Cross-resonance signals between levelirected along four equivaleakesNV", Ni levels,
and levels of N-N pairs are also within the range o#54mT. The observed line splittings
for signals in the fields of 388 mT and 5467 mT are associated both with the occurrence of
several cross-resonances in these regions and with the presence of hyperfine splitting of the
N pair levels due to interaction with th¥N nucleus. Also, at the corresponding
orientations of the magnetic field, LAC signals i/~ centers are observed, they are
resolved when the field coincides with the [111] axis of the crystal.
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JLJIXUH 3/ GHSHQGHQFH RQ D PDJQHWLF ¢HOG LQ GLDPR
QP ODVHU H[FLWDWLRQ aH D LPDJH FRUUHVSRQG WR Wl
> @ D[LV RI WKH FU\VWDO ZKLOH WKH E LPDJH SUHVHQ\
WR GHJUHHV 6 L-JUHD/QR\Q DM ¥ IDRMVG/ /$& DUH VKRZQ ZL
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Quantum entanglement in quasi-equilibrium states in

NMR multi-pulse spin locking
Georgii A. Bochkih 6 HU JH\ * 9 [Fleha Kaxetsova (GZDUG % YHYHOTYGPDQ
'Federal Research Center of Problems of Chemical Physics and Medicinal Chemistry RAS,
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Introduction

OXOSWMOVH 105 VSLQ ORFNLQJ > @ LV RQH RI WKH
LQYHVWLJDVDOIDRVMWR F I/ SIHQO D [DW LR @ OLRF NR@L GV S HQ LPA5Q WSL
VI\VWHP ZLWKGURROGLERWHUDFWLRQV ', HYROYHV IURP
GHWHUPLQHG E\ WKH VSLOATXRODREBULXWLRWDWRVTYBDEKHG
RUGHU Rl WKH LQYHUVHiR$ GIL ¥ WUXEF WX HRKRQBAKEUTXP VYW
GHSHQGYV RQ WKH UHODWLRQVKLS EHRZIHH Q1 WDKEHEGHHUHFWLY
ZKHUHV WKH SXOVH ALS DQJOH LQ WKH URWRBWL R JGHIDIBU |
EHWZHHQ VHTXHQWi;D®; SWKHHHAXBKBQEULXP VWDWH LV GH'
WHPSHUDWXURL (DG LWMHRDQ EH GHVFULEHG E\ WZR WHPS
GLSRODU > @ 'H WLPH GHSHQGHQPH ARKLWKEWMW HUIPR QHIGL
BURYRWRURY HTXDWLRQV > @ WKH WHPSHUDWXUHY HYHQW
,W VKRXOG EH QRWHG WKDW WKH LQLWLDO VWDWH |
SRODUL]DWLRQ DORQH LV VHSDUDEOH > @ +RZHYHU
HQWDQJOHPHQW TXDQWXP GLVFRUXEO®E HPHUILNM EZKUBLHQ W
(¢QG D QHZ PHWKRG WR VWXG\ TXDQWXP FRUUHODWLRQV

Entanglement in quasi-equilibrium state when O O

We consider the simplest multi-pulse experiment [1,2] in which the system of spins
(s=1/2) connected by the DDI is irradiated by a pulse seq@hceR ( 7 tR )N where T
denotes a resonance pulse rotating spins by an ahgleout thec-axis of RRF [3]. The
equation for the density matrix of the system reads

E-L>FBRtE*atR? (1)
X C

wheref(t) is B
BRLTAlM 1 EGIFP; @)

and *,;is the secular part of the DDI relative to #haxis. It is convenient to expregs,; as

the sum of the secular patt, sand non-secular parts.® and * .’ ® relative to thec-axis of
the RRF. This-axis is considered the new quantization axis from now on [8]:

i L Fo* e E XY E XS 3)
where
~ 5 D . 7 ~
el Ao @B oy FL kY E B0 8 L FL A v@vEF (4)
where /.=is the spin angular momentum projection operator on #ais (=x,y,2), J§ L

+» G Esr & L AD + s anddl; is the dipolar interaction constant between spargd;.
Switching to the interaction representation in pulses (1) [4,8]

¢“P L 13" DFIEBP, @ fisPA¢E 6P 13’ DE BF; @F fisPA o ®)
and neglecting the rapidly oscillating terms with frequenc—iées :J L Gsa Gtadqgbtain
the following equation for the density matré?: P:
EFLcyd¥Rg (©)
where
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*agl Flst F_Z*xéEq_gl @F E*°A @)

KHQ@5 fAgayg ZKHY KLY WKH ORFDO GLSRODU LQWHUDFW

VFOPAK fiz¢sD TXHDWALOLEULXP LV HVWDEOLVKHG DQG WKH V\
bapl 5 A v < |9 vduos 8)
where .qe is a parameter which will be found below.

"H LQLWLDO GHQVLW\ PDWUL[ LV GHWHUPLQHG VROI
VHSDUDEOH > @ 4XDQWXP FRUUHODWLRQV LQFOXGLQJ t
WKDW PRPHQW “H\ DSSHDXLDKEOHX®PKHVBIRYJIRUPV DW WL

7R LQYHVWLJDWH TXDQWXPHARULOHBDDMWXNIR @WDRWHWKH !
WKH GHQVLW\ PDWUL] RYHU DOO VSLQV H[FHSW-WKH ¢
TXELW BRWDQ[EH LQYHVWLIDWHG ZLWK VWDQGDU®ERLMWK
+DPLOWHRLRBDWDLQHG E\ UHGXFLQJ FDQ EH HDVLO\ IRXQ

&L F=EXASE $>64 AL F= P¥AZE P4 AL t=4ga T, 9)
where = L—Z@BL—Z@ > Logel
7R GHWHUPLQH WKH FRQFXUUHQFH > @ ZKLFK GHV
VWDWH WKH HLJHQYDOXHV RI WKH IROORZLQJ RSHUDW
4LKk&TE068Ke TE 085 (10)

ZKHBH:G L sab;UH WKH 3DXOL PDWULFHV DFWLQJ RQ VSLQ"
LQWR DFF&XIQWUNRDWSVLQJ WKH :RRWWHUV IRUPXOD > @
A 1= F ROUVOF sA¥5=E 5P sfet¥5= P 34
Nt¥== F RS 0PF sa¥S= E 5P sfet3P¥5=a
S Ftés= F RS04 s PY5= E 5 [+ == P 34
O sFtgF ROUP& s Pé5= E5fet3P¥x=4
ZKHUKL T8X 0o- E A U a5L BTA Uo- E YUA 0o = L T8N Ue- E
BEA ve. DEBYDUH FRPSRQHQWYV RiyzH RIHGNWSRQREWYY ByW R HLJ
,Q WKH SUREOHP XQGHU FRQVLGHUDWLRQ WKH +DPLC
"[*adfa_ L "[*actaa (12)
ZKH&HYV WKH LQLWLDO GHQVLW\ PDWUL]

0,

(11)

S A R
GL_AK . ha gL K. A= (13)
4

BROYLQJ WKH HTXDWLRQ QXPHULFD@O\ DR¥ D V\V\
DOORZV RGHDQR AMKHQ WKH ARQFXKRHQMKH WHPSHUDW X
FRQFXUUHQRENIWRs® DQG YDULRX® DPRGXHV PRIVW LPSRUW
FRQFOXVLRQ ZKLFK FDQ EH GUDZQ IURP LW LV WKH H[LVW
FRQFXUUHQFH DQG HQWDQJOHPHQW LV DEVHQM D®IGFUL\
TDQG LV DSSUR[LPDWHO\ P.
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JLIXUH THPSHUDWXUH GHSHQGHRQRFRM;RsFBWKHH FRQF X UL

Entanglement in quasi-equilibrium state when O ( Ooc

‘KH@ ( &reDW WLPH VF 2O& ¥DODEAE R WS H U D WHIXKH O'XEDUMLX P
LV HVWDEOLVKHG

Guol SHOT05% AT usthse aa

ZKHUH HYROXWLRQ RI WKW D=(iGi RADKOH UGH\SHRUMCALYWGHHAM H Y RL Q +
E\ 3URYRWRURY HWXDWQRBQ®HDGM) WR HTXDOL]DWLRQ RI
WHPSHUDWXUHV

&DOFXODWLRQ RI FRQFXUUHQFH LQ WKLV FDVH VKRZ
HOQWDQJOHPHQW LV DEVHQW LQ WKLV FDVH WKH V\VWHP
=HHPDQ ¢HOG DV WKH GLSRODU VXEV\VWHP FDQ EH HQWDGC

Conclusion

4XDQWXP HQWDQJOHPHQW LQ TXDVLHTXLOLEULXP VWD\
PXOSXIOVH 10DRBNRQJ ,W KDV EHHQ \RKR K WK BRRNVEKEQL X P
VWDWH LV HQWDQJOHG ZKHQ WKH WHPSHUDWX8H BRHV QR
,Q WKH RD&KEWKH UH V-X\OVP ISGILU DVHRIXKH OTXEDULX P VWDWH LV V
DEVHQFH RI HQWDQ XOH 8t QW G XQHWKR FDMWHURQJ =HHPDQ ¢ H(
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Introduction

$ ORW RI QDQRSDUWLFOHV UHVHDUFK KDV EHHQ Il
DSSOLFDWLRQV ,Q WKLV FDVH WKH QDQRSDUWLFOHV FI
PDJQHWLF UHVRQDQFH LPDJLQJ 05, DQG FRPSXWHU WRP
QDQRVFDOH WHPSH@DWXUN NHORZRUW KDW &$ IRU 05, EDVI
FRPSRXQGV ZHUH -EHIOBWISG VR D QOUREOW [LMLWLHY YDOXHV |
EDVHG *G FRPSRXQGV DUM W\SQFPDIQHWIRX QB0 GG DURIX
DOPRVW XQFKDQJHG ZLWK PDJQHWLF (HOG > @ ¢(HRBHYH
WRPRJUDSKV IRU PHGLFDO DSSOLFDWLRQV ZKLFK VLJQL,
REWDLQHG DQG WKH DFFXUDF\ RI PHGLFDO GLDJQRVHV >
IRU KJH®G 05, LV DQ DFWXDO WDVN -H HRODA Q@ 5F DRQIG/L ®IJ
VXEVWDQFHV ZLWK D KLJK PDJQHWLF PRPHQW DQG QRW \
QXPEHU RI VWXGLHV VKRZ WKH SRWHQWLDO RI XVLQJ VXS
JURXS HOHPHOMOGDOS K&SK> @ H QH[W RI WKH SURPLVLQ
ZLWK DQ XQ¢OOHG | VKHOO WKDW KIRGH WHHBKR\VE URS H U\
KDYH XQSDLUHG HOHFWURQV DQG DUH WKXV SDUDPDJQH\
WKHLU PDJQHWLF SURSHUWLHYV DUH GHWHUPLQHG E\ WK
DORQJ WKH VHULHV 8QSDLUHG HDORIGW RRVKH WLGMVEDLD BB
SRSXODWH | RUELWDOV DQLVRWURSLFDOO\ UHVXOWLQJ
HOHFWURQ UHOD[DWLRQ WLPHY @ROQLWKHQRWEHQ RIHDGV
VKRUWH QL QUHIOD WDKH.RQ WLPHRFRPSDUHG WR 7

W LV NQRZQ WKDW PDJQHWLF QDQRSDUWLFOHV KDY
DVVHPEOH > @ )RU &$V EDVHG RQ QDQRSDUWLFOHV LW
SURFHVVHV WKDW RFFXU ZLWKLQ WKH V\VWHP GXULQJ V\
Rl QDQRSDUWLFOHYV EHFDXVH WKH\ ZLOO DuHFW RQ UHOD

,Q WKLV ZRUN WKH HuHFW RI K\GURWKHUPDO FODVVL
WUHDWPHQW LRDQ WKHUVH UHOD[QPRQWSFDWXHORIV'\FROORLC
VWXGLHG 'H FROORLGDO QIROAS\DLRQIVF ®HW EHWK) GLuHUH
PDJQHWLF ¢HOG RI DQG+ 10B XU R MDAV XEHHE & KRV T R
WLPHV ,W KDV EHHQ VKRZQ WKDW WKH VDPSOH ZLWK \
PD[LPXP UHOD[DWLRQ UDWH LQ FRQWUDVW WR WKH VDP
PLFURZDYH RYHQ "H RSWQPQRSWIUWYFRIHY)IRU WKHLU XV
05, IRU GLUHUHQW PDJQHWLF ¢HOGV ZHUH GHWHUPLQHG
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Introduction

2YHU WKH SDVW VHYHUDO GHFDGHV QXFOHDU PDJQ
LWVHOI DV D IXQGDPHQWDO DQDO\WWLFDO WHFKQLTXH L
FDSDFLW\ WR SURYLGH FULWLFDO LQVLJKWV2UDQJLQJ I
FKDUDFWHUL]DWLRQ RI FRPSOH[ ELRORJLFDO PROHFXOHYV

Nevertheless, extending the application of NMR beyond specialized laboratories into
routine industrial settings remains challenging. The significant financial investment required
for both the acquisition and upkeep of NMR systems, coupled with the demand for highly
trained personnel, restricts its broader adoption in the industry.

Yet, there is considerable potential for integrating NMR methodologies into various
stages of industrial processes, spanning sectors such as food production and oil refhing [1
Although often overlooked, this approach promises to lower production costs and improve
quality control, thereby offering manufacturers a means to reduce ongoing expenses. The
principal difficulty lies in reconciling the substantial costs associated with NMR technology
with its prospective practical benefits.

In response to these challenges, researchers and industrial innovators have
increasingly turned their attention to niche applications of NMR, leading to the development
of benchtop systems. Companies like Magritek, Nanalysis, Oxford Instruments, Resonance
Systems and Bruker have launched compact devicdld[DPSOHYV EHLQJ ODJULWHNM
DQG %UXNHU YV th& XrhbloM tdbust &lectromagnetic coils or permanent magnets
operating at resonant frequencies between 20 arxl039] HTXLYDOHQW WR PD
strengths of 0.2 x7HVOD '"HVSLWH WKHLU UHGXFHG VL]H DQG
superconducting spectrometers, these systems still require operators with substantial expertise
LQ ERWK WKH L Qoviantyaxe tHeQUAHENYing<p@rieiples of physics and chemistry,
which can be a significant barrier for industrial users.

Furthermore, a critical shortcoming in the current generation of benchtop NMR
devices is the lack of dedicated software solutions tailored to industrial appli¢ations
advancement that could markedly improve their utility and impact in practical settings.

Addressing this critical gap, th& T7 31 XFOHL ™ h80leéN IRREBped as a
comprehensive software solution tailored specifically for industrial applicatidgg.

31 X F Qbiddges the disconnect between advanced NMR hardware and the practical needs of
non-specialist users by offering a modular, highly customizable framework. It simplifies data
acquisition, analysis, and interpretation through seamless integration of modern technologies
such as machine learning, open database connectivity, and multi-vendor compatibility. By
doing so, 7T7 31X Ftahtiorms NMR from a niche, research-intensive tool into an
accessible and efficient technology for routine industrial problem-solving.

57



Oral Reports

The Unified NMR

+DYLQJ FROOHFWHG IHHGEDFN IURP WKH LQGXVWU\ OH

IROORZLQJ VRIWZDUH IHDWXUHV ZHUH KLJKOLJKWHG DV O
VROXWLRQV RI YDULRXV YHQGRUV UHSUHVHQWHG RQ WKH

Extensive data analysis capabilities. Among others, PCA analysis, multivariate
analysis, automated and semi-automated physical properties extraction;

Support of the modern machine learning (ML)-based analysis and automation;
Integration with the open knowledge- and databases;

Industry-tailored quality-of-life features, such as customizable report generation and
experiments automation, niulingual support;

Support of devices and data formats from multiple vendors, eliminating the need for
employees to (re-)learn the device-specific software.

The above points have been made the priority of the current development of the

7THUUDA4XDQW7HFK 31TheE Spfiare 843 besh BMdped following the modular
component-based paradigm, tightly integrated with modern scripting languages, allowing for
a significant degree and ease of consumer-side customization. The software includes a diverse
range of industry-standard scientific packages, as well as built-in solutions for the common
challenges posed by the analysis of NMR data.

Besides the integration with the open databases of NMR signals, which has long been

the standard in the market of analytical programs for high-resolution NMiRraQuantTech
offers the opportunity to create a fully custom machine-learning solution for any of the User
problems, following the consent to the anonymized collection of the experimental data.

#~ cPMG

¢ Nano-Parficles

<> FIDRepeated
A FID

<> STEStimulated-Echo
© cPMG

© FID

A CPMG Decimation

# Hahn-Echo

Figure 1. Scre@ VKRW R1 777 31 XFOHL" $FTXLVLWLRQ SDJH GHPR
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Figure 2. Screenshot of Sequence page demonstrating T1 inversion-recovery experiment.

Conclusion

,Q FRQFOXVLRQ WKH 7T7 31XFOHL" SODWIRUP PDUNV
105 VSHFWURVFRS\ EURDGO\ DFFHVVLEOH IRU LQGXVW!
WUDGLWLRQDO FKDOOHQJHV RI KLJK FRVWV FRPSOH[ P
H[SHUWLVH WKLV PRGXODU DQG FXVWRPL]DEOH VRIWZL
DQDO\WVLVY DQG LQWHUSUHWDWLRQ WKURXJK WKH LQWH
FRQQHFWLYLW\HQ@®RRU P)OOSBIRUW  $V VXFK LW HUHFWLYH
DGYDQFHG 105 KDUGZDUH DQG SUDFWLFDO HYHU\GD\ LQ
FRQWURO DQG FRVW HVFLHQF\ 'LV ZRUN OD\V WKH JURXC(
QLFKH UHVHDUFK WRRO LQWR D XQLYHUVDOO\ GHSOR\DE
IXWXUH GHYHORSPHQWY DLPHG DW IXUWKHU H[SDQGLQJ L
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Introduction

105 GLUXVRPHWU\ KDV EHHQ GHYHORSHG DV D SRZHUI
GLUXVLRQ > @ 5HFHQWO\ LW KDV EHHQ DSSOLHG WR WKH °
LRQHOHFWLYH SRWHQWLRPHWULF DQG RSWLFDO VHQVRUYV
FRHVFLHQWY RI LRQLF OLTXLGV LQ WKH SRO\PHULF SKDVH
WKH VWXG\ Rl VXFK FRPSOH[ PHGLD ,Q WKLV SDSHU ZH IR
105 GLUXVRPHWU\ WR GHWHUPLQH WKH FRQFHQWUDWLRQ
PRELOLW\ "HVH GDWD FDQ EH XVHIXO LQ -WWRGAWLUYW KFHH Q
PHPEUDQHYV

,REHOHFWLYH VHQVRUV DUH FRPSRVHG RI D K\GURSKF
SRO\PHU DQG DFWLYH FRPSRQHQWY ZKLFK DUH UHVSRQVLI
QHXWUDO PROHFXOH DQG IRUPDWLRQ RI WKH DQDO\WLFI
DVVRFLDWLRQ FDQ KDYH D VLJQL¢(FDQW HUHFW RQ WKH VI
EHHQ GHYHORSHG WR H[SODLQ DQG SUHGLFW WKLV HuHFV
FRQVWDQWY EHWZHHQ SRO\PHULF PHPEUDQH FRPSRQHQW\
KLJK LPSRUWDQFH RI WKHVH TXDQWLWLHV IHZ GDWD RQ W
RI HTXLOLEULXP LQ WKH SRO\PHULF SKDVH FDQ EH SUREO
RU DFWLYLWLHV RI VSHFLHV LQ D SODVWLFL]HG SRO\F
PHDVXUHPHQWY DUH XVHG WR HVWLPDWH LPSRUWDQW WK
SRWHQWLRPHWULF VWXGLHVY WR GHWHUPLQH WKH DVVRFLE
WHFKQLTXHV DUHFERERPLRIV DOYGPBRW YHU\ DFFXUDWH
VXVFLHQWO\ VPDOO > @ ,QGLUHFW PHDVXUHPHQWYV FDQ DC
YDOXHV GXH WR XQDFFRXQWHG XQNQRZQ IDFWRUYV

7R FLUFXPYHQW VHULRXV HUURUV LW LV LPSRUWDQW
SHUVSHFWLYHV DQG XWLOL]H D UDQJH RI DSSURDFKHV EDV
SUHVHQW ZRUN DLPV WR LQWURGXFH 105 GLuXVRPHWU\ L
DVFHUWDLQ WKH IHDVLELOLW\ RI WKLV PHWKRG EHLQJ XVH
LQWHUHVW

Experimental results

We have chosen some of the lipophilic organic electrolytes widely used in the field of
ion-selective sensors to study their ionic properties in polyvinyl chloride (PVC) membranes
plasticized with bis(2-ethylhexyl)sebacate (DOS): bromides of tetrabutylammonium
(TBABr), tetrahexylammonium  (THexABr), tetraheptylammonium  (THepABr),
tetraoctylammonium (TOctABr), and tetradecylammonium (TDecABr); tetraoctylammonium
tetrakis[3,5-bis(trifluoromethyl)phenyl]borate (TOCtABATrF), tetrabutylammonium
tetrabutylborate (TBATBB) and potassium tetrgkishlorophenyl)borate KTpCIPB)

(Fig. 1). Noteworthy, the plasticizer DOS serves simultaneously as a liquid solvent for the
ionic components in the polymeric phase. This type of matrix is commonly used in the area of
ion-selective sensors.
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Figure 1. Lipophilic cations and anions under study.

High molecular weight PVC, DOS and volatile solvents tetrahydrofuran (THF) and
cyclohexanone (CH) were Selectophore grade reagents from Fluka (Switzerland). Liquid
membrane compositions were prepared by dissolving a weighted portion of PVC and an
aliquot of DOS (1:2 mass ratio) in the volatile solvent THF. Then a weighted portion of the
organic salt or an appropriate aliquot of its solution in CH were added to the mixture. Liquid
compositions were stirred with a roller-mixd®$ TR 5, Phoenix Instrument, Germany) for
10 min, and then poured into Petri dishes 32 mm in diameter and covered with filter paper to
slow down the evaporation of THF. The dishes were left for 2 days until complete
evaporation of the solvent. The salt concentration in the final membrane was varied in a range
from 0 to 0.1-0.2 mole per kilogram of DOS.

To obtain NMR spectra, the membranes were placed into NMR Villds. (for
quaternary ammonium saltsfF NMR (for TOCtABArF), *H and ** K measurementwith
organic salts in THF solution and in PVC-based membranes were carried ou€ais?sg a
Bruker Avance 11l 400 WB NMR spectrometer equipped with diffusion probe DIFF/50 with
gradient controller GREAT MASTER UNIT E with gradient amplifiers.

As a general tendency, all the lines in the spectra registered in polymeric matrix are
broadened as compared to the spectra obtained in solutions (see an example in Fig. 2 for the
spectrum of DOS). This complicates to some extent the analysis of the spectra, but meanwhile
the spectrum contour is preserved in terms of the number and location of peaks.

200 180 160 140 120 100 80 60 40 20 0
5, ppm

Figure 22°C NMR spectra of the plasticizer in the polymer.
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The diffusion of the species was investigated by means of pulsed field gradient-
stimulated echo with a bipolar gradient (PFG STEbp technique) where the echolsiignal,
given by the well-known Stejscal-Tanner Eq. (1) [1]:

+0); LA e (1)

with D: the diffusion coefficientlo: the integral intensity,: the gyromagnetic rati@:
the gradient amplitude/: the equivalent duration of the gradient pulses, @ndhe time
interval between the gradient pulses. OriginPro 2015 (OriginLab Corporation, Northampton,
MA, USA), MestReNova 14.2.1 (Mestrelab Research S.L., Santiago de Compostela, Spain)
were used for data processing.

The NMR spectra were recorded for all membrane compositions at different values of
the gradient amplitude. It turned out that even though the obtained dependi@ciscay
exponentially, it was not always possible to approximate them by a single exponential as in
Eqg. (1). This situation occurs when the particle involved in transport phenomena exists in
more than one form in the studied medium, e. g. in the form of a free ion and an ion pair. In
this case, the corresponding dependencies are usually fitted with more than one decaying
exponential [1, 2]. In our case, approximation of i{t&® dependencies by a superposition of
two exponentials typically gave the optimal fitting output in terms of the adjusted correlation
coefficient (f) and the$ criterion (modified Stejsk-Tanner equation):

+:T;Ltié:F&,T;Eé‘i§:F86T;éWithTL@)GUS@A—?FA 2

The higher values of diffusion coefficients obtained after fitting the dependences of
the intensity on the gradient amplitude were attributed to single ions. Lower diffusion
coefficients are assigned to ion pairs, which are considered to be less mobile. The ionization
(dissociation) degree of the salts canRE WDLQHG IURP WKH IUDFWLRQ RI 3IIL
exponential dependent).

In the present work, we report on the obtained values of the diffusion coefficients of
the individual ionic species and on their ion pairs in the plasticized polymeric matrix. The
estimated values of ionization degree and corresponding electrolyte dissociation constants
will be compared with available from the literature and the applicability of PFG NMR
diffusometry for direct studies of electrolytic properties in polymeric phase will be discussed.
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Low field setup for DNP studies in stray field of

superconducting magnet
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Introduction

Nanodiamonds (ND) and other non-toxic nanoparticles are extensively used in biomedical
applications, including drug delivery, imaging, and subcellular tracking. Recent studies have
shown that paramagnetic centers on the surface of nanodiamonds can enable dynamic nuclear
polarization (DNP) of surrounding water solutions, enhancing MRI capabilities at ultra-low
magnetic fields and room temperature [1].

This study aims to validate and expand the applicability of this method to nanodiamonds
and other nanoparticles with surface defects. For this purpose, a custom experimental setup
capable of operating across a broad range of magnetic fields has been developed.

DNP/NMR part of the setup

This work includes the testing of this setup for ultra-low field DNP in aqueous solutions of
TEMPOL DNP agent and ND nanoparticles within th2@ mT range. The magnetic field is
achieved by using the stray field of an unshielded superconducting NMR magnet 3.6 T. The
setup includes active shim coils, an NMR coil, a loop-gap EPR resonator, a low-frequency
NMR preamplifier, and a passive RF switch to route microwave and radiofrequency power
from a single broadband amplifier (Rohde & Schwarz, BBA100, 500 W continuous wave, 9
kHz 250 MHz) to the resonator and NMR coil, correspondingly. The NMR transmit/receive
system of our custom-built broadband NMR spectrometer has been described in our prior
work [2].

The preamplifier was constructed using a low-cost INA-02186 MMIC amplifier (1.8 dB
noise figure and 31 dB gain) and an AD797 operational amplifier, achieving a total gain of 68
dB, a bandwidth of 0.08.2 MHz, and a dead time of 180 pus.

Shim coils design

The magnetic field gradients produced by magnet alone were measured in three directions
at a radial distance of 52 to 104 cm from the center of the superconducting magnet in the
plane perpendicular to its axis, using a Hall sensor from Infineon (3D Magnetic Sensor 2Go
TLE493D A2B6). The relative gradient values at a distance of 90 cm from the center of the
magnet were found to beyG 3.2 %/cm, G= 0.23 %/cm, and G= 0.34 %/cm. The shim
coils generate linear gradients in three directions (0.5 mT/cm/A for the most critical direction)
to improve magnetic field homogeneity in samples with diameters up to 40 mm. The gradient
coil dimensions and geometry were optimized for linearity using a Python script based on
Magpylib library for magnetic field calculations. The gradient coil holders, with external
dimensions of ~17 cm, were 3D-printed using PETG plastic. A 50-fold improvement in
magnetic field homogeneity (the ratio of the full width at half maximum (FWHM) in echo
signals) was achieved in water sample with diameter of 1 cm. The optimal NMR line width
experimentally obtained is 650 ppm, which is much larger than the calculated value (15 ppm)
for the developed shimming coils if the external gradients are perfectly linear, but also much
less than in unshimmed case (32000 ppm).

Results

A DNP enhancement factor of 300 was successfully achieved in a test sample containing
0.7 mL of an aqueous TEMPOL solution at a concentration of 30.5 mmol/L at a microwave
power of 79.6 W and magnetic field of 4.1 mT. Also, a DNP enhancement factor of 1.91 for a
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detonation nanodiamonds (DND) aqueous solution (46.4 mg/ml) was achieved at a mw power
of 38 W and magnetic field of 9 mT. DND powder of 98.3% purity produced by US Research
Nanomaterials, Inc. (USA) was used as a sample. The declared by manufacturer patrticle size
of the powder is 3.0 nm.

This setup is suitable for ultra-low field NMR/DNP studies, hyperpolarization experiments
with noble gases, and, potentially, low-field MRI applications due to its integrated gradient
system. A photograph of our assembly of the DNP setup is shown in Fig. 1. NMR tank
circuit, EPR resonator, shim coils, preamplifier a@d are placed inside shielding box that
stands near the superconducting magnet.
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Figure 1. Photograph of the DNP box with all elements located near the superconducting
magnet.
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lon dynamics in liquid crystal-electrolyte mixtures
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Liquid-crystalline additives to liquid electrolytes in electrochemical devices may lead
to enhanced performances, such as favorable changesc conductivity and suppression of
self-discharge [1,2]. To understand the molecular level mechanisms leading to such effects,
the ionic and molecular dynamics and intermolecular interactions in liquid crystals/electrolyte
mixtures were studied over a wide concentration range. The results of investigations of
anisotropic diffusion using pulsed field gradient NMR methods [3] and intermolecular cross-
relaxation processes by heteronuclear NOE technique [4] will be discussed.
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NV centers in diamond and fully optical magnetic field

detection
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Introduction

ILWURDHFQQF\ 19 FHQWHUV LQ GLDPRQG DUH D OHD
WHFKQRORJLHV ZLWK DSSOLFDWLRQV LQ TXDQWXP FU\SWR
19 FHQWHUV DQG 19 HQVHPEOHV FDQ DFW DV PDJQHWLF VF
UHVRQDQFH 2'05 +RZHYHU 2'05 UHTXLUHV PLFURZDYH
FRPSOH[LW\ DQG FRVW @5 RHRGWE VWG XIXIHOA RSWLFDO PDJC
EDVHG RQ SKRWROXPLQHVFHQ¥W IFW B QUHYHQHDQ WL K H RINARX
"HVH PHWKRGV WKRXJK GHPDQG SUHFLVH FU\WWDO RULHQ
OLPLWLQJ WKHLU SUDFW-:AD00G \W U R WV X H OMI[ WK BR BPDORHQYH =
LW SRVVLEOH WR HECH@WQRQYHGWKIHVDERPBWDJIHV DQG LPSU
D®RGWLFDO PDJQHWRPHWULF VI\VWHPV +HUH ZH LQYHVWLJ
RQ WKH VDPSOH W\SH 19 FHQWHU GHQVLW\-D8GDWMHPISRIQ
SKHQRPHQD XQGHU GLUHUHQW WUDQVYHUVH PDJQHWLF ¢Ht
RSWLFDO LPSOHPHQWDWLRQ RI D PDJQHWLF VHQVRU EDVHC

Experimental

The observation of ZFCRL was conducted using an experimental setup, the schematic
of which is shown in Fig. 2(a). Nd:YAG laser beam (532 nm, 20 mW) was focused onto a
diamond sample using an objective lens. Photoluminescence was collected via an optical fiber
and directed to a PIN photodiod, preceded by a notch filter to block pump light. A local
magnetic field was generated by two pairs of Helmholtz coils. One of the coils was supplied
with a slowly varying sweep voltage at 0.01 Hz from a signal generator through a power
supply (PS1). Simultaneously, a highe HTXHQF\ VLQXVRLGDO YROWDJH
applied, inducing a slight modulation of the magnetic fieldaBplied to the sample. This
modulation resulted in a weak modulation of the optical signal, which was detected by a
photodetector and a lock-in amplifier (LIA).
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VLIJQDO RI WKH /,$ ZDV SURSRUWLRQDO WR WKH GHULYDV
IXQFWLRQ RI WKH PDJQHWLF ¢HOG 'H VHFRQG SDLU RI +
DGGLWLRQDO PDIMSHWIGLOHRD WKH H[SHULPHQW WKH FR
D ¢HOG HLWKHU D[LDOO\ RU RUWKRJRQDOO\ DOLJQHG ZLW
$V GLDPRQG VDPSOHV ZH SULPDULO\ XVHG PPfi PRC
VIQWKHVL]HG XVEQHVWXKWMHRAEBK DWXUH +3+7 PHWKRG
FRQFHQWUDWLRQ RI 19 FHQWHUV DURXQG SSP 2WKHU
GLDPRQG SRZGHU +3+7 DV ZHOO DV LVRWRSLFROO\ S}
JURZQ E\ FKHPLFDO YDSRU GHSRVLWLRQ &9' DQG &9
WKH &9' DQG &9' VDPSOHV ZDV IRXQG WR EH SSP DQ
VKRZV WKH H[SHULPHQWDO GHSHQGHQFLHV RI WKH /,$ RX
IRU GLUHUHQW GLDPRQG VDPSOWSHDN =)RB/WKB WR+ S HDY
VDPSOHV ZDV DSSUR[LPDWHO\ * YRU WKH &9' VDPSC
FRQFHQWUDWLRQ D VLJQL,FDQW UHGXFWLRQ LQ ERWK W
* ZDV REVHUYHG )RU SRO\FU\WVWDOOLQH PDWHULDO +3+
XS WR * 'H LQYHVWLIJDWHG WKH GHSHQGHQFH RI WKH
WHPSHUDWXUH GHF &I DWKB OLRMZLWWK QDUURZHG IURP
)LJ  SUHVHQW GHSHQGHQFLHVY REWDLQHG XQGHU GL
DGGLWLRQDO PDJQHWLF ¢HOG DSSOLHG D[LDOO\ DQG R
¢HOG 3DUDOOHO RULHQWDWLRQ RI WKH ¢HOGV UHVXOW)
WKH PDJQLWXGH RI WKH DGGLWLRQDO ¢HOG )RU PXWXD!(
WKH =)&5/ VKDSH H[KLELWV D PRUH FRPSOH[ EHKDWKRU |,
SRVLWLRQ RI WKH GLVSHUVLRQ FXUYH UHPDLQV XQFKDC
DPSOLWXGH VOLJKWO\ GHFUHDVHV $ IXUWKHU LQFUHDVH
RI WZR DGGLWLRQDO UHVRQDQFHV ZKLFK JUDGXDOO\ VHS
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Figure 2. LIA signal dependence on the magnetic field strength when additional axial (i
perpendicular (b) magnetic field are applied. Arrows indicate additional resonance:

ZFLAC-magnetometry

The presence of a linear region (B<5G) in the dispersion curve, which relates the
applied magnetic field to the LIA output signal, makes it possible to use this signal for
magnetic measurements. At the center of the curve, the LIA signal is zero. The following
approaches can be used for magnetic measurements:

Measurement of Weak Magnetic Fields

No magnetic field sweep is applied. Only a slight modulation of the magnetic field is
applied (approximately 0.1 G). When the measured magnetic field deviates from zero, its
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magnitude is directly recorded by the change in the LIA output signal. Fig. 3(a) shows the
temporal response of the magnetometer to a weak calibration magnetic field (0.5 G) varying
over time as a square wave. The standard deviation of the signal from its mean value during
one half-period, averaged over the entire measurement period, was 0.04 G.
Measurement of Strong Magnetic Fields

"H /,$ VLJQDO LV IHG WKURXJK D SRZHU DPSOL¢HU
6LPXOWDQHRXVO\ DQ DOWHUQDWLQJ YROWDJH DW WKH PR
VDPH FRLOV $ VHFRQG SDLU RI FRLOV LV DOLJQHG FRD[LD(
PHDVXUHG PDJQHWLF ¢HOG ,Q WKLV VHWXS WKH PHDVXU
SURSRUWLRQDO FRQWURO ZLWK QHJIJDWLYH IHHGEDFN °"H
FRQYHUWHG LQWR D FRQWURO VLJQDO IRU WKH FRPSHQVLE
SUHFLVHO\ FDQFHO HDFK RWKHU RXW UHVXOW)IQJ L@ D QH
VKRZV WKH WHPSRUDO UHVSRQVH RI WKH /,$ RXWSXW VLJ(
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Conclusions

ODJQHWLF VSHFWUD RI 19 FHQWHU HQVHPEOHV LQ GLDF
SURQRXQFH® GHURVRQDQFHV ZKRVH DPSOLWXGH DQG ZLG\
FHQWHU GHQVLW\ DQG WHPSHUDWXUH “H HuHFWV RI D[LD
UHVRQDQFHV ZHUH VWXGLHG GHPRQVWUDWLQJ WKHLU SRV
PLFURZDYH ¢HOGV 6LPSERMHEGGROMIBNORPWIQHWLF VHQV
HQDEOLQJ PHDVXUHPHQWY LQ EURDG UDQJH RI PDJQHWLF ¢
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$SSURDFKHV EDVHG RQ XVLQJ K\EULG VWUXFWXUHV
GDPSLQJ PDJQHWLFDOO\ RUGH U H-G5 REM® R Q \ VADIGH WD O HA
TXDQWXP WUDQVGXFWLRQ KDYH EHHQ WKHRUHWLFDOO\ °
HJ <, KDV WKH DGYDQWDJH RI LWV VWURQJ FR%SOLQJ
GRSHG FU\WWDO SURYLGHV D SRVVLELOLW\ RR SVEMFDIOQ
LQWHUDFWLRQ GXH WR D VLQJOH LRQ FRKHUHQFH WUL
YXUWKHUPRUHD WHKRVWSO@DWLRQV FDQ LQFUHDVH WKH FF
(U VSARS WUDQVLWLRQV IRU WZR RUGHUV RI PDWILMXG
PLFURZMRSWLF WUDQVGXFWLRQ LQ WKH SURSRVHG K\EU
DQDO\]JHG 'H FRQGLWLRQV QHHGHG IRU HVFLHQW FRXSOL
(U LRQV DQG VSLQ ZDYH PRGHV KDYH DOVR EHHQ FRQVLG

Introduction

The most of qubit realizations used for quantum information processing is based on
the platforms operating at microwave frequencies, while long-distance transmission of
guantum information is feasible only in the optical (and IR) frequency range. Therefore,
guantum systems which can serve as units for the conversion (transduction) of quantum
information from the MW to optical and reverse directions are needed. The work on quantum
transduction requests the joining efforts of researchers working in various areas (e.g. material
science, optics and microwave physics) and involves an essentially novel physics having
profound importance for many other applications [1]. Microwweptical (M-O) quantum
conversion using rare-earth (RE) doped crystals relies on coherent transfer of quantum states
between spin-flip MW transitions and optical transitions of the 4f shell of RE ions. There is
however an issue in RE-based transduction related to a rather moderate strength of coupling
between EY spin-flip transitions iradiluted crystal and the MW resonator modes. The use of
magnon material as a mediator has been proposed recently to overcome this issue and, in this
manner, to increase the efficiency of quantum transductioh [2,3

In this work, we considethe use of the magnons in YIG as a possible efficient
solution for increasing the coupling of microwave photons 6 &hin-flip transitions. Firstly,
the basic parameters of two-stage MW-optic transduction in the proposed Erbium-YIG-based
HQS have been theoretically analyzed. The conditions which provide the strongest interaction
of the spin-wave oscillations of YIG with the magnetic resonance level$ oibls and spin-
wave modes have been also considered. This comprehensive analysis aims to provide a
deeper understanding of how to achieve optimal and efficient quantum transduction.
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Basic theory of the two-stage quantum transduction
The standard input-output formalism has been used to analyze the dynamics of a two-

stage quantum transductor. In this approach, the intermediate and output modes are expressed
as functions of the input modes [4]. If intra-cavity fields of all the modes denotedRad
1=4da a &cla 3 :where = and > represent the input and output modes, dng(E L
s a téa 8 anlicates intermediate modes, the Heisenberg equation of motion f@-stege
conversion system can be expressed in a compact matrix form:

&L fRE fq:R
where fg 'R L i3 sac@Fag@ bgragh & aRIg|aga,gaac\,agqag|,,' is the input fleld matrices

and FDQ EH IRXQG LQ WKH $SSHQGL[ RI WKH DUWLFOH > ¢

subscript index denote the external coupling and the intrinsic loss of the ports, respectively,
and we have assumed that each intermediate mode has only an intrinsic port. Besides, the
input-output relation is given by:

fms'rpl L f:R F fgI:Pv
When combined with the input-output relation, Eq. (1) can be solved in the frequency domain
and the scattering matrig> fi(@lefined by f, s 711 7L 6> fi 3 #i J can be obtained as:

6A?L '>EfcssF 7° F css
where zis the identity matrix. The elements of the scattering matrix can be used to calculate
the efficiency of quantum transduction. For the N-stage case, the efficiency is given by:

R 7L +5é:Q>$; L +:(;>7,€'ax5'('3
In our case, since we investigated the efficiency of two-st@gé (f) system, we interested
onlyin 549r gg4patrix elements.
Using this formalism, we have calculated the efficiency of two-stage quantum transduction.
The result is given below:

ing Gem Gom 4/ ke,emt 4/ ko,e:tt

15 = (5)

ek
( kekno +gem)g +

where G is the coupling rate( 5 gand G 5 g kgpresent external coupling rate3, Gy G s,
and G, ¢ represent total dissipation rates.
Analysis of requirements for coupling of single ion ESR and
collective spin-wave resonance modes

The conditions of the hybrid system at whittie interaction of a hybrid system
consisting of a magnetic material and rare earth (RE) ions is essentially enhanced have been
established as given below. Below we consider a specific c&8"obns as RE spin centers
and yttrium iron garnet (YIG) as magnon material. In this case, the realization of the
following two basic conditions is required: 1) the spin-wave resonant frequency excited in the
YIG should nearly coincide with the spin transition resonance frequency of thois, 2)
the magnitude of RF stray field due to spin wave oscillating should be maximal.

Following the analysis given in [6], at a fixed magnetic field, spin wave excitations are
limited to a fixed range of frequencies between the limiting caGek rand G \ » as
given below:

¥f, A,E fig, Q A Q HE fignt

2
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The lower bound atG L r corresponds to the uniform precession (Kittel) mode,
where all the spins inside the material precess in phase, while the short wavelength spin

waves excited close to the upper Iimﬁg%éL iy E—g” reveal highly non-uniform

precession. As a result of the non-uniform spin waves, locally highly intense stray RF
magnetic fields are formed near the magnetic material. The calculations of work [6] have
revealedWKDW H[DFWO\ QHDU WKH BE/fveQ®ia fregueddipditteD O V<
RF magnetic field acting on Ercenters is lardg enhanced (100 times and even mofe).
find the conditions where we have strong interaction between two subsystems of the two-
stage hybrid system (Erions and spin waves in YIG), the dispersion curves of the
3PD[LP&p@ waves 3% *; L fiy E—Z, where &P oH DQ@&u O M are the
Larmor and demagnetization anisotropy angular frequencies) and the ESR transiEictis of
ions h esrPg gH, where g-factor value is anisotropic) have to be compared. Taking into
account the fact thahe g-factor ofEr** ions in various hosts can vary in a broad range
(typically from 0.5 to 15, depending on crystal symmetry and magnetic field orientation), we
obtain a requirement for the hybrid system operation. Figure 1 reveals that the dispersion
FXUYH RI 3PD[LPDO” VSLQ ZDYHV LQ <,* ZLOO FURVV ZLW
ESR transition only for the case ofEg-factor values essentially higher than 2.

20

15
fﬁ“ —— SWinYIG
2 104 — Er3+(g=0.5)
> — Er3+(g=1)
Er3+(g=3)
— Er3+(g=10)
54
O T T T T
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H/M
Fig. 1. The dispersion curveR | 3 P D [ LfReBu@ricy for spin wagén YIG and erbium ESR
transitions for various values &> g-factors.

Thus, the proper alignment of the crystal doped wit Bns with respect to the thin
film magnetic material (3e.g. YIG shaped asmicrostrip) is required. Furthermore, our
analysis reveals that the Edoped crystals of low symmetry may be advantageous because
of the possibility of obtaining higher effective g-factor values needed to match*hanir
YIG microwave transitions
Conclusion

A two-stage hybrid system to increase the efficiency MiV-optic quantum
transduction has been proposed. For solving the issue of weak coupling between rare earth
(e.g. EF") spin transitions and MW resonator modes, an approach based on the use of
magnetic material (yttrium iron garnet, YIG) close to the rare-earth (RE) doped crystal has
been theoretically considered. A theory and the basic parameters of two-stage quantum
transduction based on a combination of RE dopants in various crystal hosts and a thin film
magnetic material have been outlined. It has been demonstrated that it is possible to use the

71



Oral Reports

spin-wave oscillations of magnon material to increase essentially a coupling MW resonator to

RE spin-flip transitions. The conditions needed for efficient coupling between magnetic
resonance levels &E ions and spin wave modes have been also evaluated.
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Introduction

'HQGWRGQH PDFURPROHFXOHV FDOOHG GHQGULPHUV C
XQLTXH FKDUDFWHULVWLFV WKDW GLVWLQJXLVK WKHP |
LQFOXGHV D FHQWUDO SDUW FRUH IURP ZKLFK EUDQFKI
ZLWK IXQFWLRQDO JURXSV 'XH WR VXFK IHDWXUHV DV FR
KLIK IXQFWLRQDOLW\ DQG WKH SRVVLELOLW\ RI PRGL¢FD)
PDWHULDOV IRU WKH FUHDWLRQ RI LQQRYDWLYH GUXJV (
Due to their large size and the complexity of the branched structure, even the computer
simulation faces several difficulties [1]. These include the need to collect a large amount of
data and a significant increase in calculation time (microseconds with a step in femtoseconds).
We studied methanol solutions of PAMAM dendrimers (generations @¥a 300 K using
the molecular dynamics (MD) method.

Computer simulation details and results

6LPXODWLRQ FHOO ZLWK VLQJOH GHQGULPHU DQG Gl
LH GLUHUHQW OLQHDU VL]H RHBXKEVEPXOMDXWDHDWILRQ ERI
BHULRGLF ERXQGDU\ FRQGLWLRQV DQG WKH IRUFH ¢(¢HOG

SDFNDJH > @ "H HTXLOLEUDWLRQ RI GHQGULPHU ZD
0" VLPXODWLRQV ZHUH FRQWLQXHG IRU PV WR FROOHF
ODLQ VLPXODWLRQV ZHUH SHUIRUPHG LQ WKH 137 HQVHP
UHVFDOH WKHUPRVWDW > @ % 9 SDLU
From simulation data we calculate diffusion coefficient from mean square displacement,
MSD using Einstein equation:

/I5&:P; L&R Q)

whereD is the diffusion coefficient, is time.

$V ZH H[SHFWHG IRU HDFK GHQGULPHU D GLUXVLRQ
VLPXODWLRQ WHROCOL P BWEHWKLYV PHRERHOUHRWN G UWKHIIDREQV |
E\ XVLQJ VWDQGDUG DSSURDFK > @

& N &E%Etauy%Aﬁ @)
where & and &z jare rescaled and MD-derived diffusion coefficierfig,s ig the solvent

viscosity, L= 2.837 is hydrodynamic constaifitis temperature.

$IWHU WKDW ZH REWDLQ K\GURG\QDPLF UDGLXV RI GH
P

dgl——4a ©)
©opU¥a
8QIRUWXQDWHO\ WKLV VWDQGDHNG DB\WSURDYKZKTFK G
ZLWK H[SHULPHQWDO 4DiyvDUDWUR LRYVIMDMIFHD OO\ GRHV
GHQGULPHU JHQHUDWLRQ QXPEHU LQ FRQWUDVW WR HIS
ER[ VLIH ZH XWLOL]JHG RWKHU PHWKRG ZKLFK ZPpIW GOGMKH O
YDOXH FDOFXODWHG IURP WKH GLUXVLRQ FRHVFLHQW FRI
DSSUR[LPDWHG XVLQJ DOO WKH YDOXHV REWDLQHEG IRU |
YDOXHV ZKLFK DUH LQ DJUHHPHQW ZLWK H[SHULPHQWDO !
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Additionally, we calculate Rh from rotational diffusion of dendrimer. This approach
gives similar results as approach from work [7]. Moreover, the obtafiyefdom rotational
diffusion practically do not depend dn Thus, we believe that this method are suitable to
estimate diffusion properties of dendrimers macromolecules.

Conclusions

Thus, in this work we investigated the diffusion properties of PAMAM dendrimers in
methanol solutions using molecular dynamics simulations. Initially, we calculated the
hydrodynamic radius 4 using a standard approach, but the results did not align with
experimental data. To improve accuracy, we applied an alternative method which considers
an infinitely diluted solution and found better agreement with experiments. Additiodgjly,
values derived from rotational diffusion showed consistency and independence from
simulation cell size. The findings emphasize the importance of addressing finite-size effects in
MD simulations and demonstrate the reliability of alternative methods for estim&ging
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8VLQJ WKH FODVVLFDO DSSURDFK RI %ORHPEHUJHQ
FDOFXODWLRQ LV QRW UHDOO\ WKH XQLIRUP PHWKRG IRL
ZLWK FRQVWUDLQHG WUDQVODWLRQDO PROHFXODU PREL
ORPHQW $SSUR[LPDWLR@®REZDNWRBEWLRLQE WKBW WKH LQL
IDOOLQJ JUHH ,QGXFWLRQ 'HFD\ FDQ EH ¢ WWHG ZLWK WK
VLIJQDO PLIJKW KDYH RVFLOODWYRGHWULWOHBWKRP XWKWHGVYH MW
Rl WKH VXEVWLWXWHG *DXVVLDQ VSHFWUXP

6L &7

'LV ZD\ DOORZV IRU TXLWH HOHJDQW FKDUDFWHULI]I
DPELJXRXV PXOWLSOH SDGRPBMWY)LF ¥YWWD@NRI WLPH

$V LW ZDV IRXQG LQ SUHYLRXV UHVHDUFKHV > @ Z
EHKDYLRU RI ZDWHU PROHFXOHVY DGVRUEHG RQ FHOOXOR"
EH H[SUHVVHG LEHFBDXRW RRTY YDULRXV W\SHV RI PRWLRQ
WR WKH FRUUHODWLRQ WLPH 2QH RI WKH UHPDUNDEOH
IROORZV OLQHDUO\ WKH ORRPURYHPDEBVRUBYWILR@I OD\HU V
IDFW FDQ EH IXUWK\HW MH[EDQEBHBVWRELQJ HUJRGLFLW\ IR
PRWLRQV XQIUR]JHQ VDPSOHV WR WKHLU VWUXFWXUH WK
GHFUHDVH RI FRUUHODWdA RQ WLPHV $QG ZKLOH 7

¢ %6 BHP

LV H[SUHVVLRQ FDQ EH DOVR GHULYHG E\ VHYHUDC
GH¢{QLWLRQ RI KHDW FDSDFLWLHV +RZHYHU WKH VWUDL.
PHHW GLVWRUWLRQV E\ SDUDPDJQHWLF LPSXULWLHV DQ!
FU\WVWDOOL]DWLRQ RU JODVV\ VWDWHV ZKHUH HUJRGLFL
FRQVLGHUDWLRHQRIURS URBEWXWIDGY E\ WDNLQJ WKH UHOTL
DVVXPLQJ WKH PRWLRQDO FRQWULEXWLRQ RQO\ IURP F
VKRXOG EH UHFRQVLGHUHG ZLWK PXFK OHVV SURSRUWLR!

LV DOUHDG\ REVHUYHG H[SHULPHQWDOO\ DV LW LV VKRZQ
5.
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"H UDQJH RI SRVVLEOH DSSOLFDWLRQV FRPLQJ RXW
PHDVXUHPHQWY YDULHV IURP VFLHQFH IXQGDPHQWDOV W
FDORULPHWU\ RU FU\VWDOORJUDSK\
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Study of complex ionic liquids according to NMR

relaxation and diffusion measurements.
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'"HSDUWPHQW RI 1XFOHDU 3K\VLFV 5HVHDUFK OHWKRGV 61
3HWHUVEXUJ 5XVVLD
'HSDUWDPHQWR GH )tVLFD \ &LHQFLDYVY GH OD 7LHUUD )DF
&RUXxD &DPSXV GH $ =DSPWRUNBDV &S OLQ
*UXSR GH 1DQRPDWHULDOHY )RWyYyQLFD \ ODWHULD %0ODQ
3DUWtFXODYVY )DFXOWDGH GH )tVLFD ,QVWLWXWH RI ODWH
GH &RPSRVWHOD &DPSX6DQWIDDYRQGH &RPSRVWHOD 6SDL
(-PDLO D LHYOHY#VSEX UX

Introduction

"LV ZRUN LV D FROWLQOXDW+R @ RSIUR YIHWLGY R F R ASKIBWL
PRELOLW\ LQ VHYHUDO FRPSOBXWKRRHW KOOT XIPG G E]ROHHG WR
>%PLP6&1@ ,Q SDUWLFXODU ZH FRQVLGHU QRYHO LRQL
XVHG DV WKH EDVLYVY RI WKH FRPSOH[ DQLRQ IRWW®&H GH\
"H UHVXOWLQJ ,/V GLUHU IURP %PLP6&1 LQ SK\VLFRFKH
YLVFRVLW\ FRQGXFWLYLW\ RSHUDWLQJ WHPSHUDWXUH U

Results and discussions

6SHFWUD

Figure 1 show on the left the fdfiC spectrum of pure BmimSCN, and on the right the
stack of spectra of thiocyanate complexes with Hg, Al, Cu, Zn, Cd, in comparison with the
base IL. It is clearly seen that the carbon line of the SCN anion shifts depending on the
complexing metal, but remains localized in the region of the imidazole ring lines from 120 to

140 ppm.
Bmim,CulSCH), scn UL...,

130 139 138 137 136 135 134 133 132 131 130 129 128 127 126 125 124 123 122 121 120
3 (ppm)

JLIXUH OHIW )X @®MWVSHFMUXPXUH %PLP6&1& WIHRK!'
PHWDO FRPEXMWHHWK\O LPLGD]ROH WKLRF'

)RU WKH FRPSOH[ ZLWK DOXPLQXP DQG FRSSHU D El
REVHUYHG 'LV FDQ EH H[SODLQHG E\ VWURQJHU ERQGV
VSHFWUDO OLQH GHSHQG V- ®RIQ D\KGH EORHIG WDIQ @R IL W KGHH W H W E
VSLQ UHOD[DWLRQ WLPH

'LUuXVLRQ
$00 PHDVXUHPHQWY RI GLUXVLRQ FRHVFLHQWY ZHUH
WKH 050, RQ D %UXNHU $YDQFH ,,, VSHFWURPHWHU

FRHvFLHQWY ZHUH FDOFXODWHG IURP WKH GHSHQGHQFH
RI WKH VSHFWUDO OLQHY UHFRUGHG LQ WKH H[SHULPHQMW
SXOVHV "H PD[LPXP VWUHQJWK RI WKH JUDGLHQW SXO"
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H[SHULPHQW ZDV * FP "H GXUDWLRQ RI WKHVH SXOVHV
FRVHQ DV V DQG V UHVSHFWLYHO\ ‘H WHPSHUDW
FRHVFLHQWV PHDVXUHPHQWYV ZHUH FDUULHG RXW ZDV IUR
DQLRQ WKH LQIRUPDWLRQ ZDV REWQXKEBEXM EEEHKIFRLQ W
GLUXVLRQ FRHVFLHQW ZDV DYHUDJHG RYHU DOO VSHFWUDO

JLIXUH& '26< VSHFWUXP JLIXUH& '26< VSHFWUXP RI
%PLP6&1 DW . ZLWK FDGPLXP DW D WHP
JLIXUHV DQG -GVKRQVWRDBLH IGIKIM GRQSHFWUD RI1 ER)
%PLP6&1 DQG WKH FRPSOH[ LRQLF OLTXLG ZLWK kDGPLXP
WKH WKLRF\DQDWH DQLRQ KDV D KLJKHU PRELOLW\ DQG L
PRELOLW\ RI WKH FDWLRQ

Table 1. Summary data on diffusion coefficients at a temperature of 298 K, measurements at
13C are given.

7 T

Sample Iscn, ppm Demim/Dscn Bmim+5,::gzl : szSCN
Bmims AISCN)s | 129.11 49 0.93 0.19
Bmim, Zn(SCN) | 133.11 26 11.93 452
Bmim, Cd(SCN), 135.39 2.1 4.63 2.21
Bmim, Hg(SCN), | 121.76 15 15.01 10.08
Bmims CU(SCN) | 130.28 13 752 5.86
Bmim SCN 131.25 0.8 20.31 24.34

7TDEOH VKRZV WKH GDWD RQ WKH PRELOLW\ RI DQLR
VWXGLHG "H KLJKHVW UDWLR RI DQLRQ DQG FDWLRQ PREL
DOXPLQLXP ZKLFK FDQ EH H[SODLQHG E\ WKH VL]H RI WKH
WKH WDEOH FRQ¢UP WKH IDFW RI WKH IRUPDWLRQ RI YHU\
DQG PHWDO LRQV WKH PRELOLW\ RI ZKLFRDWOIRRZY IGHRPQ FR

WLPHV IRU GLUHUHQW FRPSOH[HV

5HOD[DWLRQ

7R PHDVXUHOWKHWNIVEHQUHOD[DWLRQ UDWHRY HU\VWPRPQBG
VHTXHQFH ZDV XVHG $00 PHDVXUHPHQWY ZHUH DOVR SHUI
%UXNHU $YDQFH ,,, 0+] VSHFWURPHWHU 0+] IRU SURW
7R DQDO\][H WKH WHPSHUDWXUH GHSHQGHQFHV RI WKH UHO
ZDV XVHG DV LQ 5HIV > @ +HUH ZH GHFLGHG WR SUHVH
QXFOHXV EHORQJLQJ WR WKH DQLRQ FDOFXODWBWWURHK \
UHOD[DWLRQ UDWHV )LIXUH VKRZV WKH WHPSHUDWXUH
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FDUERQ QXFOHL VWUXFWXUDOO\ LQFOIRGHDBOIOQ WKKIH L\W R L
FRQVLGHUHG

Figure 4. Temperature dependence of the reorientation time of the carbon nucleus
thiocyanate in complexes with metals: Cu, Zn, Cd, Hg, Al.

JRU DOO WKH VWXGLHG FRPSOH[HV D VORZGRZQ LQ |
QRW RQO\ LQWUDPROHFXODU PRELOLW\ GDWD RQ UHRUL
GDWD RQ GLuUuXVLRQ FRHVFLHQWYV ,Q WKH VWXGLHG
UHRULHQWDWLRQ WLPHV RI PROHFXODU JURXSV ZDV QR
XQLWV WR KXQGUHGV RI QDQRVHFRQGYV
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&ORVH LQWHUHVW WR LRQLF OLTXLGV ,/ KDV OHG
FRPSRXQGV WKDW KDYH EHHQ V\QWKH\DMHG ,$VPR®,JVW EHIF R
PRUH SRSXODU SDUWLFXODUO\ RYHU WKH -EDVW GG HF D GH H&
DUH FRQVLGHUHG WR KDYH VXSHULRU WKHUPDO VWDELO!
YLVFRVL@\

FHYHUDO VWXGLHV WRRN LQWHUHVW LQ WKH UHDVRQV
WKHLU DPPRQLXP DQDORJXHV +RZHYHU WKHVH VWXG
WHWUDDON\OSKRVSKRQLXP EDVHG ,/ L H DSURWLF LRQLF
SURWLF YDULDQW RI WKH SKRVSKRQLXP ,/V VXFK DV ,/V E
ZDV VWXGLHG RQO\ E\ /XR HW DO > @ E\ XVH Rl ,B®/SHFWU
JURXS RL+=@F®7 1@ LV LQYROYHG LQ WKH VWURQJ K\GURJ
K\GURJHQ ERQGE®@31AY M@ W H WRR ZHDXLWRDMPLSFOFW WKH 3

,Q WKLV FRQWULEXWLRQ ZH FRPSDUH WULEXW\ODPPRQ
JV >1'@>20V@ DQ@B>28V@ :H LQYHVWLJIJDWH WHKHIGSQDPLFYV
VSHFWURVFRS\ ERWK LQ WKH ¥ RO GV DN O DDX D& QHN B MIHS
UHOD[DWLRQ SURYLGHV LQVLJKW RQ WKH LQWHUDFWLRQ E
DUUDQJHPHQW DV ZHOO DV WKH SKDVH WHYDIDWLWSR® SK
UHOD[DWLRQ LQ WKH OLTXLG VWDWH FKDUDFWHUL]JHV WK
PLFURVFRSLF YLVFRVLWLHV RI ,/V :H IRFXV RQ WKH PHV\C
DFFHSWRU DQLRQ :H VXSSRUW RXU H[SHULPHQWDO REVHU
WKH LRQLF SDLU VWUXFWXUH "H RSWLPL]DWLRQ RI WKH FC
WKH GHQVLW\ IXQFWLRQ WKHRU\ OHYHO "H K\GURJHQ ER
RUELWDO DQDO\VLV
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Introduction

Flavonoids are polyphenolic compounds with a general structures-@5-Cs. In
plants, they act as secondary metabolites and exhibit a wide range of protective fungtions [1

The relevance of studying flavonoids is due to their broad spectrum of biological
activities. These compounds exhibit anti-inflammatory, antifungal, and antiviral properties
and play a significant role in preventing the development of neurodegenerative diseases. In
most cases, the development of oncological, cardiovascular, and neurodegenerative diseases is
associated with the effects of free radicals. Free radicals cause damage to cell membranes and
macromolecules, leading to the emergence of various pathologies [2

The most important property of flavonoids is their antioxidant activity, which is
determined by the structure and number of functional groups. The primary mechanisms of
radical scavenging include the direct neutralization of free radicals and the chelation of
transition metals, which catalyze the formation of free radicals. In the process of scavenging
radicals, the hydroxyl groups of ring B and A play a key role [3].

The aim of the study is to determine the antioxidant capacity of flavohajdsrcetin,
morin, and rutin (Fig. 13 and establish the relationship between the anti-peroxyl radical
capacity and the structure of the flavonoid.

JLIXUH OROHFXODU VWUXFWXUHV RI WKH VWXGLHG ADY

Method

8VLQJ WKH3NELRHWHKKG ZLWK SXOVH UHDFWDQWHUQWMH F
EXW\OSHUR[\O UDGLFDOV ZLWK TXHUFHWLQ UXWLQ DQ
DGYDQWDJHYVY RYHU RWKHU E\ GLUHFW PHDVXULQJ DQWLR]|
LQ WKH FRQFHQWUDWLRQ RI SHUR[\O UDGLFDOV GXULQJ V

Results

The anti-peroxyl radical capacities of the studied flavonoids were measured by
titration with an excess dert-butylperoxyl radicals. As a reference antioxidant, the water-
soluble analog of.-tocopherol, Trolox, was used, for which the anti-peroxyl radical activity
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is B L tBased on the titration curves (Fig. 2) and using equation (1), the antiperoxyl radical
capacities were calculated and are presented in Table 1.
B L &> 67
> %
where ¢> 4?+the amount of the> ¢?radicals consumed during the reaction, % +
initial concentration of flavonoids.

.S,

JLIXUH .LQHW LEXGMFEFDBHRIRMBUW GLFDO GXH WR UHDFW
DQWLR[LGDQWYV TXHUFHWLQ PRULQ UXW
Table 1. Anti-peroxyl radical capacities of the selected flavonoids.
Antioxidant . . .
capacity Quercetin Rutin Morin Trolox
B 3,55 2,3 1,3 2
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Introduction

"H PDIJQHWLF UHVRQDQFH VWXG\ WKDW FDQYfW EH FI
SDUWLFXODU SUREOHP (VSHFLDOO\ WKLV VLWXDWLRQ V
UHVRQDQFH 145 IRU H[SORVLYHV GHWHFWLRQ > @ 2QI
LPSURYLVHG H[SORVLYHV LV XVLQJ RI DPPRQLXP QLWUDV
PLOLWDU\ H{[SORVLYHV WKH TXDQWLWLHV RI $1 FRPSRXQC
PD\ EH QHDUNJ WR UHDFK D VLJQL{(FDQW HuHFW "H GH\
YROXPH LV D IHZ FXELF PHWHUV (uHFWLYH VKLHOGLQJ L
ZD\ WR FRPSHQVDWH IRU LQWHUIHUHQFHYV LV E\ XVLQJ XQ
DQ HOHFWURQLF FRPSHQVDWLRQ V\VWHP ,Q WKLV UHSRL
KDYH D WDVN WR VXSSUHVV LQGXFHG LQWHUIHUHQFH RQ
IRU D VDPSOH PHDVXULQJ [ [ -PRYWDVQL®J LIVHUW QAL
GHWHFWLRQ LV FDUULHG RXW E\ WKH 145 PHWIKRG XH@M L
WDVN UHTXLUHY FRPSOH[ VKLHOGLQJ IURP VLJQL,{FDQW F
RFFXUV LQ DQ DUHD ZLWK LQGXVWULDO HOHFWURPDJQHW

Phase shifting compensate system

"H SULQFLSOH RI RSHUDWLRQ RI D FRPSHQVDWHG V\
LQWHUIHUHQFH IURP WKH VHQVRU DQG FRLOV RI WKH V\\
DUH LQ WKH DQWLSKDVH DQG FDQFHO HDFK RWKHU RXW

‘H DOUHDG\ KDG D SRVLWLYH H[SHULHQFH > @ ZLWK F
SKBVYKLIWLQJ FLUFXLW IRU DQ 145 GHYLFH ZLWK D JUDGLI
DUH SUREOHPV ZLWK FRPSHQVDWLQJ 5) QRLVH IURP WKH

Fig.1. Image of receiver toroid coil with a gap for sample (right), model of its magnetic
(left).
7U\LQJ WR FRPSHQVDWH IRU LQWHUIHUHQFH ZLWK D
GXH WR WKH GLUHUHQW UDGLDWLRQ SDWWHUQV RI FRLO
EURDGHU UDGLDWLRQ SDWWHUQ 8QGHU WKH VDPH FRQG
WRURLGDO FRLOV ZLWK D JHRPHWU\ WKDW FRQVLGHUDEO
WKH VDPH JHRPHWU\ DV WKH VHQVRU IRU FRPSHQVDWLRQ
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Experiment

"H VIVWHP ZH ZDQW WR XVH WR FRPSHQVDWH IRU LQW
ZLWK FRQVROHV (YHU\ FRQVROH FRQWDLQV DQ DPSOL¢H
UHSUHVHQWY WKH DOXPLQXP ER[ ZLWK D FRLO RQ WKH SOD

Fig.2. Two console variants with different receiver coils: solenoid on the right and toroid on
the left.

Fig.3. Compensation system diagram

'"HVSLWH LGHQWLFDO UDGLDWLRQ SDWWHUQV VSHFWH L
FRPSHQVDWLQJ FRLO GLG QRW PDWFK :H IRXQG RQO\ RQF
FRPSHQVDWLRQ FRLODFWRU G QGG WXV Q] FRESCGH W LRUO H
D YHU\ KLJK 4 Rl DERXW ZKLOH D FRPSHQVDWLRQ FRLO
RSWLRQ WR LQFUHDVH WKH TXDOLW\ IDFWRU Rl WKH FRLO |
PDNH WKH FRLO EXON\ %XW WKHUH LV DQRWKHU ZD\ :H FI
EDQGZLGWK :H DUH DW WKLV VWDJH QRZ

YRU HOHFWURQLF GHVLJQ ZH FKRVH WKH DuRUGDEOH
RSHUDWLRQDO DPSOL¢HUV LQ WKH KRXVLQJ DQG D ZLGH
FRQWDLQV RQH RI WKHVH FKLS FRPSRQHQWYVY "H ¢UVW HOl
DQG WKH VHFRQG HOHPHQW LV WKH EDVLV Rl WKH DFWLYH

6LJQDOV IURP FRQVROHV HQWHU WKH FRQWURO GHYLF
FRPSULVHV SKDVH VKLIWHUV DQG SRWHQWLRPHWHUV IRL
VXPPHU
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‘H DUH QRW VXUH WKDW D FRPSHQVDWLRQ V\VWHP ZL
PD\ EH QHFHVVDU\ WR XVH SDUWLFXODU VKLHOGLQJ IRl
VKLHOGLQJ ZLOO QRW UHTXLUH PXFK PDWHULDO RU LQF
ZRUNV HuHFWLYHO\

Conclusion
XV ZH GHVLJQHG WKUHH FKDQQHO VHQVRU V\VWHPYV
8VH HYHU\ DGGLWLRQDO FKDQQHO DOORZV GBAWBBEDWVQWJ |
GE 6XPPDU\ DWWHQXDWLRE PHRZMWUBBK LQ WKH FDVEFH
IUHTXHQFLHYVY LQWHUIHUHQFH VLJQDOV ZH QHHG WR WX(
([SHULPHQWDO HVWLPDWLRQV SURGXFH QHDU GE DWWH

References
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1XFOHDU 5HVRQDQFH 7HFKQLTXHV 1$72 6FLHQFH IRU 3
DQG %LRSK\VLFV (GV )UDLVVDUG -DFTXHVY /DSLQD 2
( 'R=DQ . dLQDU 3 .XSUL\DQRY * OR]]JKXNKLQ DQG
OHWKRG IRU 6XSSUHVVLRQ Rl 7UDQVLHQW 3URFHVVHYV
3KRWRQLFV (OHFWURPDJQHWLFV 5HVHDUFK 6\PSRVLX
SS - GRL 3,(56
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Study of the influence of Au nanoparticles of various
shapes on the dynamics and structure of tyrosine using

'H NMR methods
Galina Kupriyanova, Mark Smirnov, Andrey Zyubin, A. Zozulyan Lyatun
"Immanuel Kant Baltic Federal University, 236041 Kaliningrad, Russian Federation
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Introduction

"H XVH Rl QDQRSDUWLFOHV 13V DQG QDQRPDWHULDOV
H[SDQGHG WKHLU SRWHQWLDO IRU WKH WUHDWPHQW RI GL
GHYHORSPHQW RI QHZ SKDUPDFHXWLFDOV GUXJ GHOLYHL
$PLQR -DFQBEWLRQDOL]HG $$ PHWDO QDQRSDUWLFOHV 1
+RZHYHU WR LPSURYH WKH PHWKRGV RI PROHFX®WDU GHV
VIVWHP D FRPSUHKHQVLYH XQGHUVWDQGLQJ RI WKH LQWHF
DQG VWUXFWXUDO FKDQJHV WKDW RFFXU LQ RUJDQLF PRO
UHTXLUHG 9DULRXV DQDO\WLFDO PHWKRGV LQFOXGLQJ |
VSHFWURVFRS\ )RXULHU WUDQVIRUP LGUMVROXW BRGW ¥ R\
VSHFWURVFRS\ KDYH EHHQ XVHG WR VWXG\ WKH HuHFW RI
IRXQG WKDW DPLQR DFLG PROHFXOHV DUH DGVRUEHG RQ
FURZQ@ VROXEOH G\QDPLF FRPSOH[ ‘H JHRPHWU\ DQG DG\
QHDU WKH $XXUB\D Z#i RH PRGHOHG > @ 105 VSHFWURVFRS\ Z
WR VWXG\ VDPSOHV FRQWDLQLQJ PHWDORUBHURISD UIWEFC
VSHFWURVFRS\ '26< WR VWXG\ WKH G\QDPLFV RI DTXHRX\
WKH SUHVHQFH RI $X 13V DQG SODWLQXP QDQRSDUWLFOH)\
QDQRSDUWLFOHV RQ WKH WUDQVODWLRQDO PRELOLW\ R
K\GURG\QDPLF UDGLXV Rl $$ PROHFXOHV ZHUH IRXQG GXU
QDQRSDUWLFOHV +RZHYHU LW VKRXOG EH QRWHG WKDW
LQWHUQXFOHDU GLVWDQFHY DQG VWUXFWXUDO FKDQJHV L
PHWKRGV GXH WR W-R/S LS HQMQIFHD RW IVEBQ EHW Z HHUR WK H S |
DQG WKH &+ VLOM FRDILQHRIZKLFK FDQQRW EH FRPSOHWHC
SUHVHQWYV WKH UHVXOWYV RI VWXGLHV RI $67 LQ WKH SUHVI
URGKDSHG -VEBG SHED WD QG 3W 13V +SIHBIRERARW URALRIS \

Samples.

In this work, aqueous solutions of the amino acid L-tyrosine (AST) in combination
with three types of gold nanoparticles (Au NPs) differing in their geometric shape and
platinum nanoparticle (Pt NPs) were studied. Gold NPs of three geometric shapes were used:
spherical, star-shaped and rod-shape& @SR | O RI D VROXVWLRQ FRQWI
13V RI HDFK RI WKH VKDSHY GHVFULEHG DERYH ZHUH DGGH
to the samples to stabilize the resonance conditions and DSS as an internal standard. Also,

O RI ZDWHU ZHUH DGGHG WR DOO VDPSO HwosiTekiH FRQFHC
all samples was 1omol/l.

1H NMR Experiments

$00 + 105 H[SHULPHQWYV VXFK DV '(37 &26< DQG 12(6:
9DULDQ 0+] 105 VSHFWURPHWHU ZLWK D FRQVWDQW PDJ
ZLGWK ZDV FKRVHQ WR EH SSP WKH QXPEHU RI DFFXP)
GHOD\ ZzDV VHFRQG "H LQWHQVH ZDWHU VLJQDO ZDV VXS¢
(62 OHVW5H1RYD VRIWZDUH ZDV XVHG WR SURFHVV WKH 10
SHUIRUPHG DW GLUHUHQW PL[LQJ WLPHV RI DQG P
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Results and discussion

The results of the DEPT and COSY experiments allowed us to identify the spin-spin
couplingscheme and assign signals in fiteNMR spectra of AST with nanoparticles. The
presence of spin-spin interaction was found not only between the spins of the protons of the
CH, group and the H- in the side chain, but also between the protons of the benzene ring and
the protons of the side chain in samples of AST in the presence of star-shaped Au NPs. To
clarify the optimal mixing parameters and determine the errors affecting the determination of
the cross-relaxation coefficients, the dynamics of magnetizations in the scalar coupled spin
system ABGC;D was studied. Two cases were considered. The first case was the dynamics
of magnetizations of independent spins, caused only by cross-relaxation processes, specified
by a system of differential equations in thenfior

i #8 I,Fé o Boff B I HFH

7 ?E 6,0 F,é & ,& ESFS
: L 1850 &5,F 8,585v6 185K1% F %ari

I"/@\I 16,60 £6-8n61b 616 wEHI% F %N

|8K)Ir I’Vz% e%#Fe,/zo&F&o
where A,B,G,C; and D are z- magnetizations of a,b,c1,c2 and d spins in tyrosine [3]. The
second case was the dynamics of magnetization of scalar-coupled spins. The differential
system of equations for the scalar-coupled spin system ABPd&! protons (a, b, d, c1, c2)
for the second case was obtained taking into account the works [4]. Solutions of the system of
equations revealed the presence of a negative NOE effect. The intensities of cross-relaxation
peaks such asy ¢ 61 6 5% o &k a&xhibit a nonlinear dependence on time. Moreover, the linear
section for4 g6 5 gvas observed up to 300 ms, whereas {qf &« sthe minimum values
were observed at 1000 ms. The optimal value in the experiments was chosen to be 500 ms. In
order to minimize errors in the correct determination of cross-relaxation rates and
determination of internuclear distances from the data of cross-relaxation peak intensities, the
experiments were carried out at mixing times of 300 ms, 500 ms, and 700 ms. In the
approximation of a linear increase in the cross-peak intensities, the relationships between the
internuclear distances of two é)aII’S of protons i j and kl are given by the approximate
relationshipxrq=rj [l .,(t)/lk|(t)] [4].

"H 105 DQDO\VLV RI HI[SHULPHQWDO GDWD RI $67 LQ W
FRQIRUPDWLRQ DQG PRELOLW\ RI W\URVLQH FKDQJHV QHCL
IDFWRUV WKH RSSRVLWHO\ GLUHFWHG VKLIW RI WKH FKH
DQG VLGH FKDLQ +G DQGJURXSMDQ® WKKH RKDQJH 1L Q WKt
UHOD[DWLRQ UDWHYV RI $67 LQ WKH SUHVHQFH RI 13V "X\
VKLIWYV RD bEHWKRQW E\ SSP WRZDUG WKH ZHDN -,HOG
VKDSHG $X 13 WKH\ VKLIW E\ SSP E SURWRQ 'LV IDF
FKDUJH GHQVLW\ LQ WKH EHQ]JHQH ULQJ "H JUHDWHVW F|
WKH SUHVHWQKBSRIGVIRDWL 13V , 1 WKH VLIJQDOV RI DURPDV
VKLIWHG WR WKH ZHDN ¢HOG UHJLRQ WKHQ WKH VLJIQDO
VWURQJ ¢HOG UHJLRQ &RPSDOULBEVRYH RW WIKEG REWDRKW BU\
VDPSOHV ZLWK WKH GDWBL@VUHYWIQYWHH G DIVOD B/IFVHY)Y FHQ C
FRQIRUPDWLRQV RI WA\URVLQH DUH QRW GHVFULEHG LQ W
GLUHUHQW FRQIRUPHUV RI W\URVLQH GLVWLQJXLVKHG E\
WR WKH EHQJHQH ULQJ > @ %XW QRQH RI WKHP FRLQFL:
LQWHUQXFOHDU GLVWDQFHV LQ W\UDH®@M DWKR QJ AR BWILLY
FDOFXODWHG XVLQJ WKH IRUPXOD > @

Pgé@!L gae‘k- E qUTX »

oot
*ggtk s *ggak

87



Oral Reports

Here 4oy UH WKH LQWHQVLWLHY RI GLDJRQDO LL MM DQG
respectively, I is the mixing time.

Conclusions

%DVHG+ RQ5 VSHFWUDGHDNG LRWRHQNV LW\ GDWD LQ 12(6¢
FRQFOXVLRQV DERXW WKH$XXGW LRA LG HFMILHR@D O/ K SIHFW ORQ (
$67 FDXVLQJ FRQIRUPDWLRQDO FKIDKDISNWG3 WY WKH SWUBWHRK
URWDWHYV WRZDUG WKH EHQDBDQHEES URWR @R RU QN KIHS B H QY] MVKH
WKH SURWRQVURXWRRY&+ FORVHU ZKLOH EHLQJ V\PPHWULF
SURWRQV RI WKH EHQJHQH ULQJ 2QH RI WKH SURRIV RI WE
ULQJ LV WKH DSSHDUDQFH RJ DDQEESJURRW REH/D NQE H2N & # H: G HAUKHHD
SUHVHQFH RI $X 13V LQ WRKERWARPWRQYVRBRYMWERKBRVHU DQG
VLGH FKDLQ ZSHIHN VEKIWEHMR@VWKH D DQG G SURWRQV GL\
WKH 8WRXS PRYH DZD\ IURP HDFK RWKHU
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Introduction

Proton'H) Magnetic Relaxation studies of protein solutions have been successfully
used to develop medical applications [1-3]. To improve these medical applications or to create
new applications a proper understanding of proton magnetic relaxation (PMR) in protein
solutions is needed.

,Q WKLV ZRUN ZH SUHVHQW DQG GLVFXVV WKH UHVX

+6$ XVLQJ D WZR VWHV ZDWHU H[FKDQJH PRGHO 6:(0 X

DQG HOOLSVRLGDO JHRPHWULHV 2Q WKH RWKHU KDQG
SUHYLRXVO\ REWDLQHG IRU +E > @

Materials and Methods

Lyophilized HSA were obtained from SIGMA Aldrich and diluted in Buffer Saline
Phosphate (PBS, pH 7.4) to obtain samples Of 50 mg/ml. A Fast Field Cycling NMR
Relaxometer (Stelar FFC 2000 Spinmaster) was used, in the range from 20 KHz to 10 MHz,
to obtain the PMR dispersiohHMRD) profiles at 310 K. Additional points at 20 MHz and
60 MHz were added after measuring the samples in the Mg20 and Mg60 NMR analyzers
(Minispec) from Bruker [4].

Results and discussion

Figure 1 shows the typi¢BIMRD profile obtained in HSA solutions at 310 K. The
parameters resulting from the fit of the experimertdMRD profiles to 2SWEM were
summarized in Table 1. Despite the 2SWEM with ellipsoidal geometry fitsHMRD
profiles better than the same model considering spherical geometry; the uncertainties in the
physical parameters obtained from the ft is bigger for the consideration of ellipsoidal
geometry than for spherical geometry.
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Figure 1. TypicafHMRD profile in HSA solutions at 310 K. The profile has been fitted using
the two sites water exchange model with spherical and ellipsoidal geometries.

Table 1.Parameters obtained from the fit of the experimehtalRD profiles (310 K) to the
2SWEM in samples of HSA considering spherical and ellipsoidal geometries.

Parameters 2SWEM 2SWEM Ellipsoid
Sphere
4:7 18 0.405 + 0.021 0.383 +0.027
Ux10" (s9) 1.18+0.161 0.518 + 0.346
trx10° (s) 4.26 +0.377
trax10° (s) 5.11+4.12
trox10° () 1.15+1.25
trax10°(s) 1.09 + 1.26

"H YDOXt§ VRRWDLQHG IRU WKH +6% & PJ PO VDPSOHYV
VLIQL,;FDQWO\ ORZHU WKDQ WKRVH REWDLQHG LQ SUHYLR

& PJ PO VROBWVRQWVXOW LV FRPSOHWHO\ LQ DJUHHPH
WKH PRGHOV RI ORRQH\ (T DQG 'HE\H (T IRU WKH
YLVFRVLW\ Rl WK iheS UIRGGH\DS ¥ R IOWH 8 Q
BLRTS @A 1)
2l
feLEd 2)(

7o

wheref is the absolute dynamic viscosity of the solvent and the con#tamdB are
related with the geometry of the protein and the intermolecular interactions respdéjvely
Moreover, rp is the radius of the pratemolecule,k WKH % ROW]PDQQYVWeFRQVWD
absolute temperaturd]. From Egs.(1) and (2) is clear that thencreased value o€ in
concentrated Hb justifies the increasinddfior Hb with respect to the HSA. The values pf
are 27 Amstrong for HSA and 32 Amstrong for Hb, which also supports the differenges of t
between HSA and Hb. Thé& andT values are the same for both proteins. A similar result is
obtained for the value of the major correlation time of the HSA molecule descrbed as an

90



Oral Reports

ellipsoid (tr1), which is lower than the values of the corresponding correlation time for the
protein molecule at the Hb concentrated solution considering an ellipsoidal geometry for the
macromoleculdgtdata not shown

Conclusions

'"HVSLWH WKH 6:(0 ZLWK HOOL SVEL GUR JE8 R P HVWAUW W AU
VDPH PRGHO FRQVLGHULQJ VSKHULFDO JHRPHWU\ WKH
REWDLQHG IURP WKH IW LV ELJJHU IRU WKH FRQVLGHUDW
JHRPHWU\ "H YDOXHV RI WKH FRUUHODWLRQ WLPHV IRU V
WKH ¢W IRU ERWK JHRPHWULHVY DUH ORZHU WKDQ WKRV!
VROXWLRQV ZKLFK LV LQ DJUHHPHQW ZLWK WKH PRGHOV
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Amplification By Reversible Exchange (SABRE) At

Microtesla Fields
Kiryutin A. St, Markelov D. A2 Kosenko I. I, Osmanov V. K, Godovikov I. A,
Yurkovskaya A. V.
YInternational Tomography Center SB RAS, Novosibirsk, Russia
2Novosibirsk State University, Novosibirsk, Russia
A.N. Nesmeyanov Institute of Organoelement Compounds RAS, Moscow, Russia
“Nizhny Novgorod State Technical University, Nizhniy Novgorod, Russia
E-mail: d.markelov@tomo.nsc.ru

1XFOHDU PDJQHWLF UHVRQDQFH 105 DQG PDJQHWLF L
FKDUDFWHUL]HG E\ D ORZ OHYHO RI VHQVLWLYLW\ ZKLFK L
RI QXFOHDU VSLQV 1XFOHDU VSLQ K\SHUSRODUL]DWLRQ

LPSURYLQJ WKH VHQVLWLYLW\ Rl 105 DQG 05, XS WR VHYHU
RQ WKH SUHSDUDWTIRIQO REUWXP QRFOHDU PDJQHWL]DWLRQ
3RODUL]DWLRQ 3+,3 > @ LV D K\SHUSRODUL]DWLRQ WHF
PDJQHWLF VSLQ LVRPHU RI PROHFXODU K\GURJHQ DV D Pi
EHLQJ-VA®HQW SDUDK\GURJHQ SRVVHVVHV QXFOHDU VSLC
QXFOHDU PDJQHWL]DWLRQ RI WKH WDUJHW PROHFXOH L
LQYROYHG LQEN WDRRIQWWFKHPLFDO SURFHVV ,Q K\GURJHQD
XQVDWXUDWHG ERQGV LV K\GURJHQDWHG E\ SDUDK\GURJH
KHWHURJHQRXV FDWDO\VW "LV JLYHV +Ul1UE WR QMOURKAD W
K\GURJHQDWLRQ SURGXFW ,Q VLJQDO DPSOL,FDWLRQ E\ U
DOVR WHUKNGURIHERIWLYH 3+,3 D SDUDK\GURJHQ DQG VXE
UHYHUVLEOH LQW-HEWDNFVBLRODW AWK D BRPSOH] DV GHPRQVYV

Figure 2. a) Schematics of SABRE hyperpolarization of 3-methyl-[1,2,4]-selenadiazoj{4,5-
pyridine-4-ium chloride (SDAP). Parahydrogen ghldnd SDAP participate in reversible interactions
with Ir-based polarization transfer complex (PTC). DMSO stands for dimethyl-sulfoxide, S stands for

the second equatorial ligand of the PTC (S+br DMSO), IMes stands for 1,3-bis(2,4,6-
trimethylphenyl)-imidazole-2-ylidene. In the complé%e (s=%4) nucleus of SDAP acquires
polarization via spin-order transfer from pthascent protons. Dissociation of hyperpolarized SDAP
from the PTC results in formation of free hyperpolarized SDAP in solution. b) SABRE-SHEATH
experimental protocol used for hyperpolarizatiod'&e nuclei of SDAP. The sample is transferred
from magnetic field of the NMR spectrometey) (B the ultralow magnetic field (B-) of a microtesla
range. The sample is bubbled withpEind its spin-order is transferred e nuclei. Hyperpolarized
"Se NMR spectrum is acquired at high magnetic field of the NMR spectrometer usifguts60
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'XULQJ WKH WUDQVLHQW ERQGLQJ RI WKH VXEVWUDW
WUDQVIHU FRPSOH[ 37& WKH VXEVWUDRRXSEGTRIVY HA \8F
K\GUGBXFOHL VWHPPHG IURP D SDUDK\GURJHQ PROHFXO
VXEVWUDWH IURP WKH 37& OHDGYV WR IRUPDWLRQ RI WKH
KHWHURQXFOHDU SRODUL]DWLRQ WUDQVIHU E\ 6$%5( RF
WHUPHG D%+4$%5(6+LHOG (QDEOHV $OLJQPHQW 7UDQVIHU
LQYROYHV WUDQVIHUULQJ WKH VDPSOH IURP WKH 105 V
PDIJQHWLE), WPGOBHU WKDQ 7 DV VKRZQ LQ )LJ E L
PHHW WKH VWURQJ FRXSOLQJ FRQGLWLRQ EHWZHHQ WKH
¢HOGV DUH XVXDOO\ SURYLGHG E\ PDJQHWLF VKLHOGV 2
(DUWK 7R WKH GDWH WKLV LV WKH PRVW FRQYHQWLRQD(
KHWHURQXFOHDU 6$%5( K\SHUSRODUL]DWLRQ

Figure 3. a) Different isotopologues of SDAP observed in’thend’’Se NMR spectrad”N-""Se
SDAP (0.028% of natural abundancEN-*Se SDAP (0.336 % of natural abundance, *Se stands for
all stable non-magnetic isotopes of seleniufi;"’Se SDAP (7.60% of natural abundance). NMR
signals from different isotopologues of SDAP are highlighted by the corresponding colors. b), ¢)
SABRE-SHEATH hyperpolarized,(B= 0.4 7 **N NMR spectrum of SDAP. b) The central signal
belongs to hyperpolarizeédN-"Se SDAP. c) Two sidebands with the splitting of 87 Hz belong to
hyperpolarized®N-""Se SDAP (Jls.= 87 Hz). d) SABRE-SHEATH hyperpolarized (& 0.4 7
""Se NMR spectrum of SDAP acquired with 8 signal accumulations. The central sighal corresponds to
“N-""Se SDAP (P = 0.004@0.0003 %, not shown). The signals with the splitting of 87 Hz
correspond to hyperpolarizédN-""Se SDAP (s.= 87 Hz). e) Thermal’'Se NMR spectrum of SDAP
acquired with 5000 signal accumulations atB.4 T (scaled by a factor 20). The thermal signal
corresponds td°N-""Se SDAP. In panels b)-d) the temperature of the sample was equa{ tari5
panel e) the temperature was equal to(25
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'KHUH®Y DQG& QXFOHL DUH FRPPRQ WDUJHWV IRU 6$%
K\SHUSRODUL]DWLRQ Rl RWWHKD CKHHWHUR @ X EQ H DUKXGHS LHID P S
QXFOHXV ZKLFK LV D PDJQHWLF LVRWRSH RI VHOHQLXP V
DQG VPDOO YDOXH RI QXFOHDUGRDQ®FAWH X VP RIRIOGKVEFRD R D Wk
WKDQ PDJQHWLF PRP QIWAERXVI WKMXOWV LQ LQKHBH QWO\
105 VSHFWURVFRS\ 'LV VLJQL{FDQWO\ OLPLVGWY WOGH SUDTF
VSHFWURVFRS\ ZKLFK LV YHU\ QR FROWRD WIKYHE LOW D WRUJH
GLVSHUVLRQ RI RYHU S B QX GHIR PHUWWYV RVKHP D XVH
RUJDQLF VIQWKHVLVLE LRI LWBPSHWRBIXHNH VHQVLQJ > @
NQRZOHGJH RQO\ RQH SXEOLGD WLRHU SRIGD B DMDMGE ROR LW KS
GLVVROXWLRQ G\QDPLF -QU3F KHIVUESIRIQD X\ HBWWARQKQ& RO BR O [
LQ VRGLXP VHOHQLWH DQG VRGLXP VXOIDWH > @ "HUHIRU!
RI K\SHUSRODBH]RQWEARLRAVLQJ 6$%5( :H GHPRQVWUDWH H
RI 6H QXFOHL “6H SRRODUL]DWLRQ XVLQJ VLJQDO DPS(
H[FKDQJH 6$%5( DW XOWUDORZ PDJQHWLF ¢(HEGV RI
K\SHUSRODUL]DWLRQ ZDV SHUIRUPHG IRU-PHVEKRDRILFDO
VHOHQDSLDBRORGILQAR FKORULGH 6'$3 "H PRVW HVFLHQW
RI 6H QXFOHL ZDV DFKLHOMHG VIRESWERJIXH Rl 6'$3
DEXQGDQFH ZKLFK FRQWDLQV WZR GLUHUHQW W\SHV RI Kt
QXFOHL RI 6'$3 DFTXLUH SRODUL]DWLRQ LQ WKH SRODUL]D!
YLD WRKSOLQJ ZLWKF RKGIGERIPSERIHXY "HUHIRUH WKLV Z|
URDG IRU WKH IROORZLQJ RSWLPL]BW LR RW KSHRUD B b MW B WR @
V o E\ 6$%5( HVSHFLDOO\ LQ VSLQ V\VWHPV FRQWDLQLQJ
XVLQJ 5) HLFLWDWLRQ DW ORZ PDJQHWLF (HOGYV
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Introduction

The range of practical applications for nanoparticles across various fields continues to
expand each year. Advanced multifunctional nanoparticles are employed for targeted drug
delivery, fluorescence imaging of body tissues, as MRI contrast agents, biological markers,
disease sensors, and in the treatment of specific types of cancer [1-3]. By adjystitegis
parameters, it is possible to modify particle size, shape, and other characteristics, which in
turn significantly influence their chemical and physical properties [4].

Real-time tracking of nanoparticles growth

To obtain nanoparticles with predefined properties, it is crucial to monitor and control
synthesis processes in real time. The primary techniques used for real-time analysis include
TEM, FRET, DLS, XRD, NMR and UV spectroscopy. Since no single method provides a
universal solution, the choice of technique depends on the specific research objectives and the
compatibility of the method with the materials and experimental conditions.

NMR is recognized as a noninvasive and highly informative tool for studying
synthesis kinetics. However, its application presents challenges due to the complexity of
NMR probe design, where reagents are mixed. Variations in the filling volume of the NMR
probe, along with initial NMR settings such as pulse parameters and homogeneity, can change
during the reaction. Furthermore, many chemical reactions occur rapidly, making them
difficult to track. As a result, new high-speed NMR techniques are being developed to capture
fast reaction dynamics [5].6

Novel monitoring technique

Previous studies have predominantly focused on slow chemical reactions and
nanoparticle nucleation processes. Chemical reactions are typically performed using either a
reagent drip system or flow microreactors, which introduce additional challenges in NMR
signal acquisition. In classical coprecipitation synthesis from colloidal solutions, reactions
occur almost instantaneously. The use of NMR relaxometry to investigate nanoparticle
nucleation, growth, and colloidal system evolution is limited by the extremely short relaxation
times. To extend reaction durations, viscous media are often utilized.

In this study, the formation of fluoride nanoparticles in a capillary tube was
investigated. Real-time measurements longitudinal magnetization recovery during the
chemical reaction were performed. The dynamics of fluoride and chloride components
throughout the reaction were examined.

Thus, a method for tracking nanoparticle nucleation based on the capillary effect has
been proposed.
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Abstract

Molecular dynamics of various liquids can be probed by Time-Domain Nuclear
Magnetic Resonance (TD-NMR) through the measurements of the spin-lagji@n@Tspin-
spin relaxation time (J). In this study, the relaxation times and % of the cotton oil-diesel
fuel mixtures in various ratios from pure diesel fuel to pure cotton oil using Bruker Minispec
ma-20 TD-NMR device. We have demonstrated that the TD-NMR can be applied as an
effective method for online monitoring of the ratio of cotton oil to diesel fuel in a biofuel

mixture, and, in general, to control fuel quality and its basic parameters in combustion
vehicles.

Introduction

*OREDO HQHUJ\ FRQVXPSWLRQ IURP IRVVLO IXHOV L
JURZWK DQG LQGXVWULDOL]DWLRQ LV PRWLYDWHV UH\
VXVWDLQDEOH DOWHUQDWLYH HQHUJ\ VRXUFHV 2QH RI D
HJ YHJHWDEOH RLOV ELRGLHVHO HWKDQRO HWF LQ
Rl SHW{EDOHMXGP IXHOV "HLU LPSDFW FDQ EH VLJQL/;FDQW
VWDQGSRLQW O0DQ\ VWXGLHVY SURYH WKDW YHJHWDEOH
VXEVWLWXWH IRU IRVVLO IXHOV > @ 5HVHDUFKHUV KD'
HQJLQHV FDQ-WHDOB WR/XOHRQEHFDXVH WKHLU YLVFRVLW\ L
IXHO > @ 7R ORZHU WKHLU YLVFRVLW\ WR PDNH WKHP
FKHPLFDO WHFKQLTXHV KDYH EHHQ SURSRVHG > @ “HVI
PLFURHPXOVLRQ ERQG EUHDNLQJ DQG HVWHUL¢FDWLE
FKDUDFWHUL]HG E\ D VSHFL¢{¢F DYHUDJH FRPSRVLWLRQ RI
IRU DQDO\]LQJ WKH FRQWHQW RI IDWW\ DFLGV LV JDV FKI
WKH SDVW+ 10BDWNS/SURDFK KDV DOVR JDLQHG LPSRUWDQF
ELRIXH@ +RZHYHU LQ PDQ\ SWPDAQFDXOFPBVOHVOODOLEHWLF
7-105 FDQ EH DOVR DSSOHWROXOWMWEIIDID KMWHKFKQLTXH GX
DQG PDLQWHQDQFH UHTXLUHPHQWY )RU ELRIXHOV RQ}
YLVFRVLW\ PDNLQJ WKHP VXLWDEOH IRU XVH LQ PRWRU
GLHVHO RLO ,Q WKLV FDVH KRZHYHU ZH PHW DQ LVVXH I
SUHIHUDERYWMPAQ G SUDFWLFDO WHFKQLTXH

In this study, spin-spin ¢J and spin-lattice () relaxation times of cotton oil-diesel
fuel mixtures have been measured by TD- NMR in a whole range of the oil/fuel
concentrations.

Experimental procedures

In this study, Bruker Minispec mg-20 Time-Domain NMR (TD-NMR) device was used
to measure the relaxation times of diesel fuel, cotton oil and their mixtures. All samples were
maintained in the NMR apparatus for at least 10 minutes before each measurement to reach
the temperature equilibrium and to minimize the effect of convection. The Carr-Purcell-
Meiboom-Gill (CPMG) pulse sequence was used to probe ghreldxation time, while the
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inversion recovery sequence was used to measure tleéaXation time. Different echo times
were tested to assess the impact of self-diffusion. The echo time was finally to set at 0.5 ms
for the minimization diffusion term.

Experimental results and their discussion

The relaxation curves for spin-lattice ;fTand spin-spin (3 for each sample are
presented in Figures 1a and 1b.

JLIXUH -O®OW\WLAH EOPEMIIQQ-EDQYHOD[DWLRQ FXUYHV

The T, and T, values were determined by applying exponential fitting to each sample's
relaxation time curve. The dependence péiid T, on mixture ratio is presented in Figure 2.

JLIXUH -OODMWWLFRG-NSILQ UUHOD[DWLRQ WLPHV-GRB WH® LR X\
PLIWXUHV

As expected, the iTvalues are consistently higher than the vBlues for all
concentrations. It is well known that the relaxation times are inversely proportional to a liquid
viscosity, that is the shorter relaxation times correspond to the higher viscosity. It is known
that the viscosity of cotton oil is higher than diesel fuel [9], therefore the relaxation time of oil
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is expected to be shorter than that of diesel fuel. The steady decrease in the relaxation times
reflects the increase in the viscosity value of the mixture with the amount of cotton oil. This
means that the oil/fuel ratio in a specific biofuel at some preset temperature can be accurately
established by TD NMR measurements.

Thus, we demonstrated that the TD NMR technique can be applied to control both the
oil/fuel ratio in a biofuel at some preset temperature as well as to probe the biofuel mixture
viscosity. Taking into account recent enormous progress in the development of mobile and
low-cost TD NMR devices, the TD NMR control devices can be implemented for online
monitoring of biofuels (in general, any kind of fuels) both at gas stations and in the concept of
smart cars.
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Introduction

7LWDQLXP GLRILVGB VHRLFRQGXFWRU PDWHULDO ZLWK
DQDWDVH GXH WR ZKLFK LW LV ZLGHO\ XVHG LQ SKRWI
([SDQGLQJ WKH VSHFWW®RDYLYDRAH @LJKW LV SRVVLEOH E\ LU
JDS ,W LV NQRZQ WXKIDMK QRSRDWRFVY2FDQ OHDG WR D GHFU
FRQWULEXWH WR DQ LQFUHDVH LQ SKRWRFDWDO\WLF DFWL

Synthesis and Structure

1DQRSDUWLFQ@MWHRISOHSDUHG E\ FRSUHFLSLWDWLRQ |
7L&D®QG )HRMU\LQJ WKH )H 7L UDWLR LQ WKH LQLWLDO VRO
VROXWLRQ RI DPPRQLD ZDV XVHG DV D SUHFLSLWDQW 7R
WUHDWHG DW  f&

"H UHVXOWLQJ QDQRSDUWLFD\HSEKDNHHDOWROGLIHNG EB' ;
WUDQVIRUP LQIUDUHG DB FAWDRQERS\HPHEWURQ PLFURVFR
GLVSHUWDYMSHFWURVFRS\ ('; 'H ;5" UHVXOWV VKRZHG WK
FRUUHVSRQGHG WR WKH DQDWDVH SKDVH "H SUHVHQFH R
$EVRUSWLRQ EDQGVY FRUUHVSRQGL ERQRVY L E UDWADRBGVFR| E
)H2 UDQJH FP ZHUH GHWHFWHG LQ WKH )7,5 VSHFWUD "L
ZDV LQFRUSRUDWHG LQWR WKH DQDWDVH VWUXFWXUH UL
JHRZ "H UHVXOWYV RI ('; DQDO\WLV VKRZHG DQ LQFUHDVH LC
ZLWK DQ LQFUHDVH RI WKH DPRXQW RI )H LQWURGXFHG LQV

+RZHYHU WKHVH UHVHDUFK PHWKRGV GR QRW DOORZ
H[DFWO\ LURQ LV SUHVHQW LQ WKH VWXGLHG SRZGHUV ,W
SHVRQO®FWHWKRG WR VROYH WKLV SUREOHP 6R WKH SXU:
HUHFW RI LURQ GRSLQJ R@R\SKH: (@D YBEBWWDFRIHMH R 7L2

The interpretation of EPR/FMR spectra

(35 VSHFWUD ZHUH UHFRUGHG X \EID@IG OWSUHENHLR PO WaHU
PRGXODWLRQ IUHTXHQF\ RI N+] LQ WKLQ PP TXDUW] DP
SDUDPDJQHWLF FHQWHUV ZH# 2X Y H\ KWIX il GRIDW@XOP E M&OR | ST
FHQWHUYV

$ FRPSDULVRQ RI WKH DUHDV X®GHDQWWH WHS HDFRMEU DL :

JH -DQDWDVH VDPSOHV )LJ VKRZHG WKDW ZLWK LQFU
SDUDPDJQHWLF SDUWLFOHV GHFUHDVHV ,Q WKH VSHFWUD
REVHUYHG DAWRUN R DQG JJHRUGU@EV SR ®LUH) XWR D (

DWWULEXW-HGLWRVWIKWHKZLWK D GLVWRUWHG RUWKRUKRP
DQDWDVH SKDVH RU WR LURQ FDWLRQV LQ DQ RUWKRUKRPE

100



Oral Reports

JLIXUH (OHFWURQ 3DUDPDJQHWDR BWDR & DWIFAS U 8 N FALW

FRQWHQW RI )H
Conclusion

"H QXPEHU RI SDUDPDJQHWLF FHQWHUYV LQFUHDVHYV
DQDWDVH DQG IXUWKHU LQFUHDVLQJ LQ WKH SURSRUWL
GHFUHDVH LQ WKH QXPEHU RI SDUDPDJQHWLF FHQWHUV
DPRXQWYV DwW LURQ DWRPV DUH LQFRUSRUDWHG LQW

IRUPV WKH VHSDUDWH SKDVH LURQ R[LSBIUDPQBQHDALIFQB
LQ WKH VDPSOH
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"H JUHDW LQWHUHVW LQ VWXG\LQJ VSLQ H[FKDQJH L
VSHFWURVFRS\ PDNHV LW SRVVLEOH WR GHWHUPLQH WKF
FRPSOH[ HQYLURQPHQWY LQFOXGLQJ ELRORJLFDO RQHV

%DVHG RQ \HDUV Rl UHVHDUFK , KDYH IRUPXODWHG |
@ 'H IRUPXODWLRQ RI D QHZ SDUDGLJP RI VSLQ H[FKDQJH
WR WKH GHYHORSPHQW RI WKLV VFLHQWL¢,F GLVFLSOLQH
EHHQ FRQ--@PHG >

,Q WKLV UHSRUW D QXPEHU RI QHZ H[SHULPHQWYV DUH
SURYLVLRQV RI WKH QHZ SDUDGLJP RI VSLQ H[FKDQJH LQ \
VSHFWURVFRS\

"H UHVXOWV REWDLQHG LQ WKH VWXG\ RI VSLQ H[FK
SDUWLFOHV FDQ EH XVHG LQ RWKHU VFLHQWL¢(F ¢HOGV ,Q
IUHTXHQF\ RI ELPROHFXODU FROOLVLRQV LQ VROXWLRQV K
PL[HG VKDSH RI WKH (35 VSHFWUXP OLQHV ZKLFK KDV W
H[FKDQJH WKH PL[HG VKDSH RI WKH OLQHV DULVHV DV D U
WKH VSLQ IURP WKH LQWHUDFWLRQ SDUWQHU LQ D FROOL\
DQG DFFXUDF\ Rl GHWHUPLQLQJ WKH IUHTXHQF\ RI ELPROH
ELRORJLFDO PHGLD XVLQJ VSLQ H[FKDQJH DV D PRGHO SUF

6SLQ H[FKDQJH QDPHO\RNKKD HG HAWKRIQWH ) VRURZLQJ |
EH XVHIXO IRU FUHDAWLHLD DF BBREHQVDWH RI VSLQ H[FLWHG
SRODULWRQV DW URRP WHPSHUDWXUHV > @

$ QHZ SURWRFRO GHYHORSHG IRU DQDO\]LQJ WKH VKD
H[FKDQJH FDQ EH XVHG LQ RWKHU VLWXDWLRQV ZKHQ WKH
VSHFWUDO GLuUXVLRQ IRU H[DPSOH GXULQJ FKHPLFDO H[F

NLQHWLF HTXDWLRQV IRU VSLQ PDJQHWL]DWLRQ LQ WKH FL
FRLQFLGH

DF 6DOLNKRY &XUUHQW VWDWH RI WKH WKHRU\ RI V

SDUDPDJQHWLF SDUWLFOHV 1HZ SDUDGLJP RI VSLQ HJ[F

VSHFWURVFRS\ 8)1 3K\VLFV 8VSHNKL

.0 B6DOLNKRY )XQGDPHQWDOV RI VSLQ H[FKDQUH 6WR
6SULQJHU ,QWHUQDWLRQDO 3XEOLVKLQJ

.9 6DOLNKRY ODQLIHVWDWLRQ RI FRKHUHQFH WUDQVIF

VSLQ H[FKDQJH DQG LWV PDQLIHVWDWLRQV LQ (35 VSHF
+

% / %DOHV 0 3HULF , 'DIJXWDQ O . %RZPDQ 00 0O
(ISHULPHQWDO 2EVHUYDWLRQ RI D 3HFXOLDU (uHFW L«
5HVRQDQFH 6SHFWUD 8QGHUJRLQJ 6SLQ ([FKDQJH 0DJC
/IHWWHUYV -

. 0 B6DOLNKRY 0 0 %DNLURY 5 % =DULSRY DQG , 7
FRQ(;UPDWLRQ RI WKH IRUPDWLRQ RI D VSLQ SRODULWI
SDUWLFOHV 3K\V &KHP &KHP 3K\V
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% / %DOHV 0 3HULF 51 6FKZDUW] ([SHULPHQWDO 2
(OHFWURQ 3DUDPDJQHWLF 5HVRQDQFH 6SHFWUD IRU
(IFKDQJH (PLVVLRQ - 3K\V &KHP /HWWHUV

.0 B6DOLNKRY 00 %DNLURY ,7 .KDLUXWGLQRY
FRQ:¢;UPDWLRQ RI WKH IRUPDWLRQ RI FROOHFWLYH P
SDUDPDJQHWLF SDUWLFOHV LQ VROXWLRQV GXH WR V¢

.0 6DOLNKRY 1HZ $SSURDFK WR(L@KMWHRQ PORQLRHQ RD
0DJQ 5HVRQ LVVXH GRL- RUJ v

5 (UQVW * %RGHQKDXVHQ $ :RNDXQ B3ULQFLSOHV RI
DQG WZR GLPHQVLRQV &ODUBOGRQ 3UHVV 2[IRUG
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Introduction

3UHYLRXVO\ D SRO\PHU JHO HOHFWURO\WH ZDV V\QW!|
GLDFU\ODWHVDOMWG) LQ HWK\OHQH - H K EGR @/IXWOHL P LIB@GR O L
WHWUDAXRURERUIRQWF (OL%XLG ,/ ,W H[KLELWHG WKHUPD
EXW WKH OLWKLXP GLUXVLRQ FRHVFLHQWY LQ WKLV V\VWHI
LQYHVWLIJDWH WKH LQAXHQFH RI WKH W RRY DRADH WHCHY LLERRQ)
SURSHUWLHV LQ D SRO\PHU JHO HOHFWURO\WHRIR®K QK H |
'2/ GLJO\PH * WHWUDJO\PH * DQG HWK\OHQMWFDUER
PROHFXOHV VROYDWLQJ WKH /L FDWLRQ

"H SXOVHG ¢HOG JUDGLHQW 105 3)* 105 HQDEOHV WK
FRQWULEXWLRQ RI HDFK FKDUJH W\SH FDWLRQ RU DQLRQ
RI WKH UHVXOWV Rl GLUHUHQW PHWKRGYV ZLOO SURYLGH L¢
DV ZHOO DV WUDQVODWLRQDO PRELOLW\ DW GLUHUHQW
XQGHUVWDQGLQJ RI WKH FDWLR QL F BAEDHPWSRRIOW VB K R/F W WA H

Materials

'H SRO\PHU HOHFWURO\WHYV ZHUH V\QWKHVL]HG YLD U
WKH SUHVHQFH RI WKH LQLWLDWRU EHQ]JR\O SHUR[LGH 39
PL[WXUH ZDV DV IROORZY/ B(*'$(&/ L), %PQG ZW 3% IRU V
HQWLUH VDPSOH "H FXULQJ RI WKLV PL[WXUH ZDV SHUIRUF

K f& £ K f& + K>@ 3( FRPSRVLWLRQV
X 3(*'$/L% "2/

3(*'$/L%), F*
3(*'$/L%), F-*
3(*'$/L%), (&

3, -
3, -

X
X
X

Wwww
—~——~

Methods

High resolution NMR

+LJUHVROXWLRQ 105 VSHFWUD R WKHASRO)PHAHUHOHFW
UHFRUGHG RQ-WKH %9$4ARHU 105 VSHFWURPHWHU SURWRQ
0+] "H PHDVXUHPHQW IUHTXHQFLHV ZHUH + /L
% & DQGUHVSHFWLYHO\ DQG WKH PHDVXUHPHQWY ZHUH ¢
“ f& "H FKHPLFDO VKLIW VFDOH Zzv FDOQEO DWHWKXVERS
DQ HIWHUQDO VWDQGDUG SSP IRU

Pulsed field gradient NMR

"H VHZLUuXVLRQ FRHVFLHQWV+ZHUHMHD QBOXKOHIG RQWKH SXOVI
JUDGLHQW WHFKQLTXH DW WKH ITUHTXHQFLHYV D
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PHDVXUHPHQWY ZHUH FDUULHG-, RXW 5R Y SHBWNIRP HASHLE ( +
ZLWK WKH GLu JUDGLHQW XQLW "H SXOVHG ¢HOG JUDGL

Results and discussion

"H GLUXVLRQ FRHVFtHQWINQGYXRQ@QHL IRU DOO 3( FRPSF
PHDVXUHG E\ 3)* 105 $00 REWDLQHG GLUXVLRQ GHFD\V F
OHDVXUHPH@®RWVGRUHUHQW QXFOHL SURYLGH LQIRUPDWLR!
LRQV DQG PRGHBXPOGINL REO, FDWLRQV DQG NROQXF®MHMHL PR
OLWKLXP FDW)LR®@\ D@QRAQQY

Table 1. Diffusion coefficients Gfl (EMI+, solvent),Li (Li+), *%F (BF4-) at 22.5 °C

Compositions Dn T k Dior T k Di(EMIT % k| Dyy(Sol), f2 k
PEL (DOL) 4.09U0% 1.36u0" 1.93u0™ 4.46U0™
PE2 (G2) 6.64U0" 1.34u0™ 1.72u0™ 2.05u0™
PE3 (G4) 4.53U0™ 8.41u0™ 1.18u0™ 6.78U0"
PE4 (EC) 1.81u0™ 1.32u0™ 1.83u0™ 3.08u0™

The highest diffusion mobility of Li+ cations was observed for the PE2 composition
containing G2. In general, the mobility of the Li+ cation decreases in the PE series: 2>3~1>4.
It is worth noting that for PE3, where the lowest mobility of EMI+ and,-BBns was
observed compared to other compositions, the diffusion of lithium cations was only slightly
lower than that in the PE2 composition.

Temperature experiments were also carried out to measure the diffusion coefficients
Ds on the nucletH, "Li and *F in the temperature range from 0 to 60 °C. The dependencies
follow Arrhenius behavior. The activation energies of diffusion were calculated.

The activation energy of EMI+ diffusion in pure IL was 21 kJ/mol, and in cross-linked
PEGDA, this value was higher for all the studied polymer electrolytes PE1-4, since the
diffusion of IL in the cross-linked polymer matrix is hindered.

For compositions containing diglyme or tetraglyme as a solveyt .7 and 22.4
kJ/mol, respectively), significantly lower activation energies for the diffusion of lithium
cations were observed compared to compositions with DOL and E€ @.6 and 35.5
kJ/mol). At the same time, the, Bf diffusion of solvent molecules was higher for PE2 and
PE3 (&= 28.8 and 27.5 kJ/mol) than for PE1 and PE4=(E4.1 and 23.6 kJ/mol).

To understand the processes of competitive ion transport, the hydrodynamic radius of
all ions and molecules was calculated from the diffusion coefficients on all nuclei using the
Stokes-Einstein equation: )

pi
& L(.j 5 1)
wherec is a constant,kis the viscosity, ands is the Stokes radius for diffusing
particles.
Figure 1a shows the dependence of the relative hydrodynamic radius of the lithium cation on
temperature for four solvents.
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(@ (b)

JLIXUH 7THPSHUDWXUH GHSHQGHQFH RI D WKH UHODWLY
FDWLRQ E WKH GLUXVLRQ@ BRHAFRPLESRVMWERRREFHUY FRUUHVS]|
WKH 3( FRPSRVLWLRQV

As can be seen from Fig. 1a, the relative hydrodynamic radius of the lithium cation for
systems with small molecules (EC, DOL, and diglyme) decreases with increasing
temperature. This is consistent with the existence of both the first and second coordination
spheres of the solvent molecules around the lithium cation. The effective solvation radius
decreases with increasing temperature due to the increased lability of the second coordination
sphere. The largest slope was observed in the case of cyclic molecules, whereas for diglyme,
it was practically absent.

In the case of tetraglyme, this dependence is reversed, i.e., with increasing
temperature, the solvation shell increases. This is probably due to the re-solvation of the
lithium cation from the polymer matrix to tetraglyme. The anomalous slope angles of the
temperature dependence of the hydrodynamic radius, as well as the diffusion coefficients for
lithium (Fig. 1b), can be attributed to the different solvation environment of the lithium cation
in the polymer-tetraglyme system at different temperatures. Thus, at low temperaturies, R
this system, as calculations have shown, decreases. This can be explained by the coordination
of the lithium cation along the polymer matrix, theri passes into the 1(G4) complex and,
with increasing temperature, into its more stable complex (G@4), as was shown in [4].
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Influence of the shape of gold nanoparticles on the
structural and dynamical properties of L-tyrosine
M. Smirnov, A. Zozulya, |. Lyatun, G. Kupriyanova
,QVWLWXWH RI 3K\WVLFV ODWKHPDWEPYD @XQHO, QDR IDITR/Q
8QLYHUVLW\ DOLQLEXWNL®
(-PDLO VPLUQRY PDUN #\DQGH[ UX
KWWS NDQWLDQD

Introduction

This work is devoted to the study of NMR parameters of the aromatic amino acid L-
tyrosine in the presence of noble metal NPs of different shapes by high-resolution NMR
spectroscopy and NMR relaxometry methots?].

The results obtained will be useful for the development of biocompatible materials
based on metal nanoparticles for medicine. A stable and long-lived «amino acid-nanoparticle»
system is required for medical applications, including fluorescent tag delivery, theranostics,
etc.

Experiment

High-resolution™ NMR spectra of aqueous solution of L-tyrosine (AST) were
obtained on a Varian 400 MHz NMR spectrometer with a constant magnetic field B0=9.4 T.
The spectral width was chosen to be 16.1 ppm, the number of scans was 512, and the
relaxation delay was 1 second. The intense water signal was suppressed using the pulse
sequence «Water ES».

The Inversion-Recovery pulse sequence was used to measure T1 relaxation times. The
following experiment parameters were used: the relaxation delay was 10 seconds, the number
of scans was 256. The time of the experiment was 15 hours and 20 minutes. The «Presat»
pulse sequence was used to suppress the water signal in the relaxation experiment.

Samples

In the study, AST was studied
combination with three types of go
nanoparticles differing in their geometric
shape. Gold nanoparticles of three geome
shapes were used:

1. Spherical;

2. Star-shaped;

3. Rod-shaped.
Gold nanoparticles were visualised
electron microscopy on a Zeiss Crossbe
540 dual-beam station. A star-shaped im  Figyre 1 (7. Scanning electron microscope

of gold nanopatrticles is presented in Fif image of star-shaped gold nanoparticles
(a), and a similar image of rod-shaped N
is presented in Fig.1 (b).

To 120 pl of AST was added 48 pl of a solution containing gold NPs of each of
the forms described above. 60 pl of deuterated water was added to the samples. Sodium
trimethylsilylpropanesulfonate (DSS) was used as an internal NMR standard. Also, 370 pl of
water was added to all samples. The concentration of the amino acid L-tyrosine in all samples
was 10”-2 mol/L.
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Results

The high-resolutioiH NMR spectra of both AST alone and with the addition of three
different types of gold nanoparticles are presented in Figure 2. The assignment of signals in
the 'H NMR spectrum to individual molecular fragments of the tyrosine molecule was
performed on the basis of COSY and TOCSY experiments according to [3]. The structural
formula of L-tyrosine is also presented in Fig. 2.

Analysis of*H NMR spectra (see Fig.2) reveals multidirectional changes of chemical
shifts of tyrosine signals in the presence of gold NPs of different shapes.

The chemical shifts of AST signals in the presence of star-shaped gold NPs shift to the
strong-field region by 0.01 ppm. This trend is observed for all molecular fragments without
exception.

When adding a solution containing gold N

in the form of rods, a much mo

complicated situation is observed. T

proton doublet of the benzene ring a

shifted by 0.07 ppm to the strong fie

region, while b has a shift of 0.09 to 0.

ppm. The quartet of the CH group show:

shift to the strong-field region by 0.09 ppi

The proton C1 quartet of the GHyroup is

shifted by 0.07 ppm, and the C2 qua

shows a similar shift to the strong fie

region of 0.08 ppm.

Fig.3 shows the distribution diagram Figurel (b). Scanning electron microscop:
longitudinal relaxation times T1 of fou image of rod-shaped gold nanoparticles.
tyrosine samples.

Based on the presented data, the tendency that the addition of gold NPs first of all
affects the relaxation time of the protons of the benzene ring a and b of the tyrosine molecule
is clearly visible. The addition of spherically shaped gold particles leads to an increase in the
relaxation time of the proton of the benzene arxy 0.13 - 0.16 s, and that of the proton b by
0.26-0.31s.

Figure 2."H NMR spectra of AST and AST with the addition of spherical, star-shaped
rod-shaped gold nanoparticles.
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When rod-shaped gold NPs are added, a diametrically opposite situation is observed.
The T1 time of protomis reduced by 0.05 - 0.12 s, and b by 0.13 - 0.29 s relative to tyrosine
without NPs. A similar situation is observed in the tyrosine sample with the addition of star-
shaped NPs. The T1 time for proton a decreases by 0.04 - 0.11 s, and for b by 0.14 - 0.34 s.
It is worth noting that the addition of any type of NPs has an extremely weak effect on
the relaxation time of the protons of the £gtoup, and this tendency is especially noticeable
for the proton of C2.

Figure 3. Distribution of T1 relaxation times of four investigated tyrosine samples
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Development of a new class of adiabatic inverting MCA
pulses combining constant and offset-independent
adiabaticity
Alexander V. Snadirf, Alexey S. Kiryutif) Natalya N. Fishmai Nikita N. Lukzeh?,

'Department of Physics, Novosibirsk State University, Novosibirsk, Russia

, QYW HUQDWLRQDO 7RPRJUDSK\ &HQWHU 6LEHULDQ %UDQFK F
1RYRVLELUVN 5XVVLD
(-PDLO D VQDGLQ#WRPR QVF UX

Introduction

$GLDEDWLF WHFKQLTXHV LQ 105 DQG (35 RuHU QHZ
PRGXODWH VSHFWUD LQ PDJQHWLF UHVRQDQFH ZKLFK RS
VFLHQFH ELRORJ\ DQG FKHPLVWU\ $GLDEDWGF IBMOXHYFD
PRGXODWHG 5) PLFURZDYH SXOVHV WKDW DUH UHODWL
LQKRPRJHQHUWVRQDBQFH HuUHFWV $ QRWDEOH IHDWXUH RI |
SRVVLELOLW\ RI UHFWDQJXODU VSLQ LQYHUVLRQ RYHU D
LOQYROYHPHQW LQ PHGLFDO FOLQLFDO 05, VWXGLHV IRU VKI

$W SUHVHROVG RAWGI®WHQW DPSOLWXGH 2,$ > @ SXOVHV
ZLWK WKH DGLDEDWLFLW\ SDUDPHWHU ([HG IRU DOO LVRFEK
IRU D VLQJOH PRPHQW RI WLPH ZKHQ WKH FXUUHQW IUH-
IUHTXHQF\ RI WKH FRUUHVSRQGLQJ LVRFKURPDW 'HVSLWH
SHUIRUPDQFH LQ VRPH FDVHV UHTXLIH@G RPBOISWMRGEHSR DI
VRPHWLPHY FRPSOHWHO\ LQHVFLHQW ,Q D SUHYLRXV VW
DSSURDFK &$ IRU FRQVWUXFWLQJ DGLDEDWLF SXOVHV "L
IRU WKH FHQWUDO LVRFKURPDW WKURXJKRXW WKH SXOVH
WKH SXOVH GXUDWLRQ LV OLPLWHG

Methods

In this paper, we have developed inverting MCA pulses that combine CA and OIA
opportunities. We derived and solved the differential equations for the time dependencies of
the RF field amplitude and frequency offset, which provide these two conditions. We then
studied and compared the spectral selectivity and stability of the constructed pulses by scaling
the RF field amplitude with those of other popular adiabatic inverting pulses. The MCA
pulses obtained exhibited notable stability and superior performance in comparison to other
OIA pulses under conditions of low adiabaticity. Additionally, a script has been provided to
generate a shape pulse file for the TopSpin program utilizing our adiabatic inverting pulse for
incorporation into the experimental procedures [3].

The proposed MCA pulses were also verified experimentally on an NMR spectrometer,
which confirms the numerical simulation results.
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3, RQLF /LTXLG ($1 $Q/H22" 6\VWHP 6WXGLHG E\

NMR and Computational Methods
Milosh Ubovich? Kirill A. Mukhin®, Vladimir V. Matveey Andrey V. Egoray
Vladimir I. ChizhiR
JDFXOW\ RI 3K\VLFV 6DLQW 3HWHUVEXUJ 6WDWH 8QLYHU\
5HVRXUFH FHQWHU 3K\WLFDO PHWKRGV RI VXUIDFH LQYH
8QLYHUVLW\ 5HVHDUFK SDUN 6DLQW 3HWHUVEXUJ 5XVVLI
,QVWLWXWH RI &KHPLVWU\ 6DLQW 3HWHUVEXUJ 6WDWH 8
(-PDLO Y FKL]KLN#VSEX UX

Introduction

In recent decades, ionic liquids (ILs) have attracted considerable attention of the
scientific community due to their unique physical and chemical properties. It makes them as a
distinct and prominent area of research [1]. Ethylammonium nitrate (EAN), the first example
of a protic ionic liquid (PIL), has drawn considerable interest because of its wide-ranging
potential applications across various fields.

While lithium salts have been the most effective materials for electrochemical devices
to date, there is increasing interest in electrolytes that incorporate divalent and trivalent ions.
These salts offer significantly higher energy density compared to lithium-based systems.
Several studies have examined the physical and chemical properties of solutions containing
aluminum nitrate in EANn order to study such systems in more detail. Research usifig the
NMR method revealed that these solutions retain water (it originates from aluminum
crystallohydrates) within the first solvation shell of thé*Adation, even after standard drying
processes. This bound water cannot be easily detected using conventional Karl Fischer
titration. The aim of this study is to explore whether it is possible or impossible to eliminate
ZDWHU IURP WKH 3 RQLByHLIXNGVYWSHPSO QG WR DQDO\]H K
water in the system changes with variations in temperature and aluminum salt concentration.

Experimental

The samples were prepared using EAN and crystalline hydrate A{{96,0 (purity
. ($1 zDV VIQWKHVL]HG IURP DTXHRXV VROXWLRQV F
acid by mixing equimolar amounts of these chemical agents in an ice bath:
7 6 6F 78 > 7 5 7E> ;7 xe™f_1":4
"H VROYHQW ($1 FRQWDLQLQJ D PRGHUDWH DPRXQW RI Z
$0 12 +2 NJ RI VROYHQW FRQWDLQV PRQHV RI ($1 D¢
‘H VDPSOHVY ZHUH SUHSDUHG E\ JUDYLPHWULF PHWKR
XVLQJ LQWHJUDO HQWSHFPW.WILH VO ROQHWKRI ($1 DQG ZDWHU
IROORZLQJ PRODU FRPSRVLWLRQV IRU+ 2 KPL[\@XH NW L IJPQV
>($@ >+ 2 8 PRO RI $@212 NJ RI WKH VROYH(
$0+ >($® >+ 2 8§ PRO RI $8212 NJ RI WKH VROY}F
GU\LQJ SURFHGXUH ZDV SHUIRUPHE X ®QE WKIH SHILIVW X L
"H DLP RI WKLV SURFHGXUH LV WR FKHFN WKH SRVVLELC
VDPSOHYV
105 PHWKRG ZDV DSSOLHG LQ WKH SUHVHQW VWXG\
LQYHVWLJDWH RI ,/V DUH SHUIHFWO\ GHPRQVWUDWHG >
XVLQJ %UXNHU $YDQFH ,,, 0+] 6SHFO@XROPHWHU B® IRW-+
DQG 0+]1IR&SSOQWWLFH UHGDHVUIHR OHWIVIXHWH G XVLQJ WI
UHFRYHU\" WHFKQLTXH "H WHPSHUDWXUH UDQJH EHWZH¢t
ZHUH XVHG "H DFFXUDF\ RI WHPSHUDWXUH VWDELOL]DWL

111



Oral Reports

Results
"H $O FDWLRQV SUHGRPLQDQWO\ H[LVW LQ DQ RFWDKI
“ ZDWHU PROHFXOHV LQ WKH ¢UVW FRRUGLQDWLRQ VK
URRP WHPSHS@DWXUYs#@ >1@&q +2 "H K\GURJHQ H[RKDQJH W
LQ WKLV VXEVWUXFWXUH LV DSSUR[LPDWHO\ PV DW +
KLIJKHU WHPSHUDWXUHY $V WKH WHPSHUDWXUH ULVHV FR
WR DSSHDU DQG WKHLU UHODWLYH FRQFHQWUDWLRQ DW
LQWHJUDO LOQWHROLWHNYV IRM WKXSHUR[LPDWHO\ + $O "H HJ[L
105 OLQHV HYHQ DW . VHH )LJ LQGLFDWHVY VORZ DQ
PRUH WKDQ PV "LV VXJJHVWV WKDW QLWBDWHRR® LIRQV
ORQJHU GXUDWLRQ FRPSDUHG WR WKH H[FKDQJH WLPH RI K

JLIXUH $@HVSHFWUD IRU WKH (K@ X Y H&E B 0+2 DW .

"H LQWHJUDO FDOFXODWLRQV IRU WKH SSP OLQH L
PROHFXOHV ERRWIGH DWLRQ VSKHUH ZKHQ WKH CFDRXICRD R |
LV UHGXFHG >(%® >1@&q + 'LV LPSOLHV WKDW XQGHU
ORZHU ZDWHU FRQWHQW ZKLOH WKH PDMRULW\ RI FRPS
$0 12 +2 VRPH FRPSOH[HV IRUP ZKHUH QLWUDWH DQLR
PROHFXOHV

7R DVVHVV WKH SRVVLELOLW\ RI UHPRYLQJ ZDWHU IL
SURFHGXUH ZDV FRQGXFWHEDBWRU VSKHEXWUD ARQVLVW RI WK
WKH UDQJH RI - SSP IURP ZDWH WFPRIORIFX ODHMG QHDU.  WH
DURXQG SSP IURP ZDWHU LQ WKH PRVDLF RI ($1 LRQ
QXPEHU RI ZDWHU PR O HBX\OLHR\Q GFHDOU EW KFHD & X ODW H G “
LQWHQVLW\ Rl WKH PDLQ ZDWHU OLQH "HUH LV D VLJQL¢F
PROHFXOHV E\@@LRQV{;DIRLQJ LV IXUW KBIOULU X SSSRHAWHI® EV |
DOVR > @

7R LQWHUSUHW WKH 105-FfSHFVFDD WBEFXODQWRBYV R
VKLHOGLQJ FRQWWDQ®® IRUFOHKH LQ -PQ[HREQ FIRWPLISROH[HV Z
LQYROYHG-F&OHPQWX® FDOFXODWLRQV ZHUH SHUIRUPHG XV
> @ B6WUXFWXUDO SDUDPHWHUV RI IXOO\ RSWLPL]HG JHRP
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*G S EDVLV VHW "H HOHFWURQ VKLHOGLQJ FRQVYV
FRQVLGHUDWLRQ ZHUH FDQFXOOIBM/RIFEUE LW R OV KH$ 2D XKRUP D (
@ DW WKH %*/&3S SRSXODU PRGHO OHYHO "H GLuHUHQI
E\ WKH FRRRMLFBDO FDOFXCHIDWORGUHRILYKHKH RFWDKHG
RWKHUV LV LQ DFFRUGDQFH ZLWK WKH H[SHULPHQWDO VS
One of the goals of this work was to analyze how the presence of the aqua complex
near the aluminum cation ([AI@G))G]3+) affects the microstructure and molecular mobility in
the mixture of EAN and aluminum nitrate. Molecular dynamics simulation method was
chosen as the research method, since it allows one to monitor the evolution of a system at the
molecular level.7KH VLP X O DWEAR @ [RHMEH: ® 2;,@  V\ Wi ldaried
out using the molecular dynamics method applying the MDynaMix v5.0 software package [9]
in a cubic cell with periodic boundary conditions in an NPT ensemble at the temperature of
298 K and atmospheric pressure (Nose-Hoover thermostat [10, 11] and Hoover barostat
[12]). The potential proposed in the works [13, 14] was employed to describe the interaction
of EA" cations. A model nitrate anion was treated as a 4-site planar structure with the central
nitrogen atom and three oxygen atoms at the distance of 1.22 A with all O-N-O angle$ of 120
[15]. The sum of Coulomb and Lennard-Jones (12-6) potentials described the interaction of
the model nitrate-anion and other particles. Two potential parameter sets of nitrate-anion were
considered (see Refs. [13, 16]). The potential parameters of the mdtlieinAlvere described
in Ref. [17]. Three-site SPC/E [18] water model was considered in the present study.
Simulation time was 1 ns. Residual water appearing during the preparation of mixtures with
aluminum salts can strongly influence the structure and properties of a system, and this effect
should be taken into account in practice of designing mixtures for different applications.
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Introduction

Metals and metallic alloys with particular orientations of the crystalline axes in the
grains and controllable microtextures are of exceptional importance for various technological
applications [1,2]. The orientation of a single oriented crystalline phase upon solidification of
tin was observed by nuclear magnetic resonance [3,4]. The latter method of proving the
alignment of crystalline axes along particular directions has the advantage over other methods
as it can be done within the magnet of the NMR spectrometer at different temperatures due to
strong angular dependence of the resonance line position. In the present study we used the
commercial NMR spectrometer supplied with a superconducting magnet to demonstrate the
directional solidification of metallic gallium in the strong magnetic field.

Experiment

'H VDPSOH zZDV D JDOOLXP EDOO RI PP LQ GLDPHWH
SUHYHQW WRXFKLQJ ZLWK WKH FHUDPLF 105 FRLO LQVHUYV
*DOOLXP KDV WZR VvIy DEEH ZVRMWRSMHWKHU VLPLODU DEXQGL
KDYH WKH VSLQ HTXDO WR "POQG JIKBBDXGRMYEBBPRDWQ!

A" UDGA% EDUQ DQGA UDGAZ EDUQ*DRU
DQGED UHVSHFWLYHO\ ORVW PHDVXUHPHQWY LQ WKH SUH
JDOOLXP LVRWRSHV

Studies were carried out using a Bruker Avance 400 NMR pulse spectrometer at
magnetic field 9.4 T within a temperature range from 150 to 350 K. We observed NMR
signals for both gallium isotopes. The NMR spectra were recorded at different temperatures
when gallium was in the liquid, solid, or supercooled states as Fourier transforms of the free
induction signals after a 90-degree pulse. The frequency shifts of the resonance lines were
referenced to NMR lines of the gallium isotopes for the GaAs single crystal at room
temperature.

Results

The melting temperature of the stablemodification of gallium is 302.9 K. An
example of the NMR line fof'Ga at 314 K is shown in Fig. 1,a (left panel). Gallium is easy
to be supercooled. The resonance lines for the supercooled gallium are similar to those above
the melting point. The integral intensity of the lines is proportional to the amount of melted
gdlium. Fig. 1,a (right panel) demonstrates a temperature dependence of the integral intensity
of the”*Ga resonance line relevant to the gallium melt when the sample was first heated up to
314 K, then cooled down to 156 K well below the complete gallium freezing, and
subsequently warmed up to the initial temperature. As can be seen in Fig. 1,a (right panel) the
intensity of the NMR signal from supercooled gallium became zero at 270.9 K. At the same
temperature two Gaussians emerge in the NMR specif@atentered at 1280 and 210 ppm
(Fig. 1,b).

To understand the directions of theGa crystalline axes in the oriented parts with
respect to the magnetic field we studied the angular dependences of the resonance line
positions (Fig 2). The quadrupole shifts of the resonance lines due to the central transitions in
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a strong field of 9.4 T can be calculated using the perturbation theory of the second order [5].
The quadrupole shiftly for the spin 3/2 can be written as a sum of the isotropic and
anisotropic contributions:

Fig. 1. (a) Left panel”?Ga NMR line for the melted gallium at 314 K, right panel:
temperature dependence of the intensity of the NMR signal from melted gallium at cooling
(blue solid circles) and warming (red open circles). The dashed lines are guides for the eye.

(b) "Ga NMR spectrum for oriente®Ga at 270 K

2 2
g isg anG lOQ 1 §§ QiQ A( 1
L © B
where _ is the Larmor frequencyg, is the quadrupole frequencyjs asymmetry, and 3are
the polar angles specifying the magnetic field direction with respect to the principle axes of
the EFG tensor. The coefficients in the second term are given by:
27 9
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Neglecting the anisotropy of the Knight shift, we can write the expression for the total shift
as:

KISD GQ’ (3)
whereKig, is the isotropic Knight shift in-Ga. The rotation angle was set to zero in the
initial position of the sample.

Fig. 2. Dependences of the NMR line shifts in the oried®€a on the rotation angle Open
and closed symbols correspondiGa and”'Ga, respectively. Solid and dashed lines are fits
using Relationships 3.
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According to the fit, the oriented parts of gallium have their crystadiagis directed
along the external magnetic field. The anglis then the angle between the magnetic field
and the crystallin@-axis. The energetically favorable orientations of the crystalline axes in
magnetic field correspond to the minimization of the magnetic energy of the nuclei formed
upon cooling the melt. The correlations between the orientation of the crystalline nuclei and
magnetic energy are established due to anisotropy of the magnetization tensor.

In another thermal cycle we heated the gallium sample up to 340 K and started the
cooling process. Gallium was frozen at 257 K in contrast to 270.9 K during the previous
thermal cycles. Then the sample was cooled down to 233 K and warmed up. The whole
sample was melted at 267 K, which is relevant f@éa. The dependence of the integral
intensity of the’’Ga NMR signal in the melt is shown in Fig. 3. Starting from 257 K at
cooling and up to 267 K at warming, a single narrow signal was observed, which is
unambiguously caused by oriente®a.

Fig. 3. Temperature dependence of ffa NMR signal intensity from melted gallium at
cooling from 340 K (blue solid circles) and subsequent warming (red open circles). The
dashed lines are guides for the eye. The inset showW&ahd\MR line for the orientedGa
at 257 K.

The lines corresponded to the central 41/2/2 transition for both.- and -gallium
were observed in different thermal cycles. The intensity of the lines and the angular
dependences of the line frequency shifts suggested that more than 1/3 of the gallium volume
had ordered crystalline axes. The results were quite reproducible for particular cooling-
warming thermal cycles. It was found that the NMR signals from the orieri@&d
disappeared below 230 K due to the polymorph transition .i@a.
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Introduction

‘H /LQGEODG HTXDWLRQ > @ LV ZLGHO\ XVHG IRU VR
RSHQ VSLQ V\WVWHPV ZLWK WKH HQYLURQPHQW > @ “H /L
Rl WKH GHQVLW\ PDWUL[ GXULQJ WKH HYROXWLRQ RI '
GH¢{QLWHQHVV RI WKH GHQVLW\ PDWUL[ > @ LV FRQVHUY
/LQGEODG DSSURDFK FDQ EH DSSOLHG WR V\VWHPV ZLWI
VROXWLRQV DUH SRVVLEOH LQ VSHFLDO FDVHV RQO\ :H
VSLQ VI\VWHP LQ PXOWLSOH TXDQWXP 04 105 > @ ZKHC
HTXDWLRQ FDQ EH REWDLQHG :H VKRZ WKDW WKH VSHFW
JHURWRG SOXV PLQXV VHFRQG RUGHUV RQO\ LQ D V\VW
GHSHQGHQFLHV RI WKH LQWHQVLWLHV RI 04 105 FRKHU
REWDLQHG

2Q WKH EDVLV RI TXDQWXP G\QDPLFV LQ 04 105 ZH L¢
> @ TXDQWXP HQWDQJOHPHQW LQ WKH FRQVLGHWHG V\V
HQWDQJOHPHQW RQ WKH UHOD[DWLRQ UDWH

MQ NMR in a two-spin system with the dephasing relaxation

We consider the Lindblad equation [1] for a two-spin system in the conditions of
multiple quantum (MQ) experiment [7] with dephasing relaxation. The equation for the
density matrix for this case reads

d@ Di
d 2

ZKHUHLY WKH FRXSOLQJ FRGV3/P@MHW LRMAMK D FRMSRROKH VS|
DQJXODU PRPHQWXP SURMHAWLRQ RS HUDW R D URHQWKHKIHU D L

DQG ORZHULQJ RBWWHKMHRUNWH Bl WKH GHSKDVLQJ UHODIL
(T IRU VSLGY 0 BHHQRUPLQJ WKH WUDQVIRUPDWLRQ

2 1, 1 -
Il|2 |1|2! l—()i g : Izk Uzk 5' zk (0/72%/4)1}@'
k1

1
® e?o(
Then we can rewrite Eq. (1) in the following form
d Di _ 2
e SO O
At t=0 the system is in the thermodynamic equilibrium state and its density matrix is

ef: .
o) — zZ Trlef |

It is possible to obtain an analytical solution of Eq.(3) with the initial state (4). As a result, the
density matrix has the X-form [6] and can be represented as
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a, 0 O a,8
0 a, 0 O-
W5 0 a, o

a, 0 0 a®
where the matrix elemends;, aq4, &2, 833, 841, d4g are

gt

> tanh—
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eZ
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4cosﬁ 4JD2 /4

The density matrix of Eq.(5) allows us to obtain the intensities of MQ NMR coherences.
The intensity of the MQ NMR coherence of the zeroth order is

2 §2
Jo (1) tanfk co§/D2 \/7/ sin|D? g t e
4

The intensities of the MQ NMR coherences of the plus/minus second order are

ot 2
3,0 ttanh ‘5?792 siff, |07 Lt
2 20D* g¢g*/4 4
If the dephasing relaxation is absent these MQ NMR intensities are

AN() tankE coéDt ,J, t() tanlf_r strDt

It is interesting to notice that the oscillations of MQ NMR coherences are determined

by \D® g?/4 but not D as in the case without relaxation. The reduction of the oscillation
frequency as compared with D was observed experimentally in [7].

Quantum entanglement in a two-spin system with dephasing

relaxation
7R GHWHUPLQH WKH FRQFXUUHQFH > @ ZKLFK GHVFL
VWDWH WKH HLJHQYDOXHV RI WKH IROORZLQJ RSHUDWR

R .Y (& V.,V (i
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where &,; : G L s are the Pauli matrices acting on spins 1 and 2. The density mégir ;

is the complex conjugate o:&. Using the Wootters formula [9] for the concurrence, we
obtain

2 |a,| a, . iflal a,
® i
= 0 ifla, a,

Fig.1 demonstrates the dependence of the concurrence on the dimensionless evolution
time i L & For different rates of dephasing relaxation g/D afl..5. Dephasing relaxation
destroys the quantum correlations.

JLIXUH aH GHSHQGHQFH RI WKH FRQFXUUHQFH RQ WKH
UDWHV RI WKH GHSKDVLQJ UHOD[DWLRQ

Conclusion
"H GHSHQGHQFH RI WKH LQWHQVLWLHVY RI 04 105 FRK
UHOD[DWLR& IR DV\WERP KDV EHHQ WKHRUHWLFDOO\ V

TXDQWXP HQWDQJOHPHQW KDV EHHQ LQYHVWLJDWHG D
UHOD[DWLRQ
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ORGHUQ KHWHURJHQHRXV FDWDO\WWV RIWHQ UHTXLUH
2QH RI WKH QRWDEOH H[DPSOHV RI VXFK AH[LEOH FDW
DOXPLQRSKRVSKDWH $032 PROHFXODU VLHYHV WKDW FDQ
LQ YDULRXV LQGXVWULDOO\ LPSRUWDQW SURFHVVHV 9DUI
$032 IUDPHZRUN LQ RUGHU WR WXQH LWV FDWDO\WLF SU
VXEVWLWXWLRBQRV HXKBFK FUHDWHV VWURQJ %URQVWHG D
H[FHVVLYH DPRXQW RU VWUHQJWK RI DFLG VLWHYV PD\ OHD((
FUDFNLQJ LQ WKH LVRPHUL]DWLRQ UHDFWLRQV RU HYHQ FI
"H DFWLYLW\ RI WKH UHVXOWLQJ IUDPHZRUN FDQ EH ¢(QF
HOHPHQW H J ERURQ

,QRXU SUHYLRXV ZRUN > @ ZH KDYH VKRZQ WKDW W]
IUDPHZRUN RI DOXPLQRSENRVSKDHPH BOBDKLELWHG 2QH RI
IRU VXFK D ZHDN LQWHUDFWLRQ LV WKH SDUWLFXODUO\
IUDPHZRUN > @ DQG WK$HOKEBRQRO\VEW RIUWKXOW WKH FRQ
LQ WKH UHVXORLQYHWI$SBQ LV EDUHO\ GHWHFWDRBOHO5 Q WKL’
H[SHULPHQWDO HYLGHQFH RI LOQWYRGXFMHRRU R | VERXR® D Q
ZLWK VLOLFRQ ,I ERWK Rl WKHVH-&SRWPHOODNFW DRE® LVORNHURB
Rl ERURQ LQ WKH UHPRPOWWMUQD M E&¥3RUGHUV RI PDIJQLWXG
%%$32 'LV PD\ EH FDXVHG E\ WKH GLVUXSWLRQ RI DOXPLQ
DOORZV IRU % VLWHV WR VWDELOL]H LQ WKH IUDPHZRUN
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Introduction

'"HYHORSPHQWYV Rl QHZ FRPSRVLWH QDQRVWUXFWXU
H[SDQGLQJ WKH GLDJQRVWLF FDSDELOLWLHV RI GU&XJV ZK
"LV LQYROYHV VHDUFKLQJ IRU RSSRUWXQLWLHV WR PD[LP
RSWLPDOO\ FRPELQLQJ WKH EHQH¢(FLDO SURSHUWLHV RI
GHOLYHU\ RI GUXJV WKDW FDQ EH SODFHG RQ VSHFLDOO\
QDQRSDUWLFOHYV -WRHG VIMUX EWXUWKWHOBPDSDEOH DPRQJ R
WKH DEWLYLW\ Rl GUXJV > @

7R VROYH WKHVH SUREOHPRUPHQULFOI RDIPGIHR IDNNG P @k
VLOLFRQ DQG QDQRSDUWLFOHV ZLWK ODQWKDQLGHV DU
QXPHURXV DSSOLFDWLRQV GUXK-RBMOGYHKRWREQEDPKAP
K\SHUWKHUPLD SKRWRDFRXVWLFV XOWUDVRXQG @PDJLC
$PRQJ SURPLVLQJ ELRPHGLFDO PDWHULDOV-P&BRRGILDPG
SURSHUWLHVY DWWUDFW DWWHQWLRQ DV SURPLVLQJ SOD\
LQ SHUVRQDOL]HG PHGLFLQH WDVNV > @ OHWKRGV DUH ¢
ZLWK QDQRGLDPRQGV DQG WKHLU K\EULGV ZLWK QDQR
IXOOHUHQHV IRU WDUJHWHG GHOLYHU\ DQG RYHUFRPLQJ

,Q WKLV ZRUN ZH KDYH VI\QWKHVL]HG IXQFWLRQDO KH
EHLQJ HQGRIXOQHWHQRGV 0#8a ZLWK 1 DQG G PHWDO
"HVH PROHFXOHV ZHUH SODFHG RQ WKH VXUIDFH RI GH)
DSSOLFDWLRQV LQ ODJQHWLF 5HVRQDQFH ,PDJLQJ 05,
QXFOHDU PHGLFLQH DOVR "H VSHFL¢{F IHDWXUH RI HQGR
PDJQHWLF DWRPV LQVLGH D GXUDEOH FDUERQ FDJH ZLWK
WKH HQFDSVXODWHG DWRPV FRQVHUYH WKH RULJLQDO )
DLPHG WR UHDFK D SRVLWLYH HUHFW LQ WKH HQKDQFHP
UHVXOW RI WKH DWWDFKPHQW RI IXOOHUHQROV DW GLD
WKHVH PROHFXOHV DQG RUJDQL]H WKHLU HuUHFWLYH LQW
SURWRQ VSLQ UHOD[DWLRQ DQG JXDUDQWHH D KLJK FRC
SUHSDUDWLRQYV

Samples and NMR experiments

JXOOHUHQROV ZHUH SURGXFHG E\ K\GUR[WOEB®HRW®Y WRLIF
DUF > @ 'H QDQRGLDPRQEVHVRKHPLFDOO\ SXUL{HG DC
ARZ RI K\GURJHQ DLU REWDLQEQWWDODVDRIGNKL'SRVLWL
SRWHQWLDOV LRY ZDAWKHBK HQVXUHG WKH VWDELOLW\ RI G
VSHFL¢(F VXUIDFH DUHD RI>SHEJW,IQF HXHRBRXV BPHGH.D WK
PROHFXOHV IRUPHG K\GURJHQ ERQGV ZLWK WKH K\GURSK
YLD K\GUR[\OV "H DVVRFLDWLRQ RI FRPSRQHQWYV ZDV HQ
LQWHUDFWLRQV ZKLFK DOORZHG WKH oPRUPDWLRQ R
0#& g2+, '1'=- "H IROORZLQJ DTXHRXV VROXWLRQV ZHUH
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'1'= N FRQFHQWUDWLRQ - PJ PO PJ1PO - '1t=
*G#H& 2+ ; a PJ PO "1'= 2+fG#H&
PJ PO G# & PJ PO + 2 02+R#@ a
PJ PO - '1'= + R #8& + PJ PO
'1'= +R#&2+ PJ PO 0 QH#& a ;a
PJ PO - '1'=s YH#&&2+; Q a ;oa
PJ PO "1'= QB#& Q a ;a PJ PO

ODJQHWLF UHOD[DWLRQ SURSHUWLHV RI DTXHRXV GLV
DWRPV *G +R )H ZHUH VWXGLHG LQ 105 H[SHULPHQWYV D\
GHWHUPLQDWLRQ RI ORQJLWXGLQDO DQG WUDQVYHUVH UH
%UXNHU 0+] $YDQFH ,,, VSHFWURPHWHU ODJQHWLF 5
SHWHUVEXUJ 6WDWH 8QLYHUVLW\

Results
7R HYDOXDWH WKH HVFLHQF\ RI SUHSDUDWLRQV ZLWK
7 7 ZHUH IRXQG LQ VROXWLRQV 'H FRUUHYSRQGLAQ.
ZHUH VXEWUDFWHG IURP WKHP QRUPDOL]LQJ WR PHWDO
PDJQHWLF UHOD[DWLRQ FKDUDFWHULVWLFV Rl VXEVWDC
7 .@ &PP )LJ

JLIXUH /IRQIJLWXGLQDO DQG WUDQVYHUVH UHOD[LYLWLHV
DEF DQG WKHLU FRPBOHIHV GLWRKRQGV LQ DTXHRXV

,Q WKH VWUXFMWXOWHW HAQWRVGWKH BPROBWWHKH LKLdKH W
LQ WKH FRPSOH[ YRWR51FRQWUDVW W-KH & L PWPRODQNVH OU
FUXFLDOO\ LPSRUWDQW )RU [P PWRID XK DQWXRDRRQ IUW XaG H W
VLIQL,FDQWO\ WKDWOURE BRB B IXO® HXIGIQROWQROV RQ '1'=
U a “"PPRO )LJ D ,QGHHG 2WKHL'=G#BRRPSOH[HV DUH PR
HUHFWLYH WKDQ SXUH IXOOHUHQROV DQG FDQ FUHDWH D Q
ORZHU

,Q FRQWUDXVOWO WRHEROV ZKLFK SURYLGHG WKH PD[LPX
XSRQ LOWHUDFWISODQ WLWEHY'=IXOOHUHQROV ZLWK +ROPLXF
ZKHQ WKH\ DUH OLQNHG ZIPRRO1DQGUWIKH PP RO |IRD
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UHGXFHG UPRRO W LQGLFDWHYV D VLIQL{FDQW UROH RI
WKH FRPSRQHQWY LQ WKH IRUPDWLRQ RR HWHMRWNLYH PDJQ

+RZHYHU D UHFRUGPWPHRODXZHNVKDYH DRPKLHYHG )HKHQ D'
IXOOHUHQRO-VGAIDPRQIGY ,Q WKLV FDVHPPRH G\ teH UWQF H Vi
JUHDWHU WKDQ WKH BRO IRAHWHWMH IXGOHWHQROV )LJ

"XV )H#&+ 'l'=- FRPSODHEHPRQVWUDMH\ RRKOMHURLN GLDP
DWHKDFWLYH SODWIRUPV WKDW DOORZV IRU D PRUH WKDQ
WR WKLV RQH IRU IUHH IXOOHUHQROV ,Q JHQHUDO WK|
HUHFWLYH FRQWUDVW DJHQWYV IRU 05, E\ XVLQJ QDQRGL
VHHPV WR EH DSSOLFDEOH IRU WKHUDQRVWLFV
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Introduction

One of the central issues of nuclear magnetic resonance (NMR) and magnetic
resonance imaging (MRI) techniques is their intrinsically low sensitivity. Hyperpolarization
techniques allow to successfully overcome this problem and amplify the signal of up to
several orders of magnitude [1]. ParaHydrogen-Induced Polarization (PHIP) is rapidly
developing hyperpolarization method, which is based on the catalytic pairwise parahydrogen
(p-H2) addition to an unsaturated precursor. Pairwise addition of prebks the singlet
symmetry of'H spins, making it possible to detect enhanced NMR signals of the resultant
molecule. There are two protocols for hyperpolarization by PHIP. PASADENA protocol
employs hydrogenation at a high magnetic field, where Zeeman interaction prevails over spin-
spin coupling, and results in multiplet polarization of nascent pdtons. In the second
protocol, ALTADENA, a precursor reacts withpsHDW D ORZ ILHOG H J (DUWKT!
it polarization transfer proceeds adiabatically to an NMR spectrometer probe resulting in net
polarization of:H spins [2].

,Q UHFHQW \HDUV VLJQL{FDQW DQG UDSLG SURJUHVYV
DSSOLFDWLRQV RI 5$6(5 HUHFW LQ K\SHUSRODUL]DWLRQ H]J
LQ DQ HPHUJHQFH RI D SRVLWLYH IHHGEDFN EHWZHHQ Wi
VSHFWURPHWHU FRLO SURYLGHG WKDW WKH VDPSOH LV VW
LQYHUVLRQ WKUHVKROG LQ WKH DQDO\JHG V\VWHP LV HI[F
3+,3 DOO HPLVVLYH VLIJQDOV EHFRPH VLJQL,{FDQWO\ VXSS
K\SHUSRODUL]DWLRQ LQ WKH V\VWHP > @ 5HFHQWO\ LW ZD
FRQYHUWYV LQW-F/LWKXHK\BHIBRIODMWL]IDWLRQ RI -RDV@&BU VS
LQWHUPROHFXODU GLSRODU LQWHUDFWLRQV 6XFK DSSUR
,QGXFHG 1XFOHDU 2YHUKDXVHU (uHFW 35,12( DQG PD\ EH
3$6%$'(1$ SURWRFROV IRU K\SHUSRODUL]DWLRQ RI YDULRXV

(DUOLHU 35,12( H[SHULPHQWYV ZHUH FDUULHG RXW XVLC(
> @ +RZHYHU LW ZDV+GBBRBQWWROQ WHG WWKIDBWH ERQGV F
5K FRPSOH[HV RIWHQ SURGXFH JUHDWHU K\SHUSRODUL]DW
SURVSHFWLYH LQ 35,12( H[SHULPHQWY DV ZHOO XV KHUI
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HUHFWV ZLWK WKH XWLOL]J]DWLRQ RI WULSOH EREPGNFRPSR
-RO -PHWKEXWARO DV WKH 3+,3 SUHFXUVRUV )LJ

J)LIXUH S5HDFWLRQ VFKHPH-RIVBER ISUHAMUVRBGY W R QW
SURGXFWV %

Results and discussion

Both PASADENA and ALTADENA protocols were used to generate RASER. In the
PASADENA protocol hydrogenation occurred in the NMR spectrometer probe via p-H
bubbling through the preheated solution. In the ALTADENA protocob @dtlition was
SHUIRUPHG DW WKH (DUWKTfV ILHOG IROORZHG E\ WUDQVII
3$6%'(1$ SURWRFRO UHVXOWHG LQ 5%6(5 RI DOO WKU
HDFK RI WKUWH VNBVWUDBWIHUSRODUL]DWLRIQLRK WRHVSQ
RULJLQDWH INWRP3®E6$'(1$ FRQGLWLRQV LQGLFDWHV WKH F
35,12( ZKLFK ZDV HuUHFWLYH HQRXJK WR FUHDWH QHJID
5$6(5 WKUHVKROG )LJ ,Q WKH FDVWKRH $$BH'F 118 uH MW
SURWRQV ZKLFK GLG -GRY¥HRBHLRE§ B WHH GJRECERH®IDU L)W L R
HYFLHQWO\ WUDQVIHUURRX DO QIR @ HVWWDRE5N 6 BBKRO HP HRIK\ O
SURWRQV ZDV DJDLQ LQGXFHG E\ PHDQV RI LQWUDPRO
PROHFXOH DV WKHUH LV QR - FRXSOLQJ EHWZHFHURWRIK \FI
ORUHRYHU VLPXODWLRQV ZHUH FRQGXFWHG DQG LW ZDV
RQ WKH VSLQ ZKLFK ZDV SXPSHG E\ 35,12(

JLIXUH  3$6%$'(1$ H[SHGHPHRQWWUDNWHY 5%$6F5 DFEWR QL
LQGXFHG E\ LQWUDPROHFXODU 12(

1H[W EHQ]HQH ZDV DGGHG WR WKH VROXWLRQ ZKLFk
FDQ EH K\SHUSRODUL]HG E\ 35,12( $/7$'(1$ SURWRFRO ZC
"H 35,12( EXLOGXS DQG GHFD\ NLQHWLFV ZDV IROORZHG I
VPDOO ALS DQJOH ,W ZDV IRXQG WKDW DQRPDORXV R\
LQWHQVLW\ DUH REVHUYHG LQ WKH PLGGOH RI WKH NLQ
HUHFWV UHVXOWHG IURP 5%$6(5 LQGXFWLRQ RQ EHQ]HQH
EHQ]JHQH 5$6(5 ZLWKRXW WKH DSSOLFDWLRQ RI DQ 5) S
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GHPRQVWUDWHG DIWHU DSSOLFDWLRQ RI D VLQJOH f SX
35,12( NLQHWLFV )LJ E "XV WKH IHDVLELOLW\ RI 5%$6(
35,12( zDV UHYHDOHG IRU WKH ¢(¢UVW WLPH

YLIXUH D 35,12( NLQHWLF FXUYHYGNFHEQFH QI RBE
EHQ]JHQH DQDO\WH UHYHDOHG DIWHU WULJJHULQJ 2
"H HuUHFW RI WKH 5) SXOVLQJ SDUDPHWHUV RQ WKH EH
LQYHVWLIJDWHG YLD YDULDWLRQ RI WKH SXOVH ALS DQJOH
RI VLJQDO HQKDQFHPHQW 6( GHSHQGHQFH RQ WKHVH WZF
IRXQG H[SHULPHQWDOO\ DQG FRQ,UPHG E\ VLPXODWLRQV
ERWK WKH SXOVH ALS DQJOH DQG WKH LQWHUSXOVH GHOD\

YLIXUH " PDS RI VLJQDO HQKDQFHPHQW GHSHQGHQF
LQWHUSXOVH GHOD\ H[SHULPHQWY OHIW DQG VI

Acknowledgements
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Electrophoretic NMR and its application in studying the
electro kinetic transport of water and methanol in Nafion

membranes
Pavel Yushmanov
P&L Scientific, Stockholm, Sweden
E-mail: pavel@pilscientific.se

(OHFWURSKRUHWLF 105 H105 KDYLQJ EHHQ LQWURC
XVHIXO \HW QRW YHU\ ZLGHVSUHDG PHWKRGRORJ\ ,W LV
DQ HOHFWULF ¢HOG DFURVYV WKH 105 VDPSOH YROXPH
PRWLRQ WKDW FDQ EH GHWHFWHG E\ H[SHULPHQWYV H[SOI
DUH SDUDOOHO WR WKH GLUHFWLRQ RI WKH DSSOLHG H(
H105 H[SHULPHQWY DUH RIWHQ VLPLODU WR WKRVH RI GL
GLUHUHQFHYV EHLQJ L WKH QHHG IRU HOHFWULF ¢(¢HOG S
HOHFWURSKRUHWLF PRELOLWLHY LV HIWUDFWHG B4HRP WK
@

ORUHRYHU WKH H105 DSSURDFK FDQ EH HPSOR\HG W
SRURXV SRO\PHU HOHFWURO\WH PHPEUDQHVUHWQROWHE
HOHFWURRVPRWLF GUDJ RI ZDWHU DQG PHWKDQRO LQ IXC
PHWKDQRO FRQFHQWUDWLRQV FDQ EH FKDUDFWHUL]HG

"H W\SLFDO H[SHULPHQWDO VHWXS DQG H105 SXOVH
VKRZQ EHORZ LQ )LJ DQG UHVSHFWLYHO\ > @ "H ¢UV\V
JUDGLHQW SXOVH J WR VHOHFW WKH VHQVLWLYH VOLFH
Rl WKH FXUUHQW SXOVH , LV DOWHUQDWHG EHWZHHQ V
GXULQJ WKH H[SHULPHQW "H VPDOO JUDGLHQW SXOVH D
XQZDQWHG FRKHUHQFH WUDQVIHU SKHQRPHQD

Fig. 1. Sample cell for electrokineti  Fig. 2. The NMR pulse program for measuring th

NMR experiments [4] electro-osmotic drift velocity[4]

7\SLFPQ05 VSHFWUD UHFRUGHG DW ]J]HUR FXUUHQW D
SKDVH VKLIWV Rl 105 VLJQDOV DULVLQJ |\DRRG OO R PHPHIDIKJ
&+ K\GURJHQV R@®GUEHSDUHG 1D¢RQ PHPEUDQHV VDPSOH
IUDFWLRQ PHWKDQRO VROXWLRQ LV VKRZQ LQ )LJ DQ
FRUUHVSRQGY WR D PHWVORGGWURNKH FXUUHQW H[SHULPHQ
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Fig. 3.™H NMR spectra obtained from Nafic Fig. 4. The NMR pulse program for
membrane sample swollen in agueous measuring the electro-osmotic drift velocit
solution with 0.10 mole fraction methanol [¢ 4]

"H SURFHVVHG GDWD IURP WKH UHVXOW RI H105 PHDVXU]I
GLUuXVLRQ GDWD IRU WKH ZDWHU2PHWKDQRO PL[WXUH VKR
PHWKDQRO WKDQ IRU ZDWHU

References
< )DQJ 3 9 <XVKPDQRY , )XUy ,PSURYHG DFFXUDF\ D
105 H[SHULPHQWYV &XUUHQW FRQWURO DQG VDPSOH FHC
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3 BWLOEV 'LuXVLRQ DQG (OHFWURSKRUHWLF 10
KWWSV GRL RUJ
3/ 6FLHQWL¢F 2YHUYLHZ ZZZ SOVFLHQWL¢F VH "1

) +tDOOEHUJ 7 9HUQHUVVRQ (7 3HWWHUVVRQ 6 9 '
(OHFWURNLQHWLF WUDQVSRUW RI ZDWHU DQG PHWKDQTF
105 VSHFWURVFRS\ (OHFWURFKLP $FWD

KWWSV GRL RUJ M HOHFWDFWD
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'H NMR spectroscopy application for assessment
catalytic behavior of comb-like polyelectrolytes in Suzuki
reaction
Zefirova P.M!, Kadnikov M.\A, Fetin P.A%, Zorin I.M.}
nstitute of Chemistry, Saint Petersburg State University, Saint Petersburg, Russia
(-PDLO ]HI S P #JPDLO FRP

Introduction

OLFHOODU FDWDO\VLY LV RQH RI WKH PRVW LQWHQVL
FKHPLVWU\ 'LUHUHQW VXUIDFWDQWY DV PLFHOODU FDW
UHDFWLRQV IRU H[DPSOH 6X]XNL FURVV FRXSOLQJ UHI
&DWDO\WLF HuHFW RI VXFK VA\VWHPV LV DFKLHYHG E\ L
UHDJHQWY VROXELOL]HG LQ PLFHOOHV DQG FDWDO\VW
LQWHUDFWLRQV "LV DSSURDFK DOORZV WR UHGXFH XVI
VIQWKHVLY REYLRXVO\ LW FRUUHVSRQGY *UHHQ REKHPLV\
OLNH SRO\HOHFWURO\WHY DUH HUHFWLYH VXUIDRZDQW)\
WKUHVKROG DJJUHJDWLRQ FRQFHQWUDWLRQV KLJK VR
VIQWKHVLY RI-QRNYHOSRFRWEOHFWURO\WHY WKHLU FKDU
VXUIDFWDQWY LQ ZDWHU SHUIRUPHG 6X]XNL +UHOFWLRQ
VSHFWURVFRS\ PHWKRG ZDV XVHG WR FRQ¢{¢UP WKH VWUX
DV WR GHWHUPLQH WKHLU SROUMESRW W DALDO\WKRD KWREY
GLPHQVLRQDO SURWRQ 105 VSHFWUD FDQ EH XVHG IRU PL

Synthesis and catalysis

Monomers were synthesized in 3 stages (Fig. 1). The polymerization was carried out in
water, so series of polymers with different concentrations of dipicolinic acid units was
obtained. The real percentage of dipicolinic units was determined by UV spectroscopy.
Suzuki reaction of phenylboronic acid and 1-bromo-4-nitrobenzene with BsiChtalyst was
performed in water with different concentrations of polyelectrolytes. The conversion of the
functional groups was measured usthigNMR spectroscopy.

JLIXUH 6FKHPH RI PRQRPHUV VIQWKHVLV
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GHSDUWPHQW
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NMR-related services

Repair and upgrade of NMR spectrometer; repair of
NMR hardware

x Upgrade of AVANCE | to AVANCE Il or HD generations

x Upgrade of PC workstation with Windows and Linux-
based system (AlmaLinux) with the most modern
Topspin version that fits the present Bruker system

x Repair of AVANCE | £HD hardware (SGU boards, HPPR

units, power supplies, amplifiers, and MAS and
temperature controllers

Repair, upgrade, and modification of the NMR
probes:

x Repair of the gradient coil for high-resolution liquid
probes

x Replacing broken glassware

X 5HSDLU RI WKH $70%$ V\VWHPYV IORDWLQJ D
faults

X Repair of MAS probes; supply of MAS consumables

x Upgrade of NMR probes to different bore sizes and (or)
NMR frequency

x Production of the exchangeable insert for the DIFF family
gradient probe
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Generator of arbitrary sequences of commands/pulses
Artem S. Alexandrov, Daria L. Melnikova, Vladimir D. Skirda

OROHFXODU SK\VLFV GHSDUWPHQW ,QVWLWXWH RI 3K\VLF
(-PDLO DUWHP V DOH[DQGURY#\DQGH[ UX

ORGHUQ QXFOHDU PDJQHWLF UHVRQDQFH 105 LQV\
UHODWLYHO\ KLJK FRPSOH[LW\ DQG XVXDOO\ FRQWDLQ K
KHWHURG\QH DQG VXSHUKHWHURG\QH UHFHLYLQJ DPSOLy
FXUUHQW VRXUFHV RI VKLPPLQJ FRLONP SYMH IMREXR/S N UQGAX |
URWDWLRQ VSHHG HWF $ PRGHUQ 105 H[SHULPHQW UH
LQYROYHG LQ WKH IRUPDWLRQ DQG UHJLVWUDWLRQ RI W
FRQWURO RI IUHTXHQF\ SKDVH VKDSH RI 5) SXOVHV DPS
Rl WKH UHFHLYLQJ SDWK SKDVH RI WKH UHJLVWHUHG VL
RQ 'LV FRKHUHQFH LV SURYLGHE [EQWHVSBELOORGUINRPH
VHTXHQFHV Rl FRPPDQGV DQG RU SXOVHV $W SUHVHQW
SURJUDPPHU LPSOHPHQWDWLRQV IRU 105 RQO\ 3XOVH%
2SHQ&25( 105 GHYHORSHG E\ . 7DNHGD > @ DQG 67(00D
GLVWLQJXLVKHG +RZHYHU HDFK Rl WKH V\WVWHPV KDV
DSSOLFDWLRQ LQ WKH GHYHORSPHQW RI QHZ 105 GHYLF
FORVHG KDUGZDUH VSHFKDADRQBQD 25HGQ&RE PEHYUL RH\5 O X.

,Q WKLV ZRUN ZH SURSRVH DQ LPSOHPHQWDWLRQ R
VHTXHQFHV Rl SXOVHV DQG RU FRPPDQG ZRUGV EDVHG
FLUFXLW ;LOLQ[ ;& 6/; "H SURJUDPPHU LV FORFNHG DW

FRPPDQG ZRUGV 'H GXUDWLRQ RI WKH WLPH LQWHUYI
IURP QV WR VHFRQGV ZLWK PXOWLSOLFLW\ RI QV
QHVWHG F\FOLF VHTXHQFHV ZLWK WKMHQ QXW EH UQ R P EJHHS HRV
F\FOHV XS WR "XV WKH WRWDO GXUDWLRQ RHMRCHG YH!
"H SURJUDPPHU DOORZV V\QFKURQL]DWLRQ RI XS WR
ZLWELW DGGUHVVLQJ DQG XS WR GHYLFHV YLD JDWLQJ
QRW OLPLWHG WR 105 RQO\ LW FDQ EMW IDFSSULEIBKWRQR QD'
GHYLFHV

Acknowledgements
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VWDWH DVVLIQPHQW LQ WKH VSKHUH RFVFLHQWL¢F DFWL
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7LPLQJ (QJLQH KWWSV ZZZ VSLQFRUH FRP SURGXFWYV
7DNHGD ,Q $QQXDO 5HSRUWY RQ 105 6SHFWURVFRS\
67(00DE KWWSV UHGSLWD\D FRP VWHPODE
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Exploring the Ability of the P=0O Group to Form Multiple

Hydrogen Bonds
Omar Alkhudet, Mikhail A. Kostirl, Peter M. Tolstay
L, QVWLWXWH RI &KHPLVWU\ 6W 3HWHUVEXUJ 6WDWH 8QLYH
(-PDLO RPDU DONKXGHU #JPDLO FRP

Introduction

"H IRUPDWLRQ DQG VWUHQJIJWKHQLQJ RI K\GURJHQ ERQ
DQG VSHFWUDO FKDUDFWHULVWLFV RI FRPSOH[HWKHI@GU "H\
HOHFWURQLF VWUXFWXUH ZLWK RWKHU SDUDPHWHUY OLNF
WR GLVFXOWLHYVY LQ H[WUDFWLQJ GHWDLOHG HOHFWURQLF
105 DQG ,5 EHFRPH HVVHQWLDO SUREHV DQG PDUNHUV IR
WKRVH LQYROYLQJ D 3 2 IXQFWLRQDO JURXS@FWLQJ DV D ¢

Phosphine oxides as probes

Recent studies have shown that the spectral characteristics of the P=O group can act as
probes, providing valuable information for diagnosing the main hydrogen bond characteristics
in complexes. The P=0 group is highly useful in NMR spectroscopy due to the presence of
the *'P, which confers high sensitivity and effectiveness for chemical shift to the P=O group
in forming and studying non-covalent interactions. Previously, the P=O group has been used
in numerous studies for characterizing the acceptor properties of solvents and other
compounds exhibiting Lewis acidity (known as the Gutmann-Beckett scale of acceptor
numbers, AN), Brgnsted acidity, or combined Lewis and Brgnsted acidity [3].

In all previous works, complexes with a single hydrogen bond were studied despite
experimental and theoretical evidence of multiple hydrogen bonds forming with the same
P=0 group, whether in solutions or in the crystalline state [4, 5].

Mechanisms of Hydrogen Bond Formation by the P=O Group

,Q WKLV ZRUN ZH SUHVHQW H[SHULPHQWDO DQG WKFE
DELOLW\ RI WKH 3 2 JURXS WR IRUP PXOWLSOH K\GURJHQ |
WKH UHODWLRQVKLS EHWZHHQ K\GURJHQ ERQ® GRWB2ZKHQJWK
)L D FRPSOH[HV ZLWK VXEVWLWXWHG SKHQROV )LJ E

JLIXUB7ULSKHQ\OSKRWBEK2L EGHEREMAHLW XWHG S

,Q WKH H[SHULPHQWDO VHFWLRQ WKH FRPSOH[HV ZHI
OLTXH¢{HG IUHRQL&" )RIQWXZKHLRK)LY FKDUDFWHUL]JHG E\ FKH
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IUHH]LQJ SRLQW . DQG ORZ YLVFRVLW\ DW ORZ W
FRQGXFWHG XVLQJ D %UXNHU $YDQFH ,,, 105 VSHFWURF
7ZR NLQGV RI FRPSOH[HV AMHMS HE D@\ HHEG LIP O R Z
VSHFWUD FRPSOH[HV )LJ D D®G H[IDFRFSH HHV FLG

WKH VLJQDOV RI DQG 32 FREKDHR[BIR'SRH PRE L1Q5
VSHFWUD ZKLOH )LJ VKRZV D VHULHV RB2 SHWW UMD UHE
VXEVWLWXWHG SKHQROV

J)LIXUH 6WUXFWXUHY RI FRPSOH[HV ERRRPAHSEO HQ
F DQG 6QG 105 VSHFWUD UHFRUGHZ DRRABENARNXR/IIR
VROXWKRR LRI &'%&') &O VROYHQW DW

JLIXUH aH WHDQBYVORIVSHFB®K3IR RRPSOH[HV ZLWE
SKHQROV &Q &0 VROYHQW DW .
8VLQJ SUHYLRXVO\ HVWDEOLVKHIG FRHEPHBDD® VXQ | /L E
XSRQ FRPSOM[DAMMRQWEH HQWKDO S\ RI YHRP O M RMW HR QU K\

SFiee | @ 2% L veiz® ¢ Uce 7o E sAY
ZH ZHUH DEOH WR SURSRVH D QH¥X1PRE URKHHPL WD Q QV KW KX \F K
Srices | 25 Ltrgu® ¢ BASELLI,

)L DVKRZV WKH UHVXOWLQJ UHODWLRQVKLS EHWZH
FKDQJH 1Q5 FKHPLFDO VKLIW ERWK LQ WKH D ZRGFDQFR
VHH WKDW VRPH FRPSOH[HV GHYLDWH IURP WKH JHQHUDO
ZH XVHG TXDQWXP FKHPLVWVR\ZDRK ZRWKOSUHRWRBRRKR GRQR
H[SOLFLW VROYHQW PROHFXOHV WKH FDOFXODWLRQV RI
IUHTXHQFLHV ZHUH SHUIRUPHG XVLQJ *DXVVLDQ VRIWZI
ZLWK OHYHO RI WKHRU\ ZLWKRXW %66( "H VHW RI 105 SD

*,$2 DSSURDFK DW WKH :32 SFVVHJ+* OHYHO RI WKHRU\ ¢
ZDV XVHG IRU LPSOLFLW VROYHQW HuHFWYV
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JLIXUH D &R&WS OIRWERBRP SOH[HV ZLWK VXEVV
FRPSDULVRQ EHWZHHQ H[SHULPHQWDO DQG FRP

JLJXUH D aH K\GURJHQ ERQG 3R UFFRIPS DRIQHWHDLFW
SKHQROV ZKLFK ZH KDYH DFKLHYHG E ([DPS

‘H FRQGXFWHG D ZLGH UDQJH RI FKHPLFDO FDOFXOD\
UHDVRQ IRU WKH GHYLDWLRQ IURP WKH JHQHUDO FRUUHOD
IRUPV WKUHH K\GURJHQ ERQGV ZLWK WKH VROYHQW PROH
EHWZHBQ BRG WKH SKHQRO PROHFXOH D VXEVWLWXWLRQ
PROHFXOHV UHPDLQLQJ DV VKRZQ LQ )LJ D 'LV OHDGV W
WKH JHQHUDO FRUUHODWLRQ ([DPSOHV RI WKH $DOFXOD
FRPSDULVRQ Rl WKH H[SHULPHQWDO UHVXOWYV DQG TXDQW

FRPSOH[HV LV VKRZQ LQ )LJ E
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5HVHDUFK 3DUN

References
( < 7XSLNLQD 0 9 6LJDORY 2 $ONKXGHU DQG 3 0 7RC

H
0 $ .RVWLQ 2 $ONKXGHU / ;X ' 9 .UXWLQ 5 ( $V¢Q DQG :

3K\V +

- $ 0OF&XQH HW DO 3K\V &KHP &KHP 3K\V +
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Physicochemical characterization of carbon-coated

magnetic cobalt nanoparticles
Alonso-Geli, Yamirk®; Lépez-Alexander, Rosméry.ores-Guevara, Manuel A.
! Centro de Biofisica Médica, Patricio Lumumba 507, Altos de Quintero, Santiago de Cuba,
Cuba
2+RVSLWDO 2QFROYJLFR 3& RQUDGR %HQtWH]" DYHQLGD GI
Cuba
*E-mail: yamirka.alonso@uo.edu.cu

Introduction

&REDOW DQG FREDOW R[LGH QDQRSDUWLFOHV 13V
DOQWLFDQFHU FDWDO\WLF DQWLR[LGDQW DQWLIXQJDO
YHUVDWLOLW\ KDV OHDGHG D JURZLQJ @XWEXGA\ RI WKRP¢
SURSHUWLHYV RI 13 DOORZV WKH GHYHORSPHQW RIXDDWIOR XM L
ELRPHGLFLEBHS®@Q WR XVH FRFRDWHGOFFKFPDEWQ1I3V 7XL
&DUER[\ LQ ELRPHGLFDO DSSOLFDWLRQV EXW WKHVH SI
ZH SURSRVH WR GHYHORS WKH SK\WWLFRFKHPLFDO FKDL
VSHFWURSKRWRPHWULF DQG PDJQHWLF UHOD[DWLRQ WHF

Materials and Methods

Preparation of carbon-coated cobalt magnetic NP suspension stabilized with
sodium citrate

$VWRFN VROXWLRQ -FRDWH®RIFREDPRQ13V 7XUER%HDGV7Y
ZDV SUHSDUHG LQ 0 3%6 S+ SOXV PO VRGLXP FLWUDW
VXVSHQVLRQ ZDV VRQLFDWHG LQ DQ XOWUDVRQLF EDWK :

UV-visible absorption spectrum of carbon-coated cobalt NPs

"H 899LV VSHFWUXPRDIWHD® FR@DOW 13V VXVSHQVLRQ P
PHDVXULQJ WKH DEVRUEDQFH DW GLUHUHQW ZDYHOHQJWKYV E}
'H DEVRUEDQFH YDOXH RI WKH VROYHQW LV XVHG DV D UHIHUH

Calibration curve of absorbance as a function of carbon-coated cobalt NPs
concentration

$ FDOLEUDWLRQ FXUYH RI DEVRUEDQFH ZDV PDGH DW WKF
IXQFWLRQ RI 13 FRQFHQRUWUPMWLRQ

Calibration curve of transverse relaxation time (T2) as a function of carbon-
coated cobalt nanoparticles concentration

$ 7JFDOLEBRUWUIRDDY SHUIRUPHG DV D IXQFWLRQ RI 13 FRQ

WR PJ P/ DW #& XVLQJ D /DS105 PDJQHWLF UHVRQDQF

FRXSOHG ZLWK D SHUPDQHQW PDUgHW H&PURHLERRQO SXOVH

VHTXHQFH 0 DQG U UDGLRIUHTXHQF\ SXOVHD®G HFB®& WLF
RI V ZDV XPHGMRUHPHQW

Data processing and statistical analysis

7ZDV FDOFXOHDWHGPROQDWWH RIGKRHY PD[LPXP DPSOLWXGH F
VLIQDO XVLQJ WKH SURSULHWDU\ 0DW O D E DAL+ VAR/G HH UBIWSH B
XVLQJ OLFURVRIW ([FHO
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Results and Discussion

Preparation of stabilized carbon-coated cobalt NPs suspension

"H VWRFN VROX\WRRPR® RG FIREEDROQWV 13V PJ P/ LQ 0 3%6 S+
DW ;. GXULQJ PLQXWHV W ZDV REWDLQHGVH BHWWX U W\
UHPDLQHG VXVSHQGHG IRU DERXW PLQXWHYV

&DUERQ FRDWHG FREDOW 13V KDYH JUHDWHU VIVRIEL © LA\ LC
KRZHYHU FDUERQ OD\HU GHFUHDVHV WKH VRO X¥ LSOUHWV\L B L WKW LT
‘H FKRVH PO VRGLXP FLWUDWH DV WKH VWDEL®MVLED @ JHYW
REVHUYHG LQ )LJ "H VXVSHQVLRQ ZLWK PO VRGLXP FLW
VXVSHQVLRQ ZLWKRXW VRGLXP FLWUDWH $ "H HuHFW R
VRGLXP FLWUDWH LV GXH WR WKH FLWUDWH DQLRQV FRY
UHSXOVLRQ RI WKH DQLRQLF OD\HU SUHYHQWY WKH DJJORF

UV-visible absorption spectrum of carbon-coated cobalt NPs

sowubwmMMReeamMw VSHFWURVFRS\ LV D SRZHUIXO WHFKQLTXH
VXEVWDQFH DEVRUEV PD[LPXP OLJKW DW D JLYHQ Z[IHH @OH®JIWK
VXEVWDQFH DQG LWV FKDUDFWHULVWLF V SMFWRILXPH WKW SIUGHY RI
FHUWDLQ VXEVWDQFHY DQG TXDQWLWDWLYH DQDO\WLYV WR GHWF

%HIRUH VRQLFD\ $IWHU VRQLFD
Fig. 1 Preparation and stabilization of NP suspensions without sodium citrate (tubé /

and with 3 mM sodium citrate (tube B, right), before and after sonication.

Fig. 2. UV-visible absorption spectrum of a suspension of NPs stabilized with sodium «
at 0.1 mg/mL (wavelength between 200 and 900 nm).
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8OWUDBDYWLWREDM DEVRUSWLRQ VSHFWUXP RI D VXVSHQ'

FLWUDWH DW RI PJ P/ UHVXOWYV LQ D PD[LPXP DEVRUS
LQ )LJ

"H SHDN RI PD[LPXP DEVRUSWLRQ RI WKH FDUERQ FRI
SHDN RI PD[LPXP DEVRUSWLRQ Rl SURWHLQYV QP GXH

ZKLFK ZRXOG EH DQ LPSRUWDQW FRQWURYHUVLDO LVV.
PDFURPROHFXOHYV
"H HIWHUQDO FDUERQ OD\HU QRW RQO\ VKLHOGV W
DJJORPHUDWLRQ R[LGDWLRQ DQG GHJUDGDWLRQ EXW D
PDJQHWLF DQG GLHOHFWULVKHKOU FRWHUXVWER R > VWEKH F
(OHFWURQLF LQWHUDFWLRQV EHWZHHQ FREDORKRW 13y WRIG
GHQVLW\ RI HOHFWURQLF VWDWHYV PRGLI\LQJ DEVRUSWLRQ FK

Calibration curve absorbance vs. concentration

,Q WRBLEFXWIYRIQRI DEVRUEDQFH DW QP ZDYHOHQJ
YHUYXNRQFHQWUDWLRQ ZDWREVHBYHG D GLUHFW UHOD
DEVRUEDQFH DW QP DQG WKH 13V FRQFHQWUDWLRQ ZD

/LQHDU UHJUHVVLRQ DQDO\VLV VKRZH3 D FR UWRH @KV
HTXDWLRQ RI D VWUDLJKW OLQH \ P[ ZKHUH P LV WKH

“ P/ PJ 'LV UHVXOW VKRZV D JRRG FRUUHODWLRQ RI
UDQJH RI FRQFHQWUDWLRQV VWXGLHG

'LWK WKHVH UHVXOWY LW LV SRVVLEOH WRQFDQ PXONDWREZ Q

VDPSOH E\ LQWHUSRODWLRQ ZLWK WKH HTXDWLRQ

?qul,;%
a:akeal

"H FDOLEUDWLRQ FXUYH SORW VKRZV WKH OLPLW F
TXDQWL¢(FDWLRQ /24 DUH DERXW PJ P/ WKH G\QDF

FRQFHQWUDWLRQ UDQJH

"H REWDLQHG /2' LQGLFDWHYV WKH PHWKRG FDQ GHW
PJ P/ RI WKH 13 WKLV LV D UHODWLYHO\ ORZ YDOXH VXJ.
WR GHWHFW WKH 13 DW ORZ FRQFHQWUDWLRQV “H VOI
FRQFHQWUDWLRQ J/ WKH 7 LQFUHDVHV E\ XQLWV {
VHQVLWLYH DV VPDOO YDULDWLRQV LQ 13 FRQFHQWUDWL
LQWHUFHSW RI VXJJHVWV WKDW ZKHQ WKHUH LV QR 13
"LV LV GHVLUDEOH FKDUDFWHULVWLF DQG LW LQGHFDWH
DuHFWLQJ WKH DEVRUEDQFH PHDVXUHPHQW 'H FRPELQD'
VORSH VXJIJHVWV WKDW WKH PHWKRG LV KLJKO\ VHQV
DW ORZ FRQFHQWUDWLRQV PDNLQJ LW VXLWDEOH IRU
GHWHFWLRQ LV UHTXLUHG

Fig. 3. Calibration curve of absorbance ¢ Fig.4 Calibration curve of Fin NP concentration
281 nm in NP concentration range range between 0.5 and 50.0 mg/mL.
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between 0.02 and 0.40 mg/mL.

Calibration curve of transverse relaxation time (T2) as a function of carbon-
coated cobalt nanoparticles concentration

$ FDOLEUDWLRYHBRBQRHIWUDWLRQ JP/ DC
ZDV REWDLQHG LW LV XVHIXO IRU LQGLUHFWO\ PHDVXL
FRQFHQW U D W IDRX HYRIPQ7ZXQNQRZQ VDPSOHYV

"H FDOLEUDWLRQ FXUYH SORW LQ )LJ VKRZV /2' DQG
G\QDPLF UDQJH LV EHWZHHQ DQG PJ P/ DQG OLPLW
PJ P/

7 YHUVRKRQFHQWUDWLRQ VKRZV D OLQHDU UHODWLRQ
FRQFHQWUDWLRQV DZD\ IURP WKLV UDQJH LQ ERWK GLUHF
FDVH RI YDOXHV EHORZ WKH ® L\WWRDIWHHD QDHVHU YDOXH
FRQFHQWUDWLRQV DERYH WKH G\QDPLF UDQJH XRW/LIOV V
SDUDPHWHUYV PHDVXUHPHQW LV QRW SRVVLEOH GXH WR
FDOLEUDWLRQ FXUYH VKRXOG ORRN -®ML@HDW DRG KD WH JI \
LQVWUXPHQWDO GHWHFWLRQ LV QHDULQJ VDWXUDWLRQ

‘:H SHUIRUPHG D QHZ FDOLEUDWLRQ FXUYH RHOLPLWLQJ W
PJ P/ ,W ZDV REVHUYHG D ¢W RI WKH GDWD WR D VWUDLJKW OLGQ
V P/ PJ DQG WKH LQWHUFHSW Q PV "H QHIJDWHYHDWVBRSH
QHJDWLYHO\ UHODWHG 7 VKRZHG D VLJ® FRPRAVQOWUQ MILCRQL DM
VXIJIHVW-VKRDWHQLQJ HuHFW RI FREDOW

‘H REWDLQHG /2' LQGLFDWHV WKH PHWKRG FDB/GHWHRN FR
13 WKLV LV D YHU\ ORZ YDOXH VXJJHVWLQJ WWDWKW KIFB DKW & R
FRQFHQWUDWLRQVY "H VORSH PRGXOH LV TXLWH KLWKHIRU HYH
GHFUHDVHV E\ XQLWYV $ KLJK VORSH LQGLFDWRHYVWHKH 1IBHW I
FRQFHQWUDWLRQ UHVXOW LQ VLJQL:FDQW FKIVGDW HY HIHV QRY
DEVHQFH RI WKH 13 WKHUH LV D VLIJQL¢{FDQW UHVSRMHVMR LV I
SURWRQ GHQVLW\ RI WKH VROYHQW $ KLJK LQWHUFHSW FDQ PD\

5 VKRZV D JRRG ¢W DQG WKH UHJUHVVLRQ PRGHOWRKHDEOH
UHVSRQVH YDULDEOH

Fig. 5 Calibration curve of Fin NP concentration range between 1.0 and 10.0 mg/r

Comparison of spectrophotometric and NMR methods for determining NP
concentration

%RWK FDOLEUDWLRQ FXUYHV FDQ EH XVHG DV D PHW
FRQFHQWUDWLRQ E\ LQWHUSRODWLRQ EXW ZLWK GLuUHUI
PHWKRG LV PRUH UHOLDEOH GXH WR LWV LQWHUFHSW RI
FKDQJHV LQ FRQFHQWUDWLRQ
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$QRWKHU LPSRUWDQW GLVDGYDQWDJH LV WKDW WKH
YHU\ FORVH WR WKH SHDN RI PD[LPXP DEVRUSWLRQ RI ¢
OLPLWDWLRQ IRU WKH FRQMXJDWLRQOR IP#HSMN RMGR RWHWHW BlU
VHQVLWLYLW\ DQG D ORZHU /2' EXW WKH KLJK §QWHWWAHRINRED
PHDVXUHPHQWY "H FKRLFH EHWZHHQ WKH WZR PHWKRGV ZLOO

Conclusions

$ PD[LPXP DEVRUSWLRQ FFRHDNHREI MRED BVUERQ ZDV GHYV
WZR FDOLEUDWLRQ FXUYHV DV D IXQFWLRQ RI FRQFH
VSHFWURSKRWRPHWULF PHWKRG DW QP LQ WKH FRQFI
RWKHU IRU WKH 105 PHWKRG LQ WKH FRQFHQWUDWLRQ
FDOLEUDWLRQ FXUYHV FDQ EH XVHG WR GHWHUPLQH WKH
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The FMR/EPR studies of magnetite/maghemite

nanoparticles, synthesized by different methods
Andronenko S, Nikolaev A.M?®, Suharzhevsky S Sinelnikov A.&, Kovalenko A.§,

Abiev R.SKS, Ivanova A.G3, Shilova 0.436

.D]DQ )HGHUDO 8QLYHUVLW\ .D]DQ 5XVVLD
%UDQFK RI 3BHWHUVEXUJ ,QVWLWXWH RI 1XFOHDU 3K\VLFV ¢
5HVHDUFK &HQWUH .XUFKDWRY ,QVWLWXWH + , 9 *UHEHQV
6DLEHWHUVEXUJ 5XVVLD
6DLIHWHUVEXUJ (OHFWURWHFK Q LFHDW®HUQAENHIIV 1BV Y/I(D,” 61
6DLEHWHUVEXUJ 6W D W BIHS\H LY HEX/UWIV \5 X6 \DV. IQIW
9RURQH]K 6WDWH 8QLYHUVLW\ 9RURQH]K 5XVVLD
6DLIHWHUVEXUJ 6WDWH ,QVWINWKNUH RX U B FEQ\WROLDI\ 6DLQW
(-PDLO VHUJH\ DQGURQHQNR#JPDLO FRP

Introduction

,URQ R[LGHV KDYH EHHQ NQRZQ IRU D ORQJ WLPH EXW
ODJQHWLF LURQ R[LGH\D QRDPQUMHHRILMWHRYVVHVY D ZLGH UDC
XVHIXO SURSHUWLHY "HLU QDQRSDUWLFOHV FDQ EH XVHG
IRU PDUNLQJ ELRPDWHULDOV IRU SHQHWUDWLQJ FHOOV
(OHFWURQ SDUDPDJQHWLF UHVRQDQFH (35 VWXG\ ZDV DS
RI WKHVH PDJQHWLWH PDJKHPLWH QDQRSDUWLFOHV "H (35
EDQG *+] ZDV XVHG WR VWXG\ WKH QDQRSDUWLFOHYV
WHPSHUDWXUH IURP WR

Synthesis and Structure

Magnetic magnetite/maghemite nanoparticles has been obtained by co-precipitation
using 0,5F solutions of iron chlorides (1) and (l11). 12.5% aqueous solution of ammonia was
used as precipitator. Precipitation was carried out either by dripping (samples #2 [1] and #3
[2-4]) or in the microreactor with intensively swirling flows (sample #1 [BDPSOH <«
Synthesis in the microreactor MRISF- GU\LQJ LQ WKH YDFXHKIRgWBDRSOH <« ¢
atthe 60 GU\LQJ LQ WKH YD F ¥ aghd &f 810 ptecipitate in the mother
liquor, drying in the air.Experimental results obtained by X-ray powder diffraction and
scanning electron microscopy are given in the Table 1.

Table 1. Data from X-ray phase analysis and scanning electron microscopy of magnetic
nanopowder$l-4].

SEM XRD
Unit cell Cation
Sample =
P Particle size, nm | parameter, A vacancies Fe:atIiZ:B
per unit cell

#1 ~5 +10 8.362 (3) 0.18 0.46/2.36
#2 ~10 £20 8.369 (3) 0,15 0.55/2.30
#3 ~10 £25 8.367 (3) 0.16 0.52/2.32

Note: all the powders were extracted from the solution with magnet and dried 6100
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sample #1 5
K

sample # 2

sample #3
T=100K T

Intensity, arb. units

Intensity, arb, units.

0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000 0
Magnetic field, G Magnetic field, G

2000 4000 6000 8000 10000
Magnetic field, G

Figure 1.EPRFMR signals of the samples 1, 2 and 3, at 100h¢€ insets show additional
EPR signals.

The interpretation of EPR/FMR spectra

"H (35 )05 VSHFWUXP FDQ EH UHSUHVHQWHG DV D E
W\SLFDO IRU WKH SDUDPDJQHWLF FHQWHUV ZLWK D[LD(
PHQWLRQHG DVVXPSWLRQV VSLQ +DPLOWRQLDQ 6+ ZLW
ZDV XVHG IRU WKH LQWHUSUHWDWLRQ , H HDFK PDJQH
6 DQG WKHQ WKLV PDJQHWLF QDQRSDUWLFOH LV FRC
"H IROORZLHPIPYSMWRQLDQ 6+ ZDV XVHG

He J %6 3 «%6. J «%6
ZKHUH, + %RKU PDJQHWR@ SULQRUSDO PDWUHIOMPWXRY Y
FRPSRQHQWYVY RI 6+ BRPSRQHRWYV RI WKH H[WHUQD@ PDJQ

J ‘H 6+ SDUDPHWHUY DUH SUHVHQWHG LQ 7DEOH "H L
WKH VDPSOHYV DQG ZDV GHVFULEHG E\ WKH VDPH 6+
J A 3 DQG WKLV VSHFWUXP DVVLIQHG WR R[}YFHQWBENQFI

Table 2. SH parameters for the samples gfdzat T = 100 K andL= 300 K. The
lineshapes are Voight for all samples.

7 1 Rae 1 Ran A THE A
6DPSOH J N J
: >*@ |>re |>'@

"%g * FERUUHVSRQGLQJ FRPSRQHOQMBHBN (3% \OHG) HZU GWLR
Rl (35 OLQHVHOXSHWLDWQ OLQHVKDSH DQG /] + /RUHQW]LDQ C

"H DGGLWLRQDO (35 VLJQDOV ZHUH REVHUYHG DW
YHU\ ORZ LQWHUFLW\ * "HVH VLI@®DO\Z KIDFX EN RRRMWU I
LQ PDJQHWLFDOO\ RBOHEHGROHWWRUSDUDPDJIJQHWLF FHQ
HQYLURQPHQW ORFDWHG LQ VRPH GLDPDJQHWLF LQFOX"
REVHUYHG DOVR LQ WKH VDPSOH DQG FRXOG EH DV
'XULQJ WKH SUHFLSLWDWLRQ RI QDQRSDUWLFOHV IURP W
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YDFDQFLHV FDQ IRUP LQ WKHLU FU\WWWDO VWUXFWXUH 6
HOHFWURQ WUDSSLQJ "H\ DUH FKDUDFWHUEAIHD® GE\WEBUUF
REVHUYDWLRQ LV SRVVLEOH RQO\ DW WHPSHUDWXUHV FO
+RZHYHU WKHVH VLIQDOV ZHUH QRW VWDEOH DQG LI RJ[\.
VLJQDO GLVDSSHDUV HYHQ LI WKH QXPEHU RI YDFDQFLHV
J ZDV QRW REVHUYHG LQ WKH VDPSOHYV "LV FR
IRU K LQ PRWKHU OLTXLG
EPR/FMR lineshape
,Q VXSHUSDUDPDJQHWY WKHUH PXVW EH VRPH NLQG
LOKRPRJHQHRXVY EURDGHQLQJ UHAHFWHG LQ 9RLJKW VKD
*DXVVLDQ DQG /RUHQW]LDQ VKDSH $W ORZ WHPSHUDWXUH"
DV D UHVXOW RI IUHH]LQJ Rl PDIJQHWLF PRPHQWV DQG
FRQWULEXWLRQ RI WKH /RUHQW] OLQHVKDSH $W URRP
PDQLIHVWHG ZKLFK UHAHFWHG LQ SUHIHUDEOH *DXVVLDQ
DQG LV LVRWURSLF ZKLFK LPSOLHV YHU\ QDUURZ GLVW
VSKHULFDO VKDSH "H OLQHVKDSH RI WKH VDPSOH LV VL
VWXGLHG > @ DQG KLJKO\ DQLVRWURSLF ,W FRXOG PHDQ
WKLV VDPSOH DQG WKHLU QRQVSKHULFLW\ WKDW FRXOG
OLTXLG 7KH DJLQJ DOORZHG WKH JURZWK DQG SDUWLDO
VIQWKHVLY RI WKH VDPSOHV DQG SWUHNE BV ®&/ MFIKOHH VR U
RI-Y¥YDOXH WR ORZHU UHVRQDQFH ILHOGV IRU ORZ WHPSHULI
PRPHQW RI QDQRSDUWLFOHY 7HPSHUDWXUH GHSHQGHQFLE
DOO WKUHH VDPSOHV DUH VLPLODU DQG URXJKO\ FRUU
PDJQHWL]DWLRQ RI PDIJQHWLWH VDPSOHV ZLWK PD[LPXP DW
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Construction of sensitivity maps for wireless coils using

“F MRI
Nikolay V. Anisimay Pavel Tikhond¥ Anna Hurshkainen
Faculty of Fundamental Medicine, Lomonosov Moscow State University, Moscow, Russia
6FKRRO RI 3K\WVLFV DQG (QJLQHHULQJ ,702 8QLYHUVLW\
(-PDLQLVLPRYQY#PDLO UX

Introduction/Purpose

&DOFXODWLQJ VHQVLWLYLW\ PDSV IRU FRLOV XVHG LQ O
RWKHUV 'LV UHODWHV WR ZLUHOHVV FRLOV WKH WDVN
VHQVLWLYLW\ JRQH DQG WUDQVPLW LW YLD LQGXFWLYH
UHFHLYHU +RZHYHU LW LV GLVFXOW WR FRQGXFW DQ H|
"H DLP RI WKH ZRUN LV WR H[SHULPHQWDOO\ REWDLQ VHQ

Material and Methods

YRU WKH H[SHULPHQWDO FRQVWUXFWLRQ RI VHQVLWL
GHVFULEHG LQ > @ ZDV XVHG ZKHUH LW ZDV DSSOLHG W
LQ D YLVXDOL]LQJ PHGLXP DQG REWDLQLQJ D YROXPHW
FRQWDLQLQJ OLTXL)G2 IIRWMFHG D¥ D YLVXDOL]LQJ PHGLXI
LV REWDLQW®5E\ WWKHV LPSRUWDQW WKDW -WEKRQR LLTFX D® &
GRHV QRW GDPDJH REMHFWV LPPHUVHG LQ LW ,W DOVR
SHUPLWWLYLW\ 0 WKHUHIRUH LW KDV OLWWOH HuHFV
QRW DuHFWI RRWRTUXDO LW\

BHYHUDO W\SHV RI ZLUHOHVV FRLOV ZHUH LQYHVWL
WHFKQRORJ\ QDPHGOWXWRD ®RRISG DQEHOO DV FRLOV ED\
UHVRQDWRU 7/5 DQGVSHWIDE®DWH U LVDFKR O R JLMHVV$UID
00, FRLO KDV VHYHQ K\EULG PRGHV DQG IRU WKLV VWXG
ZHUH FRQQHFWHG WR WKH FRLOV H[FHSW IRU 7/5 FRLOV
DSSUR[LPDWHO\ HTXDO WR WKH 105 Rl AXRULQH "H 0+]
FRLOV ZHUH LQGXFWLYHO\ FRXSOHG WR ZLUH FRLOV “HVt
-WXUQ ORRS LQ H[SHUXPE Q\RYD HQRIKGDORRBE XDQGRRS LQ |
FDVHV ,Q ERWK FDVHV WKH ZLUH F RALFOQ MDDV @IOYR OLPTPH. G
ZDV FRQQHFW H-G MR DYW WIZQ WEIKW G XH WR ZKLFK LW ZDV W

"H H[SHULPHQWV ZHUH FRQGXFWHG RQ D 7 FOLQLI
6FDQQLQJ ZDV SHUIRUPHG XVLQJ WKH ' *5( PHWKRG ZLW
)$ f 'HSHQGLQJ RQ WKH FRLO VL]H WKH LVRWURSLF UH
PP WR PP 'H 00, DQG 7/5 FRLOV ZHUIS ®PDWHVIZRWK FRE
REWDLQHG E\FRDMEX MH[WRICOLWH "H\ ZHUH SODFHG LQ D S
RI AXRERQWDLQLQJ OLTXLG + )LJ % 'H VROHQRLG DQG
SODVWLF FRQWDLQHU PHDPIVXUBQJ 1 1 FP

JLIJXUH :LUHG DQG ZLUHOHVV FRLOV LQ FROXWILQRRBS Dl
VROHQRLG LQ D VPDOO S-OMDXWOLE FRVWQ GQHBE FRLUBWQ C
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Results
) 05 LPDJHV ZHUH REWDLQHG RI D AXRULQDWHG OLTXL

"H\ FOHDUO\ VKRZ DQ LQFUHDVH LQ VLJQDO QHDU LQVLGH
ZLWK WKHLU FDOFXODWHG VHQVLWLYLW\ PDSV

:LUHOHVYV FRLOV + SKRWRWFDWRS LUWRER DRGDWKFHUWI

YLIXUH +
* + 7/5 FRLO ' + % 0

ERWWRP UWUWRIOBQRLGWXUQ ORRS &

"H D[LDO SURMHFWLRQ LPDJHVY VKRZ D GHFUHDVH LQ VF
FHQWHU DQG SODQH-BI WVWHKWHERRALAV EY)LW\ BDS FDQ EH SUHVE
IRUP RI JUDSKV EXW DOVGERLIPM QAKLHR QRNUCE LRPIDD HV KU HH

JLIXU$I+ ) 05, RWXUQ ORRS LQ D[LDO SURMHFWLRQ % DQG ¢

DORQJ WKH OLQHV & & & LQGLFDWHG LQ SDQHO $ 2Q SI

KRULJRQWDO D[EWEWH LWPDRHVRI WKH FRLO LQ WKH FRURQDO
YROXPHWULF LPDJH

Discussion/Conclusion
"H PHWKRG RI YLVXDOL]LQJ 05, FRLOV ZRUNV ZHOO IRU

ZLUHOHVV FRLOV RI YDULRXV W\SHV 1RWH WKDW LQ RXU
SUHVHQWHG LQ WKH LPDJHV "H ZLUH FRLOV-FRUBNQRQLQH
OLTXLG :H GLG WKLV RQO\ WR PLQLPL]JH WKH VL]H RI WKHLI
$OWKRXJIJK WKH VHQVLWLYLW\ PDSV DUH FRQVWUXFWHG
AXRULQH WKH\ PD\ EH DSSOLFDEOH WR FRLOV RI VLPLOD

I[UHTXHQFLHV
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Simultaneous detection of nuclei B0 »®Na, ?Aland **Mn
at 0.5 Tesla
Nikolay V. Anisimay Arina A. Tarasova
Faculty of Fundamental Medicine, Lomonosov Moscow State University, Russian Federation
J)DFXOW\ RI 3K\VLFV /RPRQRVRY ORVFRZ 6WDWH 8QLYHUYV

(-PDLQLVLPRYQY#PDLO UX

Introduction/Purpose

In a weak field, the Larmor frequencies of a number of magnetic isotopes are very close,
which gives the possibility of simultaneous detection of signals from them. For this, it is
necessary that the receiver bandwidth (analog part) be greater than the difference in Larmor
frequencies. Beside this, it is desirable that the speed of the analog-digital converter (ADC) be
appropriate - it determines the sampling rate R and the spectrum width (SW), which are
related by the ratio: R=2SW. The spectra are simply interpreted if the value of SW is less than
the difference in Larmor frequencies. Otherwise, it is necessary to take into account the
undersampling effect - the appearance of signals at frequencies that are separathd from
true ones by a frequency multiple of SW. The location of the subspectra on it, related to
different nuclei, depends on the SW value and can be calculated in advance. In our work [1],
we showed how this is done for a field of 0.5 T as applied to pairs of ndeléPR;
3¢/ANa). In this work, we demonstrate the possibility of simultaneous detection of signals
from 4 nuclei t3C, #Na, ?’Al, **Mn).

Materials and Methods

"H H[SHULPHQWY ZHUH FRQGXFWHG RQ D FOLQLFDO
,W LV EXLOW XVLQJ WKH $9%1&( WHFKQRORJ\ 'H PDLQ F
SUHDPSOL¢HU +335 DQG W-KH PDIOCDWWSOLEMUEERLOW XVL
FLUFXLW LQ ZKLFK WKH IUHTXHQF\ VSHFWUXP RI WKH UH
UDQJH LQ ZKLFK WKH PDLQ DPSOL¢{FDWLRQ RFFXUV H
0+] 'H DPSOL¢HG VLJQDO LV IHG WR WZR SKDVH GHWHFW
WKH SKDVH RI WKH UHIHUHQFH IUHTXHQF\ LV VKLIWHG E\
VLIJQDOV IURP WKH RXWSXWV Rl WKH SKDVH GHWHFWRUYV
GLJLWL]LQJ WKH VLJQDO ZLWK D PD[LPXP IUHTXHQF\ RI
URXWLQH VSHFWUD XS WR N+] ZLGH

7DNLQJ LQWR DFFRXQW RXU WHFKQLFDO FDSDELOLW
ZLWK GLUHUHQW J\URPDJQHWLF UDWLRV WKH PD[LPXP

VKRXOG QRW H[FHHG 0+] )RU D ¢HOG RI 7 WKLV DSSC
& 0+] 1D 0+]$0 0+100Q 0+] “H\ WKH\ JLYH DF}
VLIJQDOV IURP UHODWLYHO\ DFFHVVLEOH FRPSRXQGV
IUHTXHQFLHV PHHW V&KH UHOI4J&MHP H QW VH 0+] %XW D'

WKH WLPH Rl WKH PHDVXUHPHQWY ZH GLG QRW KDYH VDF

"H GLUHUHQFH EHWZHHQ WKH1D DRIEY HPFHTKGEQFLHN+F
ZKLFK H[FHHGV WKH FDSDELOLWLHV RI RXU $'& "HUHIRUH
RQO\ XVLQJ WKH XQGHUVDPSOLQJ HuHFW

"H VDPSOHV XV&IQDHBKHG VRGLXP ELFDUEMRQDW
ZKLFK ZDV GLVVROYHG LQ PO RI ZDWHU DV ZHOO DV L
$0&0 J DQG SRWDVVLXP SHURDQEIRWRWA .0@D

$ -WXUQ ORRS ZLWK D GLDPHWHU RI FP ZDV XVHG
ZKLFK JODVV YLDOV ZLWK VDPSOHV ZHUH SODFHG 5) F
IROORZLQJ ZLWKRXW LQWHUYDOV "H SXOVH ¢OOLQJ IU
IUHTXHQFLHV Rl WKH VLPXOWDQHRXVO\ GHWHFWHG QXFOt
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BUHOLPLQDULO\ WKH SXOVH GXUDWLRQ DW ZKLFK WKH
GHWHUPLQHG IRU HDFK QXFOHXV )RU WKLV SXUSRVH E\ Y
VSHFWUXP IUBROV N L\GHIOXH QFH L QVZ & HOKD WXBV V\DHPW EHW Z H
IRU VLIJQDO DFFXPXODWESRO DN VR T XMIQH H5 OID/Q R H&H V X O W
1D $0 D@® WKH RSWLPDO SXOVH GXUBWLRQWVZHUHPS® HDDH

PV UHVSHFWLYHO\ $ VLJQL¢{FDQW VSUHDG LQ GXUDWLR
H[SODLQHG E\ WKH XQHYHQQHVV RI WKMUDGTXHE P ZW MAFKR
DV WKH GHWXQLQJ EHWZHHQ WKH FRLO IUHTXHQF\DQG WK
SXOVH GXUDWLRQV DQG XQHYHQ IUHTXHQF\ UHVISRQWVRL WU
VZLWFK XVHG LV D SURSULHWDU\ RQH ZKLFK LV RSWLPL]HC

"H UHFHLYHU IUHTXHQF\ WKH UHIHUHQFHZDM VXMQFR R
WKDW GXULQJ TXDGUDWXUH GHWHFWLRQ WKH FHQWUDO IL
KDDYHUDJH YDOXH EHWZH HO®Q @& KH PIDAAPXHR Y IUHTXHQFLHV
GHWHFWHG @ XFOHLQ RXWY FDVIH %) 0+] VR ) 0+]

‘H VHW WKH 6: YDOXHV WR N +] N +] N+] DQG N
GLUHUHQFH EHWZHHQ WKH W3 a6 WHKFHVWVERQ YERIA XHDQRM Q
6: ZKHUH PD[LPXP 1 ZDV DQG UHVSHFWLYHO\

Result/Discussion

)LJ VKRZV WKH VSHFWUD REWDLQHG DW WZR-GLJLWL]
N+] DQG N+] "H QXPEHU RI DFFXPXODWLRQV ZDV . D
VFDQQLQJ WLPH ZDV KRXUV DQG KRXUV )RU HDFK SHDN
WKH 1 YDOXHV FKDUDFWHUL]LQJ WKH XQGHUVDPSOLQJ HuH|

JLIXUH 6SHFWUD REWDLQHG ZLWK & LPX GW CDQHR YK I6 HW H |
SHDN IUHTXHQFLHV GLiHU IURP WKH /DUPRU RQHV LQ WK

"H QRLVH GLVWULEXWLRQ RQ WKH VSHFWKNBHGDUWHUVQIGLRY
EXUVWV WKH LQWH@RUGHURI RKPPKQMVXGH JUHDWHU WKDC
DUH FDXVHG E\ 5) LQWHUIHUHQFH ZKLFK LV W\SLFDO IRU
FROYHQWLRQDO VKLHOGLQJ LV LQHUHFWLYH DQG VSHFLD

6LPXOWDQHRXV GHWHFWLRQ RI VLJQDOV IURP GLUHU]
VIQFKURQRXV PRQLWRULQJ RI G\QDPLF FKDQJHV LQ WKH FK
LQGLYLGXDO VDPSOHV DV D UHVXOW RI FKHPLFDO UHDFWLF

Acknowledgment
The study was conducted under the State Assignment of Lomonosov Moscow State University.

References
1 9 $QLVLPRY 2-6SSDY®OYDR 5HVRQ +
< =KDR-HW5D@ %LRPHG H GRL QEP

148



Poster Session

125 Te NMR spectra  in Td-phase WTe
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Introduction

7TRSRORJLFDO SURSHUWLHV LQ PDWHULDOV RSHQ D Qt
EHM®RZQ W\SHV RI WRSRORJLFDO PDWHULDOV DUH WEF
VHPLPHWDOV WKH ODWWHU LQFOXGH 'LUDF DQG :H\O VHF
LQ VA\VWHPV ZEMWXRHXUY VRBOHA IBIDIWIOPAH VAP P HW U\

"HRUHWLFDO FDOFXODWLRQV SUHGLFWHG WKDW OD\I
W\SH ,, VHPLPHWDO > @ +RZHYHU @ KOH K Q\RAD W X VIR E WDW!
WKH WRSRORJLFDO ' ®DMXXBOWRY 171 > @ GR QRW GHPRQV\
WFRORJLFDO IHDWXWROQH RMWUKHWXHUH RQ WKH QXFOHDU P
VSHFWUD QHYHUWKHOHVV GHYLDWLRQV IURP WKH .RUU
H[SODLQHG E\ WKH SUREDEOH FRQWULEXWLRRQR I WNKHX PV
WR WKOGDWSWQRFH UHOD[DWLRQ WLPHV -@DW\W®WLWHK H HEIN OO
VLQJOH FU\WWVWDO RULHQWDWLRQV LQ PDIJQHWLF ¢HOG ZF
WRSRORJLFDO QRQWULYLDOLW\ RI :7H

"H SUHVHQW ZRUN UHYHDQUS5INBWKWHE RRU ERWK PF
:7TH GHSHQGAMRW IRHQRWDWLRQ UHODWLYH WWR DNXKEH SR BVGHHUW
:7TH

Experiment

The layered single crystal WTdas been growing by the chemical transport method
with Br, as the transport agent for three weeks in a sealed quartz ampoule under vacuum
conditions. There were obtained a thin plate with dimensions of 0.2x3x4 mm and a WTe
crystal. The latter was ground to powder in an agate mortar. We call this powered sample as
#1. Two WTe single crystals were grown by the self-flux method and ground in an agate
mortar for further measurements. We call these powders as #2 and #3.

WTe, crystallizes in theTdphase with an orthorhombic lattice structure (non-
centrosymmetric space groupmrR;) [9]. The structure of WTgeremains stable with
changing temperature [10,11]. The X-ray diffraction method was used to verify the phase
homogeneity as well as to determine the crystal structure and directions of crystallographic
axes in the single crystal. X-ray phase analysis confirmed the formatibd-mliase WTg
with an orthorhombic lattice structure.

The *>Te NMR spectra for WTesingle crystal and powders were obtained at room
temperature using Bruker Avance 400 and Bruker Avance 500 pulsed NMR spectrometers
with the operating frequencies f#°Te nuclei of 126.24 and 157.79 MHz, respectively. The
125Te NMR frequency shifts were calculated using the universalale [12]. The orientation
of the WTe single crystal plate was changed manually: the anflbdtween the direction of
the crystallographic axis and the external magnetic fieRh was set with a protractor with
the accuracy that can be provided by the human eye. The atigléed from 0 to 140°. The
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spin-echo pulse sequenc€E(2EZLWK & SXOVH GXUDW wBQusetd RP W |
different series of measurements.

Results and discussion

Two types of spectra were obtained: cumulative spectra and envelope. The cumulative
spectra are the sum of the spin echo signals at different frequency offsets. The spectra of the
second type were obtained by plotting the enveddyyepoints corresponding to the integral
intensities of the echo signals at various excitation frequencies.

A set of**Te NMR spectra was obtained for the WBingle crystal in magnetic field
9.4 T at different values of the angl#/ between thec-axis and the magnetic fielB,.
Differences in thé?*Te NMR spectra for WTepowders grown by different methods (#1, #2
and #3) (fig. 1) have been revealed. It is shown that the spectra for single crystal and powder
WTe, grown by the same method areaigood agreement with each other.

Figure 1.1%Te NMR spectra for W¥e
powders grown by different methods (#1,
and #3). The data were obtained at magne

fields of 9.4 T (#1) and 11.75 T (#2, #3) a
room temperature. The solid lines correspc
to the cumulative spectra, dotgo the
intensities of the spin echo signals obtaine

by varying the excitation frequency.

The presence of several lines in #i&e NMR spectra has been demonstrated both for
powders and for single crystal at different orientations. Not all of the lines in the spectra can
be explained in terms of the crystal structure of YWTehich has four non-equivalent
tellurium crystallographic positions. The nature of the low frequency lines in the single crystal
and powder spectra remains unclear.

Varying the angleMn the range of 15+50°, it was shown that the shape of’ifie
NMR spectrum did not undergo pronounced changes: at any angle betweaxihand the
magnetic fieldBy the spectrum was a superposition of eight lines. Thus, at =15°+50°, the
spectra consisted of four lines centered around 1500 ppm and overlapping each other (call this
group of lined_3), and of four linedy, Ly, L4, Ls symmetrically separated frols by 700+900
ppm depending on the orientation of the single crystal. The lipasdL,, L, andLs merged
in pairs in the frequency regions 2300+2500 ppm and 600+800 ppm, respectively, and the
shift ®f these lines was observed to change.

It is shown that the behavior of the line shift in {i@e NMR spectrum for the WEe
single crystal does not follow the well-known angular dependence [13]:

L QEXZ°EX0BU?KOtUAY
where ) ExEuler angles,K+asymmetry factor.

Nuclear spin-lattice relaxation times were measured using the saturation recovery
technique. The recovery of the longitudinal nuclear magnetization after pulse saturation by a
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V H U L H\eBree@ulses followed an exponential law (fig. 2). The found values of the spin-
lattice relaxation time were in a good agreement with the times previously obtained for the
WTe; single crystal in the orientationg|Bo and k ABg [7].

Figure 2. Recovery of the longitudinal
nuclear magnetization df°Te with time t to
the equilibrium value Mafter saturation for

WTe powders grown by different method:
(#1, #2 and #3) for a line centered arounc

1450 ppm. The data were obtained at

magnetic fields of 9.4 T (#1) and 11.75 T (7
#3) at room temperature.
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Introduction

OXOWLQXFOHDU FRPSOH[HV DUH SURPLVLQJ FRPSRXC(
PDWHULDOV 'H FRPELQDWLRQ RI SK\VLFRFKHPLFDO SURS
VZLWFKLQJ WKHVH SURSHUWLHY XQGHU H[WHUQDO LQAXH
FRPSRXQGV 2QH H[DPSOH RI VXFK D FRPSRXQG- )W ,WKH KH:?
ZLWK WKH JHQHUDO VWUXPWXU,DOBIMIRIBZXBDHYH GL&DLRQ
ELVK\GURBHQ]\OLGEIQDPERFIJHSWDQH ZKLFK KDV EHHQ V\Q\

Results

"H HUHFWLYH PDJQHWLF PRPHQW RI WKH FRPSOH[ GH
JputNSVAWIDW . 'XH WR LWV ODUJH PDJQHW,LFKPB MDD F PH
FRPSOH[ KDV SRWHQWLDO DSSOLFDWLRQV LQ PHGLFLQH DV
PDJQHWLF UHVRQDQFH LPDILQ D QO®HWSIHFHSUBOD[DWLRQ WL
D FROORLGDO VROXWLRQ IRU WKLV FRPSOH[ RI KDV EHHQ
PROHFXODU PDJQHW ZLWK VRGLXP GRGHIB O/ YXOWDM N FRSN
YDULRXV FRQFHQWUDWLRQV DQG LWV UHOD[LYLW\ ZHUH D
FDUULHG RXW XVLQJ %UXNHU $9$0&] ,D,W B HF WRIRHPIHMWWHUU H R

W KDV EHHQ VKRZQ WKURXJK PDJQHWRPHWU\ DQG (3
FRPSOH[ H[KEBIRVYRNYHID SURSHUWIWHWHPSHUDWXUHV EHW

LV ZRUN DOVR SUHVHQWY UHVXOWV RI WKH LQAXHQFH
DQG QP RQ WKH SURSHUWLHV RI WKLV FRPSOH[ XS WR D W
WKH LQWHQVLW\ RI WKH OL QW8 L® -85 WHRIFWDAD HR/I RV KW KKIL
GHFUHDVHV HTXDOO\ E\ DERXW . XSWR ©D\UEH G IXBIWW R QVEW
PHWDO HOHFWURQ WUDQVIHU DQG WKH IRUPDWLRQ RI D P]
VSHFWUD GXH WR WKH VKRUW OLIHWLPH 'H SRODUL]JHG VL.
75 (35 VSHFWUD DIWHU D. OTHVMKDSYORHWHKH VSHFWUXP FKD
HPLVVLRQ DQG DEVRUSWLR® VLIJQDOV ZHUH REVHUYHG DW
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Introduction

)XOOHUHQH LV WKH ELRDFWLYH PROHFXOHV ZKRVH EL
VROXELOLWWLQFZADWKH GLVFRYMKHRU ISRWHQWQB® IRU X'
KDV EHHQ H[SORUHG )XOOHUHQHV DUH FRQVLGHUHG DV
WKHLU FOLQLFDO WULDOV KDYH RQO\ MXVW EHJXQ

'"HQGULPHUV FDQ EH HUHFWLYHO\ XVHG DV QDQRVF
K\GURSKRELF IXOOHUHQHV 'HQGULPHUV DUH FXUUHQWO)
SKDUPDFHXWLFDO DSSOLFDWLRQV GMP WK HV KB IUW XHMW X
GHQGULPHUV WKHLU SRWHQWLDO DV QDQRFRQWDLQHUV
DV WKH\ DUH FDSDEOH Rl IRUPLQJ FRPSOH[HV ZIRWKOD Y
O\V-E@WHG SHSWLGH GHQGULPHUV ZLWK DGGLWLRQDO G
VSDFHUV EHWZHHQ O\WLQH EUDQFK SRLQWV ZHUH SUHYL
G\QDPLFV VLPX$IDMRLRZGNDQG RXU FROOHDJIXHV VWXGLHG
GHQGULPHUV IRU VL51$ GHOLYHU\

"H DLP Rl WKLV ZRUN LV WR VWXG\ WKH IRUPDWLRQ D
O\WLQH GHQGULPHU ZLWK GRXEOH KLVWLGLQH DPLQR D
UHSHDWLQJ HOHPHQW FRQVLVWLQJ RILVW KDWQHH | B O ORI HOFH
& DV ZHOO DV WR VWXG\ WKH LQAXHQFH RI WKH SDLUL
FRPSOH[ IRUPDWLRQ DQG WKH VWUXFWXUH RI WKH UHVXO

Formation of a stable dendrimer-fullerene complex at normal pH

"H SURFHVV RI FRPSOH[ IRUPDWQABRURQYHWKNWHIQ 6D
XVLQJ WKH WLPH5GCHS HO@HBHFHNRHQ IURP )LJ D DQG )LJ
5 IRU WKH:BVFRPSOH[ LV KLJK IRU DOO WKUHH FXUYHV F
SRVLWLRQV RI WKH IXOOHUHQH YDU YDU DQG YDU UH
ORFDWHG IDU IURP WKH GHQGULPHU "HQ DIWHU VRPH G
DURXQG WKH HTXLOLEULXP YDOXH FKkDHULINF&FRPIS@RP WKH
For the Go fullerene, the process of complex formation with the Lys-2His dendrimer has a
similar character (Fig. 1b) toeg; but the fluctuations oRy during the complex formation
with the initial conditions varl and var2 are somewhat smaller. At the same time, in the third
variant of the initial conditions (Fig. 1b, for the initial conditions var3, blue curve), more
pronounced fluctuations are observed in the first part of the trajectory (from 0 to 25(Ryps) of
compared to the calculation variants varl and var2 ferlbwever, at the beginning of the
second equilibrium part of the trajectory (from 250 ns to 500 ns), the differencesRy the
values decrease. In this case, the aveRggmlue for the time from 250 ns to 500 ns becomes
close to the results of other calculations. The results obtaind®, foonfirm the fact of the
formation of a stable dendimdl XOOHUHQH FRPSOH[ DV ZHOO DV W
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2His+G” FRPSOH[ KDV RQ D Ypadiriesktind,) actoRiMghy WleRsRyPcompared
to the Lys-2His+ @ complex.

Figure 1. Time dependence qf flar complexes a) Lys-2His+g; b) Lys-2His+Go with
uncharged histidines for the first 250 ns at the stage of fullerene encapsulation in the
dendrimer). Initial conditions varl, var2, var3 correspond to three different initial variants of
the fullerene arrangement (see materials and methods).

Analysis of the structure and properties of a dendrimer-fullerene
complex at normal pH
"H LQWHUQDO VWUXFWXUH RI WKH FRPSOH[HV DYHUDJ
LQLWLDO ORFDWLRQV RI IXOOHUHQHY UHODWLYH SMR WKH |
FDQ EH FOHDUO\ GHPRQVWUDWHG XVLQJ WKH UDGLDO GLV\
DQG IXOOHUHQH DWRPV LQ WKH UHVXOWLQJ FRPSOH[HV
A4

@

where I(r) is the average density in a spherical layer at a distaftoen the center of mass of
the dendrimery/(r) is the volume of the spherical layer.

é:N L

Figure 2. Density distribution for dendrimer (black curve), fullerene (red curve) and

dendrimer-fullerene complex (blue curve) for a) Lys-2Higs#+8) Lys-2His+Go. The results

are averaged over three different MD simulations corresponding to three different initial

arrangements of fullerene (varl, var2 and var3).

As can be seen from Fig. 2b, in the Lys-2Higg€bmplex, fullerene places into the center of
the dendrimer (red curve), and it is located at distances frdhnm tor=0.8 nm, with a
maximum atr=0 nm. At the same time, in the Lys-2Hisy@omplex, after equilibrium is
established, Fig. 2a, fullerene does not places into the center of the dendrimer and is located
between its center and the outer surface of the dendrimer molecule, at distanae{8ota
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1.2 nm from its center with a maximum at 0.6 nm (Fig. 2a, red curve).

Thus, it can be concluded that both fullereneg,a@d Go, are encapsulated by the Lys-2His
dendrimer, however, fullerene;Cis located practically at the center of gyration of the
dendrimer, while fullerene g is shifted relative to the center of gyration of the dendrimer
and is located somewhere in the middle between the center and the outer surface of the
dendrimers.

The work was carried out with financial support from the Russian Science Foundation (grant
No. 24-13-00158). The simulations were performed at the Computer Resources Center of
Saint Petersburg State University
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Introduction

"H HOHFWURQLF DQG JHRP HD\WQGR FHDW Y WHW XU D \RIZHD O DV WK
WKHLU LQWHUDF@GE BRR HRMKOHY LQ WRW DONXORDWHS XVLQJ WK
IXQFWLRQDO PHWKRG +HDWV Rl UHDE® KRYHW EH MK HR F\WD XV @QHIE
GHPRQVWUDWHG WKDW LQ \EKEHLWKXYVEBOR® HAOTFHW LWRM RIRWDO V!
UHDFWDQWY DQG ¢QDO SURGXFWV DUH GLUHUHQW WKDW LV VS

Computational details

&DOFXODWLRQV ZHUH SHUIRUPHG E\ WKH GHQNQWUDRXQHMHNG
JUDGLHQW DSSUR{&S§PZWWRQVKY *$860,BIUDP > @ XVL QEDWKW
VHW "H %3: IXQFWLRQDO FRQVLVWLQJ RI WKH %IHOANWLR{FKDYJ
FKRVHQ DV WRRUHIHF®DQIHRQ IXQFWLRQDO "H FKRLFH RI WKLV IX!
E\ WKH SUHYLRXV HVWLPDWH RI WK-HHWHOFPRQR\ L®HVFDI2FKQBW
02 0 6F+=Q ZKHUH JRRG DJUHHPHQW ZDV IRXQG EHWRHHQ WK
FDOFXODWLRQV E\ RWKHU PHWKRGV FRQVLGHUWIEQR | W\KK-H HVOHDRUNF I
WKH JURXQG QWDWHV RAOKVWHUY DQG FRPSRXQGV IRUPGI&® DIWH
2 ZDV DV IROORZV )RU HDFK FOXVWHU SURHEBGE @ G HIKRHOW VWH
RSWLPL]DWLRQ ZDV SHUIRUPHG ZLWK WKHMWH QHRIPWMWHW HWH NRW DY
WKH ORZHVW WRWDO HQHUJ\ ZDV WDNHQ DV RMWKH JURIXP 8 RAPHH WF
DWRPV ZHUH FDOFXODWHG XVLQJ WKH EDVLV VHW RI QDWXUDO C

Results and Discussion

,W KDV EHHQ IRXQG WKDW WRH DIQU®R2)GF0 X/WWDNUH/ RIV WK W L
QRQPDJQHWLF VWDWH > @ " HUXH IR H WAHKH ZB RVOKH WX® 92 B R MAK 1@ B M
WR D FKDQJH LQ VSLQ PXOWLSO® IFFLW\W B UP L QW b CPIRFAK A XZD\M/KKN\S) K¢
PXOWLSOLFLW\ GRHV QRW FKDQJH F¥XQO® WKHL LY XKGHWH B MU WRQ
PROHFXOH VLQFH WKR {JURXQGVWUWHWHWRI §H "HUHIRUH V
FDOFXODWLRQV DOORZ XV WR VWDRWHO WKW WU DRIRE BEBWAL\FIDE \D
GHWHFWLQJ K\GURJHQ PROHFXOHV LI WKHP DJIOWWMLF W R R HIDW W
LQWHUDFWLRQ ZLWK K\GURJHQ PROHFXOHV ' H >GOHDWHU® LUHDG W E
DUH UHODWLYHO\ VPDOO ZKLFK LQGLFDWHV WKH DEHDRYER @Y VL
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LiCI-CsCI- H ,0 system. A molecular dynamics simulation
study
Cheremensky S.HEgorov AV

'Department of Nuclear-Physics Research Methods, Faculty of Physics, Saint-Petersburg
State University
E-mail: st087373@student.spbu.ru

,W KDV UHFHQWO\ EHHQ VK R-Z&Y &0B W\KWD M/P W.K/HDWS-HRNQt
SURPLVLQJ HOHFWURO\WH IRU EDWWHULHY ,Q RUGHU WR
QHFHVVDU\ WR LGHQWLI\ WKH PHFKDQLVPV RI PLFURVWU?>»>
DuHFWLQJ WKH PROHFXODU PRELOLW\ LQ VXFK V\VWHPV
VLPXODWLRQV ZHUH XVHG IRU WKLV SXUSRVH $W DOO
ELQDU\ VROXWLRQV VHH )LJ

JLJ 3KDVH GLDJUDP RO rkary sys&m.ith¥ st@lied concentrations are
shown as green and brown symbols

6LPXODWLRQV ZHUH FDUULHG RXW XVLQJ WKH 0'\QD(
V\VWHPV ZHUH PRGHO-HGRED DIQOF LW@WKBBYRPDQQ D FXELF F
SHULRGLF ERXQGDU\ FRQGLWLRQV "H 63& ( ZDWHU PRGHl
VROYHQW PROHFXOHWDLDWQN. Z&W HDRREGHOHG XVLQJ WKH S
5HI¥ @ "H HTXDWLRQV RI PRWLRQ ZHUH VROYHG XVLQJ 9
IV &RXORPE LQWHUDFWLRQV ZHUH WUHDWHG XVLQJ (ZD
ZHUH NHSW FRQVWD-RW YYAML @D WRAUH WRPH)RU HDFK V\VWHI
ZDV HTXDO WR QV WKH IROORZLQJ VLPXODWLRQ UXQ zZD

The composition and stability of the solvation shells of the ions, self-diffusion of
solution components as well as water rotational reorientation in the LiCI-G&Cldinary
system were studied in detail. A special attention was given to the effects of changes in the
ratio of lithium and cesium cations on molecular mobility.
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Proton attached to nitrogen in porphyrins and

tetrapyrroles
Nina Djapic
l8QLYHUVLW\ Rl 1RYL 6DG 7HFKQLFDO )DFXOW\ 30LKDMOR 3
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Introduction

,Q WKH MWRODAWHEFSQ VSHFWUXP WKH FKHPLFDO VKLIW F
QLWURJHQ LQ SRUSK\ULQV DQG WHWUDS\UUROHV RFFXUV ¢
DWWDFKHG WR QLWURJHQ GHSHQGV RQ PROHFXODU VWUXI
VROYHQW XVHG WKH -SIRMMGHMAIH RURPRBWRBHW\ WKH FRQF
RWKHUV 3URWRQ DWWDFKHG WR QLWURJHQ LV H[FKDQJH
VROYHQW LQGXFLQJ WKH SHDN GLVDSSHDUDQFH

Solution-state 1H NMR spectra of porphyrins and tetrapyrroles

Find the signals of proton attached to nitrogen in porphyrins and tetrapyrroles in the
solution-statéH NMR spectra (Fig. 1, Fig. 2 and Fig. 3

JLIXUH aHWRDWWBERMBHFWUD RI ELOLUXELQ SKHRSKRU
SKHRSKRUELGH D UHFRUGHG RQ D 0+] VSHFWURPHMW

158



Poster Session

J)LIXUH aH WRBDWWERMBSHFWUD RI WHWUDS\UUROHV LVRC
MDSRQLFXP +DPDPHOLV YLUJLQLDQD DQG 3DUURWLD SH
VSHFWURPHWHU 2ROYHQW XVHG &'

JLIXUH aHWRBWWERSHFWUD RI WHWUDS\UUROHV LVRC
MDSRQLFXP +DPDPHOLV YLUJLQLDQD DQG 3DUURWLD SHI
VSHFWURPHWHU 2’ROYHQW XVHG &'
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Potential of NMR spectroscopy for assessing the
hydrophobicity of microsphere cellulose carriers for

spiking cancer cells
Anastasia S. DmitrieaBoris P. Nikolae¥:® Ludmila Yu. Yakovleda
Viacheslav S. Fedorov2Maxim Shevtsgv
! Saint-Petersburg State Institute of Technology, St. Petersburg, Russian Federation
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% Saint-Petersburg Technopark, Engineering Centre AP, Saint-Petersburg, Russian
Federation
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Introduction

Methods of diagnostics and therapeutic courses of oncological diseases based on the
isolation of circulating tumor cells (CTC) from biological fluids are a valuable tool of modern
medicine. This approach can be implemented through specific interaction of an oncomarker
with a molecule containing a region capable of binding to its epitope. Solid malignant tumors,
as well as CTC, are characterized by increased expression of the membrane-associated protein
HSP70. The peptide TKDNNLLGRFELSG (TKD), consisting of 14 amino acids, is able to
specifically interact with HSP70, sincefdllows the residue sequenoé its oligomerization
domain [1]. The 13C NMR spectra confirm the composition of TKD in synthesis. It is also
necessary to immobilize the peptide on a heterophase carrier for affine separation. A good
candidate for CTC capture is magnetic microspherical cellulose. The cellulose microcarrier
has a developed porous surface represented by a network of micro- and macropores, is inert,
is characterized by high strength, contains functional hydroxyl groups in the structure that
have the potential for activation. Inclusion of MNPs into pores ensures convenient and
efficient separation of the extracted material from the total analyzed volume under the action
of an external magnetic field. The morphology and structure of microsphere cellulose and
13C spectra of TKD was measured by MRI, NMR at a spectrometer with microscale
tomographic accessory Bruker Avancelll 400 MHz (Bruker, FRG).

Figure 1 +** KNMR spectrum of TKD
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Results and discussion

For reliable analytical data, an important aspect is sorption caused by non-specific
hydrophobic interactions. The assessment of the magnitude of hydrophobic interactions
between the sorbate and the matrix is usually made based on the distribution coefficient P of
the neutral molecule between the aqueous phase and the stationary phase the chromatographic
carrier and subsequent comparison of the coefficient P with the octanol/water comparison
system [2]. Redistribution of the hydrophobic probe can be measured by chromatographic
methods with a change in the polarity of the eluent, the type of sorbate (alkylated alcohols,
amines, etc.) and spectral methods. In this work #thBIMR method, a spectrally unlimited
method of the optical range in turbid media, was used. The aH@kcule was chosen as a
radio spectral probe, the coefficient of which according to the Hahn criterion is LogP = 1,97.
The convenience of chloroform for probing sorbents consists in the small size of the
molecule, which facilitates penetration into microgel areas, the singlet structure of the
NMR line, high polarity (Y= 4.8) and poor solubility in water provide spectral tracking of the
molecule in the hydrophobic sites of the sorbent.

The shape of the NMR line of a liquid in the pores of a spheroidal form of a biphase
FRPSRVLWH PDWHULDO LV GHWHUPLQHG SULPDULQ\ E\ W
the demagnetizing factor N, and the magnitude of the resonance frequélitoy degree of
porosity of the medium, i.e. the number of spheroidal pore inclusions per unit volume of the
sample, does not affect the shape of the line, as follows from the relation [3].

*ual *4:s E QAT E T %:N;

U

where G(r) is the field strength created by the i-th spheroid pore at point r inside the
selected spheroid,H external magnetic field

In the case of nanosized pores, rapid molecular motion causes the secon@(grm
to be averaged to zero and, thus, to the complete leveling of all possible types of dependence
on the degree of porosity of the medium. Thus, the width of the NMR line of such a
nanoporous medium turns out to be dependent on sorption characteristics

'H-NMR spectra were measured by Fourier spectroscopy on a Spinsolve 60 Carbon
Ultra spectrometer (Margitek) in standard 5 mm ampoules. Sorbent samples were placed in
ampoules to which CHglwas added, after equilibrium was established, the spectra were
recorded with preliminary withdrawal excess solvent. The signal position was counted
relative to the TMS solution. The 1H NMR spectrum of Cii€lwater and cellulose sorbent
is shown in Fig. 2.

7R VWDELOL]H FKORURIRUP GXULQJ VWRUDJH DOFRK
zZ Z ZKLFK FRUUHVSRQGVY WR WKH SS8PVHQFH TRADIJ WHWS (
SSP VSHFWUDO OLQHV )LJ D "HVSHFWUDO OLQH DWW

yLJ D

Conclusion

When CHC} was added to the cellulose microcarrier, it turned out that the molecules
of the hydrophobic probe are capable of being sorbed equally with the ethanol molecule, as
evidenced by the broadening of the spectral lines of both substances Fig. 2 (b). The ratio of
the integral intensities of CHE&nd EtOH, proportional to the molar content of nuclei giving
a signal, for a sample of CHOI water was 1:9. However, for CHOh a microcellulose
carrier, this ratio was equal to 1:2, which indicates greater sorption of the hydrophobic
molecule of CHG than EtOH. The last fact is significant for biosensing since discovered
some rate hydrophobicity of microporous cellulose matrix can appreciably affect the
nonspecific interaction of TKD conjugate with CTC.
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Figure 2. 1H NMR spectrum of CHGh water (a) and in the cellulose microsphere sorbe
(b)
Acknowledgments
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Analysis of hyperfine and quadrupole interactions in the

first coordination sphere of N in hexagonal boron
nitride
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Introduction

"H YDFDQF\ FHQWHUV SUHVHQW VLJQL,FDQW LQWHUH
RSWLFDO SURSHUWLHVY $ QRWDEOH DGYDQWDJH RI WKH K
FRPSDUHG WR DQDORJRXV PDWHULDOV LV WKH SUHVHQF
QXFOHL VXUURXQGLQJ WKH YDFDQFLHV DV LOOXVWUDWH
YDOXDEOH IRU TXDQWXP RSHUDWLRQV ZKHUH WKH H[L
LQWHUDFWLRQ EHWZHHQ WKH PDJQHWLF PRPHQWYV DQG )
IDFLOLWDWH FRKHUHQW FRQWURO DQG PDQLSXODWLRQ F
RI K%1 LQ TXDQWXP VHQVLQJ ZKHUH LW FDQ EH XWLOL
FDSDEOH Rl GHWHFWLQJ VXEWOH YDULDWLRQV LQ SDUDP
> @

Materials

+H[DJRQDO ERURQ QLWULGH LV D PDWHULDO FKDUDI
FRQVLVWEBLRH@ZIRRQDO DWRPLF OD\HUV "HVH OD\HUV DU
:DDOV IRUFHV DOORZLQJ IRU XQLTXH SURSHUWLHV VXFK
ERURQ QLWULGH FU\WWDO H[KLELWVPPFV\P@HWRI\ WEBFP
LQWHUHVWLQJ W\SHV RI GHIHFWV LQ K%1 LV WKH$ERURQ
ERURQ YDFDQF\ LV WKH DEVHQFH RI D ERURQ DWRP LQ Wt
LQ SODFH RI WKH ERURQ YDFDQF\ LQ KH[DJRQDO ERURQ Q
K%1 FU\WWDO ZDV VXEMHFWHG WR H@HBVWWR Q RRIR D\GLABML
"H FU\WVWDO GLPHQRRRQVPPRUH PP

JLIXUH $ 6FKHPDWLF LOOXV W WXWUR® QG HGERUW R UM
QLWURJH@BRRXEDRDWLRQW SEBWHW DO ODWWLFH RI KH[DJR(
GHPRQVWUDWLRQ Rl FRRUGLQDWLRQ VSKHUHV

Methods
ODJQHWLF UHVRQDQFH H[SHULPHQBRD/QBHUH *FR QB XK W
(OH[V\V ( VSHFWURPHWHU )LJXUH 6$ 500/GRQVQFBIWHYV

VSHFWUXP ZLWK RSWLFDO H[FLWDWLRQ DFKLHYHG WKUR:
QP "H VSHFWUXP ZDV UHFRUGHG XWLOL]JLQJ D SXOVH VHT

163



Poster Session

</9 iFiF&/9 ;FIF'5'A4ZKHUM9 ;LytJ@1 LtxrJ@(6( + HOHFWURQC
VSLQ HFKR

ENDOR experiments were also conducted using a laser with a wavelength of 532 nm.
The chosen pulse sequence was the Mims sequence

—yf FIF— Yo FsJFE~rF$,F— yf iFTFqeqa where E-r;L
R uEa

Results and discussion

OHDVXUHPHQWYVY ZHUH SHUIRUPHG IRU WZR RULHQWDW
DOLJQHG ERWK SDUDOOHO DQG SHUSHQGLFXODU WR WKH |
WKH H[SHULPHQWDO UHNROWY DYYAGBIWHEWIRQALAVWKMH QJ =)6 SD
ZHUH H[WUDFWHG )RU D FRPSUHKHQVLYH DQDO\VLV VLPXC(
WKH DIRUHPHQWLRQHG RULHQWDWGRGHWQ ®H®RWJVEPWED W
REVHUYHG YDFDQF\ FHQWHU LV FKDUDFWHUL]HG HO® WU
VSOLWWLQJ RI'DSSUR|LP@EBDHFMRU "H VLIQDO FRUUHVSRQG
WUDQVLWWERQ ADRFGHWHFWHG DV UDGLDWLRQ ZKLFK FDQ E
GHSLFWHG LQ J)LIXUH % > @

Figure 2. A) ESR spectrum (black line) and the spectrum simulation (red line) and angula
dependence simulation for vacancy center (W-band, T = 25 K). B) Schematic representation
energy levels for the vacancy center with optical excitation at a wavelength of 532 nrex&ted

state, MStmetastable state, GSground state.

"H VSLQ +DPLOWRQLDQ HQFRPSDVVHV ¢YH GLVWLQFW
HOHFWURQLF =HHPDQ LQWHUDFWLRQ =)6 QXFOHDU =HHPI
QXFOHDU TXDGUXSROH LQWHUDFWLRQ ,G WKW FD\WQH ER
H[SUHMVHG

. L e EU
BLeAnye EpFYF——GF%QuE

U
Eimm ﬁ-iuz;.;Emv-vw;.;Em-u;.;EﬁFFdth FquUEAkﬁ F{§.0Gy

c@U

gLPXODWLRQV RI (1'25 VSHFWUD )LJ 1 ,ZKLFK WRRN L
I[URP WKH ¢UVW FRRUGLQDWLRQ VSKHUH IRU RULHQWDWLR
¢HOG UHVXOWHG LQ WKH GHWHUPLQDWLR® R WKGIXBWYLQ
REWDLQME ZHOUH] $u 0+] D@ 0+] %DVHG RQ WKLV WK
Rl WKH )HUPL FRQWDFW |\.QWHUDFWQ 8 QN RERIQSRASTRIDIMY WH U D F
FRQV®BQW 0+] ZHUH FDOFXODWHG "H PDJQLWXGH RI WK
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&t 0+] ZzZDV GHWHUPLQHG DV ZHOO DVEWKH @V\PPHWU\ ¢

Figure 3. The ENDOR spectrum'8f displays two electronic transitions: one corresponding to t
Mg < +1 transition at a magnetic field of,B= 3223.1 mT, and the other for theM < i
transition at B =3480.5P7 $ % =&7°3T=50K.D)3=18.4°,T= . ZKHU é&hgk af
deviation in the plane of dangling bond.

Summary

ODJQHWLF UHVRQDQFH H[SHULPHQWVY LQFOXGLQJ (6
DQDO\]H WKEXHFOHPWURDNHUDFWLRQV Rl YDFDQFLHWW " H
JURXQG VWDWIHQ@EWKS'QHWRWO+QJIDQEDFWRU 6LPXODWLR:
UHYHDOHG WKH SULQFLSD®G HRPSRIGHQ@WV RO+WH@GRU
$; 0+] 4XDGUXSROH LQWHUDFWLRQ PDJQLWXGHV DQG
GHWHURBLQH®+]  + "H VWXGLHG K\SHU¢{QH DQG TXDC
EHWZHHQ VSLQV XQYHLO QHZ KRUL]JRQV LQ WKH FUHDWLR
WKH IRXQGDWLRQ IRU TXDQWXP FRPSXWLQJ "H HQWDQJC
FDQ EH KDUQHVVHG WR H[HFXWH TXDQWXP DOJRULWKPV :
WKH FRPSXWDWLRQDO FDSDELOLWLHV RI FRQWHPSRUDU\
UHVHDUFKHUV WR SUHGLFW WKH EHKDYLRU RI TXDQWXF
PDQLSXODWLRQ SURFHVVHYV

Acknowledgments

JLODQFLDO VXSSRUW RI WKH 5XVVLDQ 6FLHQFH )RXQt
LV DFNQRZOHGJHG

References

6XPXNK 9DLG\D ;LQJ\X *DR 6DDNVKL 'LNVKLW ,JRU $KDUF
VHQVLQJ DQG LPDJLQJ ZLWK VSLQ GHIHFWV LQ KM[DJRQDO E

) ) OXU]JDNKDQRY * 9 ODPLQ 6 % 2UOLQVNLL%IBNWBDUNVWRPD C
$KDURQRYLFK $ *RWWVFKROO $ 6SHUOLFK 9 '"\DNRQRY 9
+

*UDFKHYD 1)) OXU]DNKDQRY *9 ODPLQ 0% 6DGR
ORNKRY 0 5 *DIXURY * 'H -RXUQDO RI 3K\VLFDO &KHPLV

165



Poster Session

Study of conformation of mechanically activated calcium

gluconate irradiated with gamma quanta
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"H VWXG\ RI WKH VWHUHRFKHPLFDO VWUXFWXUWH RI ELR
UROH LQ YDULRXV DVSHFWV Rl SKDUPDFHXWLFDO DFWLYL\
GUXJV WR WKH FRQWURO RI WKHLU TXDOLW\ DQG VDIHW\ -
QRW SRVVLEOH WR VWXG\ FODVVLFDO PHWKRGV IRU GHWHF
VXFK VXEVWDQFHV LQFOXGH PHFKDQLFDOO\ DFWLYDWHG C
JOXFRQDWH 0$&* GHPRQVWUDWLQJ LQFUHDVHG WKHUDSH
FRQWDLQLQJ GUXJV 'LV HuHFW PD\ EH DVVRFLDWHG ZLW
PHFKDQLFDO DFWLYDWLRQ ,Q WKLV UHJDUG WKH DSSURDF
HOHFWURQ SDUDPDJQHWLF UHVRQDQFH PHWKRG TXDQWXP
DOORZV XV WR REWDLQ GDWD RQ WKH VWUXFWXUH RI 0$&*

*H (35 VSHFWUD RI PHFKDQLFDOO\ DFWLYDWHG FDOFL.
0$&* $ QDUURZ VLQJOH OLQHDLYGREYHIW HBPLGHWKBQDWH G
UDGLFDO > @ 7R REWDLQ LQIRUPDWLRQ RQ WKH VWUXFWX
ZDV LUUDGLDWHG U$&33 WISBGWRMHR ZLWK D GRVH RI *\

X-band W-band
Figure 1 +EPR spectra of mechanically activated calcium gluconate (MACG) and irradiated
mechanically activated calcium gluconate.

Analysis of the X- and W-band EPR spectra using quantum chemistry methods
showed that stable carbon-centered radicals localized mainly on C2 atoms, as well as an
unidentified radical R, are formed when irradiated with MACG. The hyperfine interaction
tensor obtained as a result of quantum chemical calculations was A = [6.8 3.0 35.1], the
isotropic part of which is 15 MHz. According to the McConnell relation, this value of the
hyperfine interaction corresponds to a torsion angle of 68 degrees. The value of this torsion
angle coincided with the X-ray diffraction data for crystalline calcium gluconate [2]. Based on
this observation, it can be concluded that part of the gluconic acid anion near the calcium
atom does not change its structure during mechanical activation. Unfortunately, the absence
of stable radicals localized on other carbon atoms did not allow us to calculate the torsion
angles for the C3-C5 fragment. However, it can be assumed that the impossibility of
stabilizing radicals on carbon atoms C3-C5 may be associated with a change in the geometry
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of the molecule. It is known that in gluconic acid, as a result of turning the C3-C5 fragment
E\ h D WUDQVLWLRQ IURP D OLQHDU (WR 3B+)F3UYHG
Presumably, this process occurs during the mechanical activation of calcium gluconate.
Therefore, radicals accumulate only on the C2 atoms since the central part of the molecule is
SFORVHG  E\ FXUYHG JONPRP.LF DFLG DQLRQV

Figure 2 +a) The structure of crystalline calcium gluconate according to X-ray structu
analysis [2]; b) xthe same structure with the C3-C5 fragment rotated by 120 degree
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Influence of substitutes and chalcogen atom nature on

the akylation of phosphine chalcogenides
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Introduction

3KRVSKLQH FKD®RRJIJEARHBHV<52 6 6H KDYH D QXPEHL
XVHIXO SURSHUWLHY DQG DUH YDOXDEOH IRU PDQ\ VFLHQV
VDOWV Rl WKH SKRVSKLQH VHOHQLGHYV D[DQ/EDWOM\BGY DQHE
FU\WWWDOOLQH RU PROHFXODU GHVLJQ WR REWMLQ WXEVW
SDUWLFXODU LQWHUHVW RI WKH SKRVSKLQH FKDOFRJHQLG
RI WKH HOHFWURQLF VWUXFWXUH RI WKH FKDOFRJHQ DWR
UHJLRQ RQ WKH FKDOFRJHQ DWRP ZKLFK DOORZV-LW WR
FRYDOHQW LQWHUDFWLRQV DQG WKHUH LV D SRVLWLYH H(
RI WKH FRYDOHQRDEBBRMBOHWKB XHWRWR ZKLFK WKHVH PROH
FKDOFRJHQ ERQG > @ 'LV GXDO QDWXUH RI PROHFXOHYV
PHWKRGVARVDQRIQW LQWHUDFWLRQV VWEB®RROYKHQ IDPOXE &/
IHDWXUH RI SKRVSKLQH FKDOFRJHQLGHV LV WKH SUHVHQ
QDWXUDO DEXQGDQFH RI WKH % DJIQMKY DF R DJX\ D EWR P DH QHARD
VSLQ ZKLFK PDNHV LW SRVVLEOH WR FDUU\ RXW UHVHD!

,Q WKLV ZRUN WKH LQAXHQFH RI VXEVWLWXWHV DQG FK
UHDFWLRQ UDWH RI SKRY SKIL\ I& HF K RBOIFSIHQH BW YRRV FRS\ LQ
VROXWLRQ

Methods and Objects of research

$WON\ODWLRQ UHDFWLRQV RI WKH SKRVSKLQH FKDOFR
VXOIDWE 0B VROXWDODROGFIRU&LQJ WR WKH IROORZLQJ VFKHF

Scheme 1. Alkylation reaction of phosphine chalcogeniges\R

"H LQAXHQFH RI VXEVWLWXHQWY DQG D FKDOFRJHQ DW
3 105 VSHFWURVFRS\ 'H RYHUDOO FRQFHQWUDWLRQ RI Wi

ZDV LQ WKH UDQJH RI if0 DQOG WKH FRQFHQWUDWLRQ RI ¢
Experimental details

105 VSHFWUD ZHUH UHFRUGHG RQ D %UXNHU 0+] '3;
0+] IRB DW 7 . ZLWK WLPH LQWHUYDOV RI DQG

ZLWK SIHAMHWG GHFRXSOLQSVWEKHWY H IDQIG W KH 3S&ZHHOQBI\ RVHGV |
IRU PHDVXUHPHQWMN RISHFWUD 6SHFWUD ZHUH UHFRUGHG I
3 %DVHG RQ WKH REWDLQHG 105 GDWD NLQHWLF FXUYH
VXEVWLWXWHY )LJ DQG SKRVSKLQH FKDOFRJHQLGHYV
FRQVWDQWY IRU HDFK UHDFWLRQ ZHUH GHWHUPLQHG
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Figure 1. Kinetic curves of phosphine selenic  Figure 2. Kinetic curves of phosphine
chalcogenides
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Introduction

&DQGLGD DOERGEED @Y OHDNWHWPLFURVFRSLF IXQJXV WKE
EH IRXQG LQ WKH KXPDQ ERG\ RQ WKH PXFRXV PHPEUDQH
XURJHQLWDO WUDFW +RZHYHU ZKHQ &VKMO ERFHRIQIM W \W W H
H[KLELW SDWKRJHQLF SURSHUWLHV "LV FDQ PDQLIHVW DV
"H HXNDU\RWLF WUDQVODWLRQ LQLWLDWLRQ IDFWRU §$
IDFWRU WKDW DOVR SOD\V DQ LPSRUWDQW UROH LQ WUDQV
"H UROH RI H,) $LQ WUDQVODWLRQ HORWQW M IGRXQ LY JWNF
VIQWKHVLV Rl FRPSOH[ SRO\SUROLQH PRWLIV $ XQLTXH I
FULWLFDOO\ GHSHQGHQWWRD® XY OOWIFDQWIR®PRBLZRVWLRQ
O\WLQH UHVLGXH WR D K\SXVLQH UHVLGXH > @ 'LV UHVLGHX
H,)$ ZKLFK VWDELOLINVYWHW CBXUQQWKHKHB VIQWKHVLV RI F
PRWLIV "H PDMRULW\ RI VWX FHVQ GHRIWW C5W R WMHKLEDWV 1 R PSS L
VHTXHQFHV FRQVLVWLQJ RI WKUHH SUROLQH UHVLGXHV RU
BURJURUR R-3 BRDR "LV LV DWWULEXWHG WR WKH LQHVFLHQV
DV DFFHSWRUV Rl WKH JURZLQJ SRO\SHSWLGH FKDLQ > @
The involvement of elF5A in translation termination is associated with its interaction
with the factors eRF1 and eRF3. This interaction leads to the release of the synthesised
polypeptide chain [4].

Methods

"H REMHFW RI WKH VWX%\ DRWHIRD GHGR®D DOHELFDQV
SURWHLQ FRQVLVWV RI DPLQR DFLG UHVLGXHV ZLWK
LVRHOHFWULF SRLQW RI S, DQG DQ H[WLQFWLRQ FRHYV

105 VSHFWUD ZHUH UHFRUGH @Brike& 7DIOMIB2YdpegtFormeter, +'E
equipped with a QCI cryoprobe (*H/*F, 13C, N, 3P). The NMR sample contained 0.5 mM
elF5A-GBL1 in phosphate buffer solution (see Appendix), 2% sodium azide (NaN), and 5%
D,O. To determine the positions of secondary structure elements in elF5A-GB1, the
following NMR experiments were previously conducted: HSQC, HNCA, HN(CO)CA,
HNCACB, CBCA(CO)NH, HNCO, HN(CA)CO, IN-TOCSY HSQC, :N-NOESY HSQC, and
13C-NOESY-HSQC. High-resolution NMR spectra were processed using the CcpNMR
Analysis software [5]

Results
The assignment of 1H, 13C, and N nuclear signals was performed for 127 out of 219
amino acid residues (58.3%) of the protein.

&KHPLFDO VKLIW LQGLFHVY ZHUH FDOFXODWHG @®QG XVH
WR SUHGLFW WKH SRVLWLRQV RI VHFREQ G DHY MD/OXE IV XMIZHR

170



Poster Session
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NMR control of the synthesis of pharmaceutical

intermediates
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Introduction

,Q RXU FRXQWU\ JURZLQJ UHOHYDQFH RI UDUH RUSKD!
WKH H[SDQVLRQ RI RSSRUWXQLWLHYV IRU HDUO\ GLDJQRVL
HPHUJHQFH RI HuUHFWLYH PHWKRGYVY Rl WUHDWLQIGSWWLHQ!'
GHYHORS RXU RZQ SURGXFWLRQ RI RUSKDQ GUXJV
3XOPRQDU\ $UWHULDO +\SHUWHQVLRQ 3%+ LV D VXEJL
ZKLFK WKH EORRG SUHVVXUH LQ WKH SXOPRQDU\ DUWHULLE
SUR[LPDO WR WKH FDSLOODU\ EHG WKH VLWH RI R[\JHQ HIF
WR WKH LQFUHDVHG SXOPRQDU\ YDVFXODU UHVLVWDQFH Z
IDLOXUH DQG WKH GHDWK ZLWKRXW QHFHVVDU\ WUHDWLQJ
Selexipag is the first in Russia and the only globally approved representative of a new
class of oral medicines, prostacyclin IP-receptor agonists for treatment of PAH [2]. According
to one of the strategies for the synthesis of selexipag, a halogen derivative of methylsulfamide
is used as an intermediate. Its acylation is difficult, since protons of thegiddp of the
initial sulfamide have pronounced acidic properties.
The reaction was monitored using tNeclear magnetic resonancNR) method.
The choice of tts method is due to the inability to detect the desired compound in the MS-
spectrum, which is caused by its relatively low ionizing ability under electrospray conditions.
In addition, high-performance liquid chromatograpliPLC) method doesn't also allow to
control the reaction due to the absence of groups glowing in ultraviolet light.

Methods

A chloroacetyl chloride was selected as the halogen derivative of methylsulfamide, the
synthesis method of which was reproduced according to patent WO2017029594A1 [3] (Fig.
1).'H NMR spectra were recorded in DMS@ah a Bruker Avance 1l 400 UltraShield Plus
NMR spectrometer (400 MHH operating frequency). The signals of residual protons of the
solvent were usedsa standard. Sample preparation: 2 mg of reaction mass were diluted with
0.5 ml of DMSO-d.

o]

0 (0]
I 3
HN-5=0 T Cl\/”\ [eN NH /<
2 i S —cl
(0]

Figure 1. Synthesis of 2-chloro-N-(methylsulfonyl)acetamide

Results and discussion

The approbation of these methodics showed a low yield of the desired prédu&.W VvV
why new synthesis conditions were select€de NMR control method allowed us to select 2-
chloro-N-(methylsulfonyl)acetamide as an intermediate of the reaction and to develop an
optimal method for its synthesis. (Fig. 2).
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Figure 2.'H NMR-spectrum reaction mass

2-chloro-N-(methylsulfonyl)acetamide was detected in‘th& MR spectrumas
signals: /12.13 (s, 1H), 4.28 (s, 2H), 3.28 (s, 3H) (Fig. 2).

Based on the ratio of the areas of the signal peaks in the NMR-spectrum of the
reaction mass, a preliminary assessment of the conversion of the initial methylsulfamide was
carried out, which was 84%. The unreacted methylsulfamide (16%) was detectedtin the
105 VSHFWUXP DV WZR GLIBHDAIG W (8) (RIQ Z).ake aftribution of
these signals to the unreacted methylsulfamide was confirmed by comparing the NMR spectra
of the reaction mass and of the initial methylsulfamide (Fig 3).

Thus, 2-chloro-N-(methylsulfonyl)acetamide, an intermediate of selexipag synthesis,
was obtained with a purity of 84% using the NMR method control.

y; 10’

) SR | P

Figure 3. Stack ofH NMR-spectra of reaction mass (upper spectrum) and initial
methylsulfamide (lower spectrum)
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The optimization of the conditions of 2D NMR spectra
registration for the analysis of thermoplastic organic

compounds in molten state
llya A. Grishanovich, Semydn Shestakov, Alexander Yu. Kozhevnikov
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"H GDWD-RLFRHYHVLRQDO 105 ¥ SHiRW DRWFRBNHQ QRW HQF
FHUWDLQ LGHQWL¢{FDWLRQ RI WKH FKHPLFDO VWUXFWXUH
DGGLWLRQ WKH SWKBRUBOHPEBWGEGDWURBLRWUDWLRQ ORZHUV WK
GLPHQVLRQDO H[SHULPHQWYV +64& +0%& FDQ FRPSOHPHQ
IRU LQVROXEOH VDPSOHV RU VA\VWHIRRWEHW KER QB \F R § HHIMWRL
EHFDXVH WKH VLJQDOV DUH HLWKHU DEVHQW RU ZLWK H[W
GLPHQVLRQDO VSHFWVURWHRWBDRBOHWMR IMXDOO\ VWXGLHG ZlI
FRPSOLFDWHG ZLWK WHFKQLFDO LVVXHV FDXVHG E\ QHFH\
Rl VROLGBWH 105 VSHFWUD > @

,Q WKLV ZRUN ZH RuHU WKH DSSURDFK EDVHG RQ WKH
GLUHFWO\ LQ 105 VDPSOH WXEH ,Q FDVH RI PRORHWLWBG\WWNWWH
PHWKRG DOORZHG WR UHJLVWHU +64& VSHFWUD VXFFHVV]
+64& VSHFWUD ZHUH QRW REVHUYHG IRU PRUH FRPSOH[ V
UHODWHG WR DSSHDUDQFH RI FDYLWLHY LQ WKH VDPSOH Y

"H VHWWLQJ RI WHPSHUDWXUH PRGH PDWFKLQJ ZLWK
ZDV REWDLQHSRGYHWIFWLRQ RI ODFWLGH LQ SUHVHQFH R

f& DOORZHG WR VLIQL¢{¢FDQWO\ UHGXFH WKH FRQWULLI
DQG TXDGUXSOH GXH WR LQFUHDVH RI PROHFXOHV PREL
LPSURYH RI VSHFWUXP UHVROXWLRQ ¢J

Figure 1. The change dH spectrum after reaching of the sample melting point.
$IWHU WKH UH8LO VBWEWQ Xl DW WKH PHOWLQJ WHPS

FRSRO\PHU VDPSOH ZH PDQDJHG WR REWDLQ WKH SHUVHSVW
SUHVHQWHG DW ¢J
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Figure 2. HSQC spectrum of sample of lactide copolymer at 84 °C.

"H SURSRVHG PHWKRG FDQ DOORZ WR DQDO\H WKH V
ZKHUH WKH DSSOLFDWLRQ RI XVXDO DSSURDFKHV WR WI
EHFDXVH Rl IRU H[DPSOH WHFKQLFDO LVVXHV RU QHFH
VROYHQW LQAXHQFH
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Investigation of the magnonic nonlinear phase shifter

based on forward volume spin waves
Roman V. Haponchyk, Alexey B. Ustinov
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University, St.Petersburg, -197376 Russia
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Introduction

5HFHQW \HDUV LQWHUHVW LQ VWXG\LQJ RI WKH QRQ
SURSDJDWLQJ LQ PDJQRQLF FU\WWDOV 0& KDV LQFUHDVHG
VROLWRQV > @ DQG QRQOLQHDU IUHTXHQF\ VKLIW BI LQWH
D QXPEHU RI LPSRUWDQW LVVXHV UHPDLQ XQH[SORUHG “H
RI WKH QRQOLQHDU SEPYGILWKGW &I L0Q @B B 9OLEMXE @ BXPS 6
SURSDJDWLQJ LQ 0& DW GLUHUHQW IUHTXHQFLHV WDNLQJ
SXP6: "H LQWHUHVW LQ WKH VWXG\ RI VXFK HuHAW LV GX
ORJLF FLUFXLWV LQ ZKLFK WKH RXWSXW 6: VLJQDO RI WKH
6: VLIQDO Rl WKH VXEVH®XHQW ORJLF HOHPHQW >

Theoretical model

The purpose of this work is to develop a theoretical model and an experimental
prototype of a nonlinear phase shifter (NPS), the operating principle of which is based on the
effect of an induced nonlinear phase shift of forward volume SW propagating in a one-
dimensional MC.

To do this we developed original theoretical model. Since the nonlinear phase shift of
small-amplitude SW depends on the evolution of the amplitude of large-amplitude pump SW
during their simultaneous propagation in the MC, we first derived formulas for the nonlinear
damping of SW in a regular magnetic film waveguide. To describe the propagation of two
nonlinearly coupled waves, the system of modified nonlinear Ginzburg-Landau equations was
used:

nE‘—E EU%—F05575 75 F G576 %75 L
L FE&E %5756E &6 75 ;754

AELE R F 0575076 F 0676976 L

OL FERE §575°E &57¢%:768
here &sand &5 +third order decrements of nonlinear dampirgggand & ¢ xfifth order
decrements of nonlinear damping for the first and second SW respectdsjpnd Ogg +
nonlinear self-interaction coefficients describing the effect of the amplitude of the first and
second SW on its nonlinear frequency shit,sand Og 5 £nonlinear coefficients describing
the effect of the amplitude of the second and first SW on the nonlinear frequency shift of the
first and second SW respectively.

Solving the system of nonlinear Ginzburg-Landau equations (1) will give us an
expression describing the dependence of the Fourier-amplitude of the first (operating) and
second (pump) spin waves 5 46 V on the coordinate. The solution is very cumbersome, so
we will not present it here. Detailed expressions are given in the paper [4]. An expression that

allows one to calculate the induced nonlinear phase shift of the operating SW taking into
account nonlinear damping of the pquWertten as follow:

ISQAL F @&,75 VE05676 ‘VA@Q V (2)

@)
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here 8§;s=group velocity of the operating SW. Note, tHajc sL TicAE Tactherelicat
intrinsic nonlinear phase shiff, 5 c stnonlinear phase shift induced by the pump SW. The
phase shifti j ¢ adetermines the first term in (2), arid ¢ getermines the second term.

At the last stage, additional attenuation of the pump wave due to Bragg reflection
during its propagation at the frequencies of the band gaps of the MC was taken into account.
The transmission coefficient describing reflection of SW from a periodic structure was
derived using the coupled wave methofl For this purpose, the MC transmission coefficient
wasrewritten as a product of several terms describing the nonlinear damping of SW and the
attenuation associated with their reflection:

*aufli L *caipfi e:f;, )
here *ca1p:f1; and *¢:f; ttransmission coefficients describing the nonlinear damping of
SW and the attenuation of SW associated with Brag reflection in MC respectively.
Afterwards, having written down the overall transmission coefficiggat; fi ;, we will be able
to express the amplitude of the operating signal7a&: V; L * £4;i;7,5 The coefficient
*=:f;is equal to3l " outside the frequencies of the MC band gaps, therefore the propagation
of SW outside these zones is described using the usual model. In the case of SW propagation
at bandgap frequencies, the transmission coefficient becomes less? thatue to its
reflection from the periodic structure.

Experimental setup

An experimental prototype of a magmomNPS (Fig. 1) was fabricated with using a
MC made of 5.7 P thick yttrium-iron-garnet (YIG) film (1). The 10 grooves (2) with a depth
of 0.1 Pand a period of =300 P were etched on the surface of the film. The width of the
grooves was 100 P. Microstrip antennas (3) with a length of 2 mm and a width of 80
were used to excite and receive forward volume SW. The antennas were positioned directly
on the MC surface, and the distance between thendwe® mm. Microstrip lines (4) with a
characteristic impedance of 50 Ohm were used to supply a microwave signal to the input
antenna andeeive the transmitted microwave signal from the output antenna. The saturation
magnetization of the selected YIG-film was 140@ and the magnitude of the external
magnetic field was 2500e The half-width of the ferromagnetic resonance curve wa®8@.6

Fig. 1. Experimental prototype of the magnonic NPS

The measurements were carried out in two stages. At the first stage, the input and
output microstrip lines of the experimental prototype were connected directly to a vector
network analyzer (VNA). The frequency response and the phase-frequency characoferistic
the studied prototype were measured. At the second stage, measurements of the induced
nonlinear phase shift W in MC were carried out. To do this, the experimental prototype
was included in the experimental setup. The VNA was switched to the phase versus time
measurement mode. In this mode, ¥WdA generated a continuous low-power microwave
signal. At the same time, the microwave generator generated a pulsed microwave signal,
further amplified by an amplifier. Thus, the continuous operating and relatively intense pump
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pulses were simultaneously excited in the YIG-film. As a result, the dependence of the phase
of the operating microwave signal on time was observed on the screer/dfAahe

Figure 2 (a) shows the frequency response of the NPS prototype. Figures 2 (b, c)
shows the induced nonlinear phase shift of the operating SW measured for two frequencies of
the operating signal located between the band gaps of the MC versus pump signal power.
Arrows in Figure 2 (a) shows operating signal frequenciesad well as pump signal
frequenciesds. The operating signal power was 10 pW.

Fig. 2. Frequency response of the NPS based on forward volume SW (a), theoretical (curves)
and experimental (symbols) characteristics of the induced nonlinear phase shifts of the
operating SW versus pur@Wpower for two operating SW frequencigarid four pump SW
frequenciesf(b) and (c).

Conclusion

"H UHVXOWV RI WKH LQYHVWLJDWLRQ VKRZHG WKDW R
WKH H[SHULPHQWDO GDWD "H PRGHO FDQ EH XVHGFWR GH
136V EDVHG RQ WKH IRUZDUG YROXPH I6ROIRIL AV KIHW BRJX DWWV K
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Effect of palladium(ll) on NMR spectra of coordinated
semicarbazones
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Introduction

3DOODGLX¥PG,, FRPSOH[HV DUH ZLGHO\ XVHG LQ D YD
FDWDO\VLV DQG WKH SKDUPDFHXWLFDO LQGXVWU\ DPRQ
LGHQWLI\LQJ DQG FKDUDFWHUL]LQJ WKHVH FRPSRXQGV
XQGHUVWDQGLQJ WEE FRHAWR®IWKKHQDWXUH RI WKH VS
UHPDLQV UHOHYDQW

The experimental basis of the study

We have synthesized several dimeric coordination complexes of palladium (IlI) with
semicarbazone ligands [(Pf),Cl]. The synthesis involved the reaction of a palladium
precursor, KPdCl, with L'-L* semicarbazones followed by formation of a palladacycte (L
L or additional coordination of the phenolic hydroxyl grouf) (s shown in Figure 1.

JLIXUH *HQHUDO VFKHPH RI VIQWKHVLY DQG VWUXF

"H FRPSRXQGV ZHUH VWXGLHG XVLQJ 105 VSHFWU}I
VSHFWURPHWHU ZLWK DQ RSHUDWL@DAUHTXHQEX] RI
> 3GRO@&0 &B@G&O DQG RQ %UXNHU WD IEMEK, ,JQ RSHU

IUHTXHQF\ Rk DQG & 0+] > 3@RO@&O &CB@&O L@ '062
DW f&
The influence  of palladium( II')

The origins of the challenging interpretation

$V LV ZHOO NQRZQ WKH SULPDU VW AXDE 06 VIS W A\VQ UDQ!

3G FRPSRXQGV VWHP QRW RQO\ IURP WKH IUHTXHQW

LPSXULWLHY LQ VDPSOHV ZKLFK FDQ VRPHWLPHV OHDG W

EXW DOVRVSRE® VSW® UDFW k RIVGEGXFAHHQLW KHKH SURGXF
WKH TXDGUXSROH PRPHQW 4RI WRH SDOODGLXRI REPOHL

> @ FDQ DOVR FDXVH VHULRXV GLVWRUWLRQV LQ WKH V
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Interpretation of the spectra of complexes [(PdL h,ClICl & [(PdL 2),CI]Cl

The main pattern observed in the analysis of the spectra for the synthesized
compounds is a marked broadening of signals itHhEMR spectrum (Table 1).

Table 1H NMR spectra of 1, L? & [(PdLY),CI|CI, [(PdL?),CI]CI

NMR spectra, /, ppm., DMSO-dg
Compound Ho Hoq N'H
CHs (H") (H™ 1 (N’Hy)
[H7] He@1 [N°H]
7.79d 9.30s
Lt 2.15s (7.31 £7.33 m) (6.45 s)
[7.31 +7.33 m] [-]
10.27 ws
[(PdLl)ZCI]CI 2.18s 6.38 £7.50 m (6.38 £7.50 m)
[-]
7.87 £7.89 m 7.61d 9.76 s
L2 2.24s (7.37 £7.39 m) (7.27 £7.29 m) ()
[7.37 £7.39 m] [7.00 1] [8.82 5]
6.99 m 6.99 m 9.31ws
2 7.24 £7.28 m 7.24 £7.28 m 9.75ws
[(PAL)CICH | 2.28s 7.43 £7.44m 7.43+7.44m (-)
79m 79m [8.95 s]

In particular, in the compound [(PYLCI]CI signals of the amino group®N; and the
benzene ring are so broadened that they "merge" into one composite multiplet a7 68
ppm. This fact may also be facilitated by some weak-field shift in the signal of the protons of
this amino group caused by the deshielding of the electron density of the metal center during
complex formation.

However, it is worth noting that, for coordination compounds®®d, spectra with
normal, non-broadened signals have been observed, despite the significant quadrupole
moment of:°Pd. The investigation of complex compounds (PCI by mass-spectrometry
has revealed their dimeric nature. This suggests that the broadened signals in the spectra of
the complexes we obtained are due to their binuclear structure, as well as possibly the
paramagnetism of palladium compounds that may be present as impurities due to partial
intramolecular reduction in DMSO. On the dimeric nature of [GRAlLCI also indicates the
presence of two signals at 9.31 and 9.75 ppm in'th&IMR spectra, corresponding to
protons of the RH amino groups in different dimeric fragments. This can be explained by one
of the amino groups acting aydrogen bond donor ia dimeric molecule, with a chloride
ion coordinating to its proton [5], thus making the amino groups non-equivalent and
manifesting as two signals in the spectrum.

The increase in the number of signals in ¥@ NMR spectrum is largely due to the
removal of the magnetic equivalence of carbon atoms in the benzene ring of the
semicarbazone during palladium coordination, as well as spin-spin interaction witfPihe
nucleus. In this case, a characteristic shift occurs in the region of the weak field for sfgnals C
and G of the carbon atoms of the benzene ring of the semicarbazone, due to the formation of
a metallocycle. It is also worth noting that the formation of a metallocycle is pronounced in
the 'H-*C-HMQC spectrum [(Pd}).CI]|Cl, where the fourth cross-peak appears in the region
of aromatic protons and carbon atoms, due to the removal of magnetic equivalence from the
atoms of the benzene ring, but the fifth cross peak does not appear due to the substitution of a
proton in the second position witht%&Pd atom.
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Interpretation of the spectra of complexes [(PdL %cnel & [(PdL *)crcl

The effect of the inclusion of additional donor functional groups (4-Ni&(H®), 2,4-
OH (L%) in the ligand structure on the spectral featuré§%p complex compounds has been
investigated. Despite evidence of a similar dimeric structure (in particular, by the integral
intensities ofH NMR spectra and an increase in the number of signdfCiNMR spectra),
the signals remain un-broadened. At the same time, the number of signals in the proton
spectra of both complexes increases significantly, probably due to the spin-spin interaction of
protons with'®®Pd, which can be demonstrated by the example of fIRACI (fig. 2).

Figure 2. Spectra of compound3& [(PdL)CI]CI

Thus, it can be concluded that the introduction of additional donor functional groups
into the structures of dimerf®Pd complexes with semicarbazones leads to a levelling of
signal broadening in the proton spectrum, however, it contributes to a greater manifestation of
the spin-spin interaction of protons withPd.
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Features of the study of the pore space of the core by the

method of nuclear magnetic resonance
Dmitry Ivanov, Viadimir Skirda
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Introduction

0DQ\ SURFHVVHV RI LOQWHUHVW WR LQGXVWU\ DQG VRF
OLTXLGV LQ D SRURXV PHGLXP %LRSRO\PHUV FDWDO\VWYV
+ PRVW RI WKH PDWHULDOV WKDW VXUURXQG XV DUH SRUF
PDWHULDOV LV URFNV = FRUHV 7RGD\ WKHUH LV DQ H[WHC
XVHG WR FKDUDFWHUL]H WKH SRURXV VSDFH RI D FRUH KR
ZLWK WKH QHHG WR YLRODWH WKH LQWHIQNWV RY HVRK HWKORPC
QXFOHDU PDJQHWLF UHVRQDQFH 105 KDV EHHQ ZLGHO\ XV
LQ UHFHQW GHFDGHV > @ ,Q WKLV SDSHU ZH ZLOO GHPRC
DWWHQWLRQ WR ZKHQ FRQGXFWLQJ VWXGLHV RI WKH SRUR

Materials and methods

Atlantic sal NMR studies were performed on a dolomite core sample. To determine the
open porosity, the core sample, previously dried to a constant mass, was saturated with a
proton-containing fluid - water. According to the results of preliminary tests, the open
porosity of the core isy 5%. For a number of tests, the core sample was saturated with an
aqueous solution of copper sulfate.

To study the pore space of the core, a comprehensive approach was used based on the
analysis of experimental data from a number of NMR techniques:

1. Spin-spin relaxation. Relaxation attenuation was recorded using a CPMG pulse
sequence;

2. NMR cryoporometry. Based on the data obtained by the Solid-echo pulse technique,
the dependence of the fraction of the solid-state component of the NMR signain(p
temperature is constructed;

3. DDIF. Using internal magnetic field gradients for spatial localization of diffusing
molecules.

Results

‘HOO "H-HJBRQHQWLDO UHOD[DWLRQ GHFD\V REWDLQH
SUHVHQWHG LQ WKH IRUP RI D VSHFWUXP )LJXUH D RI UH
S6SHFWUXP-VBILY SU®QYOD[DWLRQ WLPHV" GHYHORSHG DW W
OROHFXODU 6\VWHPV RI WKH ,QVWLWXWH RI 3K\VLFV RI .D]C
WKH REWDLQHG WSHRWWHKX®GDRDWEBERQ WLPHV FDQ EH IRUPDO
GLVWULEXWLRQ )LIJXUH E E\ DSSO\LQJ WKH IROORZLQJ UH

u S

N Ge
ZKHUK WKH UHOD[LYLW\ YDOXH ZKLFK HVVHQWLDOO\ GHW
PROHFXOHV ZLWK WKH SRUH VXUIDFH DQG FDQ GHSHQG RQ
OLWHUDU\ VRXUFHV IRU H[DPSOH > @ GHYRWHG WR WKFE
DGRSWHG DV D WULDO YDOXH IRU WKH UHOD[DWLRQ FKDUD

JLIXUH VKRZV WKH-VSHGWWHOD RWLR@ WLPHV DV ZH/(
GLVWULEXWLRQ
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Figure 1. a) Differential spectrum of spin-spin relaxation times for a core sample satur
with water; b) Pore size distribution. Each peak is labeled with the average spin-sp
relaxation time (a) and the average pore size (b)

"XV ZLWKLQ WKH IUDPHZRUN RI WKH DFFHSWHG DVVX
ZLWK D PLQLPXP RI a P DQG D PD[LPXP RI a P ZHUFL
XQGHU VWXG\ 8VXDOO\ LQ PRVW VWXGLHYVY EDVHG RQO\ R
VWXG\ LV FRPSOHWHG DW WKLV VWDJH

IHYHUWKHOHVY VLPSOH FDOFXODWLRQV LQGLFDWH V\
JRU H[DPSOH WKH HVWLPDWH RI WK§pSRU P W D\WPRRV P
VHHPVY LPSODXVLEOH VLQFH WKH WLPH UHTXLUHG WR U}
ZLWK VXFK GLPHQVLRQV E\ WKH GLUXVLRQ PHWKRG LV DI
WKDQ PV

,Q WKLV UHJDUG OHW XV FRQVLGHU WKH UHVXOWV R
VLIQL¢{¢FDQWO\ LQAXHQFHV WKH YDOXHV RI UHOD[DWLRQ
FDOFXODWHG SRUH VL]HV PD\ EH DVVRFLDWHG ZLWK WKF
PD\ EH ORFDWHG QRW RQO\ RQ WKH SRUH VXUIDFH EXW
OHW XV FRQVLGHU WKH LQAXHQFH RI WKH FRSSHU VXOSK
UHFRUGHG 105 FKDUDFWHULVWLFV Rl WKH AXLG LQ WKH S
WKH UHOD[DWLRWLWHPVHS HE WK 7 )L J

$V FDQ EH VHHQ IURP )LJXUH DQ LQFUHDVH LQ WKH
KDV YLUWXDOO\ QR WkirHW RO WKRXJK IRU IUHH ZDWHU L
UDQJH WWKIHPH GHFUHDVHV E\ DERXW WLPHV "XV WKH
EHOLHYH WKDW WKH PB[LPXPIRRQBEHDERYH LV LQGHHG D!
FKDUDFWHULVWLFV RI WKH SRURXV VWUXFWXUH DQG WK
UHDVRQDEOH HVWLPDWH ZH FDQ WDNH WKH YDOXH RI W
VHGLUXVLRQ FRHVFLHQW NTIMRJODWREPH RI ™ FDOFXODWHG
Rl WKH PD[LPXP SRUH VL]H LQ WKH FRUH REWDLQHG LQ W
WR RQO\ P ,QWHUHVWLQJO\ DSSUR[LPDWHO\ WKH VD
H[SHULPHQWDOO\ XVLQJ WKH '",) WHFKQLTXH > @ ZKLFK L
YDOXHV LQ WKH SRUH VL]H GLVWULEXWLRQ 6XFK GLVFUt
DQDO\VLYVY RI WKH UHOD[DWLRQ WLPH VSHFWUD DQG WKH
WKH IDFW WKDW WKH DFFHSWHG YDOXH RI ! P PV WL
GRORPLWHY GRHV QRW FRUUHVSRQG WR WKH VDPSOH Z}F
PD[LPXP SRUH VL]H GHWHUPLQHG IURP WKH UHOD[DWLRQ
DQG H[SHULPHQWDO UHVXOWY RI WKH '"")) WHFKQLTXH L
ZKLFK LV DOPRVW DQ RUGHU RI PDIJQLWXGH OHVV WKDQ \
OLWHUDWXUH "HQ WKH SRUH VL]HV GHWHUPLQHG IURP \
! P PV ZLOO WDNH WKH IROORZLQJ YDOXHV UHVSHFW
WKH SRUH VL]H YDOXH RI P LQ WKLV FDVH LV LQ JRR:
WKH 105 FU\RSRURPHWU\ PHWKRG )LJ
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"H GLUHUHQWLDO VSHFWUXP VKRZQ LQ )LIXUH GHPRQ
RI GLUHUHQW VL]JHV DQG QP "H VL]H RI WKH QP OLPLW

Figure 2. Dependence of spin-spin relaxatic
times on the concentration of copper sulfat  Figure 3. Pore size distribution spectrurr
The behavior of the relaxation time of wate  obtained from NMR cryoporometry data
with copper sulfate in the volumeyTs
indicated by round symbols, and the value
the longest transverse relaxation time for
water molecules in the core4l.y) is indicated
by triangular symbols

"XV WKH PLQLPXP VL]H RI P REWDLQHG IURP 105 Ut
WKH VL]HV QP REWDLQHG LQ 105 FU\RSRURPRWU\ DG
SUDFWLFDOO\ FRLQFLGHG ZLWK WKH HVWLPDWH RI PLQ

"XV WKLV ZRUN GHPRQVWUDWHV WKH LPSRUWDQFH
FRPSOHPHQWDU\ 105 PHWKRGV IRU WKH FRUUHFW DQDO\V|
VWUXFWXUH RI WKH FRUH $W WKH VDPH WLPH LW LV VKRZ
VXFK DQ LPSRUWDQW FKDUDFWHULVWLF RI WKH SRURXV P
HDFK VWXGLHG VDPSOH LQGHSHQGHQWO\
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'"HVFULSWLRQ $ %ULGJH WR &RUUHODWH ZLWK &RUH DQG 105
+:DQJ B6WXG\ RQ 6:&& DQG 36' HYROXWLRQ Rl FRESDFWMLIDG OR
F\FOHV % %XO RI (QJLQ *HRO DQG WKH (QYLU

< 4 6RQJ 'HWHUPLQLQJ PXOWLSOH OHQJWK VFDOHV LQ URFN\
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Modelling localization of various statins within a POPC
bilayer by molecular dynamics and metadynamcs
Nataliya V. Karmanova, Aydar R. Yulmetov
Kazan Federal University, Kremlevskaya Str., 18, 420008, Kazan, Russia
E-mail: ajulmeto@kpfu.ru

Introduction

6WDWLQV DUH D JHQHUDO SKDUPDFRORJLFDO JURXS V
SDUWV LPLW-BRS WHGXFODVH ERRG:Q@ VBR/DWLQ PROHFX
YDULRXV DGGLWLRQDO DWRPLF JURXSV DQG WKH HuHF
VLIQL:{FDQWO\ GHSHQGLQJ RQ WKHP SURFHVVHV RFFXUUL
XQGHUVWRRG DQG WKHUH DUH PDQ\ K\SRWKHVHV DERXW
VWXGLHV FRQ{UPLQJ WKDW WKH GHSWK RI VWDWLQ SHQ
ZLWK WKH ULVN RI VLGH HUHFWV> @

"H DLP RI WKLV ZRUN ZDV WR VWXG\ WKH SDUDPHWH L
EDVHG RQ -BIBG&PL\RPWROM\FHBRRVSKRFKROLQH XVLQJ W
G\QDPLFV 0' DQG PHWDG\QDPLFV PHWKRGV "H REMHFW
VWDWLQV 2 DWRUYDVWDWLQ DQG SLWDYDVWDWLQ DQG
SUDYDVWDWLQ 6WXGLHV RI WKH ELQGLQJ RI WKHVH VW
SUHYLRXVO\ FDUULHG RXW XVLQJ WKH 105 PHWKRG > @

JLIXUH &KHPLFDO VWUXFWXUHV RI FRPSRXQGV VWXGLH
WKH RULHQWDWLRQ DQDO\VLY $WRPLF JURXSV WKH GLEK
JURXS 5225PHMWKKHOSURS\O JURXS 03 WKH AXRURSKHQ\(
52+ WKH LVRSURS\O JURXS 3,3 WKH F\FORSURS\O JUR:
DQG WKH PDLQ K\GURSKRELF PRLHW\ 0+0

Methods

$00 V\VWHPV FRQWDLQHG OLSLGYVY SHU OD\HU DQC
&DOFXODWLRQV ZHUH SHDWRMPHG$BEDWK MKHHIXHD®DG DI\
PLQLPL]DWLRQ DQG 137 197 HTXLOLEUDWLRQ 7R DQDO\
FDOFXODWLRQV XVLQJ PHWDG\QDPLFV LW LV QHFHVVDU\
VWXG\ VXFK SDUDPHWHUV ZHUH WKH SRVLWLE®@QDRIGWKHKIHYV
WLOW RQRWKH VWDWLQ WR WKH ELOD\HU QRUPDO 7R GHYV
VSHFLI\ D YHFWRU LQ WKH VWDWLQ PROHFXOH )RU HI[DF
GLUHFWHG IURP WWHR @QLWVROHFEWRGLYHFWRUYV IRU HDFK
¢ J 'H 0' WUDMHFWRULHY ZHUH XVHG DV VWDUWLQJ SRL
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PHWDG\QDPLFV VLPXODWLRQV ZHUH SHUIRUPHG XVLQJ WK
SOXJLQ> @ 'H FDOFXODWLRQV ZHUH SHUIRUPHG LQ SDUD!

GLUHUHQW SURFHVVRU FRUHV IRU QV HDFK "H WRWDO
HVWLPDWHG DW 1 Qv
Results

Simulations of single statin binding to POPC bilayer

3WDYDVWDWLQ LV LQFRUSRUDWHG LQWR WKH OLSLG EI
QV OHG WR VSRQWDQHRXV LPPHUVLRQ RI WKH VWDWLQ L
ZDV FRQWLQXHG EXW QR FKDQJHV RFFXUUHG EH\RQG VPDC
WKH VWDWLQ LV ¢UPO\ ¢([HG LQ WKH PHPEUDQH

Figure 2. Penetration of statins into the POPC bilayer.

"H UHVXOWYV IRU SUDYDVWDWLQ ZHUH GLUHUHQW WKL
ELOD\HU DQG SUDYDVWDWLQ ZDV DW VRPH GLVWDQFH DS
PHPEUDQH WKURXJKRXW WKH VLPXODWLRQ 5RVXYDVWDWL
DWRUYDVWDWLQ IRU DERXW QV GLG QRW UHVXOW LQ ELGQ
EH DW WKH HGJHV RI WKH FHOO EXW DIWHU QV WKH VWI
Rl WKH ELOD\HU VOLJKWO\ LPPHUVHG LQ LW DQG WKHQ T
QP ITURP WKH FHQWHU

Modeling the interaction of statins with a bilayer using metadynamics

‘H REWDLQBGPH®RWHRQDO JUDSK IRU WKH GHSHQGHQFH
V RI WKH VWD-\ELE HQVE PQWDRPDSWIDNPYP B HID R@ MRRUGLQDW I

%DVHG RQ WKH REWDLQHG IUHH HQHUJ\ VXUGBHRN OY6 ¢
DVVXPHG WKDW WKH LPPHUVLRQ RI SLWDYDVWDWLQ LQWR
EDUULHUVY DW WKH ELOD\HU ZDWHU LQWHUIDFH DQG WKF
VWDEOH "H HQHUJ\ SUR¢{OHV IRU URVXYDVWDWLQ DWRUYD
EDUULHN- PRO DW WKH ELOD\HU ZDWHU LQWHUIDFH GHVS
JURXSY LQ WKH FRPSRVLWLRQ DQG WKHLU RYHUDOO OL.
TXLQROLQH JURXSV XQLTXH WR SLWDYDVWDWLQ FRXOG U
ELOD\HU

Simulations of 40 statin binding to POPC bilayer
"H 0' PHWKRG ZDV XVHG WR FDOFXODWH WKH V\VWHP |
FRQFHQWUDWLRQ IRU HDFK VWDWLQ "H QXPEHU RI VW
REWDLQ WKH VDPH FRQFHQWUDWLRQ YDOXHV WKDW ZHUH
> @ "H VLPXODWLRQ zZzDV FDUULHG RXW IRU QV IRU D
VWDWLQV ZLWK W&@BLQGBMR.IDQFRQIEBQWUDWLRQ R PO
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JLIXUH JUHH HQHUJ\ VXUIDFH )(6 PDSV RI SLWDYDVW
SUDYDVWDWLQ LQ D 323& ELOD\HU

YRU WKHVH V\VWHPV ZH DQDO\]HG GLVWULEXWLRQV R
VWDWLQ DQG LWV SDUWV DV ZHOO DV WKH ELOD\HU DQG

'H REWDLQHG GDWD LQGLFDWH WKDW SLWDYDVWDW
LQWHUDFWLQJ SUHGRPLQDQWO\ ZLWK WKH K\GURSKRELF
WKH ELOD\HU VROYHQW LQWHUIDFH WKDQ SLWDYDVWDWL
GLK\GUR[\ DFLG JURXS DQG SUDYDVWDWLQ LV ORRDOL]JH!
DFLGV LQWHUDFW ZLWK WKH VROYHQW DQG KHDG JURXSV

"H FKDQJH LQ ELOD\HU SDUDPHWHUV FDQ EH FRQVLGH*
GHFUHDVH LQ RUGHULQJ LQ IDWW\ DFLGV WKH LQFUHDVI
RYHUDOO PHPEUDQH WKLFNQHVV DUH QRW V X ViRl GDW IV R
WKDW DUH LQ DJUHHPHQW ZLWK WKH 105 H[SHULPHQW> |
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Modeling of spin-wave spectrum for YIG films at sub-THz

frequencies
Daniil A. Khroshin, Alexey B. Ustinov
Department of Physical Electronics and Technology, Saint Petersburg Electrotechnical
8QLYHUVLW\ PéterspurgpM7022, Russia
E-mail: Daniil.khroshin@gmail.com

Introduction

Nowadays, terahertz technologies are widely used in fields such as security,
biomedicine, astronomy, non-destructive control and telecommunication [1,2,3]. The
frequency range between 0.1 THz and 10 THz, known as the "THz gap," has been a
challenging area due to the limited availability of efficient generators and det§t}ors
Currently, there are several studies proposing various approaches to fill this gap, such as
designing devices based on the anisotropy of antiferromagnetic media [5-7] or utilizing
Josephson junctions [8, 9], etc.

The goal of this worlks to study the influence of the thickness of a ferromagnetic film
on the form of dispersion characteristic of spin we8¥/(and calculate film thicknesses that
would enable magnetization oscillations in the frequency range frotn 0.8 THz.

Statement of the problem and conditions

To search for spectrum in limited samples, in addition to solving MafegLiations
with classical electrodynamic boundary condition% & LWV QHFHVVDU\ WDNH
additional BC formulated by Rado and Weertman [11], for the Landau-Lifshitz equation.

In this work two extreme cases of these BC are consideradly pinned and totally
unpinned surface spins. Dipole-exchange SW spectra were calculated using the tensor
*UHHQYTV IXQFWLRQV PHWKRG > @ LQ SHUWXafiE&®™haRQV WK
magnetic field is directed perpendicularity relative to the film surface. For the further
calculations, the values of saturation magnetization M = 1750 G and the exchange donstant
= 3.1 &0* cm? characteristic of the yttrium-iron garnet (YIG) film are used. The internal
static magnetic field Kl = 3500 Oe is twice the saturation magnetizatidre spectrum was
calculated for the lowe8W eigen-wave.

Results

"H FDOFXODWLRQV GHPRQVWUDWHG WKH GLUHUHQFH E
SLQQHG DQG WRWDOO\ XQSLQQHG VXURD¥FKHYV&Qe W LGl K
WKH IRUP RI GLVSHUVLRQ FKDUDFWHULVWLF )LJ

20
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k, cmit k, cmit

JLIXUH 'LVSHUVLRQ RADOYRIZHRUN:®PNWLZHWK WKLFNQHVVHV F
QP VROLG GLQH ZLWK D WRWDOb)O\ SLQQHG VXUIDFH VS
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Conclusion

"H VLPXODWLRQ UHVXOWY VKRZ WKDW WR H[FLWH VSL
LW LV QHFHVVDU\ WR HQVXUH WKDW WKH (OP WKLFNQHVYV
Acknowledgements

aH ZRUN ZDV VXSSRUWHG LQ SDUW E\ WKH OLQLVWU\
5XVVLDQ *UD-QW-« )6((

References
/HLWHQVWURIHU $ ORVNDOHQNR $ 6 -&OPERAMDWKI3HAQT-XQ
4XUHVKL 1 7TXUFKLQRYLFK ' 7DQDND . HO DORJH \
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HOHFWURPDJQHWLF ZDYHV XVLQJ FRQGXFWLRQ DQWLIHUURI
1R S *
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7\EHUNHYQEK$ 60DYLQ (OHFWULFDOAHWXQQEOWLGONH\EER!
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6D¢Q $ I1LNLWRY 6 .LULO\XN $ 7\EHNHY \FEKD DOHRCHGY L Q
"HWHFWRU Rl 7THUDKHUW] J)UHTXHQF\ 6LJQDOV ODJQHWRFKH
/ 2]\X]JHU $ ( .RVKHOHY & .XUWHU HW DO LRQVWRM® F
6XSHUFRQGXFWRUYV 6FLHQFH +

;LDR +X DOQEKILQ 3KDVH G\QDPLFV LQ D VWDFN RI LQGXFW
MXQFWLRQV DQG WHUDKHUW] HOHFWURPDJQHWLF UDGLDWLE
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Determination of Rotational Correlation Time of and
Iridium Dihydride Complex in Aqueous Medium by Means

of NMR Relaxometry with High-resolution
Alexey Kiryutitt, Danil Markelov, Alexandra Yurkovskaya

L, QWHUQDWLRQDO 7RPRJUDSK\ &HQWHU 6% 5%$6 ,QVWLWXWYV
(-PDLNODOH[#WRPR QVF UX

OROHFXODU PRELOLW\ VSHFL¢{FDOO\ WKH FRUUHODWLR
LV D FUXFLDO FKDUDFWHULVWLF RI VXEVWDQFHYV LQAXH1
VROYHQW SURSHUWLHY "LV SDUDPHWHU VLJQL¢{;FDQWO\ Du
ZKHWKHU WKH PROHFXODU PRWLRQ LV VORZ RU IDVW UHC
F\FOLQJ 1XFOHDU ODJQHWLF 5HVRQDQFH 105 UHOD[RPH!'
LQYHVWLIJDWLQJ PROHFXODU PRELOLW\ DQG LV DSSOLFDE
PROHFXOHV LQ VROXWLRQ SRO\PHUV PROHFXODU@QG OL’
BUHYLRXVO\ RXU JURXS GHWHUPLQHG WKH FRUUHODWLR
> U ,0HV &2'&0@ LQ PHWKDQRO > @ +HUH &2' UHIHUV WR
WKH ,0HV FDUEHQH LV VKRZQ LQ )LJXUH "LV FRPSOH[
SUHFDWDO\WVWYV LQ WKH 6$%5( 6LJQDO $PSOL{FDWLRQ %\
KDV SURYHQ WR EH DQ HVFLHQW DQG FRQYHQLHQW DSSU
PROHFXOHV FDSDEOH RI-BRYBOVIOBAOQO\EWRQGRLQ JL QIR®L XP K\G
FRQWLQXRXVO\ HIFKDQJHV K\GURKHQURWR® V> ZLWK GLVVRO"

JLIXUH +0€]° 105 VSHFWUXP R{r>34;+@O B HWHFWHG L
DTXHRXV VROXWIRRGHBXWODU VWUXFWXUH DQG DWRP QXPEHL
IURP LPSXULW\ LV PDUNHG E\ 5HODWLYH LQWHJUDOV RI

,Q WKLV VWXG\ ZH IRXQGFWWDW\EWEE WL DHW K& 'SUGI@
K\GURJHQ LQ DQ DTXHRXV VROXWLRQ FRQWDLQLQJ S\UL
SRVLWLYHO\ FKDUJHG LULGLXP GLKW3HUL@ BOFRPIDHOHULQU V
S\ULGLQH OLJDQGV DQG WKH ,0HV FDUEHQH 3UHYLRXVO\
GHWHUPLQ-H®\ EGLUUDFWLRQ XVLQJ FU\WWDOV REWDLQHOC
$GGLWLRQDOO\ WKH-PBWDODWAR@® RVKWMKSHUSIVHQFH RI S\UL
ZDV LQYHVWLJDWHG E\ LQGK\GHMRNH@HW @F WERB( H[BHEDBE
FRQGXFWHG LQ D VWURQJ PDJQHWLF ¢HOG > @ DO 105 SD
ZHUH PHDVXUHG > @ +HUH ZH SUHWMHIDNDWH R Q) MALDPGIWRH R |
DFURVV D EURDG PDJQHWLF ¢HOG UDQJHEXWUR®W IDVWVRDJQ
¢HOG F\FOLQJ VHW-XUSHERUMN® IRRQD KDIK 105 VSHFWURPHWHL

$ VDPSOH FRQWDLQLGQBDWDRI\RW WK BKHVL]HG DFFRUC
GHVFULEHG LQ UHI > @ 20 RY)GB\ULGIOZIRN +EXEEBRHG ZL\
K\GURJHQ DW DWP SUHVVXUH DQG f& LQ DQ 105 WXEH Il
\HOORZ WR FRORUOHVV LQGLFDWHG WKH FRPSOHWLRQ RI W
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WKH IRUPDWLRQ RI D VWDEOH LULGLXP GLK\GULGH FRPS!
DQG WKH ,0HV FDUEHQH "H UHVXOWLQJ VROXWLRQ V i+ 1
& VDWHOOLWH VXSSUHVVLRQ DSSOHBO[BWURQJIWL'PHBFAK
ZHUH SHUIRUPHG XVLQJ WKH LQY HU V-IERQ CUM FRM¥XS B HWI
UDSLG YHUWLFDO GLVSODFHPHQW RI WKH VDPSOH ZLWK
UHOD[DWLRQ ZDV GHWHUPLQHG E\ WKH VDPSOHYTV SRVLW
ERUH "H H[SHULPHQWDO SURWRFRO ZDV DV IROORZV
-5HOD[DWLRQ LQ D 7 ¢HOG IRU V WR HVWDEOLVK L
-$SSOLFDWLRBMRIHH KDUG SXOVH WR LQYHUW WKH PDJC
-5DSLG WUDQVIHU Rl WKH VDPSOH WR WKH VHOHFWHG P
-+ROGLQJ WKH VDPHMmG IIRY WKHDBLDEOH WLPH WR
-5HWXUQLQJ WKH VDPSOH WR WKH GHWHFWLRQ ¢HOG
-$ PV GHOD\ WR DOORZ PHFKDQLFDO YLEUDWLRQV WF
105 VLJQDO DFTXLVLWLRQ XVLQJ H[FLWDWLRQ VFXO
VWURDN¥ROYHQW VLJQROGHFRRXGDZQWKVR HOLPLQDWH S\U
(DFK UHOD[DWLRQ NLQHWLFV GDWDVHW FRQVLVWHG RI
GHFD\LQJ H[SRQHQWLDO IXQFWORBV \IRHDBDBK VLYW RLQ
"H GHSHQGHQRF® \RKH PDJQHWLF ¢HOG ZDV WKHQ SORWWI
GHULYHG IURP WKH QXFOHDU UHOD[DWLRQ PRGHO EDVHG
$V D UHVXOW WKH URWDMWILRQDOKARSURGR @V RLA@ WLKP
GHWHUPLQHG DQG DUH VXPPDUL]HG LQ 7DEOH

Proton Larmor frequency (MHz)
20 50 100 400 700
S mPy,  © IMesH3.S & IMesCHyH& v IMeb-CH H2.&
IMes-H4,5 Ir-HH 0Py 1
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Fitting function: } Figure 2. Proton relaxation dispersion date

ﬁ: %s Tu#%ﬁ ’ (symbols) T-relaxation times of individual
protons, (lines) fitting curve using functior

(1) and correlation times from Table 1.
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where Tin, A, WHfitting parameters g +H gyromagnetic ratio

Table 1. Site specific rotational correlation timeg/for the complex

Ir(IMes)(PYeq)2(PYa)H]Cl in agqueous solution at 2%C.
Proton m-Pyy IMes-H4,5| IMes-H3",5" | IMesCH-H4" | IMesCH-H2',6 Ir-HH Common

Wps) | 294+13 | 394+119 303+10 217+16 25946 208+28 2807
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Conclusions

LV VWXG\ SUNSHRW WV PHOBMXUHPHQWY RI URWDWLRQD(
>,U ,0H¥Yr 3} +@&0 FRPSOH] UHYHDOLQJ VLIJQL{FDQWO\ V
SUHYLRXVO\ UHSRUWHG IRU LWV SUHFXUVRU >,U ,0HV &2'
VLIH RI WKH LULGLXP K\GULGH FRPSOH[ DQG WKH KLJKHU Y
LQ FRUUHODWLRQ WLPHVY DPRQJ GLUHUHQW SURWRQV LQGL

"H SURQRXQFHG LQGHEBQ @HQIFRHQRWIZPHY IRU WKH HTXD
SURWRQV LV DWWULEXWHG WR FKHPLFDO H[FKDQJH ZLWK I
UDWH H[FHHGV WKH QXFOHDU UHOD[DWLRQ UDWH FRQVLYV
FRQWUDVW WKH H[ISD® VBROQNG HQKILEI\W PXFK VKRUWHU 7v |
VWURQJ PDIQHWLF ¢HOG GHSHQGHQFH VLPLODU WR WKDW
,OHV OLJDQG
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NMR *H/ *C study of biocompatible copolymer of divinyl

ether and maleic anhydride

Andrei V. Komolkihy Natalia P. YevlampievaAlexandr V. Sokdl Olga L. Alikhanov&®
Alexandr V. Serbfr?, Mikhail A. Vovk

6W 3HWHUVEXUJ 6WDWH 8QLYHUVLW\ 6W 3HWHUVEXUJ
$ 9 7TRSFKLHY ,QVWLWXWH RI 3BHWURFKHPLFDO 6\QWKHVL)\
5HVHDUFK &HQWHU IRU %LRPRGXODWRUYV DQG 'UXJV 6\VW
JRXQGDWLRQ ORVFRZ 5XVVLD
(-PDLO D NRPRONLQ#VSEX UX

Introduction

"H SRVVLELOLW\ DQG VDIHW\ RI VIQWKHWLF SRO\P
SKDUPDFRORJ\ WRGD\ LV EH\RQG GRXEW ,Q WKLV-UHJDU
PROHFXODU FRPSRXQGYV DQG WKHLU GHULYDWLYHV UHPD
WKH GLYLQ\O HWKHU DQG PDOHLF DQK\GULGH '9(0%$1 LV
VXLWDEOH IRU PXOWLSOH ELRPHGLFDO DSSOLFDWLRQV
FRPSOH[DWLRQ SURSHRWIXHEW RIFDWERRADWHWK\GUR@\]|DWF
'"HVSLWH WKH IDLUO\ ZLGH SUDFWLFDO DSSOLFDWLRQ RI
HVSHFLDOO\ ZKHQUBSLEDONRHWKRE RI LWV VIQWKHVLV $
WKH VFLHQWL¢,(F OLWHUDWXUH LQ SDUWLFXODU ZDV FDX
XQLW RI WKH FKDLQ LW LWBREMUHGH SR D Q UPUHFRMH®L [
RU <PfHHPEHUHG 11X UDIQJIXBIH \¥ O H®

J)LIXUH &KHPLFDO VWUXFWXUH RI UHSHDW IUDJPHQW R
IXUDQ ELF\FOH ,,

$V DQ H[SODQDWLRQ IRU WKLV IDFW D YHUVLRQ RI D
WKH '9(0$1 FKDLQ RQ WKH SRODULW\ RI WKH VROYHQW X
ZDV FRQVLGHUHG > @ +RZHYHU WKLV YHUVLRQ GLG
VSHFWUDO GDWD 6RPH VWXGLHV KDYH VXJJHVWHG D SR
FKDLQV > @

7DNLQJ LQWR DFFRXQW WKH SUDFWLFDO LPSRUWDQFI
PRGHUQ ELRPHGLFDO DSSOLFDWLRQV WKH REMHFWLYH R
TXHVWLRQV DERXW WKH VWUXFWXUDO IHDWXUHV RI '9(0$
RI VIQWKHVLY FRQGLWLRQV RQ WKMQREK DAE WS B WRNDX ) ® DE

Objects and methods

"H REMHFWV RI WKLV LQYHVWLJDWLRQ ZHUH WKH G
REWDLQHG LQ WKUHH VWHSV )LUVW WKH VIQWKHVLV RI
Rl GLUHUHQW SRODULW)\ * FBQG®& UR FRORK H [ QRIQ H H D ( @mHw
WKH VHFRQG VWDJH WKH '9(0%$1 VDPSOHV ZHUH FRPSOH\
VWDJH LQWR D XQLIRUP VDOW IRUP ,Q WKH SUHVHQW ZF
IRUP ZLWK WKH UDWLR ERPPR@QLIXVHG IRU ELRPHGLFDO
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VWXGQLBXGUH'H VWDELOLW\ RI VXFK '9(0$1 GHULYDWLYHV LQ
HDUOLHU > @

JLIXUH &KHPLFDO VWUXFWXUH RI WKH K\GURO\]JHG ',9(08%
O +2+R4W HD

3URWRQ DQG1BBUWERHFWUD RI ERWK VDPSOHV ZHUH UHF

0+] UHVSHFWLYHO\ 6DPSORYV ZHUH)BMHSWBHY IRQ H[SHU
ZHUH FDUULHSURXWRQ WSHFWRIDUERQ VSHFWUD ZLWK SURW
+648& DQG +0%& VSHFWUD ,Q WKH ¢JXUH WKH FHQWUDO
VKRZQ 'LV SDUW FKHPLFDO VKLIWV IURP WR SSP FF
lU&+U+ D@GIURESY LQ PDLQ FKDLQ DQG LQ S\UDQ IXUDQ UL
R[\JHQ DWRP

)J)LIXUH &HQWUDID® YBUHWWRID-RIOHI(WS$ DQG 'BOKBW
VDPSOHVY 9HUWLFDO VFDOH LV LQ DUELWUDU

&RPSXWHU VLPXODWLRQ RI FKHPLFDO VKLIWV RI WK}
*DXVVLD/MRIWZDUH > @ *HRPHWU\ RSWLPL]DWLRQV RI SDUW
LQ % /<3 * WKHRU\ OHYHO &KHPLFDO VKLIWV ZHUH FD
FRQIRUPDWLRQV RI WKH SDVUKHRULQ OBHYHO &DOFXODWHG
V KLIWW ate close to the experimental values obtained on the HSQC spectra. This allows
us to conclude that both pyran and furan rings appears in the chain. Santk&froups in
the main chains of polymers are substituted withh & gtddps with cross-links to other
polymers by oxygen atoms. Analysis of spectra shows that DIVEMA-1 in comparison to
DIVEMA-2 has more cross-links.

Conclusions
"H + DQ®& 105VSHFWUD RI WZR PRGL{HG '9(0%$1 VDPSC
RULJLQDOO\ LQ FKORURIRGBPLQIFOSORKH[DQRQHD Y'Y (EHHQ
FRPSDUHG DQG QRYHO GDWD RQ WKH VWUXFWXUH RI VWD
PDLQ UHVXOWYV RI WKH SHUIRUPHG FRPSDUDWLYH DQDO\VL)
DV D ZKROH WKH IUHH UDGLFDO FRSRO\PHUL]DWLRQ
VWUXFWXUH RI '9(0%$1 FRSRO\PHU EDFNERQH
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WKH ERWK FRSRO\PHU VDPSOHV FRQWDLQ ERWK WK
EDFNERQH FKDLQ WKXV D GLUHUHQW VROYHQW PHG
VWLPXODWLQJ D IRUPDWLRQ RI SUHIHUDEO\ S\UDQ RU
WKH DQDO\VLV RI VSHFWUDO GDWD VKRZGE WRDW \
FRPSDULVRQ WR:'9,@®B FRQWDLQV D VLJQL.FDQW C
OLQNV ZLWK !&++2+&+ EULGJHV

WKH ODWWHU PHDQVVWXWMHYVA(MA LQ FKORURIRUP
FURVIMQNHG FRSRO\PHU- ZKMQQRWOMKH VDPH VR WK
VROYHQW PHGLD RQ WKH SURFHVV RI FRSRO\PHUL]DW
GXH WR IRUPDWLRQ RI G LuEWIHIY\WM VD P& XFRS FRO \R HUH\QW
EH FRQFOXGHG WKBRWWD(03HG LQ F\FORKH[DQRQH KEC
DUFKLWHFWXUH RI PDFURPROHFXOHV ZKHQRWWIB LROHG
LQ FKORURIRUP DUH VLPLODU WR QDQRSDUWLFOH WI
OLQNDJH
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NMR analysis of surfactants characteristics based on

methacrylic acid.
S.I. Levit, M.V.Kadnikov?, P.A.Fetif, |.M.Zorir?
'Faculty of Physics, Saint Petersburg State University, Saint Petersburg, Russia
?|nstitute of Chemistry, Saint Petersburg State University, Saint Petersburg, Russia
Email: si.levit@mail.ru
Introduction

Currently, there is a trend to transfer important and widely used organic reactions,
particularly synthesis reactions, into aqueous solutions. This application of surfactarsts open
new horizons in the field of Green chemistry. Micellar catalysis is widely used in modern
chemistry for achieving water solubility of insoluble compounds, which enables the
conduction of pseudo-homogeneous reactions in water. One of the most effective micelles are
formed from amphiphilic polyelectrolytes. Based on previous research, a surfactant derived
from methacrylic acid has been synthesized[1]. NMR spectroscopy, being a crucial analytical
technique in organic synthesis, allows to assess key characteristics in micelle synthesis, such
as the degree of polymerization and potential impurities of oligamer
Method

7R REWDLQ WKH WDUJHW PHWKDFU\OLF DFLG EDV
PHWKR[\SRO\HWK\OHQH JO\FRO IUDJPHQW D VWDJH V\QWK
ZDV FKDUDFWHWLWGHRWURVFRS\ DQDO\WVLY LQFOXGLQJ G
DV ZHOO DV D QXPEHU RI LPSXULWLHV )LJ %DVHG RQ

ZHUH V\QWKHVL]HG DQG WKH GHJUHH RI FRQYHUVLRQ RI |
VDPH 105 PHWKRG

Figure 1. Conclusions from the 1-H NMR spectrum for M3xU-
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Figure 2. Scheme of macromonomer synthesis
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Study of intramolecular mobility in ionic liquid

[B mim] ,Cd(SCN) 4, using NMR relaxation data.
Daria A. Malakhova, Alexandr V. leviéy Konstantin V. Tyutyukin
'Specialized educational and scientific centcademic Gymnasium named after D.K.
Faddeevof6 DLQW 3HWHUYV E XU Bt6R&tErsbuiig 893004 Russid W\~
'"HSDUWPHQW RI 1XFOHDU 3K\VLFV 5HVHDUFK OHWKRGV 6Dl

6W 3HWHUVEXUJ 5XVVLD
(-PDLO D LHYOHY#VSEX UX
Introduction

,Q WKLV ZRUN WKH PDLQ LQWHUHVW ZDV GLUHFWHG W
WKH FRPSOH[ LRQLR® BRALGBKH%OW@\ Rl WKLV V\VWHP ZD
REWDLQ DGGLWLRQDO LQIRUPDML RQ HJ MYLLRPX VICR QG IF V& UTXE
RIWHQ UHIHUV WR VDOWYV ZKRVH PHOWLQJ SRLQW LV EHOF
GHJUHHV &HOVLXV $V D WRRO IRU VWXG\LQJ LQWUDPROHF
YRU WKLV SXUSRVH FKDQJHV LQ WKD Q& W6E WIS\W AW U & H Q
UHFRUGHG DW GLUHUHQW WHPSHUDWXUHV GHSHQGLQJ RQ
LQYHWWHFRRY HU\ VHTXHQFH %DVHG RQ WKH QDWXUH RI WKt
VSIOODWWLFH UHOD[DWLRQ WLPHV IRU LQGLYLGXDO VSHFW
REWDLQHG GHSHQGHQFHV WKH UHRULHQWDWLRQ WLPHV R

Results and discussions

$00 PHDVXUHPHQWY ZHUH FDUULHG RXW LQ WKH UHV
5HVHDUFK OHWKRGV RI WKH 6W 3HWHUVEXUJ 6WDWH 8QLYF
VSHFWURPHWHU 0+] IRU SURWRQV DQG 0+] IRU FDUE

. WR . ZLWK D VWHS RI . WKH LQWHUYDO EHWZHF
VHFRQGV ZLWK D UHOD[DWLRQ GHOD\ RI \Y

JLIXUH )XOO&BWFWUXIRRU SXUH %PLP6&1 +/ EOWK
>RLP&EG 6&F UHG
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The measurement results and spectra were processed in the MestReNova software package
version 14.2, and subsequent analysis and plotting of dependency graphs were performed in
the MagicPlot 3.0 software.

As can be seen in Fig. 1, thi€ spectra of our compound and the base IL are shown.
The spectral line of carbon included in the thiocyanate is clearly visible here and has a

FKHPLFDO VKLIW RI / SSP ZKLOH WKH SURWRQ VSFH
methyl imidazolium cation and is therefore not shown here. The shift of the thiocyanate line
by chemical shift relative to the base & OH / SSP LV FDXVHG E\

thiocyanate into a metal anion complex with cadmium.

JLJIXUH 7HPSHUDWXUH GOIBW®Q/®& R FUH Q D PDRH. R Q=R
WKH ULJKW B-QRQSWRW FOQM W
"H JUDSKV LQ )LJ VKRZ WKH WHP S HODWX\WLHF H6 KS$IO@
UDWHV RI+QX®@&HLRU GLUHUHQW PROHFXODU JURXSV +I|
LQIRUPDWLRQ IRU FDUERQV DQG SURWRQV Rl WKH LPLGEL
IURP WKH JUDSKV WKH WHPSHUDWXUH GHSHQGHQFH RI '
PROHFXODU JURXSV FRQVLGHUHG 8VLQJ WKH LQIRUPDW
FDOFXODWHG WKH UHRULHQWDWLRQ WLPHV IRU LQGL®
% ORHPEIXKWIBRX®G UHOD[DWLRQ PRGHO DFFRUGLIQZ WR
5HIV > @ 7R VROYH WKHVH HTXDWigRQ@M KRAHGVIOK UKKRIL
SURJUDP ZULWWHQ LQ ODWKFDG 'HQ IURP WZR UHDO DQ
WKH URRW WKDW KDV D SK\VLFDO PHDQLQJ

~ B 8i:i;

45428 BL Q% @ T Ese 1| o A @)
a2 6 ~ S N 7q:0;

45y fiva 6L G #, (53>:8€1; A E5>:6‘a; AEH R E5>: ’ T:I';;'A @)

where fig and fi,, + UHVRQDQW DQJXORQUorlHaAKBAQ F\ ¢
respectively, Q®and Q° (* DUH RUGHU SDUDPHWHUV 7 L
sample, andy, is a constant.
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J)LJIXUH 7HPSHUDWXUH GHSHQGHQFH RI WKH UHRULH
WK DQG WK PROHEXWEH UDURK®V DQG Rl WKH QG PRI
LQFOXGHG LQ- \RRLWRD QBIVWH

$V FDQ EH VHHQ IURP WKH JUDSKV VKRZQ LQ )LJ WK
VKRUWHU RU FRPSDUDEOH WR WKRVH RI FDUERQ IRU HDFK
ZLWK WKH WKHRU\ VLQFH WKH FDUERQ QXFOHXV LQ WKFE
PRELOLW\ 'H DFWLYDWLRQ HQHUJ\ RI UHRULHQWDWLRQ LQ
HVWLPDWHG IURP WKH VORSH Rl WKH WHPSHUDWXUH GHSF
JUDSKV JLYHQ LW LV FOHDU WKDW IRU FDUERQ LW LV ORQ.
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Effect of the disulfide reducing agent TCEP on the
WUDQVODWLRQDO P-REQGIda@é&irRahd. their ability

to form supramolecular structures
Daria Melnikovd, Irina Nesmelova Vladimir Skirdd
'Department of Molecular Systems Physics, Institute of Physics, Kazan Federal University,
Kazan, Russia
'"HSDUWPHQW RI 3K\VLFV DQG 2SWLFDO 6FLHQFHY DQG 6F!
&DUROLQD &KDUORWWH 1RUWK &DUROLQD 8QLWHG ¢
(-PDLO PHOQGDULD#PDLO UX

Introduction

"H PRGHUQ GHYHORSPHQW RI SURWHLQ DQDO\VLV P
VWXG\LQJ IDFWRUV DuHFWLQJ SURWHLQ TXDOLW\ VXFK [
SURWHLQ FRPSRVLWLRQ )RU H[DPSOH WKLV IDFWRU LV |
VWXGLHV VR WKH DXWKRUV RI > @ VKRZHG WKDW GXULQ.
DUWLIDFWXDO PRGL¢(FDWLRQ RI D O\WLQH UHVLGXH ZLWE
XELTXLWLQDWLRQ VLWHV LV SRVVLEOH 2WKHU VWXGLH)
WUHDWPHQW RI SURWHLQV DuHFWV WKH UHVXOWV RI SKR
HuHFW RI VDPSOH SUHSDUDWLRQ PHWKRGV RQ WKH UHVXt(
LPSRUWDQW IRU LPSURYLQJ WKH TXDOLW\ RI WKH ODWWH

7UL¥DUER[\HWK\O SKRVSKLQH 7&(3 LV NQRZQ DV D
DQG SHSWLGH GLVXO¢(GH ERQGV DQG LV ZLGHO\ XVHG 1
GLWKLRWKUHLWRO & OMHHODRDG W RHWMDKIBIQRO DF@G3 LV D PR
DJHQW WKDQ '77 LV UHVLVWDQW WR DLU R[LGDWLRQ D¢
HVFLHQWO\ RYHU D ZLGH UDQJH RI S+ YDOXHV > @ ,W L
UHGXFLQJ DJHQW UHVXOWYV LQ WKH FOHDYDJH RI GLVXO¢
LQ WKH UHGXFHG VWDWH ,W LV DW WKH VWDJH RI GLVXO
WKH IRUPHG IUHH WKLRO JURXSV WKDW WKHUH LV D UDW
ZKLFK ZLOO DUHFW WKH ¢QDO UHVXOW RI WKH DQDO\VLV I

Results of a study of translational PRELOLW\ ®IQ.G-dasein

"H DLP RI WKLV ZRUN ZDV WR GHWHUPLQHGW RHQH ubiFY
7&(3 RQ WKH WUDQVO DWW DRRKPI/A IPR BIURRMHLRIV.DQG RQ WK
VXSUDPROHFXODU VWUXFWXUH 105 PHDVXUHPHQWY ZHU
JHGHUDO &HQWHU RI 6KDUHG )DFLOLWLHV DW .D]DQ )HG
105 VSHFWURPHWHU

,Q WKLV VWXG\ WKH HuHFW RI1 7&(3 BQGWDRHH IPR @ B F&X XX
VROXWLRQV ZDV LQYHVWLIJDWHG RQ VDPSOHV RI GLOXWE
WKH DGGLWLRQ RI 7&(3 7\SLFDO 105 VSHFWUXP RI 7&(3 K
UHJLRQ RI FKHPLFDO VKLIWV IURP SSP WR SSP DFFR
JURXSV RI WKH 7&(3 WKUHH FDUER[\ODWHV FDUER[\O IX
K\GUR{2RG DQG VXEVWLWXWHG SKRVSKLQH "XV WKH WV
PROHFXOHV LQ DTXHRXV VROXWLRQ FDQ EH TXLWH XQD
SDUDPHWHU GHSHQGHQFH RI WKH SXOVH JUDGLHQW RI V
UHJLRQ RI FKHPLFDO VKLIWV IURP WR SSP "H GLuXV
UHJLRQ RI FKHPLFDO VKLIWV LV VKRZQ LQ )LIJXUH $

$W WKH VDPH WLPH FRPSDULVRQ RI 105 VSHFWUD RI
ZLW-KDVHLQ FRQFHQWUDWLRQ RI ZLWK DQG ZLWKRXW
VSHFWUXP DWWULEXWHG WR 7&(3 PROHFXOHV FKHPLFDO
ZLWK WKH UDQJH RI FKHPLFDO VKLIWV RI SURWHLQ OLQ
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LGHQWLI\ WKH GLUXVLYH DWWHQXDWLRQ RI WKH VSLQ HFK
WKH VLIJQDOV LQ WKH FKHPLFDO VKLIW UHJLRQ IURP WR
RI 7&(3 RQ WKH VSHFWUDO OLQHV RI SURWHLQ PROKHFXOHYV
DUH VKRZQ LQ )LJXUH % ZKHUH QXPEHU LQGLFDWHY WEK
OLQH UHJLRQ IURP WR SSP IRU WKH VDPSOH FRQWDL
GLUXVLRQ DWWHQXDWLRQV RI WKH VSLQ HFKR VLJQDO IRU
SSP IRU WKH 3SXUH" SURWHLQ VROXWLRQ

JLJIXUH 6SHFWUDOO\ UHVROYHG GLUXVLRQ DWWHQXDWL
DTXHRXV VROXWLRQ RI 7&(3 ZLWK D PRODU FRQFHQWUDW
UHSUHVHQWYV WR WKH H[SRQHQWLDO IRUP Rl GLiXVLRQ DW
~-FDVHLQ FRQFHQWUDWLRQ Rl ZLWK DGGLWLRQ RI 7&(3 F
IURP WR SSPPEXUIYH UFOHV | DQG GLiXVLRQ DWWH:H
VSHFWUDO OLQHV IURP WR SSP IRU FDR/M IDF XHR XV
FRQFHQWUDWLRQ Rl  ZLWHK®RXMND/AEDWHRQ FRXUNH3 D QG

"H GLUXVLRQDO DWWHQXDWLRQ IRU 7&(3 PROHFXOHV
JLJXUH $ LQ D VXVFLHQWO\ ODUJH G\QDPLF UDQJBOWKUHHI
IRUP $W WKH VDPH WLPH D GH®HWALIGRHG PRHI X HHRMW WK
PROHFX@HV A° PV LV DOPRVW DQ RUGHU RI PDJQLWXGH \
PROHFX@WMN A PV "H REWDLQHG YL@ XN LRIQWAKRH VFHICHQW |F
PROHFXOHV LQ DTXHRXV VROXWLRQ DJU-HBH. Vi XAHGR®@ ZFLRMK AL K
IRXQG LQ WKH VWXG\ > @ ZKHUH DTXHRXV VROXWLRQV ZL\
DQG F\FOLF YROWDPPHWU\

5HJDUGLQJ WKH WUDQVODWLRQDO PRELOLW\ RI SURWH
GLUXVLRQ DWWHQXDWLRQV IHEDVHD®X HRWK RRW XOWICR VWA
FRLQFLGH ZLWK D JRRG GHJUHH RI DFFXUDF\ DQG DUH GH
VDPH YDOXH RI W&KIHI SWIRRDH E @ tADEQWP'V $ VLPLODU UHV
LH WKH FRLQFLGHQFH RI GLuXWIGRQ XIVW RG! @ RBIWE RHYWIVQ ¢
REVHUYHGHABRVHLQ VROXWLRQV ZLWK DQG ZLWKRXW WKH DG

W FDQ EH DVVXPHADBYMKDWQWKKH VWXG\ HLWKHU ODF
FRQWDLQLQJ F\WWWHLQH JURXSV RU 7&(3 XVHG GRHV QRW
H[SHULPHQW LQYHVWLJDWLQJ FRYDO6+@W\DN LAD EH @ M B UFH\V R\
XVLQJ-WHOLRMLYH S\UHQHPDQBLPOABHV > @ IDLOHG WR FRQ
DVVXPSWLRQV XV WKH UHVXOWVY REWDLQHG FDQ EH XQDI
VLIQL,FDQW HuHFW RI 7&(3 RQ WKH VHFRQGDU\ VWUXFWXL
K\GURG\QDPLF VL]H LQ GLOXMM BIYHRXW V@ EHWK FSGRW R H \
UHVXOW LV D FRQVHTXHQFDVRIL @ KHQVEKWLERKWXKH \RZR F\VW F
D VXVFLHQWO\ FORVH GLVWDQFH IURP HDFK RWKHU “HUHI
WKHP SUDFWLFDOO\ FDQQRW VLJQL,FDQWO\ DuHFW WKH FR

202



Poster Session

7R LQYHVWLJIJDWH WKH HUHFW RI 7&{ D R-G DWKH @ FOMHGF X
IRUPDWLRQ RI VXSUDPROHFXODU VWUXFWXUHV L@ FRQF
105 VLQFH ERWK WKH UHGXFLQJ DJHQW 7&(3 FRQWDLQV
FHUWDLQ GHJUHH RI SKRVSKRU\ODWLRQ > @

2Q WKH H[DFOOHLRIFDEBLQ VROXWLRQV WKH DPELJXF
RI WKH GLVXO¢GH ERQG UHGXFLQJ DJHQW 7&(3 RQ WKH
VWUXFWXUH ZDV HVWDEOLVKHG "XV WKH 7&(3 DJHQW DF
FDVHLQ VROXWLRQV WKDW OHDG WR WKH IRUPDWLRQ RI
DQDO\VLV Rl H{SHULPHQWDO GDWD D K\SRWKHVLV-DERXW
66 ERQGV VKLHOGHG IRU WKH UHGXFLQJ DJHQW PROHF
IRUPXODWHG $W WKH VDPH WLPH WKHFRSHERYLWRHO X WW R
DGGLWLRQ RI 7&(5 PROHFXOHV OHDGV WR WKH DEVHQFH F
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NMR diffusometry and micellar solubilization using

biological surfactants
Daria L. Melnikova, Artem S. Alexandrov, Ruslan V. Arkhipov, Victor P. Arkhipov*

Molecular physics department, Institute of Physics, Kazan Federal University
E-mail: general_zh@mail.ru
'"HSDUWPHQW RI 3K\VLFV .D]DQ 1DWLRQDO 5HVHDUFK 7HFK
E-mail: vikarch@mail.ru

'"H PLFHOODU H[WUDFWLRQ PHWKRG XVHV WKH SURS
VXUIDFWDQWY I|IRUPHG DW FRQFHQWUDWLRQV DERYH WKH
RUJDQLF FRPSRXQGY DOLSKDWLF DURPDWLF DQG SRO\F
SROOXWDQWYVY +RZHYHU WKH XVH RI VIQWKHWLF VXUIDFW
HQYLURQPHQW GXH WR WKHLU WR FIVKLUND PV B QMRZ FURG R (
PLFURRUJDQLVPV DUH XVHG IRU HQYLURQPHQWDO UHVWR
ELRGHIJUDGDWLRQ RI K\GURSKRELF RUJDQLF FRPSRXQG\
SKDUPDFHXWLFDOV DQG DUH D SURPLVLQJ JUHHQ DOWHUC

$Q HUHFWLYH PHWKRG IRU VWXG\LQJ PLFHOODU VROX
PHWKRG 6HOHFWLYH PHGWVXXWHPRHD WRHRFWKHVVH®BI& RI DO
DQ DTXHRXV VROXWLRQ RI VXUIDFWDQW VROXELOL]DWH P
VROXELOL]DWH EHWZHHQ WKH ERXQG LQ PLFHOOWDWBQG
PRGHO 6ROXELOL]DWLRQ RI K\GURFDUERQ PROHFXOHV E\ "
HvFLHQF\ FDQ EH FDOFXODWHG IURP FKDQJHV LQ WKH 6"¢
FKDQJH LQ WKH FRQFHQWUDWLRQ RI VXUIDFWDQW LQ WKH
6'& YDOXHV RI K\GURFDUERQ PROHFXOHVY VKRXOG QRW GH:¢
VROXWLRQ DQG D SRVVLEOH GHFUHDVH LQ WKH 6'& FDQ
G\QDPLF YLVFRVLW\ RI WKH VROXWLRQ ZLWK DQ LQFUHDVH
SUHVHQFH RI VROXELOL]DWLRQ RQH VKRXOG H[SHFW D Gt
PROHFXOHVY DQG WKHLU FRQYHUJHQFH ZLWK WKH 6'& YDOX|
FRQFHQWUDWLRQ LQ WKH VROXWLRQ DQG ¢QDOO\ HTXDC
UKDPQROLSLG ZLWK FRPSOHWH VROXELOL]DWLRQ

The work summarizes and analyzes the results of studies [1-3] of micellar
solubilization from aqueous solutions of substances of the BTEX group (benzene, toluene,
ethylbenzene, xylene), phenol, and naphthalene, carried out by the NMR diffusometry method
using rhamnolipid as a bio-surfactant.
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Evaluation of plasma viscosity in patients with
hyperviscosity syndrome using Proton Magnetic

Relaxation.
Yulianela Mengana TorrésManuel Arsenio Lores Guevard.ilian Somoano Delgadp
Claudia Camila Garcia CruzYamirka Alonso Gélj Fabian Tamayo Delgadpluan Carlos
Garcia Naranjd, Yomaidis Araujo Dur&Lidia Clara Sudrez Beyriés Yanet Obregon
Segurd, Yasmin Estrada Garrido
L Centro de Biofisica Médic&antiago de Cuba, Cuba, yulianela.mengana@uo.edu.cu
24RVSLWDO *HQHUDO 3-XDQ %UXQR =D\DV $OIRQVR’ 6DQWLDJR

ABSTRACT

"H GHWHUPLQDWLRQ RI EORRG YLVFRVLW\ DOORZV WK
LQFOXGLQJ PXOWLSOH P\HORPD DQG VLFNOH FHOO DQHP
K\SHUYLVFRVLW\ VIQGURPH DQG LQ PDNLQJ WKHUDSHXW
3URWRQ 5HOD[DWLRQ KDV EHHQ SURSRVHG DV D PHWKRG
SURSRVH WR HYDOXDWH WKLV SDUDPHWHU XVLQJ WKLV W
DQ DV\PSWRPDWLF VWDWH GHEXW DQG ZLWK 9+6 V\PS\
GHVFULSWLYWHBWGRPDRVVWXG\ ZDV FDUULHG RXW LQ V
SDWLHQWV ZLWK PXOWLSOH P\HORPD DQG VLFNOH FHOO
3.XDQ %UXQR =D\DV’~ +RVSLWDO LQ 6DQWLDJR GH &XED 7
IURP WKH VWXG\ VXEMHFWV ZHUH FHQWULIXJHG DW L

f& XVLQJUWKHF#DERRQO SXOVH VHTXHQFH 1R VWDV
GLUHUHQFHV ZHUH REVHUYHG LQ SODVPD YLVFRVLW\ YD
SDWLHQWYV ZLWK PXOWLSOH P\HORPD LQ DQ DV\PSWRPDV
9+6 ZHUH HYDOXDWHG DQG PRQLWRUHG GXULQJ WUHDWP}
REVHUYHG LQ WKH SODVPD YLVFRVLW\ YDOXHV RI SDWLH
D $00 WKHVH UHVXOWV VKRZHG WKH XVHIXOQHVV RI
RI SURWHLQ VROXWLRQV LQ SDWLHQWYV ZLWK VLFNOH FHC(
DV ZHOO DV WR HYDOXDWH WKH HuHFW RI WKH WUHDWPHC(

.H\ZRUGAQDPLF YLVFRVLW\ K\SHUYLVFRVLW\ V\QGUR
FHOO DQHPLD SURWRQ PDJQHWLF UHVRQDQFH

INTRODUCTION

,Q FOLQLFDO SUDFWLFH EORRG FRPSRQHQWYV DUH X
KHPRJORELQ JOXFRVH SURWHLQV HWF DUH XVXDOO\ F
YDOXHVY DQG ZKHQ WKHVH GHYLDWH IURP WKHVH SDUDP
+RZHYHU EORRG LV QRW XVXDOO\ HYDOXDWHG DV D KH\
LGHQWLW\ DQG WKDW FDUULHV VSHFL{F SURSHUWLHV R
WKDW LV WKH UHVLVWDQFH WKDW WKLV AXLG KDV WR PR

%ORRG YLVFRVLW\ XVXDOO\ UHPDLQV DW YDOXHV WF
XQGHU WKHVH FRQGLWLRQV LW FRXOG KDYH OLWWOH FC
FHUWDLQ SK\WLRORJLFDO FRQ®OMLIRQXG I XEKV DNVO IEYOLRRIC
LQFUHDVHG DQG DUHFMWODWYWQQRHFHKORQLVPV :H H[SRVH
YLVFRVLW\ KDV LQ KXPDQ SK\WWLRORJ\ DQG VRPH GLVHDV
DQG WKH GLVFXOWLHY LQ PHDVXULQJ LW

MATERIALS AND METHODS

9HQRXV EORRG VDPSOHV IURP WKH VWXG\ VXEMHFWYV
PLQXWHV DQG SODVPD KHPRJORELQ VROXWDRQP B QBXE®IRI
f& XVLQJ-BWKHEDB®RQO SXOVH VHTXHQFH
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RESULTS AND DISCUSSION
7DEOK, YDOXHV LQ 3DSSDUHQWO\ KHDOWK\" LQGLYLGXI
PHWKRG DQG WKH 2VWZDOG YLVFRPHWHU DV D UHIHUHQFH

Control individuals (n=20) K (mPa-s) Ostwald ks (mPa:s ) RMP
viscometer

$YHUDJH YDOXH “ “

5DQJH - -

7DEOH VKRZV WKH UHVXOWYV RI WKH DSSOLFDWLRQ F
GHWHUPLBEBDWQRQOKRIFDVH RI 3DSSDUHQWO\ KHDOWK\” LQGL’
WKH WLPH RI GHEXW ZLWK V\PSWRPV W\SLFDO RI K\SHU)Y
WUHDWPHQW ZLWK FKHPRWKHURSYD OXHNVK R EWIDEHQH G VR RW Y
GXULQJ KRVSLWDO DGPLVVLRQ LQ FDVHV ZKHUH LW ZDV |
GHFUHDVH ZLWK WUHDWPHQW +RZHYHU WKLV UHGXFWLRC
ZKLFK FRXOG EH UHODWHG WR WKH LQLWLDO FRQGLWLRQV
WUHDWPHQW
Table 2. Use of the method developed for blood plasma viscosity in MM patients.

K (mPa-s)

VXEMHFWYV
3$SSDUHQWO\ KHD @WwIR)\" LQ 1,65+0,10

Patients with MM (during debut) (n=18) 2.39r0.33

Patients with MM (follow-up by consultation) (n=19| 2.17 r 0.58

Patients with MM (admitted) (n=23) 2.09r 0.56

Patients with MM (under treatment) (n=140) 21+0.3

Patients with MM (con SHV) (n=3) 4.5+0.7

"HK; YDOXHV REWDLQHG LQ SDWLHQWY ZLWK 00 GXULQ.
D 3 : WKDQ WKRVH GHWHUPLQHG LQ 3DSSDUHQ
FDQ EH H[SODLQHG E\ WKH LQFUHDVH LQ JOREXOLQ FRQ
+RZHYHU XQGHU WUHDWPKQW GXWK FKHPRWE®BYDBOWO\ Ut
3 EHFRPLQJ LQGLVWLQJXLVKDEOH IURP WKH YDOXE
DGXOWYV 3 ! LV ODVW UHVXOW VXSSRUWV WKHF
LQ UHGXFLQJ WKH FRQFHQWUDWLRQ RI JOREXOLQYV

,Q SDWLHQWV ZLWK 00 ZKR KDYH FKDUDFWHULVWLF
QHXURORJLFDO DQG RSKWHKD QFROQWEDMWIDWONLFDO @ WEFUHD
*DSSDUHQWO\ KHDOWK\" BQGLYLGXDO®HVSLWH WKH OLPLYV
QXPEHU RI VDPSOHV LQ WKH ¢UVW FDVH EHFDXVH WKH FF
WKDQ PJ GO DQG PJ GO UHVSHFW LK HY\O X 8 VDD OH ¢
JUHDWHU WKDQ P3DfV ZKLFK LV WKH UHFRJQL]HG WKUHV
,Q JHQHUDO SDWLHQWYV ZLWK K9 PXOMML 0 \P\WRROD ZIP\B
SUHVHQW V\PSWRPV RI K\GHYMDVFRWLWKLFK VLIJQV DQG V\
EHJLQ WR DSSHDU DUH G IKyF\O W VWDRV L&W/MVLFD OON LQFUHD
FRQFHQWUDWLRQV RI ,J$ DQG ,J* DUH JUHDWHU WKDQ =
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LQFUHDVH LQ ,J$ DQG ,J* FRQFHQWUDWLRQV KDWs;D GLU
DFFRUGLQJ WR WKH JHQHUDOL]HG ORRQH\ HTXDWLRQ > @

Table 3. Use of the method developed for blood plasma viscosity in patients with AD

subjects e (mPa-s)
3$SSDUHQWO\ KHDQWIR\" LQGLYL 2,15+ 0,17
Patients with AD (follow-up by consultation) (n=122) 2,22+0,86
Patients with AD (admitted) (n = 41) 2,01+£0,31

,Q WKH WDEOK, YDRRAV WEWDLQHG LQ WKHVH SDWLHQ
DV ZHOO DVXWKFDWICHORZY WKURXJK RXWSDWLHQW FRQV X!
YLVFRVLW\ RI KRVSLWDOL]HG SDWLHQWY ZDV REVHUYHG =2
DW GLUHUHQW WLPHV GXULQJ WUHDWPHQW ZKLFK FRXO!
SDWLHQW DQG WKHLU DELOLW\ WR UHVSRQG WR WUHDWP!

CONCLUSIONS
"H UHVXOWV REWDLQHG LQ WKH PHDVXUHPHQW RURMKH @E"
VROXWLRQV XVLQJ 1XFOHDU ODJQHWLF 5K OB WHIURI® MRV D W
XVHG ZLWK UHOLDELOLW\ :KLFK YDOLGDWHVPWEHFBDBW
HQYLURQPHQW
"H XVHIXOQHVV RI WKH PHWKRGV GHYHORSHG LQ PHGLFD
VWDWLVWLFDOO\ VLIQL,FDQW LQFUHDVHV LBOMRRKRGRCSOWMWPI
EORRG VHUXP DQG KHPRJORELQ VROXWLRQ LQ SDWLHQWV \
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Modification approaches to the development of
pervaporation sodium alginate-based membranes with
enhanced properties
Olga Mikhailovskayh Anna Kuzminovj Anton Mazut, Anastasia Penkova
Mariia Dmitrenko’

1 st. Petersburg State University, 7/9 Universitetskaya nab., Saint Petersburg 199034, Russia
E-mail: st113220@student.spbu.ru
https://go.spbu.ru/rgpenkova

Introduction

SHUYDSRUDWLRQ LV D SURPLVLQJ PHPEUDQH PHWKRG
Rl ORZ PROHFXODU ZHLJKW VXEVWDQFHV ZKLFK ¢(QGV D
HvFLHQF\ RI WKLV SURFHVVY ODUJHO\ GHSHQGY RQ WKH FK
PRVW SURJUHVVLYH PDWHULDOV IRU FUHDWLQJ PHPEUDC
SRO\HOHFWURO\WH FRPSOH[HV 3(& "H\ KDYH KLJK VHOH
HUHFWLYH VHSDUDWLRQ RI LW IURP WKH PL[WXUH QDPHO\

6RGLXP DOJLQDWH 6% LV D SURPLVLQJ ELRSRO\PHU
WDLORUHG FKDUDFWHULVWLFV 6% PD\ EH PRGL,HG LQ WZR
FDUERQ QDQRSDUWLFOHV LQWR LWV PDWUL[ DQG E\ I
SRO\HWK\OHQHLPLQH 3¢, WR FUHDWH 3(& $OVR WKHVH F
Rl PL[HG PDWUL[ PHPEUDQHY KDYH QRZ GHPRQVWUDWHG W

Results and discussion

H DLP RI WKLV VWXG\ ZDV WR GHYHORS DQG VWXG\ S
3(& Rl 6% DQG 3(, PRGL¢HG ZLWK JUDSKHQH R[LGH *2 6St
105 ZHUH XVHG WR FRQ¢UP WKH IRUPDWLRQ RI 3(& DQG
HOHFWURQ DQG DWRPLF IRUFH PLFURVFRSLHV ZHUH XVHG
WRSRJUDSK\ ,W ZDV VKRZQ WKDW 3 (& HPHPERQDR® W WD & FIV)
VXUIDFH ZLWK FOXVWHUV "LV ZDV GXH WR WKH LRQLF LQ
FDWLRQLF 3(, ,Q DGGLWLRQ 6(0 LPDJHV FRQ¢UPHG WKH
DVVRFLDWHG ZLWK WKH IRUPDWLRQ RI 3(& )LJ "H HuHF
LQ SHUYDSRUDWLRQ IRU HWKDQRO GHK\GUDWLRQ LQ D ZLG

Cross-section Surface

Figure 1. The cross-sectional and surface SEM micrographs of PEC membrane.

Conclusions

,W ZDV GHPRQVWHEDWHEE WRPW 8 (R, PHPEUDQHV PRGL¢
VLIQL,;FDQWO\ LPSURYHG SHUIRUPDQFH LQ SHUYDSRUDWLF
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SULVWLQH 6% PHPEUDQH GXH WR FKDQJHV LQ VWUXFWXL
PRGL{(FDWLRQV ,W PDNHV WKHP SURPLVLQJ IRU XVH LQ \
XVHG LQ WKH SURGXFWLRQ RI ELRIXHOV DQG RWKHU FKHF
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Determination of the spirocyclopropanoxindole fine
structure using NMR spectroscopy
Mikhalap M. V., Pelipko V. V., Gomonov K. A., Makarenko S. V.

Herzen State Pedagogical University of Russia, Laboratory of nitro compounds, Center of
collective use at the Faculty of Chemistry "Instrumental methods for the study of nitro
compounds, coordination, biologically active substances and nanostructured substances"
48 Moyka River Embankment, Saint Petersburg 191186, Russia
E-mail kohrgpu@yandexu

$ONYEURRRLWURDFU\ODWHY DV O0LFKDMHPG DHHFW 5 W R B\ (
VWUXFWXUHV LQ ADHFDEWLRQV@ZLSVKWAG\ RI WHEHURBRVHUDFYV
QLWURDFDNYE®/IHK YGHRIRQ GR® H VKRZHG WKDW WKH UHDFW
IRUPDWLRQ RI D PL[WXUH RI UHJLRLVRPHULF VSLURF\FORS
E\' D GRXEOH VHW RIDQI& QDD VIHFWKB

"H ULJLGO\ ¢([HG VWUXFWXUH RI WKHVH VSLURF\FORS!
LOQWHUHVWLQJ REMHFWYV IRU VWUXFWXUDO VWXGLHV XVLQJ
In the®™H NMR spectrum of the mixture of spirocyclopropaneoxindoles 3a, b (Fig. 1),

the H protons signals appear as doublets at 3.85 (a), 3.78 (b) ppm, antigtedis signals
appear as doublets at 5.32 (a), 5.30 (b) ppm. In turn, the signals of the amino grdups (H
protons appear as broadened singlets at 8.73 (a), 8.95 (b) ppm. The Jcmaling
between methine protons of the cyclopropane ring observed fth&R spectruntJH?H?

= 6.07 (a), 6.14 (b) Hz indicates themansconfiguration, which is consistent with the
literature data [3].

Figure 1.*H NMR spectrum of isomeBg, b(CDCly)

This assignment of signals in thd NMR spectrum is confirmed by the results of the
study these substances by fie'H NOESY NMR method. The results Ufi-*H NOESY
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(obtained with a variable value mix. time) of the isomer mixture, demonstrate NOE
correlations of the protons’@ &H for isomer a and &+ RH for isomer b (Fig. 2).

Figure 2.*H-'H NOESY spectrum of isom&@as, b(CDCls) with their models

The assignment of signals in tH€ NMR spectra for both isomers was carried out on
the results of théH-**C HMQC and'H-*C HMBC NMR experiments. Unprotonated carbon
atoms were assigned based ¥h'3C HMBC NMR experiment. Thus, spectrum of the
mixture of two isomers 3a, b showed cross-peaks between protph Hi ; H "and carbon
atom CP°({121.7 (a), 122.6 (b) ppm), protons ;-H | H “and carbon atom €{141.9 (a),

141.7 (b) ppm), proton Hwith spiro carbon C (40.0 (a), 39.2 (b) ppm). Cross peaks of
methylene protons with the ester carbonyl carbon atom (163.4 (a), 165.0 (b) ppm) are also
observed.

Thus, based on the 2D NMR spectroscopy experiments results, the fine structure of
two isomers of spirocyclopropaneoxindoles was determined, and the signals of their protons
and carbon atoms were assigned.

The studies were carried out in the Center of collective use at the Faculty of Chemistry
of the Herzen State Pedagogical University of Russia on the Jeol ECX-400A spectrometer
(Royal Probe)at 399.78 {H) and 100.53'€C) MHz with standard experimental settings. The
residual signals of a non-deuterated solvent {fbmuclei) or the signals of a deuterated
solvent (for"3C nuclei) were used as a standard.

References
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Novel blend cellulose nitrate/cellulose acetate

ultrafiltration membranes for enhanced water treatment
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Anastasia Penkova
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Introduction

3URWHLQ VHSDUDWLRQ SUHVHQWY D IXQGDPHQWDO F
ELRWHFKQRORJ\ DQG WKH SKDUPDFHXWLFDO LQGXVWULHV
SURFHYWHVUKO\ HUHFWLYH DQG ZLGHVSUHDG PHWKRG HPS
XOWUD;OWUDWLRQ 8) ZKLFK XWLOL]JHV VHPLSHUPHDEC
PROHFXOHV RI VSHFL¢(F VL]HV 8OWUDSOWUDWLRQ LV WKF
YDULRXV LQGXVWULHY IRRG FKHPLFDO PLFURELRORJLFD(
XVH WKH FUHDWLRQ RI QHZ XOWUD,OWUDWLRQ PHPEUDQH
SURSHUWLHV LV UHTXLUHG

H FKRLFHIBRLHMEBO\ FHOOXORVH GHULYDWLYHV LQ SDI
FHOOXORVH DFHWDWH &$ IRU WKH IDEULFDWLRQ RI 8) Pk
WKLV SXUSRVH FRPELQLQJ HFRORJLFDO VXVWDLQDELOLW
PRGL,FDWLRQ RI PHPEUDQHV SOD\V D FUXFLDO UROH LQ
(OWUDWLRQ PDWHULDOV LV DSSURDFK VLJQL:{FDQWO\ H
PHPEUDQHV E\ FUHDWLQJ FRPSRVLWH PHPEUDQHYV ZKHUHL!
DOORZV IRU D VIQHUJLVWLF HUHFW $V D UHVXOW WKH ¢Q
VLPSOH VXP RI WKH FKDUDFWHULVWLFV RI W K-HRIUJ CLA@LGL Y L
IUDPHZRUNV 02)V ZKLFK DUH XQLTXH SRURXV VWUXFWXL
VLIQL,FDQWO\ LQAXHQFHV WKH VWUXAWEURS ISRIEIPR/ ED 8 DWW
WKH PDWHULDO DQG UHSUHVHQW D SURPLVLQJ FODVV R
DSSOLFDWLRQ LQ WKH FUHDWLRQ RI FRPSRVLWH PHPEUD(
LQFOXGHV SRURJHQV ZKLFK DuHFW WKH WUDQVSRUW FKD!
PHPEUDQHV “H\ DOORZ IRU WKH FRQWURO RI SRUH VL]H D
GLUHFWO\ LPSDFWLQJ WKHLU DELOLW\)WRWHKHEDPRIUMH RO H
PRVW SRSXODU VI\QWKHWLF SRO\PHU = SRO\WXOIRQH 368
H[FHOOHIRWP{QP SURSHUWLHY UHPDUNDEOH WKHUPDO D
ZLGHVSUHDG DSSOLFDWLRQ LQ PHPEUDQH WHFKQRORJ\

Results and discussion

"LV VWXG\ IRFXVHV RQ WKH GHYHORSPHQW DQG LQYHV!
QLWUDWH &1 E\ EOHQGLQJ LW ZLWK FHOOXORVH DFHWDW
DVSRO\WXOIRQ$R®B&¥E Q\OS\UUROLGRO@MG -BO¥ A G- RHIWDIX. F
IUDPHZRUN =Q%,0 IRU HvVFLHQW XOWUD;OWUDWLRQ VHS
LPSRUWDQW WR VWXG\ WKH VWUXFWXUH RI SRO\PHUV DV
SUHGLFW DQG VWXG\ WKH SURSHUWLHV RI WKH UHVXOWLQ.
SRVVLEOH WR GHWHUPLQH WKH FKDUDFWHULVWLFV RI SRO
WKH EHVW WRRO 105 DOORZHG XV WR VWXG\ WKH GHJUH|
&% &1 LQ WKLV ZRUN $GGLWLRQDO FKDUDFWHULVWLFV
XVLQJ )RXULHU WUDQVIRUP LQIUDUHG VSHFWURVFRS\ VFL
PLFURVFRS\ DQG FRQWDFW DQJOH PHDVXUHPHQW "H WU
PHPEUDQHYV ZHUH VWXGLHG E\ XOWUD;OWUDWLRQ GXULQJ !
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Conclusions

XV WKH UHVXOWYV FOHDUO\ GHPRQVWUDWHG WKDW F
DGGLWLYHVY FDQ OHDG WR WKH VXFFH V-\EIX\OH G HFY HHROER BPHHY
8) VHSDUDWLRQ RI SURWHLQV "LV PDNHV WKHP SURPLVL!
LQ WKH SKDUPDFHXWLFDO LQGXVWU\
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Determination of the structure of regioisomeric furan-
containing naphthofuranes based on 1D and 2D NMR

spectroscopy experiments
Minaeva V. Yu., Ozerova O. Yu., Makarenko S. V.
Herzen State Pedagogical University of Russia, Department of Organic Chemistry
48 Moyka River Embankment, Saint Petersburg 191186, Russia
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‘H KDYH SUHYLRXVO\ VKRZQ WKDWF R\XMWD UERRHUDFV
EURPRQLWURHWKHQHV ZLWK -IDHS G N VOIMEDW WRH W RO GR E/® DF
WHWUDF\FOLF KHWHURF\FOLF VWUXFWXUHV Rl WKH GLK\GU
"H VWXG\ Rl WKH UHDFWLRQ RI {FRQMWDWHENPKHQYWDW
EURPRQLWURHWKH-EHWRPREXBURRRLWURHWKHQH - ZLWE
K\GUR[\QDSKWKRTXKQRRE WKDW WKH SURFHVV OHDGV WR \
UHJLRLVRPEHWRFRIXWODQDSKVEIGRXUMBQRQH b -EQ&PRIXUDQ
-\O QDSKWIERXUMBQRQH E UDWLR B FEGSU @ B @ F WAURK PV K

ZKLFK zZDV VXFFHVVIXOO\ VHSDUDWHG LQWR LQGLYLGXDO L
Scheme 1.

i: CgHg, Et3N, 3 h, reflux or MeOH, AcOK, 3d, r.t.

"H VIQWKHVLiEHBPRIXODQDSKEIEGRXUMBQRQH Z- DQG
EURPRIXIODQD SKVEIGR X UMBQRQH E FDVF HDPIOMWUIRNGQIRUPHUV
yLJ "H SUHVHQFH RI RQH +/IBDWGR L 0/A MBHFW UD RIKHQGL
VXEVWDQFHV D E LQGLFDWHV WKDW WKH\ DUH IRUPHG E\ |

"XV WKH DLP RI WKLV ZRUN LV WR GH®HRPRXH MX H
\O QDSKVERXUMBQRQH D-BEQRPRIXODQDS KGR X U-BQRQH
EE\ 'DQG ' 105 VSHFWURVFRS\ H[SHULPHQWYV

¢
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7ZR GRXEOHWYV DW - DQG+] RBEBSWOH& SURWRQV RI \
IXUDQ ULQJ D VLQJOHW BWRWRSOSPQRE WER BRXOWLISOHWYV
FRQGHQVHG EHQ]HQH ULQJ LQ WKH UHJLRQV + + SSP b
105 VSHFWUXP RI LVRPHU D )LJ

s-trans s-cis s-trans s-cis
Figure 1. Possible conformational isomers of compounds 3a and 3b.

,Q WHKH& +0%& VSHFWUXP RI LVRPHU D FURVV SHDNV
WKH EHQJHQH ULQJ LQ WKH UHJLRQ RI + SSP DQG V

SSP DUH REVHUYHG ZKLFK LV SRVVLEO\ D FROQMGHTXF
&+ SURWRQV ZLWK WKH FDUBRG\®& RF@IER® D WKV VE U X F
UHJLRLVRPHU Z )LJ

Figure 2.*H NMR spectrum Figure 3.*H-**C HMBC NMR spectrum
of the compound 3a (CDg}I of the compound Z(CDCly).

H VWXG\ Rl FRESRBHQG 1D(6< H[SHULPHQW VKRDBG WK
&+ SURWRQV RI WKH IXUDQ &L@ &V WHIXD DWO& GHPRQV
1XFOHDU 2YHUKDXVHU + uSH{FRW RZE LCORH W IHR W F RJQG &D W H
SURWRQV RI WKH IXUDQ ULQJ WWKUBR ®OIXRIDW X R QV W FD WAKLL
)LJ
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s-trans

Figure 41 G*G 12(6< V SH R\ tbipouR® Z(CDCL)

"XV EDVHG RQ WKH- U H\2XOWM [ 8 H WKHANQUIFGRW I B X UD W L R G
RI WKH REWDUWRM/G X\\ODQD SKVEIKERXUBQRQH D ZDV HVWDEOL)
FRQ¢JXUDWLRIURPIRIXIODQD SKVEIRXUBQRQH E LV XQGHUJ
IXUWKHU VWXGLHV

References
OLQDH¥® 9DUVKHY (' 3RSRY *6 3LOLSHQNR ,$ 6W}
2<X ODNDUHQNR 6 9 -6 DQGKWWMWRFWOLF ELIXUDQ VWUXI
FRQWDLQEQRPRIPLWURHWKHQHYV $EVWUDFWXVRLDMXH |,
\RXWK VFLHOMRQHVRRRROZLWK LQWHUQDWLRQDO SDUWI
ELRORJLFDOO\ DFWLYH VXEVWDQFHV ELRFKHPLFDO DQG
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Conformational behavior of cyclic peptides cyclosporin C
and alisporivir in acetonitrile and their interaction with
Dy ** ions
Guzel A. Minnullina, IslanN. Garifullin, Sergey V. Efimov, Vladimir V. Klochkov
Institute of Physics, Kazan Federal University, Kazan, 420008 Russia
E-mail: g.minnullina2010@yandex.ru

Introduction

&\FORVSRULQV DUH F\FOLF XQGHFDSHSWLGHV ZLWK L
DQG-DQADPPDWRU\ SURSHUWLHV )RU H[DPSOH F\FORVSR
JUDIW UHMHFWLRQ LQ RUJDQ WUDQVSODQWY > @ "HUH L
YDOXDEOH SURSHUWLHV PRVW RI ZKLFK DEN [ LFUKDUHIGIWR
DPLQR DFPEWKNADWLRQ VWDWH &\FORVSRULQD&QIDW RQBIC
DQDORJXH RI &V$ D F\FOLF XQGHFDSHSWLGH LQ ZKLFK DI
)LJ "H UHVXOWV RI VWXGLHV ZLWK &V& VKRZHG WKDW
DFWLYLW\ ZKLOH EHLQJ OHVV QHSKURWR[LF WKDQ &V$ > ¢

$QRWKHU DQDORJXH RI &V$ LVLIMD LQEFKQRWX $EBHR \
GHULYDWLYH RI &V$ ZKLFK LV NQRZQ IRU LWV DQWLYLUDC
UHVSRQVH )LJ

W LV NQRZQ WKDW WKH DFWLYLW\ RI SHSWLGHV LG
FRQIRUPDWLRQ LQ VROXWLRQ ZKLFK FDQ EH DuHFWHG E
LRQV RU YDULRXV VROYHQWY “H DLP RI WKLV ZRUN zZDV '
LR® RQ WKH VWUXFWXUH RI DOLVSRULIYLXVDQG EY & §QU
EDVHG RQ QXFOHDU PDJQHWLF UHVRQDQFH 105 VSHFWL
LRQV > @

Figure 1. Chemical structures of cyclosporin C (left) and alisporivir (right).
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Method

105 PHDVXUHPHQWY ZHUH FDUULHG RXW RQ D %UXNHU

0+] IRWU 0+] IRRU "H WHPSHUDWXUH RI . ZDV VWDE
H[SHULPHQWYV

6DPSOHV ZHUH SUHSDUHG E\ GLVVROYLQJ WK&L SHSWLG
DW D FRQFHQWUDWLRQ IRRQV ZHUHPDGGHG WR DFKLHYH WK
PRODU UDWLRGRPHQVIRRDO-ES6EWRR6£4)5246<& +648&
DQG & +0%& ZHUH UHFRUGHG EHIRUH DGGLQJ+W&K& LRQ
VSHFWUXP RI\ WKIRP&S\EH ZDV REWDLQHG 'DWD DFTXLVLWI
FDUULHG RXW XVLQJ 7RS6SLQ "H VSHFWUDO DQDO\VLV
ZHUH PDGH ZLWK WKH DLG Rl WKH 6SDUN\ SURJUDP

6LPXODWHG DQQHDOLQJ ZDV -E DU WIRHEH RXOD X V& \@QID PA/R
VLPXODWHG LQ *520$&6 ZLWK H[SOLFLW VROYB®RW &XE
DQG FRQWDLQHG RQH DOLVSRULYLU RPRORPXEMOHYV DWLFSF
&RQIRUPDWLRQDO VFUHHQLQJ ZDV PDGH XVLQJ &5(67 VRIW:

Results and Discussion

$ WRWDO DVVLDQEBHWQWQMIOV IRU WKH PDMRU FRQIRUPH!
DQG WKH FKHPLFDO VKLIWV RI VRPH VLJQDOV RI WKH PLQR!
DGGLQJRY WKH +64& VSHFWUXP ZDV H[DPLQHG E\ FRPSDUI
EHHQ UHFRUGHG LQ WKH DEVHQWKHDIQU® IWPKH \§ URHIVHQFHIUR R
VKRZQ LQ )LJ IHXFYQH DOHRI 84K H VHFRQG FRQIRUPHU ZD
IUDJPHQW RI VSHEWUWDQDXAO RGHVUEHWLGXHYV RI WKH PDMRU
EODFN OHWWHUWY DMYGR&+ UHVLGXHV RI WKH PLQRU FRQIRL
$GGLQJ G\WSURVLXP LRQV LQGXFHV D VOLJKW EURDGHQLQJ
SHDNV 8SRQ WKH DERVWMWKHIRBQAV RI DOO UHVLGXHV RI W
UHPDLQ DQG WKH VLJQDO RI OHXFLQH 0OOH RI WKH PLQRU

Figure 2. Fragment ofH-2*C HSQC spectra of CsC in GON before and after the addition
of Dy** ions: blue peaks correspond to the spectrum recorded with the pure CsC sample; red
peaks, to the spectrum of the CBE mix. Signals of the minor (second) conformer are
marked with the asterisk (*).
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"H VLJQDO LQWHQVLWLHYV Rl WKHVH WZR FRQIRHBHU\
PHDVXUHG 7R FRPSDUH LQWHQVLWLHV RI VLIQDOV DXWI
VSHFWUD ZHUH FDOFXODWHG IRU WKH ERWK FRQIRUPHU
DOORZHG XV WR FRQER®G HE MXD WRVWKH\F\FORVSRULQ ED
FORVHU WR DOSKD SURWRQV RI UHVLGXHV %PW 6DU 00
E\ VHOHFWLYH EURDGHQD®N RIQMKKH&EPHQWLRQHG UHVLG X
RI WKH SHSWLGH ¢ UV W tRD QIS GEBIWMAH ERWIGRQLRI WKH E
QRW FKDQJH VLJQL¢{FDQWO\ XSRQ ELQGLQJ WR WKH LRQ

$ VLPLODU EHKDYLRU LV REVHUYH @ 1 Q7 2\R< A RRDIRI RH LT
'"HELR ZHUH REVHUYHG LQ DFHWRQLWULOH RQH RI ZKLFEk
VLQJOH FRQIRUPHU RI DOLVSRULYLU LQ F®DFOWRIRWY WK
FRQIRUPHUV GLUHUHQWO\ FOHDU WUHQG ZDVVQR@D RX @€
UHVLGXHV IURP 9DO WR 0YD GHFUHDVHG VLJQL{FDQWO
'"HELR KDV DQ LQWHUDFWLRQ ZLWK WKH G\WSURVLXP LRQ

7R REWDLQ LQIRUPDWLRQ RQ SHSWLGH-ERQEGWY EB \P RIS
UHVLGXHM\E % POWQ G (W®D ZDV SUHSDUHGL ¥VYRUOW-BDAEH "LV P
VHUYHG DV WKH LQLWLDO VWUXFWXUH LQ WKH 0' VLPXOTL
RSWLPL]JHG E\ D VHPLHPSLULFDO FDOFXODWLRQ

$ FRQIRUPDWLRQDO VHDUFE1IRWDW GHWSRUBRMWIGU XMVQ Q&
&RQIRBRHPHU (QVHPEOH 6DPSOLQJ 7RRO ZLWK WKH FI
HQHUJ\ FRQIRUPHUV ZHUH LVRODWHG WR EH XVHG IRU VXI
PHWDO LRQ WKH PRVW IDYRUDEOH FRQIRUPHU KDG WKH L
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Hydrogen/deuterium isotope effects on the icrostructure

and molecular mobility in the aqueous solution of
uropium nitrate. A molecular dynamics simulation study
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7TULYDOHQW HXURSQRPVLRQ LPSRUWDQW UROH LQ FKHP
DQG ELRORJ\ ,QYHVWLJDWLRQ RI LWV LQWHUDFWLRQV ZL\
DSSOLFDWLRQV ,Q WKH SUHVHQW ZRUN KiI&KURUBY IGRHX\WH
VWXGLHG XVLQJ PROHFXODU G\QDPLFV VLPXODWLRQV

6LPXODWLRQV ZHUH FDUULHG RXW XVLQJ WKH 0'\QDOL[
6ROXWLRQV RQ @XDIQ@ DW GLUHUHQW FRQFHQWUDWLRQV
ZHUH FRQVLGHUHG "H FDOFXODWLRQV ZHUH SHUIRUPHG LQ
DWPRVSKHUH "H WHPSHUDWXUH ZWMHSWVKRQVW\D\@MN\D(VLC
SUHVVXUH ZDV PDLQWDLQHG E\ D +RRYHU EDURVWDW > @
FRQVLGHUHG ORGHO IRU KHDY\ ZDWHU ZDV GHYHORSHG E\
FODVVLFDO FRQFHSW "H (Xfip FDWLRQ ZDV PRGHOHG XVLQJ
ORGHO QLWUDWH DQLRIQNVAHDSYOW QIBHDWHGURFWXUH ZLWK D FH
WKUHH R[\JHQ DWRPV DW D GL2WIRIPHRIRI@ c, @ WWAK MROGH E X
LQWHUDFWLRQV ZHUH GHVFULEHG B-\R @HK\H \BRRVRIQ AR OOR/P E |
SDUDPHWHUY ZHUH WDNHQ IURP 5HI > @ "H HTXDWLRQV RI
DOJRULWKP ZLWK D WLPH VWHS RI IV '"H HOHFWURVWDWLI
PHWKRG "H JHRPHWU\ RI WKH PRGHO ZDWHU PROHFXOHV D
WKH 6+$%$.( DOJRULWKP > @ )RU HDFK V\VWHP WKH HTXLOLE
IROORZLQJ VLPXODWLRQ UXQ zZDV QV ORQJ

Based on the simulation results, the radial distribution functions between all atoms
were calculated. A special attention was given to the changes in the composition of the first
solvation shell of the europium ion with increasing salt concentration. Hydrogen/deuterium
isotope effects on the molecular mobility (diffusivity and rotational reorientation of the
solution components) were considered in detail.
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Computer simulation of interaction of fullerenes C60 with
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Introduction

$O]HLPHU V GLVHDVH LV LQFXUDEOH QHXURGHJHQHUI
RI DP\ORLG SHSWLGHV LV RQH Rl WKH SURPLALQXEZDHURE
KDV PDQ\ DSSOLFDWLRQV LQ ELRPHGLFLQBVLQBRWILEDFW K
DQWLYLUDO DQG DQWL@P\ORLG DJHQWV >
OROHFXODU G\QDPLFV 0' PHWKRG ZDV IUHTXHQWO\
RI DQWLDP\ORLG DJHQWV ZLWK DB\ORLFEX @DWLRQ RQ MKW |
IXOOHUHQHVY ZLWK VWDFN Rl VKRUW DP\ORLG SHSWLGHYV
VROYHQW DW WHPSHUDWXUH 7 . DQG SUHVVXUH 3 DWP
ZLWK $0% (5L ®BGQ IRUFH (HOG

The Results and discussion
6QDSVKRWYVY RI VIVWHPV FRQVLVWLQJ RI IXOOHUHQHYV

RQ )LJ ZDWHU PROHFXOHV DUH QRW VKRZQ IRU FODUL
VLPXODWLRQ )LJ D VWDFN RI SHSWLGH PROHFXOHV L
)LJ E WKH VWDFN zZDV DOUHDG\ GHVWUR\HG E\ LQ\

PROHFXOHY DUH RQO\ SDUWWON-DGMWRUEHG RER) IXO®ISHB QYHX
DUH DGVRUEHG RQ IXOOHUHQHV

D E F
Figure 1. Snapshots of process of destruction of amyloid stack by fullerenest and fulleren-pe
complex formation : system consisting of 6 fullerengs@d 4 peptides att=0 (a), t=5ns (b), t:
20 ns (c);

"H GLVWDQFH EHWZHHQ SHSWLGH PROHFXOHV DQC
FKDUDFWHULVWLF RI FRPSOH[ IRUPDWLRQ EHWZHHQ WKHF
WKH SHSWLGH VWDFN GHVWUXFWLRQ AXFWXDWHV VWUR
SODWHDX EHFDXVH DOO SHSWLGHV DUH DOUHDG\ LQ F
GLVWDQFHV AXFWXDWHYV RQO\ VOLJKWO\ EHFDXVH VWDEO

‘H GHPRQVWUDWHG WKDW IXOOHUHQHVY FRXOG GHVW
FRPSOH[ ZLWK VHSDUDWH DP\ORLG SHSWLGHV XVLQJ PRO

IXOOHUHQH SUREDEO\ FRXOG EH XVHG LQ IXWXUH DV D¢
GLVHDVH
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Fig. 2. Changes in distance between fullerenes and amyloid peptides during destruct
amyloid stack and complex formation.
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JLEULOV 3XUL¢ HG IURP $O]KHLPHUYV %UDLQ 7LVVXH 1DW &R
ODNLQ 6 "H $P\ORLG +\SRWKHVLV RQ 7ULDO 1DWXUH
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&KHQ = .UDXVH * 5HLI % 6WUXFWXUH D QX Q®E LWR WiHM
$P\ORLG JLEULOV - ORO %LRO +

7DNDKDVKL 7 OLKDUD + 3HSWLGH DQG 3URWHISWLGHPF
$JJUHIJDWLRQ $FF &KHP 5HV +

LP -( /HH 0 )XOOHYMORL®KHEIWNMH $JIJUHIDWLRQ %LR
&RPPXQ +

6LSRVRYD . 3HWUHQNR 9, ,YDQNRY 2, OXVDWRY §
A\PD 2 $ )XOOHUHQHV DV DQ (UHFWLYH $P\ORLG &BEULOV
$SSO ODWHU ,QWHUIDFHV +

3RGROVNL , < 3RGOXEQD\D =% .RVHQNR ($ 0XJDQ
ODUVDJLVKYLOL /* 6KSDJLQD 0' .DPLQVN\ < * $QGUL
(UHFWV RI +\GUDWHG )RUPV RI & -3BSOMQIGHIH)QIE R® GE)DWLE!
3HUIRUPDQFH RI WKH &RJQLWLYH 7DVN - 1DQRVFL 1DQRWH
:DQJ ; :HEHU -. /LX / 'RQJ 0 =KRX 56WUDQG S\RWHRE

2EVHUYHGHQ®MGVRUEHG RQWR *UDSKHQH 1DQRVFDOH
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Investigation of interaction of cyclic peptide with short

amyloid peptides by computer simulation
Alexey V. Vakulyuk, Sofia E.Mikhtaniuk, Valeriy V. Bezrodnyi, Emil |. Fatullaev,
Igor M. Neelov

1 g. Petersburg State University, St. Petersburg, 199034, ResdRetersburg
2 National Research University of Information Technologies, Mechanics and Optics (ITMO
University), St.Petersburg, 197101, Russia
3 "Kurchatov Institute"-PNPI-IVS, St. Petersburg, 199004, Russia,;
E-mail: i.neelov@mail.ru

$O]KHLPHU V GLVHDVH LV NQRZQ IRU RYHU D KXQGUH
FRPPRQ QHXURGHJHQHUDWLYH GLVHDVH ZRUOGZLGH "H L
DJLQJ VRFLHW\ DQG LV PRVW FRPPRQ DPR®QJ,QHRBIOMLRYF
DJJUHJDWLRQ RI DP\ORLG SHSWLGHV LV RQH RI WKH SUR|
/ILQHDU @ DQG F\FOLF S@ SWDLYFHHKFDQ\ DSSOLFDWLRQV LQ EL
GUXJV DQG JHQH GHOLYHU\ DV DQWLEDFWHULDO DQWLYLU

OROHFXODU G\QDPLFV 0' PHWKRG ZDV IUHTXHQWO\ X
Rl DQWLDP\ORLG DJHQWV ZLWK DB\ORILEGEX@PDWLRY RQ MCK M L
F\FOLF SHSWLGH ZLWK VWDFN Rl IRXU VKRUW DP\ORLG SH:
VROYHQW DW WHPSHUDWXUH 7 . DQG SUHVVXUH 3 DWP X
$0%(5 6®OGQ IRUFH ¢HOG DQG 30( PHWKRG IRU DFFRXQW R

The Results and discussion

6QDSVKRWVY RI VI\VWHPV FRQVLVWLQJ RI F\FOLF SHSV
DP\ORLG SHSWLGHV /9))$( GXULQJ VLPXODWLRQ DUH VKR
VKRZQ IRU FODULW\ 2QH FDQ VHH WKDW DW WKH EHJLQQI
SHSWLGH PROHFXOHV LV QRW LQ FRQWDFW ZLWK F\FOLF S
DOUHDG\ GHVWUR\HG E\ LQWHUDFWLRQ ZLWK F\RRQLF\ SHSV
SDUWO\ DGVRUEHG RQ R¥O}IF) SHSAVIIEHO $HSWLGH PROHFX
WKH VXUIDFH Rl F\FOLF SHSWLGH

D E F
Figure 1. Snapshots of process of destruction of amyloid stack by cyclic peptide and ¢
linear peptide complex formation: system consisting of one cyclic peptide and four lir
amyloid peptides att=0 (a), t =15 ns (b), t = 75 ns (c);
'H GLVWDQFHY EHWZHHQ OLQHDU SHSWLGH PROHFXOH
Rl VLPXODWLRQ )LJ E GXH WR GHVLQWHJUDWLRQ RI DP\O
DWWUDFWV OLQHDU SHSWLGHVY DQG GLVWDQFH EHWZHHQ W
FRPSOH[ RFFXUV )LJ D "DQ WKHUH DUH OD U-JHXXFRHD WL |
VWDEOH FRPSOH[ RI F\FOLF DQG OLQHDU SHSWLGHV IRUP

EHFDXVH DOO OLQHDU SHSWLGHY DOUHDG\ DGVRUEHG RQ |
LW
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D E
Fig. 2. Changes in distance a) between cyclic peptide and*alP¥. 3° and 4" linear
amyloid peptides together (black) or separatefy(red), 2 (green), % (blue) and 4
(yellow) peptide in stack and b) between linear amyloid peptides 1-2(black), 2-3(red) ¢
4(green) pairs of linear peptides in stack) during destruction of $&6K ns) and complex
formation (70-80 ns).

‘H GHPRQVWUDWHG WKDW F\FOLF SHSWLGHV FRXOG
IRUP FRPSOH[ ZLWK VHSDUDWH DP\ORLG SHSWLGHV XVLQ:
"XV IXOOHUHQH SUREDEO\ FRXOG EH XVHG LQ IXWXUH DV
GLVHDVH

Acknowledgements
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BHWNRYD $ 7 <DX : 0 7\FNR 5 3([SHULPHQWDO &RQVW
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.ODMQHUW % %U\V]HZVND O &ODGHUD - B20ROHFXOTL

$P\ORLG 3HSWLGHV S+ 'HSHQGHQFH  %LRPDFURPROHF
BWHO]PDQQ 5% 1RUPDQ 6FKQLW]JOHLQ + B5HHG 0XU\
$O]KHLPHUTV 3DSHU 38EHU (LQH (LJHQDUWLJH (UNE
+

.QRSPDQ '6 $PLHYD + 3HWHUVHQ 5 & &KpWHODW
1L[RQ 5% -RQHV ' 7 $O]KHLPHU 'LVHDVH 1DW 5HY 'l
/NQFK & :RUOG $O]KHLPHU 5HSRUW SWWLWXGHV
$O]KHLPHUYTV '"HPHQW
'"H7XUH 0 $ 'LENVRQ ': 'H 1HXURSDWKRORJLFDO 'LD:
ORO 1HXURGHJHQHU

7RODU 0 +H\ - B3RZHU $ $EXVKDNUD 6 1HXURW
'"ULYH $O]KHLPHUYY 3DWKRJHQHVLY DQG 5HSUHVHQW D
'LVHDVH 3URJUHVVLRQ ,QW - ORO 6FL
%HMDQLQ $ 6FKRQKDXW '5 /D -RLH 5 .UDPHU - +
1 &DQWZHOO $ -DQDEL 0 /DXULROD 0 HW DO 7D
&RQWULEXWH WR &RJQLWLYH ,PSDLUPHQW LQ $O]KHLPH
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.ROOPHU 0 &ORVH : )XQN / 5DVPXVVHQ - %VRXO ¢
60XUGVRQ & - -XFNHU 0-(0)IQMUXFWX0OH&WQER 3RO\PRUS
$P\ORLG )LEULOV 3XUL¢ HG IURP $O]JKHLPHUTV %UDLQ 7L\
ODNLQ 6 "H $P\ORLG +\SRWKHVLV RQ@G7ULDO 1DWXUH

&KHQ = .UDXVH * 5HLI % 6WUXFWXUH DQG 2ULHQWL
%HWHMD\ORLG )LEULOV - ORO %LRO *
7TDNDKDVKL 7 OLKDUD + 3HSWLGH DQG 3URMSHNIQGHBLP
$JIJUHIJDWLRQ $FF &KHP 5HYV *

5LEDULp 6 3HSWLGHV DV SRWHQWLDO WKHUDSHXWLFV |

$SSHOW & HW DO B6WUXFWXUHV RI F\FOLRPLPQWNPQFUR

HQYLURQPHQW GH¢QH UHTRIWGDE CRW\B HIS W IDGAV ¥ L WQ FH
K +

&RVWD / BRXVD ( )HUQDQGHV & &\FOLF SHSWLGHV LQ

PROHFXOHV" 3KDUPDFHXWLFDOV

'RXJKHUW\ 3 * 6DKQL $ 3HL ' 8QGHUVWDQGLQJ FHOO

&KHPLFDO 5HYLHZV +

)DbODQJD $ HW DO &\FOLF SHSWLGHV DV QRYHO "HUDS
+XPDQ 'HIHQVLQ OLPHWLFV OROHFXOHV L < K
OLDR - 'HVFRWHDX{ 0G6WUXE®W XUH SUHGLFWLRQ RI F\FOLT
G\QDPLFV PDFKLQH OHDUQLQJ &KHPLFDO 6FLHQFH
3KDP - ' HW DB/QNH SVBMHREO\ RI 20LJRPHUV RI-D 3HSWI
$P\ORLG -RXUQDO RI WKH $PHULFDQ &KHPLFDO 6RFLHW
=KDQJ + &KHQ 6 &\FOLF SHSWLGH GUXJV DSSURYHG LQ
56& &KHPLFDO %LRORJ\ L +
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Investigation of magnetic characteristics of magnetite
nanoparticles in various organic shells
Yaroslav Yu. Marchenkol, Vyacheslav A. Rylz,ms}adimir V. DerigIaZO\ll,

Anastasia S. Dmitrievlaz, Anastasia V. Nikitin%i4, Yurij V. Bogachea\‘/
! petersburg Nuclear Physics Institute Named by B.P. Konstantinov of National Research
Centre «Kurchatov Institute», Gatchina, Russia;
2 saint-Petersburg State Institute of Technology, St. Petersburg, Russia
®6DLQW 3HWHUVEXUJ (OHFWURWHRK®RQAFDO 8QLYHUVLW)\ 6"
“*6DLQW 3HWHUVEXUJ 6WDWH 8QLYHUVLW\ 63E68 6DLQW
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Introduction

JRU VXFK ELRPHGLFDO DSSOLFDWLRQV Rl PDJQHWLF
DQG WKHUDS\ EDVHG RQ WKH K\SHUWKHUPLD HuHRW\ WKH
"HLU UHOLDEOH GHWHUPLQDWLRQ LV SRVVLEOH XVLQJ |
QRQOLQHDU UHVSRQVH WR D ZHDN DOWHUQDWLQJ $& PD
¢HOG + ZLWK UHJLVWUDWLRQ Rl ¢HOG GHSHQGHGFHRY RI V
WKH VHFRQG KDUPRQLF Rl PDJ@HVSWDWHRRQHQFLHV Rl WK}
QDQRSDUWLFOHV ZLWK D PDJQHWLF RPRBHQMWUD® W PHQRED
UHVSRQVH ZLWK SURQRXQFHG H[WUHPHV LQ PDJQHWLF
*UHDWHU LQIRUPDWLRQ FRQWHQW LV SURYLGHG GXH WR
SKDVH FRPSRQHQWV RI WKH QRQOLQHDU UHVSRQVH VLJQ
Rl LURQ R[LGH QDQRSDUWLFOHU ZHUG WOHFGALBREQXR D OQ HM
(05 PHWKRGV 3URFHVVLQJ WKH REWDLQHG H]BRBNPHRW
IRUPDOLVP DOORZHG XV WR REWDLQ FRPSDUDWLYH HV
SDUDPHWHUV RI PDJQHWLWH -Q[D @RSD B MN.& W ¥ KEB0EH VD@L
GHJUHH Rl WKHLU DJJUHJDWLRQ LQ DTXHRXV FROORLGDO
DUH-GRQWUXFWEY HDD@®R ZV5XV WR FKDUDFWHUL]H WKH VW
VXVSHQVLRQ

Results and discussion

"H 1/50 VLJQDOV IURP DQ DTXHRXV VXVSHQVLRQ RI 1:
UHFRUGHG DW URRP WHPSHUDWXUHsDPW D &H @A W PKRZIQG
JLJXUH $Q LQFUHDVH LQ WKH WLPH DOORFDWHG IRU UH!
WR WKH GLVDSSHDUDQFH RI WK)e ¢ HOG] KAKA A K H\QLGL REW
G\QDPLF QDWXUH RI WKH ¢HOG K\WWHUHVLV DQG HWKH V3
ERWK LQ GH[WUDQ DQG FLWUDWH VKHOOV LQ DQ DTXHRX
XVH WKH )3 IRUPDOLVP @WRVIDISEUR(LPIWH HVKROLG EODF
UHSUHVHQW WKH DSSUR[LPDWLRQ Rl WKH ¢HOG+GBRKQGF
,P0 + RI WKH QRQOLQHDU UHVSRQVH E\ QXPHULFDO V
H[SHULPHQWDO GHSHQGHQFLHY DUH UHSUHVHQWHG E\ V\
VFDQQLQJ + WULDQJOHV $V FDQ EH VHHQ IURP )LJ
H[SHULPHQWDO VLJQDOV ZHOO "H IROORZLQJ SDUDPHWH
VROXWLRQV RI 13V LQ GH[WUDQ DQG FLWUDWH VKHIOV
0 UHVSRQVH FXUYHV DUDHVXUYHQLRQ PIRE@H Q. HDWL E RRR P H (
0¢ FRQFHQWUDWLRQ RILP DOQNR WU R BI) WRIHASIH 4V LRQ RI P
PRPHQW + 1 DWWHQXDWLRQ FRHVFLHQWR® .FR & AOQUHIDDN
VXVSH@WLEAWHUPLQHG E\ WKH WKLRF\DQDWH PHWKRG D'
VXVSHQIV{ RBHWHUPLQHG |U&PWRKWKHD WYRUBIJH PDVV RI V
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PDIJQHWLF3;FRUH PJ GHWHUPLQHG SUHYLRXVO\ > @ IRU 1
VIQWKHVL]HG XVLQJ WKH WHFKQRORJ\ XVHG LQ WKLV ZRUN
1p, GHWHUPLQHG:; 1URPWILIRH 'LUHUHQW RUJDQLF VKHOOV Ot
DJJUHIJDPELRIRU[1IBQX § IRW,IW 'LV LV SUREDEO\ GXH WR W
WR WKH VWDELOL]DWLRQ RI WKH UHVXOWLQJ DJJUHJDWHYV |
PDJQHWLWH FRUHV RI WKH 13V EXW DOVR 9DQ GHU :DDOV
RUJDQLF VKHOOV "H ODWWHU DUH'[D SAOLFKQWHD GR/R WHR HDu |
DYHUDJH QXPEHU RI SDUWLFOHV LQ WKH DJJUHJDWH 'LSR!
DJJUHJDWH OHDG WR D GHFUHDVH LQ WKH YDEBRAS®IUW&H P
WR WKH VXP RI WKH PDIJQHWLF PRPHQWYV RI WKH 13V LQFC
GHFUHDVH LQ WKH IUHH HQHUJ\ RI WKH 13 HQVHPEOH |
PDJQHWRVWDWLF HQHUJ\ RI WKH DJJUHJDWHYV

D E
Figure 1. Real and imaginary parts of the nonlinear magnetic response as a function «
constant magnetic field for the nanoparticle in aqueous suspensiolxH-andNP-Cyt

(b)

7DEOH SDUDPHWHUV RI QDQRSDUWLFOHV

Ms, emu/mL M, ps Ng, mLT Ea D ans &y PO 1,3 P/ 1D D

NP-Dx | 0.118(4)

NP-Cyt

7R REWDLQ WKH (05 VSHFWUD RI DTXHRXYGF&®WORLGD
QDQRSDUWLFOHVEDQWBSMEHBWIWRBHWHU ) *+] ZDV XV
OLQHV LQ WKH/RR GRMGMHWIGRKY HORSHG DW 313, > @ "H VSHF\
QXPHULFDO VROXWLRQV RI WKH )3 HTXDWLRQ IRU PDJQHV
PDGH LW SRVVLEOH WR HVWLPDWH WKH FURVVRYHU ¢HOG |
DJJUHJDWHV2H DQG IRU LQGHISHQRHQW KBRK aZDV 2H
$V WKH (HOG LQHRUMDKMHW IERGHNQDPLFV FKDQJHV VLJQL¢F

FRQVWGIOPMUHDVHYV WR ZKL QI PVKBD VIHVH E\WALPHNVRP HV
LPSRUWDQW WR FRQVLGHU LQ WKH SUDFWLFDO DSSOLFDW|
IDFWRU RI -'[ DQG -&W™M8 DQG DSSUR[LPDWHO\ WKH VDP

REWDLQHG RQ D %UXNHU (OH[V\V ( VSHFWURABWWRULQ \
YDOXH RUM3BSUREDEO\ H[SODLQHG E\ WKH SUHVHQFH RI V
DVVRIFZDWK VWURQJHU ERQGV Rl WKH GH[WUDQ PROHFXOH\
WKH 13 "LV DSSDUHQWO\ VOLJKWO\ GHIRUPV WKH PDJQH\
VKDSH DQLVRWURS\ ,Q ZHDN ¢(HPRBWUH@MDWHKB DHJIUR QD R/IH X
LQWHUDFWLRQV RI 13V LQ WKH DJJUHJDWH ZKLFK GR QRW
WR WKH IRUPDWLRQ RI D FRPSOH[ SDWWHUQ RIUHBROWQWRQ
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DEVRUSWLRQ VLJQDO LQ ZHDN ¢HOGV 6LQFH WKH UHFRI
FRPSRQHQW RI WKH VXVVFHPPW MALICFIDD\ MKV RHVESHFW WR
SUHVHQW DW +&\W MKHIBRQWULEXWOQBQDEVRUKHNEZRQNLV
VPDOOHU FRPSDUIKGFWR QGLFDWHYV ZHDNHU GLSROH LQWH!
13V LQ WKH FLWUDWH VKHOO L H D ORRVHU VWUXFWX
VPDOOHU DYHUDJH QXPEHU RI 13V LQ WKH DJJU-MJDWHYV
DJJUHJDWHV 13V DJJUHJDWH DFFRUGLQJ WR WKH QRQO

Conclusion

W ZDV IRXQG WKDW QDQRSDUWLFOHYV IRUP DJJUHJD\
GLSROH LQWHUDFWLRQV WKH EHKDYLRU PRGH RI ZKLFK
‘H IRUPDWLRQ RI DJJUHIJDWHY OHDGVY WR D GHFUHDVH LQ
UHVSHFW WR WKH VXP RI WKH PRPHQWY RI WKH 13V LQFC
DFFRUGLQJO\ WR D GHFUHDVH LQ WKH PDRDFRHWRDFP¥FRWSE D (
E\ D GHFUHDVH LQ WKH IUHH HQHUJ\ RI WKH HQWWYHWHK®\
IRUPDWLRQ RI DJJUHJDWHYV DQG DFFRUGLQJO\ WKH QXF
VWXGLHV RI DQ DTXHRXV -FIRPD&H GO SSRRUX WO RQWRI HEW L
¢HOG IURP WKH PRGH RI PDJQHWLFDOO\ FRUUHODWHG DJ.
§ 2H )RU-&\KH VIBVSHQVLRQ¢ HOKH DER/R JHDR FH LQGLF
PDIJQLWXGH RI 13 GLSROH LOQWHUDFWLRQV LQ WKH DJJUH
OLNHO\ GXH WR WKH ORRVHU VWUXFWXUH RI WKH DJJUH.
13V LQ WKW IBJJUHIJDWH a -HRRSDEBWDWRHE IURP WKH
1/50 UHVXOWV 7DEOH

Acknowledgments
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5\]JKRY 9 $ HW DO &RPSUHKHQVLYH FKDUDFWHUL]DWL
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Application of ~ *H-**C HMBC NMR spectroscopy for

identification of regioisomeric polycyclic dihydrofurans
Pilipenko I. A*" Ozerova O.Y Makarenko S. V.

®Herzen State Pedagogical University of Russia, Department of Organic Chemistry,
Laboratory of Nitrocompounds, Center of collective use at the Faculty of Chemistry
"Instrumental methods for the study of nitro compounds, coordination, biologically active
substances and nanostructured substances", 48 Moyka River Embankment, Saint Petersburg
191186, Russia
®Saint Petersburg State Forest Technical University, Department of Chemistry
Institutsky per., 5, Saint Petersburg, 194021, Russia
E-mail: kohrgpu@yandesu
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"H VWXG\ RI WKH LGWREBREWURQURFKORURSURSHQH
K\GUR[\QDSKWKRTXLQRQH ODZVRQH VKRZHG WKDW WKH |
PLIWXUH RI LVRPHUQYL¥ WRQBEKQFBHELHKWKU®RIXUDQV RI OLQH
DQJXODU E VWUXFWXUHV WKH UDWLR LV a "H UHJLRL\
WKQR\HU FKURPDWRJUDSK\

(o] 3a
+
NO,
(o]
<&
o
o (o] 3b
"H + 105 VSHFWUD RI WKH LVRODWHG FRPSRXQGV D E
WKH GLK\GURIXUDQ |UDSIP HD@PW & SSP +] IRU+D &
SSP DQG & SSP +] IRUFEXSOLQJ FRQVY\EDQMIVWKH

PHWKLQH SURWRQV RI WKH GLK\GURIXUD/MQUBRW JXUDBRMRIQ
"H VLIJQDOV RI WKH SURWRQV R# WEKB HPLS K/ PRXTEX QREHHW WV
SSP WKH SUBWMRE@VSRLHKY RI GRXEOHWY DW DQG SSP
E "H FORVH YDOXH RI WKGS BRWRLAD OQV KDL IMOOREX XV WR

VWUXFWXUH RI OLQHDU GLK\GURIXUDQ D VLJIJQL¢FDQW GLL
DOORZV XV WR FRQVLGHU LWV VWUXFWXUH DV DQJXODU

The hypothesis is confirmed by the results of #He*C HMBC NMR spectroscopy
experiment. Thus, in the HMBC spectrum of compound 3a (Figure 1), cross peaks of doublets
of C*H and &H and two carbonyl carbons'@nd € (8.17/178.92 ppm and 8.22/175.70 ppm)
are observed, which clearly proves its linear structure.

Our accepted assignment of regioisomers is additionally confirmed bayX
diffraction analysis performed for their representative, compound 3a (Figure 2). Its molecule
is a linear tricyclic condensed dihydrofuran withtrans configuration of &H and CH
protons.

230



Poster Session

Rar
RaK

Figure 1. The fragment dfG** KHMBC spectrum of compound 3a

Figure 2. X-ray diffraction analysis of compound 3a
Thus, 1D*H NMR spectroscopy in combination with 2D methodd-¥*C HMBC)
makes it possible to unambiguously determine the structure of polyheterocyclic structures.
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The spiro[1-azabicyclo[3.2.0]heptane] frameworks:

structures determination using NMR methods
Julia A. Pronind, Alexander V. Stepakg\Stanislav I. Selivandv
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Introduction

105 VSHFWURVFRS\ KDV FKDQJHG WKH DSSURDFK WR
REWDLQHG FRPSRXQGV WKHUHE\ JLYLQJ LPSHWXV WR WKF
VKRUW WLPH 105 KDV EHFRPH RQH RI WKH PRVW LPSRUWD (
EXW DOVR IRU VWXG\LQJ WKH QDWXUH RI FKHPLFDRIDQG St
PDQ\ VFLHQWLVWYV LV IRFXVHG RQ WKH GHYHORSPHQW RI V
FRPSOH[D@QRZRRIXKHFXODU FRPSRXQGV > @ DQG PXOWLFRP

Here, we present a study of the spatial structures of spiro (1) and dispiro[1-
azabicyclo[3.2.0]heptane] (2) using NMR spectroscopy methods. These structures were
obtained by an efficient one-pot three-component [3+2]-cycloaddition reaction of azomethine
ylide, obtainedn situ from isatin (3) and azetidine-2-carboxylic acid (4), with maleimide (5)
and itaconimide (6), correspondingly (Fig. 1). This efficient synthetic protocol may have
potential implications for medicinal chemistry and diversity-oriented synthesis.

o o o

o

o

= o CcF,

% e CR ° @ «
B —————— o + COHfj ——————————————

MeOH, RT N N MeOH, RT
H

@ " @

in situ generated azomethine ylides

® one-step procedure
@ mild conditions

® high stereoselectivity
@ short reaction time

Figure 1. Scheme of reaction and structures of spiro (1) and dispiro[1-
azabicyclo[3.2.0]heptane] (2) (Numbering of rings and some atoms are shown by figures)

Experiments and results

This report presents the results of studying'tHeNMR spectrum of structures spiro
(1) and dispiro (2) compounds in order to prove the structure of each of them. The
identification of signals in théH spectrum of compound (1) turns out to be somewhat simpler
than in the case of (2) analysis. For example, in the case of identification of compound (1)
based on NOESY data, the signals of protons NH, H7", H6", H5", H4", H6a do not overlap
with others, as in compound (2). In addition, there are 3 identical protons for H6a in (1), and
for (2), the signal of a similar proton was observed as a triplet of doublets (J = 8.8 and 5.2
Hz), indicating a difference in the spatial structure of the four-membered ring.

Other attributions of the signals in the aliphatic region of the proton spectrum of
compound (1) were made based on the scalar and spatial interactions of .tleepktfion
using the COSY and NOESY methods (Fig. 2a,lib}he aliphatic fragment of the NOESY
spectrum spatial- or -orientation affiliation is inferred from comparing the intensities of the
corresponding cross-peaks with the nearest neighboring protons. A good example of this
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approach is the spatial interaction of proton 7a at 4.49 ppm. with protons at C7, the signals of
which are at 2.55 and 2.01 ppm. The intensity of the cross-peak with the first of
approximately 7 times exceeds the intensity of the cross peak with the second one. Hence, the
proton at 2.55 ppm has the same spatiatientation with H7a, and the proton at 2.01 ppm,
respectively, the oppositeorientation. We quantified the interproton distances and obtained
their experimental values using the MM2 method with an accuracy of +5% for long-range
sizes of the order of 5.5 A for small molecules in liquid under the condition of extreme
narrow limit: & 2< 1 (Fig. 2c).

Figure 2. Aliphatic region of a) COSY and bl 2 ( 6 <, =.5 s) spectra of compound (1); c)
spatial structure of this molecule.

We analyzed cross-peaks in the COSY and NOESY spectra of compound (2), which
allowed us to determine the positions of aromatic proton signals (Fig. 3a, b). The key to the
subsequent conformational analysis was the identification of the proton H4. After that, it was
necessary to detect a weak spatial interaction of the NH proton with a proton at a frequency of
2.52 ppm, which has a doublet structure with a large constant of 18.5 Hz. This signal can be
DWWULEXWHG WR SURWRQ + CC DQG WKH VHFRQG GRXE
+ C. DQG + C SURWRtQalugs DRfhe s@alarvitldal constatitsy 2.8 and 8.7
Hz with the H4a™ proton which, according to the COSY spectrum data, has a multiplet signal
at 4.54 ppm in the proton spectrum, reflecting the difference in the corresponding dihedral
angles.

The key argument in favor of the dominance of conformer (B) of compound (2) in this
case is the absence of spatial interactions of the H4 proton with-paatons H4". and H5".,
the calculated distances with which for conformer (A) are, respectively, 2.23 and 2.42 A, and
for conformer (B), respectively, 4.83 and 4.18 A. Such large (more than 2 times) differences
in these distances provide a qualitative (but not quantitative) assessment of the ratio of these
conformers in favor of the dominance of (B), which is independently confirmed by the
calculated values of their energies of formatiof” E 79.86 kcal/mol and B = 78.37
NFDO PRO 7KH GLIITHUHQFH LQ WKHVH HQHUJLHV “( LV
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solution of a small (about 10%) amount of conformer (A) in the state of fast (in the NMR time
scale) conformational equilibrium with the dominant conformer (B). This equilibrium is
associated with the change in the type of the 3 -envelope of the five-membered AidgiN

c® A&A & in the region of two spiro junctions, which is shown in Fig. 3d. According to
calculations (MM2), the transition from conformer (A) to (B) corresponds to a pseudo-
URWDWLRQ DURXQG WKH & CA&chckivReQ(Hg.B#) abdQeddQid@H R
significant change in the spatial structure of the (2) molecule.

JLIXUH D O $URPDWLF DQG DOLSKDWLF UHJLRQV RI &2
NOESY spectrum (at mixing time 0.5 s) of compound (B sp@tial structures of conformers
(:)and (9 forcompound(2 G O WKH SURSRVHG FRQIRUPDWLRQDO H
2 H O 1HZPDQ SURMHFWLRQV DORQJ WHrd (B &O0& C ERQ(
compound (P

Conclusion

"XV WKH 105 VWXG\ RI FRPSRXQG DQG UHVXOW
LGHQWL,;FDWLRQ RI DOO SURWRQ VLIQDOV EXW DOVR SUR®
VWUXFWXUH ERWK DW WKH TXDOLWDWLYH DQG RU TXDQWL
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Introduction

,Q 105 WKH PDLQ VRXUFHV RI LQIRUPDWLRQ DUH LQ
VSDFH LQWHUDFWLRQV EHWZHHQ SDLUV RI PDJQHWLF Q
FRQVWDQW - DQG WKH UDWH RI FURVVY UHOD[DWLRQ 1
LQ VWUXFWXUDO DQG FRQIRUPDWLRQDO DQDO\VLV LV ED
LQWHUDFWLRQV VLQFH WKH\ UHAHFW WKH VWUXFWXUDC
TXDOLWDWLYH RU TXDQWLWDWLYH OHYHO "HUHIRUH LQ |
&26< DQG 12(6< DUH QHFHVVDU\ DQG PRVW RIWHQ VX\
VWUXFWXUH DQG VSDWLDO DUUDQJHPHQW RI PROHFXOHYV

The effective use of this minimal set of NMR analysis methods is demonstrated by the
example of studying three compounds (1-3), for each of which 4 possible variants of their
structure are given and the one that corresponds to the NMR data is selected. Compounds (1-
3) were obtained by an efficient [3+2]-cycloaddition reaction of stable azomethine yJide (4
with the corresponding inactive alkene (5-6) (Fig. 1).

H
@ ©° °
Figure 1. Scheme of reactisfor the preparation and structures of derivatives spiro[1-

azabicyclo[3.3.0]octan€]-3)

Experiments and results

In this work, when studying théH NMR spectrum of compounds (1-3), the
corresponding structure was selected and proved for each of them. Figure 2 shows four
proposed structures of compound (1) and scalar bonding schemes between geminal and
vicinal protons, which clearly show the structural differences between variants A, B and C, D
The simplest choice of one of the pairs is based on the number of scalar interactions of the C-
H proton ("a") located next to the nitrogen atom. Based on the analysis of the cross-peaks of
the COSY spectrum, it can be easily argued that (1) has the structure of A or B. This is based
on the fact that the multiplet signal of proton a (at 4.95 ppm) has 5 (not 4) cross-peaks.
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Figure 2. Four proposed structures of compound (1) (left) and scalar network (right) for A, B
and C, D structures

The choice between structures A and B requires a correct analysis of the NOESY
spectrum (Fig. 3). The NOESY data proved that in compoupdpfbton a has the-
orientation. First of all, this iprovedby the extremely intense cross-peak NH/a (3.99), the
value of which indicates that proton a is the closest to the prdtdnIN addition, the proton
a is characterized by intense cross-peaks a/h (5.11) and a/b (2.88) with the neighboring
protons h and b, as well as a less intense cross-peak a/i (1.41). The structure of the 1-A
molecule was optimized using the MM2 method. A comparison of experimental and
calculated values revealed the absence of a/f cross-peak. This fact has given grounds for
searching for the corresponding conformation of the five-membered ring in compound 1-A, in
which the protons a and f are at a distance of more than 3.5 A. Such a conformation (2) was
found and is presented in the lower part of Figure 3De transition to considering
conformation (2), stimulated by the absence of the a/f cross-peak in the NOESY spectrum, led
to an improvement (more than 3 times) in the ratio of experimental and calculated values both
at the quantitative (for the,rdistance) and qualitative (for theg distance) levels.

Figure3 )UDJPHQWYV R# A2q)&pecttum (A, B, C) for compound 1 in CPeid
calculated (F F2) its spatial structure. Cross-peak relative intensities are shown by numbers

The above approach was also applied to molecules (2) and (3) (Fig. 4). For both
compounds, based on the data from the COSY spectrum, structures C and D can be excluded
from consideration, as they both have only one scalar interaction for proton a. The position of
protons b and c in the signal spectrum can also be easily determined.
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Figure 4. Four proposed structures of compound (2) and (3) (a, c) and scalar network (c) for
A, B and C, D structures

Similarly to the previous case, it was possible to determine-tioe .-orientation of
proton ¢ by analyzing the NOESY spectrum and optimizing the geometry of the molecule
using the MM2 method (Fig. 5). In the case of compound (2), there is a good (within £ 1.3%)
guantitative agreement between the experimental and calculated distances. However, the
assumption about the structure of B in compound (3) is more qualitative. The quantification is
inaccurate due to the superposition of signal b on an unknown proton X, which also has a
NOE with proton c. However, separating the integrals of overlapping cross-peaks is too
difficult a task.

Figure 5. )UDJPHQWYV RJ=D5(s) sped@rum (A, B) for compourg) &nd (C) for
compound3) inCDCk DQG FDOFXODWHG FF LWV VSDWidio® VWUX
distances (f.4) are shown by numbers in A

Conclusion
8VLQJ WZR PHWKRGYVY RI FRUUHODWLRQ H[SHULPHQWYV
DFKLHYH D FRPSOHWH VROXWLRQ WR WKH SUREOHP 7>

FRPSRXQG FRUUHVSRQGV WR UHJLRLVRPHU $ DQG F
UHJLRLVRPHU %
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Different mechanisms of spin-lattice relaxation of

gallium in semi-insulator GaAs
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Introduction

6SLI@MDWWLFH UHOD[DWLRQ 6/5 RI TXDGUXSROH QXFC
PHFKDQLVPV "H FU\WWDOOLQH TXDGUXSROH PHFKDQLVP

PDWHULDOV LV UHODWHG WR WKH LQWHUDFWLRQ Rl QXFO|
RI HOHFWULF ¢HOGV FDXVHG E\ PRGXODWLRQ RI WKH LQWH
FRQGXFWRUV 6/5 RFFXUV GXH WR WKH K\SHU;QH FRXSOL
FRQGXFWLRQ HOHFWURQV > @ ,Q UHDO PDWHULDOV ZKLF!
SDUDPDJQHWLF LPSXULW\ DWRPV WKHUH LV D SURQRXQF
PHFKDQLVP ZKLFK LQYROYHV VSLQ GLUXVLRQ > @E\\Q WKL\
WKH HQKDQPMGWVYBHQ QWHUDFWLRQ QHDU WKH SDUDPDJQHW
TXDGUXSROH HOHFWULF @\SHUYXQH RRXS8BLMAIORZYV VWXG\L
WKHVH PHFKDQLVPV RI 6/5 DQG REWDLQLQJ LQIRUPDWLRQ

LQ UHDO FU\WWDOV ,W ZDV SUHYLRXVO\ VKRZQ > @ WKDW
DUH LQYROYHG LQ WKH FRQWLQXRXV VDWKQDXNQARWYRRI *IDK
VQJOH FU\WWDOV 'LV PDGH LW SRVVLEOH WR GHYHORS D

JDOOLXP 6/5 XVLQJ WKH DGGLWLRQDO UHVRQDQFH FRQWLC
WKH QXFOHDU PDJQH®@ L FHFHRQ O H FIRA/@WWR SURS RVAHRBUH DF
DQG VHQVLWLYH WHFKQLTXH IRU HYDOXDWLQJ WKH VOR
UHVWRURMIRQLYH VSLQ WHPSHUDWXUHV XQGHU PDJQHWLF
VSLQ V\VWHP

Sample and experiment

"H VDPSOHVW-IDQMX@BWRU *D$V VLQIJOH FU\WWDOV ZLWK [
FPDW URRP WHP SHGIDWMXDHN K QGRRSQFHQWUDWLRQ RI XQFR
PRUH WKP® DQG GRSHG ZLWK FKURPLXP DQG FRSFHU XS Wi
7ZR JDOOLXP LVRWRSHV FDQIEHLREN DUFBEE XU DI®DEXQGD QI
TXDGUXSROH PRPHQW BQGD ZLWK D QDWXUDO DEXQGDQF
TXDGUXSROH PRPH®W #VH LVRWRSHY KDYH GLUHUHQW 6/5

Figure 1. Temperature dependend®d W KH P D JQ HGAAY EnystalfRaD5 kOR. IBlue
circles, green squares, and orange triangles correspond to the undoped GaAs and GaAs
doped with Cr and Cu, respectively.
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BWXG\LQJ WKH WKUHH VDPSOHV XVLQJ D 4XDQWX
PDJQHWRPHWHU UHYHDOHG DMLR ZZ WHIN SSOUDVPOU B WM VWELAH Vv
FHQWHUV DJDLQVW WKH EDFNJURXQG RI GLDPDJQHWLF
GRSLQIIQ®RAW DuHFW QRWLFHDEO\ WKH PDJQHWL]DWLRQ RI

105 PHDVXUHPHQWY ZHUH SHUIRUPHG XVLQJ D %L
VSHFWURPHWHU RSWLPL]JHG IRU VROLG VDPSOHV LQ WKI
5HOD[DWLR® PIQ@KHVRWRSHY ZDV REVHUYHG XQGHU WKH
XQGHU DGGLWLRQDO FRQWLQXRXV UHVRQDQFH PDJQHWLF
SURFHGXUH GHVFU@EHG LQ GHWDLO LQ >

Results and discussion
The dependence of the relative integral intensity of *i@a or "Ga NMR signal

Z(t)=A(t)/A; on the time intervat between the 180and 90 pulses was measured under
application of additional weak long electromagnetic pulses at the Larmor frequency, which
produced saturation of the gallium nuclear spin system to the ¥&linethe range from 1 to
0.1. The saturation factor is defined hereZisA%A,, where A* and A, are the integral
intensities of the NMR signals after a singl€ pQlse under additional saturation and without
it. When the mean spin temperature over the crystal volume is negative that corresponds to
Z(t)<0 the recovery of nuclear magnetization follows the exponential law

Z(t) Z% 1 bexp t/UA, (1)
whereb is a numerical coefficient (b<2). For the positive average spin temper#(t)reDj,
the magnetization recoveiy described by the sum of two exponentials similar to [9] for any
factorsZ™ of continuous saturation: .

zZ®) %A exp t 4, I W@ Déxp t oty /L2 2
where ! is the coefficient characterizing the fraction of nuclei, which relax with relaxation
time 2 The emergence of the second exponential with a longer time of nuclear magnetization

recovery demonstrates a decrease in the efficiency ofggmnon coupling for the fraction
(1- 1) of nuclei and corresponds to a decrease in the SLR rate. We emphasize that the second

exponential appeared onlyZi below a particular threshold value.
The dependences of the restoration tirend 2 on the saturation fact@ is shown
in Fig. 2. The general analysis of relaxation under continuous saturation, which neglects the
impact of paramagnetic centers, predicts the linear decrease of the restoration time with
decreasing the saturation factor
W-I-lﬁzsl , (3)

whereT,® is the total relaxation time.

Figure 2. The restoration timeg and 2 for a) **Ga and b)’Ga, depending on the
continuous magnetic saturation facto¥ i an undoped GaAs crystal at 90 K.
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LV DJUHHV ZLWK WKH VW WDYY oW SHIQEH PR R ZIQQ | RWU WK b
H[WH Q G°*HAW B

The emergence of the contribution to nuclear SLR with the @nehich is longer
than 2, means the suppression of tHenpurity ” relaxation as a result of strong enough
saturation Z*' < 0.4). Such suppression can occur only at positive spin temperatures. When
«impurity» relaxation involving spin diffusion breaks down, the depend&(#®) should

correspond to the tim& C! T,°. The temperature dependencesTgfis well described by the

expression for the quadrupole SLR [1]. This agrees with the suggestion that th& ‘time

FRUUHVSRQGY WR WKH 3FU\WWDOOLQH" PHFKDQLVP RI 6/¢
suppressed for the fractigf- !) of nuclei. This conclusion is also in agreement with the ratio

between the relaxation tim@s' for the gallium isotopes, which is equal to the reciprocal ratio

Rl WKH VTXDUHG TXDGUXSROH PRPHQWYV 7KH GHIHFWYV UF
could be the well known EL2 centers [9], which comprise the As ions on the gallium sites. At
enough high temperatures such centers behave as elastic dipoles and generate local dynamic
gradients of electric fields interacted with the nuclear quadrupole moments.
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Effect of rare earth impurities on structural properties of

calcium phosphate-based materials by EPR spectroscopy
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Introduction

$ VLIQL:;FDQW DUHD RI GHYHORSPHQW LQ PRGHUQ VF
DQG FUHDWLRQ RI QHZ PDWHULDOV ZLWK D SUHGHWHUPL
'RSLQJ FU\WWWDOOLQH VWUXFWXUHV ZLWK YDULRXV LPSXL
"H FDOFLXP SKRVSKDWH &D3 V\WVWHPV XQGHU LQYHVWL
DSSOLFDWLRQV SDUWLFXODUO\ LQ RUWKRSDHGLFV DQG |
UHVXOWLQJ IURP LQMXULHV RU YDULRXV GLVHDVHV > ¢
HQJLQHHULQJ GUXJ DQG JHQH GHOLYHU\ DQG@PD®\ RW
LQWURGXFWLRQ RI D GXPHEHPRIQWOUHQMIRUWKH &D3 FU\V'
FHULXP &M RG\PLXP HX®RSLXPJHZBROLQLXWRQG GIUELXP (U
DOORZV XV WR REWDLQ ELRLPDJLQJ VI\VWHPV WKDW LQFU
ERQH UHSDLU > @ ORGHUQ G-LIDYYRWIW IHF V. PDLIG DO \ PYWWHK/R |
UDGLRJUDSK\ FRPSXWHG WIRBRRMWRS KA P L&/ L RQ QRIFORHS X W
63(&7 DQG PDJQHWLF UHVRQDQFH LPDEDMHGORHWKRR]
UDGLRJUDSK\ DQG &7 GHVSLWH WKHLU KLJK UHVROXW
UDGLDWLRQ ULVN DQG GR QRW DOZD\V SURYLGH VXVFLHQ
"H VHDUFK IRU QHZ ELRFRPSDWLEOH DQG VDIH DJHQWV ZL
D SRSXODU DUHD LQ SUDFWLFDO GLDJQRVWLFV

"XV WKH SUHVHQW VWXG\ IRFXVHV RQ WKH FKDUDFW
UDUH HDUWK LRQV XVLQJ FRQWLQXRXV DQG SXOVHG |
WHFKQLTXHV "H VIQWKHW(VROQWZDFREQPWDLABGQRXW E\ Sl
DTXHRXV VDOW VROXWLRQV > @

Materials and methods

(35 PHDVXUHPHQWY ZHUH SHUIRUPHG LQ WKH FRQWL!
LQ-EDQ G, *+] RQ D %UXNHU (OH[V\V (-VZWSKWF \§ORF M
VSHFEKR (6( VSHFWUD ZHUH UHFRUGHG ZLWK WKH VWDQ
ZLWK D & SXOVH GXUDWLRQ RI QV DQG D PLQLPDO WL
5HVXOWYV

6DPSOHV RI PONQFIVAXBKRVSKDWH SRZGHUV ZLWK JD!
ZHUH VWXGLHG E\ (35 DW D WHPSHUDWKRE& RLWK WKH HK
FRQ¢JXUDWRLRRQY WKH JURXQG VWDW H ( LHVO MAKHHQ RQW K DWW |
REVHUYHG DW URRP FRQGLWLRQV 'H &D3 FU\WVWDO ODWW
FRQWDLQ LROMURWIO BFRIRIRQ VSLQ ZKLFK OHDGV WR WK
SUHVHQFH RI D-UGWRIQIVQWH WIRIDQDO J § IRU D QRPLQD(
EOXH LQVHW LQGLFDWHV WKH SUHVHQFH RI DQ XQFRQV
UHDJHQWV XVHG SUHVXPDEO\ LQGLFDWLQJ WKH SUHVHQ
VXUIDFH R PED@QMHMPXBKRVSKDWH SRZGHU QDQRSDUWLFC
IRUP Rl SRZGHU DQG WKH ¢QH VWUXFWXUH SDUDPHWHUYV
RI WKH QDQRFU\VWDO RQ WK HUH WS E QDO HODJ QWKL £3 5 H/SB(
UHVRQDQFH FRQWULEXWLRQV IURP DOO HTXDOO\ SUREDE
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WR DQ LQKRPRJHQHRXV EURDGHQLQJ RI WKH (35 VSHFWUX
EURDGHQLQJ RI WKH UHVRQDQFH DEVRUSWLRQLROQ QW LV
FKDUDFWHUL]HG EODWWWRIHRQOWBUQFWLRQ DQG GXH WR H
UHOD[DWLR@ VWLPHVZKHUH Q LV WKH H[SRQHQW GHSHQG
PHFKDQLVPV %DVHG RQ WKH FK BDIDFFMMRIUWLVMILF (3BQWGLJIQD

J ZH FDQ XQDPELJXRXVQ\FROEWDXGHGWKD W K& FU\VWI
VDPSOH XQGHU VWXG\ $QDO\VLV RI WKH LQWHQVLWLHV
FRQFHQWUDWLRQV RI JDGROLQLXP *G DQG *G LQGL

PHWKRG DOORZV WKH LQWURGXFWLRQ RI WKH DPRXQW RI
VIQWKHVLY LOQWR WKH &D3 VWUXFWXUH WKH LQWHJUDO LQ

JLIXUH D &RQFHQWUDWLRQ GHSHQEEHQBH RU &DJ3BHVEMN |
FDOFLXP SKRVSKDWH FRZGCHMINFALWK UBFRUGHGHIOXQ&: PRGEH
IRU K\GUR[\DSDWLWH ZLWK (U

"H W\SLFDO GHWHFWLRIQQDQ JH RISMKR (U. DW WHPSHU
WKH (35 VLJQDO LV XVXDOO\ QRW REVHUYHG VR WKH H[.
WHPSHUDWXUH RI . )L E ,Q SRO\FU\WWDOOLQH V\
VWDWLVWLFDOO\ HTXDOO\ SUREDEOH $V LINVKHHV X OS\H W/B RN L(¥
RI DOO QDQRFU\WWDO RULHQWDWLRQV )LIJXUH E VKRZV
WHPSHUDWXUH RI . $FFRUGLQJ WR WKH-IMPWHRWD WIXUH C
UHIHUV5WROMPH QWH (DHDN VWUXFWXUDO LQAHFWLRQV GHW

E DUH SRVVLEO\ DVVRFLDWHG ZLWK WKH HPHWIHQFH F
LQWHUDFWLRQ ZVRWRBKHZLWK D QXFOHDU VSLQ RI , D
SUHVHQFHL@®WHQRZLW\ UHVRQDQFH FXUYHV FDQ EH FDXVH
XQFRQWUROOHG LPSXULWLHY RQ WKH VDPSOH VXUIDFH RU
"XV WKH REWDLQHG UHVXOWYV LQRIGAD WOIWRKW KLH W W\R/GWCFQY
K\GUR[\DSDWLWH LQ WKH SURSRVHG V\QWKHVLV PHWKRG

"XV LW LV VKRZQ WKDW WKH (35 PHWKRG LV HuHFWL
FDWLRQLF GRSLQJ %DVHG RQ WKH REWDLQHG UHVXOWV X
SXOVHG (35 VSHFWURVFRS\ LW FDQ EH XVHG IRU WKH VWX
UDUH HDUWK HOHPHQWYV
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References
1 $ $EGXO +DOLP 0 = +XVVHQ@HWQDWRRGDO -RXUQDO RI

6 ORQGDO 6 3DUN&HWIKRIFVHWWBU@DWLRQDO
1 9 3HWUDNRYD < 2 =RENRYBRHOD®LFVPOHYHWHWW O WOR@DO

* *RUQL $ 6HUUDQR -'RXAUIDR RHW/ D $RHULFDQ &HUDPLF 6R

242



Poster Session

Effect of alkaline treatment on structure, morphology,

CO,, sorption of mesoporous ZSM-5 zeolites
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! Institute of Chemistry, St. Petersburg State University, Saint Petersburg 199034, Russia
2 Faculty of Physics, St. Petersburg State University, Saint Petersburg 199034, Russia
&1\1 8QLYHUVLGDG 1DFLRQDO $XWyQRPD GH Op[LFR (QV
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Introduction

=HROLWHV DUH FU\WWDOOLQH DOXPLQRVLOLFDWHV W
FDSDFLW\ DFWLRQ DV PROHFXODU VLHYHV DQGIRDWDO
DSSOLFDWLRQ LQ D QXPEHU RI LQGXVWULDO SURFHVVHV
IRU D VSHFL¢F DSSOLFDWLRQ LW LV QHFHVVDU\ WR XQC
HLWKHU GXULQJ -W\@QW/HKHWLIVF RWU B R W HRKWHP L RO WKHR $IH
"H FU\WWDO VWUXFWXUH RI JHROLWH VGALIPMH @WL B B 8 OHNUHD@
IRUPHG E@PRL® >@WHWUDKHGUD FRQQHFWHG E\ YHUWLFF
FDYLWLHY DQG FKDQQHO V\VWHPV H[WHQGHG LQ RQH WZ

=HROLWHYV QRUPDOO\ EHORQJ WR PLFURSRURX& PDW
GRHV QRW H[WHQG QP DFFRUGLQJ WR ,83%& SRURXV PD

QP PHVRSRGRXWP DQG PDFGRSRIPRXVH XQLIRUPLW\
SRUH VL]H DOORZV DSSO\LQJ JHROLWHV DV PROHFXODU V
EHQH:W RI PHVRSRURVLW\ LQ D VSHFL ¢ FWLSSIDLFDWN RQ R
> @ 2QH VXFKLWSISIO IFIDRALRUE IBMNEEVHTXHQW XWLOL]DWLI
LQVKH FDUER[\ODWLRQ UHDFWLRQ RI JO\FHURO > @

,QWKLV FRQIHILHEXRUWWR QRQ W KW WUQ WK HRVML P HRIIR SR UR X
JHROLWHY WKHLU FRPSUHKHQVLYH FKDUDFWHUL]DWLRQ
VWXG\ Rl WKHLU VRUSWLRVRBSURSHUWLHYV ZLWK UHVSHFW

Synthesis

"H VDPSOHV Rl PLFYRSRHURBVYWHY ZLWK QRPLQDO 6L §
ZHUH VXSSOLHG E\ =HRO\VWLMW}WF R@VWWRIGOKWE KEBHUDUF
ZHUH WUHDWHG LQ 0 RU 0 RI 1D2+ DTXHRXV VROXWLR
DQG PLQXWHV "H UHVXOWLQ-J SRIRG XDV KIDE
LQ GLVWLOOHG ZDWHU DQ®RXWIHG HDWU\VWROIRW UXFW X
PDWHULDOV ZDV FHERWWROOBBWERQ;, ;5 ZLWK %UXNHL
GLUUDFWRPHWHU "H HOHPHQWDO FRPSRVLWLRQURDV Gl
VSHFWURVFRS\ 6KLPDGH{X1(D; $O DPEBG QXFOHDU PDJQHWLF
105 VSHFWUD ZHUH UHFRUGHG XQGHU PDJLF DQJOH VS
IUHTXHQF\ N+] XVLQJ %UXNHU :% $YDQFH ,,, 0+]
LVRWKHUPW 1 . DQGL&XLQ WKH WHPSHUDWXUH UDQJH |
REWDLQHG XVLQJ WKH 4XDGUDVRUE 6, HTXLSPHQW

Results and discussion

;5" FRQ¢i¢UPV WKDW DIWHU DONDOLQH WUHDWPHQW !
VWUXFWXUH ('; VKRZV WKDW WKH 6L $O UDWLRQ IRU WKH

QRPLQDO RQH DQG LQVWHDG RI DQG UH)
OHDGV WR D JUDGXDO GHFUHDVH LQ WKH 6L $O0 UDWLR R
0 1D2+ VHH )LJ ZKLFK FRQ¢{UPV WKH OHDFKLQJ RI VL
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Figure 1. Change in the Si/Al ratio for ZSM-
(nominal Si/Al = 15) during leaching at
different NaOH concentrations.

$FFRUGLQU W 105 VSHFWUD WKH WUHDWPHQW OHDGYV
4 $O0 VLWHV PDLQO\ WKIP VZIQKOVDWXOWDQHRXV LQFUH
SRSXODWLRQ DSHRQDW BWRXOG EH -QRMPHHZ RNKND $OD @ O DHJ V
ZDVKHG DZD\ DIWHU WUHDWPHQW LQ 1D2+ * QR VLJQDO

REVHUY$®@ 06 105 DQGD 0$6 105 VSHFWUD FRQ¢;UP WKH VXE
E\ 1D

D E
JLIXUH6L 0$6 105 VSHFWUD RI YHRDBWHHQWRPL6DDO 6
DIWHU WUHDWPHQW LQ 0 1D2+ IRU

1LWURJHQ SRURVLPHWU\ VWXGLHV FRQ/,UP WKDW DV
FRQFHQWUDWLRQ LQFUHDVHV WKH SURSRUWLRQ -RI PHVRE

JHROLWH ZLWK QRPLQDO 6L $0 WKH SRUH VL]H LQFUHD
PLQ DQG QP IRU 0 1D2+ PLQ

"H FXUYHV Rl WKH GLUHUHQW L DBOG VRRGVWH R QF VD@ WEB B0
=60 ]JHROLWH ZLWK QRPLQDO 6L $0 EHIRUH DQG DIWHU
IRU PLQ DUH VKRZQ LQ )LJ DGWRHOWKP® SRR IMBKHVH VDP
a- N-PRO H[WUDSRODWLRQ WR JHUR YROXPH Rl WKH DGV

GLUHUHQW GHOSHRG NWMXAFHDRAVIRUEHG YROXPH IRU WKH SDUH
GHSHQGY RQ WKH DGVRUEHG YROXPH WKDW LV W\SLFDO
PHVRSRURVLW\ OHDFKLQJ DQ LQFUHDVH LQ WKH VORSH
EHFRPHY PRUH HQHUJHWLFDOO\ KHWHURJHQHRXVO 1HYHUV
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1D2+ IRU PLQ HYHQ 2 WRYHDUDBMPWKH HQWKDOS\ RI DG’
WKDQ a N- PRO ZKLFK LQGLFDWHV WKDW VXFK D PLOG F
DIDLUO\ JRRG LWHIUWRKWIRD]RROLWH VXUIDFH

JLIXUH aH HQWKDOS\ RIRNGYRRSOEIR@KRD RRL QDO
EHIRUH DQG DIWHU WUHDWPHQW LQ 0 DQG 0 1D
YROXPH

Conclusion

,W KDV EHHQ FKRZQHWWD@®J WKH LQLWLD®UHRWEPWE'
FRQGLWLRQV LW LV BRRRFEEQBWWRQDRKLHYWHRSRURVLW\
SURQRXQFHG KHWHURJHQHLW\ RI WHEGVWVUBNWERQ D@IBL HKQ U
WKDW LQ PLFURSRURXV JHROLWH ZKLFK ROQMKKN WNKHG HRIP L
FDSWXUH DQG WLXENWDONGW XMHDFWLRQV
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1DQRPDWHU 1DQRFRPSRVLWHV (QHUJ\ (QYLURQ $SSO
$ .RMFLQRYLF % /LNR]BWL®D *ULOF - &2

245



Poster Session

Phase structure and molecular mobility of drug delivery
systems based on liposomes with Pluronics by nuclear

magnetic resonance method

A.N. Sashing A.V. Filippo¥, A.V. Khaliullind
'Kazan Federal University, Kremlewsja str, 18, Kazan, 420008, Russia
2Chemistry of Interfaces, Lule& University of Technology, Luled, 97187, Sweden
E-mail: AINSashina@kpfu.ru

Introduction

"H DSSOLFDWLRQ RI WUDGLWLRQDO OLSRVRPHV DV G
GLVFXOWLHV GXH WR WKHLU LQVWDELOLW\ DQG YHU\ VKRU)\
VXSSOHPHQWHG ZLWK YDULRXV SRO\PHUV FRSRO\PHUV ZKlI
"6V LQ ELRORJLFDO PHGLD DQG SURORQJ WKH FLUFXODWLF
H[DPSOH 30XURQLFV FRQVLVWLQJ RI EORFNV RI SRO\SUR
R[LGH 3(2 FDQ EH XVHG DV FRSRO\PHUV > @

,Q WKLV ZRUN WKH HuHFW RI 30XURQLF ) RQ WKH St
SKRVSKDWLG\OFKROLQH OL3SROV/RFEMFADWRWWR G\ HVGKE\ PROH |
RI WKH V\VWHP FRPSRQH@®WU5ZDNODPRPONMWG\ QG WUDQVOI
E\+ 105 GLUXVRPHWU\

Results and discussions

Comparative analysis ofP NMR spectra of multilamellar lipid liposomes without
Pluronic and with Pluronic showed that in the first case there is only lamellar liquid
crystalline (LC) phase in the system, and when Pluronic is added, an isotropic peak appears in
the whole temperature range studied (Fig. 1). The presence of an isotropic phase can be
explained by the formation of micelles containing lipids.

Figure 1.3'P NMR spectra for a suspension of phosphatidylcholine (left) and
phosphatidylcholine with Pluronic F127 concentration of 2.5 mol% (right) at varying
temperatures

According to'H NMR relaxometry data, the decay of transverse magnetization for the
phospholipid system with Pluronic are due to tieXP RI FRQWULEXWLRQV IURP
S K D ®bkhponents and thisolid componentwith a characteristic transverse relaxation time
T2s~20 ms. Thus, the system of phosphatidylcholine with Pluronic combines the properties of
both liquid and solid.

According to NMR diffusometry data, diffusion decay can be divided into two
components with quite different self-diffusion coefficients. One of the componggoWs
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from 1-10% to 5-10'% m?/c with increasing temperature. The other component is independent
of temperature and is characterized by an average valug-02[10"° m?/c.

References
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Synthesis of 4,5-diethynyl-1,2,3-triazoles and structure

analysis by NMR spectroscopy
G.A. Shonih I.A. Balova, A.l. Govdt
saint Petersburg State University, Saint-Petersburg, Russia
E-mail: st128251@student.spbu.ru

Introduction

1RZDGD\VWULD]ROHY DQG WKHLU GHULYDWLYHV DUH [
WKH\ ¢QG ZLGH DSSOLFDWLRQ LQ PDQ\ DUHDV RI OLIH 6
DQWLYLUDO SURSHUWLHV DUH XVHG DV G\HV SKRWRVWDE

7RGD\ D QHZ ¢HOG RI DSSOLFDWLRQ Rl WULD]JROHV LV
AXRURSKBHANQWO\ ZH UHSRUWH-GS WK\ @VOW.KDH R DW VR IZ LV
AXRUHVFHQW BKIRHBWQHWH XVHG DV AXRUHVFHQW WDJV [
FDQFHU GLDJQRVLY DQG WKHUDS\ )OXRUHVFHQFH LPDJLQ.
GHWHUPLQLQJ WKH SUHVHQFH RI PDOLJQDQW WXPRUV LQ W

105 VSHFWURVFRS\ KHOSV WR DFFXUDWHO\ GHWHUPLQ
SXUH EHFDXVH RIWHQ GXULGQR-GRKM US D HBO'G WEROD (R |
F\FORDGBDWRRBOXU GHLRGLQDWLRQ SURFWWUY DR G HW IGH VRXJ
VHSDUDWH RQ FROXPQ FKURPDWRJUDSK\

Method

We have prepared some new 4,5-diethynyl-triazoles, distinguished by different
substituents exerting different effects on the molecule by a four-step synthesis involving 1,3-
dipolar cycloaddition and Sonogashira reaction in good yields, from 4-methoxybenzylazide
and 2-methylbut-3m-2-o0l. The precursors and each of the intermediate products were
characterized bH and**C NMR spectroscopy.

As can be seen in these spectra, the substances have no impurities of other products and
can be further investigated as promising fluorescent tags.

Figure 1. Scheme of synthesis

HO Me HO Me ;
Me, Me R
HO |
Me H—==—R' A\ V4
1 CUz'z(PPhs)a (Aa-e) —
+ 2 ,6-lutidine N\\ ,N Ne N~puB
OMe Pd/Cu N
) 5a,b (80-90%)
Ny 3 (90%)
2 KOH,
(PMB) abs. CgHg
80°C
AN Al \\
4 (7a e)
R' = 4-CIPh, 4-Me,NPh
’ Ns N\ N \ N\
N N-PvB PMB
R? = SMe, NH, Pd/C“
8a-d (75-80%) 6a,b (72-85%)

Figure 2.*H NMR spectra of the 1,2,3-triazole 6a
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Spectral characteristics of cyclosporin G and L in
deuterated acetonitrile with water solution determined

by NMR spectroscopy
Artyom S. Tarasov, Anastasia F. Petrova, Sergey V. Efimov, Vladimir V. Klochkov
nstitute of Physics, Kazan Federal University, Kazan, Kremlevskaya Str., 18, Russian
Federation
E-mail: tarasov_as2010@mail.ru

Introduction

The spectral characteristics of cyclosporins G and L (CsG, CsL) in deuterated
acetonitrile (CRCN) solution in the absence or presence of w@leD) were investigated by
using high-resolution nuclear magnetic resonance (NMR) spectroscopy methods. The study
focused on the search for possible structural changes of CsG and CsL in the presence of water
molecules HO in CD;CN solution. Information on the spectral features and possible
conformations for CsG and CsL in a gIN-H,O solution was revealed by employing a
combination of one-dimensionafH, *C) and two-dimensional’d-'H TOCSY, *H-*C
HSQC, *H-H ROESY) NMR spectroscopy methods. The obtained information will help to
better understand the features of conformational transitions in biomolecules under the
influence of various factsr

Cyclosporins are natural or synthetic organic biologically active compounds consisting
of 11 amino acids. The cyclosporin family is quite diverse and includes more than 20 different
molecules [1-3]. Cyclosporines are hydrophobic peptide compounds that are poorly soluble in
pure water. However, they are well soluble in acetonitrile. A mixture of acetonitrile and water
creates a medium that ensures the solubility of cyclosporine and at the same time ensures the
formation of hydration shells around the polar groups of the peptide molecules, which can
affect its conformation.

Cyclosporin G (CsC) and Cyclosporin L (CsL) (Fig. 1) are used in this study. CsG and
CsL are two of many derivatives of this class of compounds that differ from each other in the
amino acid residues at positions 1 and 2, biological activity, and physicochemical properties
[4, 5]. CsG is an immunosuppressor structurally similar to cyclosporin A (CsA). Although
this drug is pharmacologically as active as CsA, it is less toxic, in particular at the kidney
level [4].

Figure 1. Chemical structure of CsG)@ndCd. (b) (from [2])

Method

NMR measurements were carried out on a Bruker Avance Ill HD 700 (700 MEH for
175 MHz for *C) and Bruker Avance Il 500 (500 MHz fdH, 125.2 MHz for*C)
spectrometers. All samples were prepared in standard 5-mm NMR tubes. The solution volume
was 0.6 ml. Solution was prepared in £, the samples concentrations of CsG and CsL
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were 1.5 mM. Two-dimensional specttéd{H TOCSY,H-*C HSQC) were recorded at the
temperature of 303 K. The spectral window was 12 ppm. A series of one-dimerisiameai
two-dimensionafH-*C HSQC NMR spectra were obtained with the addition # itb the
sample in a 1:10 ratio.

Results and Discussion

A correlation of™H and *C NMR signals corresponding to the major and minor
conformers of CsG and CsL in a polar medium {CR and CRCN-H;0) is observed based
on a comparative analysis of two-dimensional spectra.

The CsL molecule exists in the form of two equilibrium conformers (the fraction of the
minor conformer in CDGlis 22% according by the integrated intensities) in acetonitrile,
acetone and chloroform. The number of conformers increases (6 were found) ins@i&-CD
H,0 solution. They differ from each other in the values of the chemical shifts &fithad
3¢ nuclei of the main chain atoms, which indicates a difference in the overall spatial structure
of the molecules. Strongly broadened signals appear in the low-field part of the spectrum (

8 ppm). Nevertheless, the number of detectable conformers with comparable intensity remains
small is three, according to the 2D EXSY exchange spectra.

In the 'H NMR spectrum of CsG in C{&N solution, 2 conformers are initially
observed. Similarly with CsL, when,8 is added to the solution, several new conformers can
be observed, which also differ in chemical shift values (Fig. 2).

Figure 2. Fragment ofH NMR spectra o€sG in different solutions (upper pictur€DsCN-
H0; lower picture,CD3sCN) (700 MHz, 300 K)

It is interesting to note that in chloroform and acetonitrile not only the chemical shift

values of carbon nuclei are similar, but also protons: most signals of nuclei close to the main
chain of the peptide (NCHlas well as the -CHsz groups of alanines) are obtained in the
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spectrum in CBCN by a shift to the right and upward relative to the spectrum in €DCI
Thus, the structure of CsG turns out to be more stable before changing the solvent to polar
acetonitrile than, for example, the cyclosporine molecufe.Cs

,Q JHQHUDO WKH FRQIRUPDWLRQDO GLYHUVLW\ RI F\FO
'0) RU '062 LV TXLWHR@IRIHPHUYVY DQG PRUH ZKLOH LQ FK
WKH\ H[LVW DV D VLQJOH FRQIRUPHU "H EHKDYLBRHNI &V*
QRW ¢W LQWR WKLV VLPSOH VFKHPH ,Q DGGLWLRQ DGGLC
WKLV FDVH WXUQV RXW WR EH D FRQYHQLHQW WRRO IRU LC
GHWDLOHG VWXG\ RI WKH SURSHUWLHYVY RI F\AFORVSRULQV D

$FNQRZOHGJHPHQWYV
aH ZRUN ZDV VXSSRUWHG E\ WKH 5XVVLDQ 6FLHQFH )RXC
References
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/ 3LFEKDUG HW DO +* %LRFKHP 3KDURDFRO 9RO ,VV X
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The structural features of the fibril-forming peptide
SEM2(49-107) by NMR spectroscopy and its role in
enhancing HIV activity
Anastasia A. Troshkina, Dmitriy S. Blokhin, Vladimir V. Klochkov

Kazan Federal University, Kremlevskaya Str., 18, 420008 Kazan, Russia
E-mail: AnaATroshkina@kpfu.ru

Introduction

"H 6(0 + SHSWLEH RWQW RI WKH VHPHQRJHOLQ
FRQVWLWXHQW RI WKH KXPDQ VHPHQ FRDJXOXP > @ 6HP
WKH VHPLQDO YHVLFOHV > @ 6FLHQWL¢F UHVHDUFK LQ¢
FUXFLDO LQ HQKDQFLQJ WKH DFWLYLW\ RI +,9 > @ +RZH
WUDQVPLVVLRQ DQG LQIHFWLRQ DUH QRW IXOO\ XQGHL!
HOHFWURVWDWLF UHSXOVLRQ EHWZHHQ WKH QHJDWLYHO'
XVXDOO\ LQKLELWY WKHLU LQWHUDFWLRQ 5HVHDUFK KDV
FDQ DJJUHJDWH LQWR DP\ORLG ¢(EULOV ZKLFK KDYH FI
HOHFWURVWDWLF EULGJHV SURPRWLQJ WKH DWWDFKPH
VLIQL.{FDQWO\ LQFUHDVHYV +,9 LQIHFWL-YLWS BS& L 6H OHID
WKH IRUPDWLRQ RI DP\ORLG ¢(EULOV ZKLFK FRQWULEXWH
FHOOV 7R LGHQWLI\ WKH SK\VLFDO PHFKDQLVPV WKDW (
¢EULOV +,9 YLULRQV DQG WDUJHW FHOOV LW LV QHFHVV

6(0 - SHSWLGH WKDW FDXVH LWV DJJUHJDWLRQ ,Q W
105 VSHFWURVFRS\ ZzDV XVHG DV WKH SULPDU\ PHWKF
6(0 - SHSWLGH XQGHU FRQGLWLRQV WKDW FORVHO\ LF

Experiment and results

"H REMHFW RI WKH VWXG\ LV D IUDJPHQW RI WKH SI
6(0 - WKDW ODEHOHG ZLWKVIWRGLRAHSHVDPSOH 6(0 SHS
ZDV VI\QWKHVL]HG DW WKH 5HVHDUFK ,QVWLWXWH RI 6WU
"H DPLQR DFLG VHTXHQFH BH®WHGHOLY SUHVHQWHG LQ )L

Figure 1. The amino acid sequence of peptide SEM2{4F)

"H ' ' DQG ' 105 VSHFWUD RSHYWLGH & PO S+
ZHUH DFTXLUHG XVLQJ D %UXNHU $9$1&¢( ,,, 105 VSHFWL
UHVRQDQE&RH1I 3 &U\R3UREH DW WKH WHPSHUDWXUH
SHUIRUPHG XVLQJ %UXNHU V 7RSVSLQ DQGIVSHF@WUDO
%DVHG RQ WKH 105 VSHFWUD WKIBD GEHHPWUARD®HWHURWVQRIG
LOQWHUQXFOHDU GLVWDQFHV DQG GLKHGUBWLGRJIJQHWYHII
HVWDEOLVKHG 'XULQJ WKH DQDO\VLV RI WKH VSHFWUDO
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UHVLGXH RI WKH SHSWLGH ZHUH GHWHUPLQHG 'H REW
VSHFWUD RQ WKH DVVLJQPH&®W RZ HKH FBIXFEDODL WHKH GNVVQ WKH |
"H VHFRQGDU\ VWUXFWXUH RDWHKMDE(RDWHG XVLQJ W:
XVLQJ FKHPLFDO VKLIW LQGH[ &6, ZKLFK ZDV REWDLQHG E
WKH VHFRQGDU\ VWUXFWXIU H7 PF¥RRIG L$@U R 6196 D UL W\
BKLIW > @ > @ %RWK PHWKRGV VISRIBMA QWK B WIQWEDHFB\@ D C
I[UDJPHQWMWBIWPWRNV&LQ WKH UDQJH IURP $0D WR *0Q
"H WKAIHHHQVLRQDO VWUXFWXUH RI SHSWLGH 6(0 2
FRQVWUDLQHG DQQHDOLQJ VLPXOIDWVROQWSADRMRF RO XVLQJ

Figure 2. Spatial structure of peptide SEM1¢8B)7) in an aqueous solution

"H FUBWODNYV HQ&WKH2(6< ' 105 VSHFWUXP DQG WRUVL
GHWHUPLQHG EM WKHRIGDPS ZHUH XVHG LQWR H[SHULPHC
9LVXDOL]DWLRQ RI VSDWLDO VWUXFWXUHV ZDV GRQH XVL
VSDWLDO VWUXFWXUH FDOFXODWLRQ GDWD LQGLFDWH D U
WKH DPLQR DFLG UHVLGXHV UDQJH IURP $0D WR 6HU
DUH FRQVLVWHQW ZLWK WKH UHVXOWY RI WKH VHFRQGDU\
D VHFRQGDU\ VWUXFWXUH LQ WKH IRUP RI DQ DOSKD KHOL]
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Study of slow molecular motions by NMR relaxation.
Konstantin V. Tyutyukin, Alexandr V. levlev
Department of Nuclear Physics Research Methods, Saint Petersburg State University,
St. Petersburg State University, St. Petersburg 198504 Russia
E-mail: a.ievlev@spbu.ru

Introduction

,RQLF OLTXLGY KDYH EHHQ VWXGLHG PDQ\ WLPHV X"
LQIRUPDWLYH PHWKRGV IRU REWDLQLQJ LQIRUPDWLRQ DE
WKH FRPSRXQGV WKHPVHOYHV-EQVHAGBVHV ZILW K W FBSIRO/DVIRRE
FRPSOHWH LQIRUPDWLRQ RQ WKH VWUXFWXUH RI WKH F
LQWUDPROHFXODU LOQWHUDFWLRQV ZLWK SURWRQV +RZI
LOQOWHUDFWLRQVY ODUJHU VFDOH PRWLRQV FDQ EH H[SHFW
VXFK VFDOHVY RI FRUUHODWLRQ WLPHVY DUH DVVRFLDWHG
LW LV SURSRVHG WR WHVW WKLV K\SRWKHVLV XVLQJ UHOI

Results and discussions

7R WHVW WKH DERYH K\SRWKHVLV GLUHUHQW ,/V :
H[DPLQHG RQ GLUHUHQW GHYLFHV "H ¢UVW WZR DUH
%UXNHU-$YDOQFRIP WKH 6W 3HWHUVEXUJ 6WDWH 8QLYHU"

IUHTXHQFLHV RI 0+] DQG 0+] IRU SURWRQV "H WKLU
Rl WKH %UXNHBLWE& WKH DELOLW\ WR UHFRQ¢{JXUH WKH ¢
D IUHTXHQF\ RI 0+] IRU SURWRQV ZDV VHOHFWHG
Table 2. The studied ILs
1 2 3 4
[BMIM]BF4 [BMIM]CI [BMIM]AC [EMIM]AC

CAS-Number: 174501-| CAS Numberi7991790-1 CAS Number: CAS Number:

65-6 28404975-8 14331417-4

,Q DOO FBbOUBIWWYBEHQUHOD[DWLRQ UDWHYV ZHUH PHDV?’
UHFRYHU\ SXOVH VHTXHQEH T X QK HP A D VBERYAGERBEV YW ZDV
SRVVLEOH WR UHVROYH LQGLYLGXDO OLQHV LQ WKH VSH
WKH WHPSHUDWXUH GHSHQGHQFHV RI UHOD[DWIHRQHPAVH
GHYLFHVY ZHUH SURFHVVHG E\ RQH LOQWHJUDO RXUWHHU WKH
VKRZV D FRPSDULVRQ RI WKH GDWD DYHUDJHG LQ WKLV Z
GDWD RQ WKH WHPSHUDWXUH GHSHQGHQFHYV IRU LQGLYLC
JURXSV

,Q WKLV ZRUN UHOD[DWLRQ GHSHQGHQFHV ZLWK PD]|
RI WKH ,/ ZHUH REWDLQHG $B KB B&RX®GWHR GHD®R &+ P& HUK H P
WKH UHOD[DWLRQ FXUYH VKLIWV WR WKH ORZ WHPSHUD\
GHYLFH GHFUHDVHV VR LQ VRPH FDVH VI WKHHQ EV HY FHKUDIC
D PD[LPXP UHVSRQVLEOH IRU VORZHU PRYHPHQWYV ZKLI
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PRYHPHQW RI PROHFXODU VHIJPHQWY DQG DUH QRW YLVLE
UHVXOWYV RI H[SHULPHQWDO GDWD SURFHVVLQJ DUH VKRZQ

JLIXUH 7THPSHUDWXUH G WQ B QWHOW ROWISR@ UDW

Rl %PLP$F DQG DYHUDJHG RYHU DOO VS

J)LIXUH 'HSHQGH@MHVRMLWKHNSDPDWLRQ UDWH R
GLUHUHQW UHVRQDQFH IUHTXHQFLHV

$V FDQ EH VHHQ IURP )LJIJXUH WKH PD[LPXP LQ WKH F
DW ERWK IL‘JHTXHQFLHV KRZHYHU WKH FRUUHODWIRQ W
PD[LPXP UHAHFWW¥RPH GPBWIHRWY WKDQ WKH URWDWLRQ RI L
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Introduction

&U\SWRFU\WVWDOOLQH GLDPRQG DJJUHIJDWHRN IBBBERC
6LEHULDQ GHSRVLWV ZHUH VWXGLHG XVLQJ RSWLFDOO\
SKRWROXPLQHVFHQFH 3/ PHWKRGV EDVHG RQ FRQIRFDO
KLJK FRQWHGWOWHUIM %DVHG RQ WKH DQDO\VLV RI WKH
VSHFWUD YDULRXV FKDUDFWHULVWLFV ZHUH REWDLQHG
FHQWHUV PHFKDQLFDO VWUHVVHVY DQG VWUDLQV DQG OF

Features of cryptocrystalline diamond aggregates

Among polycrystalline diamond aggregates, a special type of cryptocrystalline
aggregates was identified, consisting of grains smaller than 20 um in size and giving ring
reflections on X-ray images, which is typical for finely dispersed substances [1]. According to
the mineralogical classification of diamonds by Yu. L. Orlov, such polycrystalline aggregates
EHORQJ WR WKH ; YDULHW)\ DRpGl Ehows A-DMin@ge®f dreDof/tReR Q D G
carbonado samples. It can be seen that analyzed sample consists of many irregular closely
intergrown diamond graines, the sizes of which vary from dozens of nm to micron units.

Figure 1. AFM-images of carbonado, made on a different scale: (a aathigron scale, (c
and d) tnanometer scale.

Features of NV " centers in diamonds

1RZDGD\V QHJDWLY H oY DARODQUR\HIEH QWHWR'JBQH RI JUHD
VFLHQWLVWY VLQFH LW LV SRVVLEOH WR UHJLVWHU RSWI
XQGHU URRP WHPSHUDWXUH > @ +RZHYHU WKH@EWMRBEWY IS
VIQWKHWLF GLDPRQGYV ZKHUH WKH\ ZHUH FUHDWHG DUWL
LV GHYRWHG WR 19 FHQWHUV LQ QDWXUDO FU\SWRFU\VW
IRUPHG QDWXUDOO\ (DUGRBWLWRBD $QRBAH ®UHYNRNZAE B H
UHFHQWO\ VWXGLHG LQ QDWXUDO GLDPRQG VLQJOH FU\V
QDWXUDO FXELFHQWHWDOWUHIFRQFHQWUDWHG LQ GHIRUP
WKHLU IRUPDWLRQVDNPE HUUHD/WBDWHRD BROAWKDWLRQ SODVWLF

"H 19 FHQWHU UHSUHVHQWY D VXEVWLWXWLRQDO QL!
D FDUERQ YDFDQF\ LQ WKH QHDUHVW FRRUGLQDWLRQ VSK
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JLIXUH 6WUXFWXUH RI WKH 19 FHQWHU LQVLGH WKH GL
RSWLFDOO\ LQGXFHG SRSXODWLRQ DOLJQPHQW RI VSLQ C
FKDUJHEBHIQWHU E

"H VFKHPH Rl RSWLFDO H[FLWDWLRQ F\FOH V¥KRZWHWKD
ZLWK JUHHQ ODVHU WKH VSLQ VXEOHYHO ZLWK VSLQ SU
SRSXODWHG %XW ZKHQ ZH DSSO\ D UHVRQDQW PLFURZD®
DGGLWLRQDO UHGLVWULEXWLRQ RI HOHFWURQLF SRSXODW
SKRWROXPLQHVFHQFH LQ SDUWLFXODU WR LWV GHFUHDVH

PL and ODMR registration technique

"H SUHVHQW VWXGLHVY ZHUH SHUIRUPHG RQ DQ 2'05 V
FRQIRFDO PLFURVFRSH DQG HTXLSSHG ZLWK D FRQIRFDO F

FRQVWUXFWHG DW WKH ,RuH ,QVWLWXWH )LJ > @ "LV V
2'05 VLIQDOV LQ WKH DMJURRRWHPSAUDWXUH DQG UHYHD
RI 3/ DQG 2'05 VLJQDOV XVLQJ FRQIRFDO ' ] [ \ VFDQQLC

"H FRPELQDWLRQ RI FRQIRFDO RSWLFV ZLWK WKH DWRPLF
PHDVXUHPHQWYV ZLWK QDQRPHWHU DFFXUDF\

JLIXUH %ORFN GLDJUDP RI DQ 2'05 VSHFWURPHWHU EDV
IRUFH PLFURVFRSHYV
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Introduction

6LQFH WKH V UHVHDUFKHUV KDYH EHHQ DFWLYHO\
WUDQVPLVVLRQKXADO ILPPXQRGHILFIRAGF\RYLWKM PRVW G
VH[XDOO\ WUDQVPLWWHG LQIHFWLRQV OHDGLQJ WR $,'6 I

W ZDV VRRQ GLVFRYHUHG WKDW RQH RI WKH IDFWR
KXPDQHWQH$P\ORLG ILEULOV DUH LQVROXEOH DJJUHJDWHYV I
GLIIHUHQW SULPDU\ VHFRQGDU\ DQG WHUWLDUYKMMHXFW
ILEULOV DUH XVXDOO\ DVVRFLDWHG ZLWK QHXURGHJIHC
3DUNLQVRQ V GLVHDVH ORUH UHFHQWO\ LW EHFDPH D¢
FRQWULEXWH WR DFFHOHUDWHG +,9 WUDQVPLVVLRQ ,W L
DGKHVLRQ RI +,9 YLUXV SDUWLFOHV WR FHOO PHPEUDQHYV
WKH PHPEUDQHY RI WKH YLUXV DQG WKH WDUJHW FHOO >

6HPHQRJHOLQ D SURWHLQ IRXQG LQ WKH KXPDQ V
DSSUR[LPDWHO\ RI LWV YROXPH LV VHFUHWHG E\ VHF
LPPRELOL]DWLRQ DQG IL[DWLRQ RI VSHUPDWR]RD ZLWK
UHVHUYRLU IRU FDSWXULQJ DQG WUDQVSRUWLQJ VSHUP
VHPHQRJHOLQ PXVW E H VEGHDYLHGDEAWIURQWBBSH EHIRUH
SUHVHQW LQ WKH SURVWDWH DQG LV LQKLELWHG E\ HOHY
WKH PROHFXOHV RI6YVHPHEREIHCHRHQRIHOLQ ,, 6(0 Ut
IRUPDWLRQ RI VROXEOH IUDJPHQWY WKDW FDQ IRUP DP\C
LQKLELW WKH ILEULOODWLRQ RI FHUWDLQ SHSWLGHV LQ\
ROLJRPHULF FRPSOH[HV > @

2QH Rl WKH IUDJPHQWY IRUPHG DV D UHVXOW-RI WKH
SHSWLGH -6(0 DPLQR DFLG UHVLGXHV LQ WKH-VHTXH
/**644/] ,Q WKLV VWXG\ ZH LQYHVWLJIJDWHG SWKSW\. W H XEW
KLJKHVROXWLRQ 105 VSHFWURVFRS\ 7KLV PHWKRGRORJ'
VWUXFWXUH Rl WKH SHSWLGH DV ZHOO DV WR ILQG RXV
SHSWLGH ZKHQ ]JLQF LRQV DUH DGGHG WR WKH VROXWI
DJJUHJDWLRQ

S5HVXOWYV

$W WKH LQLWLDO VVEDLPH QN L\RHQWDLHM 0Bl WWERULPHQWYV
6(0 - ZDV FDUULHGHRVWDEOKH/ ISWIE DPLQR DFLG VHTXH
ZHOO DV WKH DVVLIJQHG FKHPLFDO VKLIWV RI DPLQR DFI
GLKHGUDO DQJOHV REWDLQHG IURP VSHFWUDO GDWD DQI
WR FDOFXODWH WKH VSDWLDO VWUXFWXUH XVLQJ+WKH V
VRIWZDUH 7KH VSDWLDO VWUXFWXUH RI WKH SHSWLGH z
DQDO\VLV RI WKH VSDWLDO FRQIRUPDWLRQ OHG WR WK
VHFRQGDU\ VWUXFWXUH SH)SWKGH6 [0/ KRUVHV KRR AXIIBEWMIE
5DPDFKDQGUBO@Q SGRW RDOLGDWHG WKH REWDLQHGQ@HSW
WKH PRVW IDYRUHG UHJIL®/KH DGGLWVRGXE U\ DUHO/R GEKE W
LQNKH GLVDOORZHG UHJLRQ
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Figure 1. Spatial structure of the peptide SEM1{887) as an ensemble of 14 structures

$W WKH QH[W VWDJH WKH HIIHFW Rl JLQF LRQV RQ WK
K\SRWKHVL]HG WKDW WKH ]JLQF LRQ IRUPV DQ LRQLF ERQG
KLVWLGLQH UHVLGXH DGMDFHQW WR OHXFLQH D SKHQRP
LQYROYLQJ YDULRXV SHSWLGHV > @

7R VXEVWDQWLDWH RXU DVVXPSWLRQ RI ELQBL@XHVKH
SHSWLGH LQ DQ DTXHRXV VROXWLRQ DQG LQ D VRROXWLRQ
WK#H 1 +64& VSHFWUD REWDLQHG DW HLJKW GLIIHUHQW GHC
RQ UHOD[DWLRQ WLPHV LW FDQ EH QRWHG WKDW ZKHQ ]
BUHVXPDEO\ WKLV FKDQJH LV GXH WR WKH IDFW WKDW JLQ
DPLQR DFLG UHVLGXH KLVWLGLQH +LV ZKLFK FDQ EH R
FKHPLFDO VKLIWV Rl WKH VLJQDOV IURP WKH QHLJKERULQ.
DV D UHVXOW RI D FKDQJH LQ WKH HOHMDFWRIG YYD URG IR
LQFUHDVHG UHOD[DWLRQ UDWHYV

$W WKH ODVW VWDJH WR VWXG\ WKH ELQGLQJ PHFKDC
WKH SHISQW.GRQ FRPSOH[ LQFOXGLQJ SHSWLGH PROHEX
PROHFXOHV ZLWK D PRGHOLQJ FHOO VL]H RI [
*520$&6 SDFNDJH 7KH VLPXODWLRQ ZDV SHUIRUPHG LQ
DPRXQWHG WR D WRWDO RI | QV RI VIVWHP HYROXWL
ZHUH UHFRUGHG HYHU\ QV 7KH WUDMHFWRU\ REWDLQHG
XVLQJ WKH *52026 FOXVWHULQJ PHWKRG IRU HDFK UHFRUG
DPLQR DFLG UHVLGXHV ZHUH FDOFXODWHG DQG SDLUV RI
506' Rl QR PRUH WKDQ N- PRO ZHUH LGHQWLILHG DQG J
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JLIXUH 7KH REWDLQHG FOXV-W H U WK WK®FSIHRSQV E 8 A S B |
UHVXOWLQJ IURP WKH PROHFXODU G\QDPLFV VLPXODWLF

&RQFOXVLRQ

'XULQJ WKLV VWXG\ WKH VWUXFWXUZD R | R W LEHHIIN
YLVXDOL]HG IRU WKH ILUVW WLPH EDVHG RQ QXFOHDU PL
$QDO\VLV Rl WKH GDWD FROOHFWHG GXULQJ WKH VWXG\ |
FRQFOXVLRQ WKDW WKHLU LQWHUDFWLRQR®HBRRSW® R [ VERKH
WKH SUHVHQFH RI D FKDUJHG VLGH FKDLQ IURP WKH KLVW
G\QDPLF VLPXODWLRQ LQ WKH *520$&6 VRIWZDUH SDENI
IRUPDWLRQ RI WKLV FRPSOH]

7KHUHIRUH 6(0 DQG 6(0 KDYH WKH SRWHQWLDO WR
DFWLYLW\-REBBPRVW DWMWLIHQ 36% VLQFH LW LV NQRZQ
=Q ,Q WKH OLJKW RI WKLV NQRZOHGJH LW LV SRVVLEOH
6(0 DQG UHODWHG SHSWLGHV WR DF\WIQD IVGIVF6 $V RQVW K I8
LQKLELWLRQ RI 6(0 SHSWLGHV E\ ]LQF LRQV VORZV GRZQ

5HIHUHKQ\F

&RKHQ )6 "H (QHUJHWLFV RI OHPEUDQH )XVLRQ IURP %
JRUPDWLRQ DQG 3RUH (QODUJHPHQW ) & &RKHQ *

+9 -+ 3

-RQVVRQ 0 6HPHQRJHOLQV , DQG ,, ELQG JL@BHFQGFUH

DQWLJHQ 6 /LQVH % )URKP $ /XQGZDOO - ODOP
KWWSV GRL RUJ % -

BKHIWLF 65 ,QKLEIGMURQYHRBI HOQIKRHQFHU RI YLUXV

(EULOORJHQHVLV E\ ]JLQF DQG FRSSHU - 0 B6QHOO

%LRSK\V +
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Poems about School
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Spinus, Spinus, where you were?

Did you dive in the Resonance world?

+3<HV , GLYHG ZLWK P\ JUHDW MF
5HVRQDQFH LV D SOHDVDQW WR\

36SLQXV" VFKRRO LQYLWHG \RX
To look for a knowledge clue.

We will show the signal birth

In the field of our Earth!

If you wish to have success,

At the School achieve progress!
We will teach you all to fly

In the scientific sky!

We desire you to get

Many victoriesi h[_ "

It will be a good surprise

If you catch the Nobel prize!
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