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MAGNETIC FIELD EFFECT ON THE REDOX REACTION OF LEAD ION AND ZINC 
METAL IN AQUEOUS SOLUTION 

 
Chikako Udagawa1, Mai Ueno1, Toshinari Hisaki1, Mina Maeda1, Syou Maki1, Shotaro 

Morimoto1, and Yoshifumi Tanimoto2 
1Faculty of Pharmacy, Osaka Ohtani University, Tondabayashi 584-8540, Japan 

2Graduate School of Science, Hiroshima University, Higashi-Hiroshima 739-8526 Japan 
yt1112@hiroshima-u.ac.jp 

 
We have been interested in the effects of weak magnetic field (< 0.5 T) on inhomogeneous 

reaction, especially, electroless deposition of metal from aqueous solution, as this type of redox 
reaction is a fundamental one. If a weak magnetic field, which can be generated by permanent 
magnets, has significant effect, it will be very useful for practical application.  

In previous papers, we have reported the redox reaction of silver ion and copper metal (eq. 1)1 
and of copper ion and zinc metal (eq. 2) in aqueous solution.2 

 
 2Ag+ + Cu → 2Ag↓+ Cu2+     (1) 

Cu2+ + Zn → Cu↓+ Zn2+      (2) 
   
In the case of the reaction (1) the yield of silver metal decreased a few percent by application of 

a 0.1 T field, whereas in the case of reaction (2) the yield of copper increased about two times.  
Why the direction of a magnetic field effect was opposite in two cases was unclear. 

 
In this paper,3 the redox reaction of lead ion and zinc metal (eq. 3) was studied to clarify the 

reason of these differences. 
 
Pb2+ + Zn → Pb↓+ Zn2+   (3) 
 

 
Figure 1. Magnetic field dependence of the relative yield of lead metal deposited after 5 min 
reaction. Y0 and YH are the yield in the absence and presence of a magnetic field of H T. 
Concentrations of lead(II) acetate are 0.1 M (●), 0.2 M (●) and 0.5 M (●). 

The effect depended on the lead acetate concentration, as shown in Figure 1. By applying a 0.38 
T field, the deposition yield increased 50% and 10% when a 0.2 M and a 0.5 M solution was used, 
respectively, whereas it decreased about 5% when a 0.1 M solution was used.   
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The effect was explainable by the Lorentz force-induced convection. The deposition of lead 
metal consists of two processes. The first is the supply of lead ion in bulk solution to the zinc metal 
surface and the second is the redox reaction of lead ion and zinc metal on the metal surface.  
Lorentz force-induced convection may have two roles. In bulk solution it enhances the supply of 
lead ion to metal surface. It also reduces the residence time of lead ion staying near the zinc metal 
surface. Decrease or increase of the yield was probably due to the change of the rate-controlling 
step by the change of lead ion concentration. 

 
References 
1. Y. Tanimoto, C. Udagawa, A. Katsuki, S. Maki, S. Morimoto, Bull. Chem. Soc. Jpn. 2013, 86, 

1447. 
2 C. Udagawa, A. Maeda, A. Katsuki, S. Maki, S. Morimoto, Y. Tanimoto, J. Phys. Chem. B 2014, 

118, 4889. 
3. C. Udagawa, M. Ueno, T. Hisaki, M. Maeda, S. Maki, S. Morimoto, Y. Tanimoto, Bull. Chem. 

Soc. Jpn. 2018, 91, 165. 
 
 

CHIRALITY IN THE UNIVERSE 
 

Inoue Katsuya  
CRESCENT, Department of Chemistry, Faculty of Science, Hiroshima University 

kxi@hiroshima-u.ac.jp 
https://home.hiroshima-u.ac.jp/kotai/ 

 
Chirality can be found all time and space scale in nature. In this seminar I will explore what is 

important from basic particle physics to large scale natural world. I will consider start from chiral 
spin system, and show how connect static chirality and spin chirality. Next, I will introduce the 
common properties to biomolecules and chiral (magnetic) liquid crystal systems. Next, I will make 
efforts to find out the commonality between the chiral spin system and the QCD system. Based on 
these facts, we discuss the nature of nonlinear defects of chiral solitons, skyrmions, Hopfions based 
on the relationship between chiral property and topology. Finally, I want to try make prospects of 
chiral science. 

 
References 
1. L.D. Barron 2013. Rend. Fis. Acc. Lincei 24, 179. 
2. Yoshihiko Togawa, Yusuke Kousaka, Katsuya Inoue, and Jun-ichiro Kishine, Journal of the 

Physical Society of Japan, 85, 112001. 
3. Inoue, K; Imai, H; Ghalsasi, PS; et al., Angewandte Chemie-International Edition, 40, 22, 

4242-4245 (2001) 
4. Kumagai, H; Inoue, K, Angewandte Chemie-International Edition, 38, 11, 1601-1603 (1999) 
5. Jung-Shen B. Tai, Paul J. Ackerman, and Ivan I. Smalyukh, PNAS January 30, 2018. 115 (5) 

921-926; published ahead of print January 17, 2018. https://doi.org/10.1073/pnas.1716887115 
6. Huang, XG., Nishimura, K. & Yamamoto, N. J. High Energ. Phys. (2018) 2018: 69.  

https://www.rri.kyoto-u.ac.jp/en/research_div/rls/rls/bg 
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STUDY ON NONRADIATIVE DECAY AND PHOTO-ISOMERIZATION OF 
CINNAMATE DERIVATIVES IN THE GAS-PHASE 

 
Takayuki Ebata 

Department of Chemistry , Graduate School of Science, Hiroshima University 
Higashi-Hiroshima, Hiroshima, 739-8526 Japan 

tebata@hiroshima-u.ac.jp 
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PHYSICAL MECHANISMS OF BIOLOGICAL MAGNETOSENSITIVITY 
 

Berdinskiy V.L., Letuta U.G. 
Orenburg State University, Orenburg, Russia 

 vberdinskiy@yandex.ru 
 

    Intracellular spin-dependent enzymatic reactions are the most likely candidate for the role of 
"primary magnetosensors" in living organisms. A large array of experimental data demonstrating, 
with varying degrees of reliability, the magnetic sensitivity of various biological systems, requires a 
reliable theoretical physico-chemical justification. 
    Examples of experimental observations of the magnetosensitivity of prokaryotic cells in weak 
magnetic fields in the presence of magnetic and nonmagnetic magnesium isotopes are well known 
and can be explained by spin dependent processes in active sites of enzymes.  Magnetic and nuclear 
spin effects are proved to change the rates of intracellular enzymatic reactions in weak magnetic 
fields. However, up to now biological magnetic effects in high magnetic fields had no 
physicochemical explanation. 
   The theoretical description of the magnetic effects of intracellular enzymatic reactions is based on 
the formalism of spin density matrices. A new mechanism of biological magnetosensitivity in 
strong magnetic fields for nucleophilic mechanisms of enzymatic reactions is proposed. It is shown 
that hyperfine interactions of electron and nuclear spins in the region of level crossing are able to 
induce singlet-triplet conversion of electron pairs in the active sites of enzymes and change rates of 
intracellular enzymatic reactions. 
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ULTRASONIC STUDY ON ELECTRONIC PROPERTIES AND MAGNETISM OF 
CHIRAL COMPOUND DyNi3Ga9 

 
Takashi Suzuki 

Department of Quantum Matter, Graduate School of Advanced Sciences of Matter, Hiroshima 
University, Higashi-Hiroshima, Hiroshima, 739-8530 Japan 

tsuzuki@hiroshima-u.ac.jp 
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CHEMICAL FUNCTIONALIZATION OF NANOGRAPHENES 
 

Ryo Sekiya 
Department of Chemistry, Graduate School of Science, Hiroshima University, 1-3-1 Kagamiyama, 

Higashi-Hiroshima, Hiroshima, 739-8526 Japan 
csekiya@hiroshima-u.ac.jp 
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SPECTRAL TRANSFORMATIONS OF HYBRID NANOSTRUCTURES WITH  
EXCITON-PLASMON COUPLING IN MAGNETIC FIELD 

 
Kucherenko M.G. 

Orenburg State University, Centre of Laser and Information Biophysics, Orenburg, Russia 
rphys@mail.osu.ru 

 
Key words: molecular luminescence, nanoparticle polarizability, exciton-plasmon coupling  
 

The synthesis of hybrid nanosystems with a specific structure makes it possible to 
purposefully change the radiation characteristics of molecular objects combined with the composite 
into a single complex [1]. A molecule in the near field of the nanoantenna is able to more 
effectively emit light, or, conversely, loses its high emissivity, transforming the energy of electronic 
excitation in nonradiative modes of the nanocomposite complex. It is depend on the geometrical, 
polarization and dissipative parameters of the system [1-3]. Layered organometallic composites 
allow the variation of such parameters within a wide range. In the composite nanoparticles with the 
structure of “metal core - organic molecule J-aggregate shell” [1] possible initiation of collective 
electronic excitations of two types: like the plasmon – in the metallic part of the composite, and like 
the exciton – in its organic (semiconductor) part. In the case of strong exciton-plasmon interaction it 
can occur, also some hybrid states of these quasi-particles.  

The spectral absorption characteristics and output parameters of the luminescence of 
molecules near a spherical layered nanocomposites "metal core - crystal-like J-aggregate shell", 
with a clear exciton-plasmon interaction, significantly changes not only as compared to the case of 
molecular systems without nanoparticles, but also with the case of simple plasmonic particles 
without J-shells [4]. The rate 1 2( | , )inU R R  of the photons absorption by nanocomposite shell with 

thickness 2 1ΔR R R   will be define as following integral on local field 2 ( )r,E  in the depth 
 

2

1

2 2
1 2 2 2

0

( | , ) Im ( ) ( , | ) 2 sin
2

R

in

R

U R R r d r dr



       





E .                    (1) 

 

Dielectric permittivity 2 ( )  of an excitonogenic layer material is 
 

 
2

2 0 2 2
( )

( ) (0)res

F
i

  
  


 

  
,  

2 constF  , 

 

and ( )  is the relaxation rate of excitons. 
An alternative expression for the rate of field energy absorption by a whole layered 

nanocomposite based on the polarizability tensor ( | )  B  in an external magnetic field B is [3] 
 

*
0 0( | ) Im ( ) ( | ) ( )

2inU        B E B E .                                             (2) 
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In eq. (2) 0 ( )E  is a field of the external source. We calculated the frequency dependences of the 
absorption rate in two ways, and they both gave similar results. In Fig. 1 exciton and plasmon 
resonances of the layered spherical composite in different decay conditions and by presence an 
external magnetic field B are presented. 

The introduction of composite nanoparticles in nearest neighbor molecules changes the local 
electromagnetic field in its location that can be taken into account by introducing the total dipole 
moment ( ) ( )     p I G r p

   of the system “nanoparticle-molecule” containing the contribution 

( ) ( )  G r p
 

P  from the polarized nanoparticle. Here ( ) 
  is the tensor dipole polarizability of 

the particle, ( )G r


 is the dyadic Green's function 3 2( ) 3( ) /G r r     r r r I
  .  

 

  
Exciton resonances Plasmon resonances  

 

Fig. 1. Spectra of the energy field absorption rate by the nanocomposite with excitonogenic  
shell and magnetized core at the frequency of excitonic and plasmonic resonance in a magnetic 
field with induction B=10 T. Plasmon decay coefficient 111c106  . Parameters: r=70, 

601 R , 802 R  nm; 2/  , 11103   с-1, ,c1087,13 115 p  .c104 115 exc   
 

The introduction of composite nanoparticles in nearest neighbor molecules changes the local 
electromagnetic field in its location that can be taken into account by introducing the total dipole 
moment ( ) ( )     p I G r p

   of the system “nanoparticle-molecule” containing the contribution 

( ) ( )  G r p
 

P  from the polarized nanoparticle. Here ( ) 
  is the tensor dipole polarizability of 

the particle, ( )G r


 is the dyadic Green's function 3 2( ) 3( ) /G r r     r r r I
  .  

We define the spectral density /dN d   of the photons number that emitted by the 
molecule united with nanoparticle at the frequency   in a magnetic field of the induction B as the 
product of the spontaneous transition probability and the Lorentz form factor of the spectral band 

 

 
 22

( | , , ) ( | , , ) + K1( | , , ) ( | , , )
2 ( ) ( | , , ) + K

sp
sp

if

w r U rd N r = r
d U r

   
    

     

 
 

   

B B
B B

B
,               (3) 

 

where  ( | , , ) + KU r B is the width of the spectral line; if  is the resonant frequency of a 
molecular transition;  – the angle between the radius vector r  and the magnetic induction vector 
B. Spontaneous emission rate is 
 

3 2

3

4( | , ) ( ) ( | )
3spw

c


     B r I G r B p
 


. 
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Spontaneous emission and nonradiative energy transfer to the nanoparticle are competing 
deactivation processes of excited state molecules, and their joint consideration is necessary to 
determine the fraction of molecules broken by radiation way (quantum yield of luminescence) 
 

( | , , )
( | , , )

( | , , ) ( | , , )
sp

sp

w r
r

w r U r K
 

  
   


 

B
B

B B
.                                 (4) 

 
K  in eq. (4) is the constant of the nonradiative decay of the excited molecule in the absence of 
nanoparticles. It is necessary also to take into account nonradiative transfer of electronic excitation 
energy of the molecule on plasmon modes of the nanoparticle and the subsequent damping of these 
modes. The rate U of such a process is proportional to the imaginary part of the polarizability 
tensor ( | )  B  of the nanoparticle in a magnetic field with induction B [5] 
 

1 * 1( | , ) (2 ) Im ( ) ( | ) ( ) (2 ) Im ( ) ( | ) ( )U V V              B r E B E pG r B G r p
    .      (5) 

 
        Spatial distributions of the spectral density (3) in a neighborhood of a spherical layered 
nanocomposite with a pronounced exciton-plasmon interaction are presented. Calculations of the 
probability of spontaneous transition in the system "nanoparticle-molecule", made for various 
geometric configurations of the system have shown [5] that near the nanoparticle, the probability 

( )spw   is appear as non-monotonic: it is maximum when the molecule is located along the 
diameter of the nanoparticles parallel to the vector p of the molecular dipole moment and the 
minimum when the radius vector r is perpendicular to the vector p. This result holds both for the 
case of calculating the rate of transition at the resonant frequency if  and as well as at the 
frequency of the nanoparticle plasmon resonance. In addition, in [5] it was shown that in this 
system the influence of composite nanoparticles is not limited to the amplification of spontaneous 
transitions in the molecule.  

   
a) 15 113,87 10 cp    b) 2/   c) 15 14 10 cexc    

Fig. 2. Spectral density of the photon number emitted by the molecule at different frequences. 
а) in external magnetic field with induction В; b) by different dissipation parameter of plasmons; 
c) in a different position (angle coordinate) of the molecule near the nanocomposite. Molecular and 
plasmon resonances. Parameters: 15 113,87 10 c ,p   111c106  , 11103  с-1, 2/  , r=80, 

601 R , 2 80R  nm, 10B T.  
 

Plots of the function (3) (Fig. 2) should be compared with experimentally recorded spectra of 
fluorescence of molecules in systems containing metal-organic hybrid nanoparticles and their 
clusters. The low-frequency peak at 0,4 (in plasma frequency units) corresponds to the spectral 
range of Frenkel’s singlet excitons in molecular crystal or polypeptide. 

In addition, there were obtained the frequency dependence of the rate ( | , )U  B r of 
nonradiative energy transfer from molecules to spherical metal nanoparticles in a magnetic field of 
the induction B. It is observed a splitting of the curves of the frequency dependence of rate 
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( | , )U  B r on two or three of spectral components. Output spectral densities of photons emitted by 
the system "molecule-nanoparticle" on frequency  , magnetic field induction, calculated on the 
basis of expressions (3)-(5) for different geometrical configurations of the system are presented. 
The work was supported by the Ministry of education and science of the Russian Federation (GZ, 
Project No. 3.7758.2017/BP). 

 
 

References 
1. Lebedev V.S., Medvedev A.S. Optical properties of three-layer metal-organic nanoparticles with 

a molecular J-aggregate shell / // Quantum Electronics. 2013. –V. 43 (11) –P. 1065 – 1077. 
2. SugakovV. I. ,  Vertsimakha G. V. Localized exciton states with giant oscillator strength in 

quantum well in vicinity of metallic nanoparticle // Phys. Rev. B. – 2010. –V. 81. - P. 235308. 
3. KucherenkoM.G,. Nalbandyan V.M. Absorption and spontaneous emission of light by 

molecules near metal nanoparticles in external magnetic field // Physics Procedia 73 ( 2015) 
136 – 142. doi: 10.1016/j.phpro.2015.09.134 © 2015 The Authors.  

4. Kucherenko M. G., Chmereva T. M. Energy transfer in a cylindrical nanostructure consisting of 
a metal wire and a coaxial covering with luminophore molecules // Journal of Appl. Spectr., 
Vol. 84, No. 3, July, 2017 (Russian Original Vol. 84, No. 3, May–June, 2017, P. 358-367). 

5. Kucherenko M.G., Nalbandyan V.M., Rusinov A.P., Terenina L.V. Peculiarities of molecular 
luminescence near layered nanocomposites with exciton-plasmon coupling // Book of 
Abstracts. The 4th Intern. A.N. Terenin Symp. «Mol. photonics»-2016. Peterhof, St. Peterburg., 
2016.–P. 21. 
 
 

MAGNETIC CIRCULAR DICHROISM SPECTRA OF TWO-PARTICLE 
MAGNETOPLASMONIC CLUSTERS  
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chmereva@yandex.ru 

 

Recently, there is a growing interest of researchers to composite systems that combine 
nanostructures with magnetic and plasmon properties, due to the possibility of their practical use, 
for example, in magnetic field sensors, biosensors, in optical devices for data transmission and 
processing, in the light control using a magnetic field [1]. 

In this paper we calculated the optical absorption and magnetic circular dichroism (MCD) 
spectra of clusters consisting of two nanoparticles, one of which has a core-shell structure, as shown 
in Fig. 1.  

 
Fig. 1. Configuration of a two-particle cluster containing homogeneous and two-layer nanoparticles 
 

Calculations of the optical absorption spectra and the MCD of two-particle clusters were 
carried out in the framework of the approach based on the concept of the dipole dynamic 

 

z R 

R1 

R2 

r 
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polarizability tensor  


 of the cluster [2]. In this approach, the absorption cross-section of the 
light is determined by the imaginary part of the scalar value containing  


 

      EEdabs c nn   Im ,    (1) 

where nE is the polarization vector of the light wave; с is the speed of light in the vacuum; d is the 
permittivity of the medium surrounding the cluster. The MCD spectrum is the difference between 
the absorption cross-sections of the right-hand polarized light  0,,121 iR

E n  and the left-hand 

polarized light  0,,121 iL
E n . 

In the dipole approximation the polarizability tensor of a cluster  


 is expressed in terms 
of polarizabilities  1


 and  2


 of the particles entering into it. These polarizabilities can also 

be tensors [2] 
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where  rG


 is the tensor Green's function; I is the identity matrix. The polarizabilities of the 
particles forming the cluster are determined by the dielectric properties of the material of the 
particles and their surroundings. The permittivity of a ferromagnetic is a tensor. If the nonzero 
magnetization of the ferromagnetic directed along the z axis of a Cartesian coordinate system then 
this tensor has the form [3] 
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where     1
22

11 1 ipl ; ωp1l and γ1 are the plasma frequency and the dissipation 

coefficient, which determines the heat loss in the metal; Q is the magneto-optical Voigt parameter. 
In an external magnetic field, the permittivity of noble metals is also the tensor [2, 4]. 

However, the associated magneto-optical effects will be noticeable only in anomalously large 
magnetic fields. Therefore, in this work we assumed the permittivity of noble metals is a scalar 
function of the frequency      2

22
2 iplm , where ωpl2 and γ2 are the plasma 

frequency and the dissipation coefficient, ε∞ is the high-frequency permittivity of the noble metal. 
If the layered particle has the ferromagnetic core and the plasmon shell, then the 

polarizability tensor of such nanoparticle is written as [4] 
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 (3) 

where R1 и R2 are the radii of the core and the whole particle, respectively. In the limit R1  R2 the 
formula (3) gives the polarizability tensor of the homogeneous ferromagnetic particle, and in the 
limit R1  0 the formula gives the scalar polarizability of the noble metal particle. The scalar 
polarizability of the particle with the dielectric core and the plasmon shell obtains as a result of the 
replacement of the tensor   f

  in the formula (3) by the scalar permittivity. 

Calculations of the absorption cross-section (1) are performed for the case when the 
magnetization of the ferromagnetic particle is directed along the z axis, which coincides with the 
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cluster axis and the direction of the light propagation. In this case the quasi-static Green's function, 
which enters into formula (2), is a diagonal matrix with elements   3

2211 1)( rrGrG  , 

  3
33 2 rrG   [4]. 

The following model parameters were used during the calculations: the high-frequency 
permittivity is  = 4.45 (Ag) and 9.8 (Au); the dielectric constant of the medium surrounding the 
cluster and the permittivity of the dielectric core of the particle are d  = 2; the bulk plasmon energy 

is 1pl  = 9.75 eV (Со), 2pl = 9.0 eV (Ag and Au); the dissipation factor 1 = 0.63 eV (Со), 2  = 

0.027 eV (Ag and Au); the magneto-optical Voigt parameter is Q = 10-3; the distance between the 
centers of the particles in the cluster r = 20 nm; the radius of the core of the layered particle R1 
varied from 0 to 5 nm; the particle radii were the same R = R2 = 5 nm.  

 

 
Optical absorption spectra (a) and MCD (b) of the cluster consisting of the homogeneous 

cobalt nanoparticle and the two-layer nanoparticle with the dielectric core and the silver shell are 
presented in Fig.2. There are two peaks in the absorption cross-section in the absence of the 

Fig. 2. Absorption cross-sections (a) and MCD spectra (b) of the cluster “cobalt particle - particle with 
the dielectric core and the silver shell” for different radii of the core: R1 = 0 (1), 2 (2), 3 nm (3) 

Fig. 3. Absorption cross-sections (a) and MCD spectra (b) of the cluster “gold particle – particle with 
the cobalt core and the silver shell” for different radii of the core: R1 = 5 (1), 4 (2), 3 nm (3) 
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dielectric core as can be seen from the Fig.2 (curve 1). The peak corresponding to the silver 
nanoparticle is located in the region of 400 nm, the peak of the cobalt nanoparticle is in the region 
of 270 nm. The presence of a dielectric core (curves 2 and 3) leads to the appearance of an 
additional peak in the 320 nm region, which is associated with the appearance of the second 
interface of the "metal-dielectric" and, consequently, the second plasmon resonance. In addition 
with the growth of the radius of the particle core an increase in the distance between the peaks 
corresponding to the plasmon resonances on the inner and outer surfaces of the silver shell is 
observed. Changing the absorption spectra leads to the change in the MCD spectra. 

Optical absorption spectra (a) and MCD (b) of the cluster consisting of the homogeneous 
gold nanoparticle and the two-layer nanoparticle with a cobalt core and a silver shell are presented 
in Fig. 3. In the absence of the silver shell (curve 1) there are two peaks in the absorption cross-
section corresponding to plasmon resonances of cobalt and gold nanoparticles. The presence of the 
silver shell leads to the appearance of an additional peak in the plasmon resonance region of silver 
(curves 2 and 3) and to the shift of the cobalt peak toward smaller wavelengths. With increasing 
shell thickness the distance between the peaks corresponding to cobalt and silver increases. The 
position of the peak corresponding to the gold nanoparticle does not change, only a slight change in 
the cross-section magnitude is observed. 

Thus, the theoretical study showed the significant influence of geometric and 
electrodynamic characteristics of the two-particle cluster on the shape of spectra of optical 
absorption and MCD. 
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DONOR-ACCEPTOR SYSTEMS BASED ON ORGANIC SEMICONDUCTOR DOPED BY 
SIMPLE AND ENDOHEDRAL FULLERENES  

 
Alidzhanov E. K., Razdobreev D.A. 

Orenburg State University, Orenburg, 460018 Russia 
 

The study of the processes of excitation and energy (charge) transfer in model donor-
acceptor (DA) systems is an important task in connection with the great potential of the use of such 
systems in medicine, molecular electronics and photonics [1]. Fullerenes and carbon nanotubes are 
often used as electron acceptors [2]. The advantage of fullerene nanostructures is their high ability 
to recover. For example in solutions fullerene derivatives with a redox potential of 1.76 eV can take 
up to 6 electrons. 

An important component of a detailed study of the processes of intermolecular excitation 
and charge energy transfer in DA systems is the correct modeling of such processes on the basis of 
known mathematical models (diffusion-controlled transfer, inductive-resonance transfer, etc.). 
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In the present work we studied the efficiency of processes of intermolecular excitation 
energy transfer in the DA system formed on the base of semiconductor polymer poly[2-methoxy-5-
(2`-ethylhexyloxy)-1,4-phenylenevinylene] (MEH-PPV) doped by simple C60 and endohedral 
metallofullerenes Y@C82. In DA systems formed on the basis of π-conjugated polymers, resonant 
energy transfer can occur between conjugated polymer segments. This significantly increases the 
diffusion length of excitons and therefore the probability of the process of resonance energy transfer 
to the acceptor followed by charge separation. Information on the excitons dissociation efficiency 
into free charges was obtained from the efficiency of the conjugate polymer photoluminescence 
(PL) quenching. Simulation of the processes of MEH-PPV films PL quenching under Y@C82 and 
C60 doping was carried out by analytical model [3,4], which takes into account the Förster energy 
transfer both between the polymer segments and between the polymer and the acceptor molecules . 

MEH-PPV toluene solution with a concentration of 1.2*10-3 M (based on the molar weight 
of the monomer) have poured into a glass vials. And then in each vials Y@C82 or C60 in a 
proportion of 0 to 1.7% relative to the polymer concentration were added. MEH-PPV films doped 
with fullerenes were prepared by drop-cast of 50 µl solution from each vial to the glass slide with 
subsequent solvent displacement. 

The density of MEH-PPV film was taken to be 1g/cm3, which corresponded to the 
concentration of monomers 2.2*1021 cm-3. The obtained concentrations (q) of C60 and Y@C82 
molecules extinguishers in different samples are summarized in table.  

 
Sample № 1 2 3 4 5 6 7 8 

(q) - Acceptor 
concentration 
(*1020см-3). 

0.018 0.037 0.078 0.12 0.17 0.22 0.28 0.38 

 
Luminescence spectra were recorded 

for each film sample using a spectrofluorimeter 
"SOLAR CM2203" at excitation wavelength λ 
= 440 nm. To control the thickness of the 
samples and to eliminate the effects of the 
internal filter electronic absorption spectra 
were also recorded. The relative luminescence 
intensity of the samples with different levels of 
doping by simple and endohedral fullerenes 
(Sq/S0) were determined by normalization of 
the integrated intensity of luminescence of each 
of the sample (Sq) on the integral intensity of 
luminescence of the of pure MEH-PPV  film 
(S0). The analysis of the obtained experimental 
results on the MEH-PPV films luminescence 
quenching was carried out according to the 
analytical model which takes into account the 
Förster energy transfer, both between the 

segments of the polymer chain and between the polymer and the acceptor molecules [3]. According 
to this model, for a homogeneous distribution of the acceptor, the concentration of exciton 
excitations in a single polymer volume N(q) is given by the model function : 
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MEH-PPV films depending on the concentration 
(q) of fullerenes. Dashed lines-approximation of 
experimental points by the model [3]. 
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, 

G –photons absorption frequency, 
τ – luminescence life time,  
Qd – luminescence quantum yield, 
rF – Förster radius for energy transfer between conjugated polymer and quencher, 
ri – Förster radius for energy transfer between conjugated polymer segments, 
rmin – minimum distance between polymer segments,  
n – total concentration of monomer units, 
q – the quencher concentration. 

In the special case, when the energy transfer between the conjugate segments of the polymer 
is as efficient as possible, i.e. ri→∞ (B→∞), for N(q) an asymptotic expression for N(q) can be 
written: 
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          (2) 

Taking in account that N(q) and the experimentally measured value of Sq/S0 are proportional, 
we have approximated the experimental dependences of Sq/S0 by model functions (1) or (2). For 
MEH-PPV films doped with Y@C82 the best match with the experiment was given by the 
approximation Sq/S0 by function (1) with the parameters: B = 1.75±0.95, C = (12.9±1.2)*10-20. For 
MEH-PPV films doped with C60, the best match with the experiment was given by the 
approximation Sq/S0 by function (2) with the parameter C=(5.3±0.21)*10-20. Therefore in the case of 
MEH-PPV doping with endohedral fullerenes the quenching process largely depends on the 
resonance excitation transfer between the conjugated polymer segments. According to literature 
data [5] the quantum yield of MEH-PPV luminescence is Qd =0.2. Then we obtained that the value 
of the Förster radius for fullerenes rF=3.04 nm, and for endohedral metallofullerenes rF=4 nm. Then 
we can estimate the value of the Förster radius for fullerenes as rF=3.04 nm, and for endohedral 
metallofullerenes as rF=4 nm. 

 
This work was carried out at financial support of RFBR foundation and the government of 

the Orenburg region (project 18-42-560005\18) using equipment and facilities of IMNT OSU. 
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MOLECULAR DYNAMICS SIMULATION OF ELECTRICALLY INDUCED 
CONFORMATIONAL CHANGES OF POLYAMPHOLYTES ON THE SURFACE OF 

GOLD NANOPARTICLE 
 

Kruchinin N.Yu., Kucherenko M.G. 
Center of Laser and Information Biophysics, Orenburg State University, Orenburg, Russia, 

kruchinin_56@mail.ru 
 

Gold nanoparticles with polymer molecules located on their surface are widely used in many 
areas of biomedical research and as elements of nanoelectronic devices, including for the 
modification of sensor surfaces and electrodes. Of particular interest is the use of electrically 
induced conformational changes of polyampholyte peptides located on the surface of a gold 
nanoparticle. If the nanosystem in which the polyampholyte is adsorbed on the surface of the 
nanoparticle is placed in an external electric field, then the conformational structure of the 
macromolecular chain will change depending on the direction and magnitude of the field strength 
vector. For polypeptides with different distribution laws of positive and negative links under the 
influence of an external electric field, different conformational structures will be formed. Such 
electrically induced changes in the conformational structure of polypeptides can be used in a variety 
of sensors, for example, in sensors based on the effect of surface plasmon resonance (SPR) or the 
surface-enhanced Raman scattering (SERS), as well as in the luminescence-optical sensor of the 
concentration of molecular oxygen (including singlet oxygen). 

                
Fig. 1. Polypeptide A80R10D10 (blue – ALA, white – ARG, red – ASP) on the surface of gold nanoparticle 
after MD simulations at different surface charge density: A) 0 , B) 15.0 , C) 15.0  
 

MD simulations were performed for polyampholyte polypeptides located on the surface of a 
gold nanoparticle, in one case without dye molecules, and in the other with 10 molecules of eosin. 
MD simulations were performed with different values of the surface charge density on a gold 
nanoparticle: 00  , 2

05.0 /9.0 nme , 2
1.0 /8.1 nme , 2

15.0 /7.2 nme . In the starting 
configuration, the polypeptide was located a short distance from the surface of the gold 
nanoparticle. Three different starting random coils were used for each polypeptide of 100 amino 
acid residues: A80R10D10 (80 ALA residues with evenly distributed 10 ASP and 10 ARG 
residues), A60R20D20 (60 ALA residues with evenly distributed 10 pairs of ASP and 10 pairs of 
ARG residues). MD simulations were performed using the NAMD 2.12 software package [1] at a 
constant temperature of 300 K with a time step of 0.001 ps in water for 15 ns. The force field 
CHARMM22 [2] was used for polypeptides. The interaction with the gold nanoparticle was 

A B C 
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described by the Lennard-Jones potential, developed in [3]. For the eosin, the CGenFF force field 
was used [4-5]. Based on the results of MD simulation, the radial distribution of the concentration 
of macromolecule atoms and dye molecules on the surface of the nanoparticle was calculated from 
the resulting final conformations. 

 
Fig. 2. . Radial dependencies of the concentration of atoms of the polypeptide A80R10D10 on the surface of 
a gold nanoparticle with differentiation by the types of residues after MD simulations at different levels of 
surface charge density: A) 0 , B) 15.0 , C) 15.0  (pep – radial dependence of the concentration of atoms 
over all atoms of the polypeptide; ala, arg, asp – the radial dependencies of the concentration of atoms by 
type residues; 1 - approximating curve [6])  

Figure 1 shows the results of MD simulations of the polypeptide A80R10D10. For the case 
of a neutral nanoparticle, according to formulas obtained by the methods of the statistical theory of 
macromolecules [6], an approximating curve was constructed to distribute the radial concentration 
of polypeptide atoms without distinction by the types of links (Fig. 2A). In the case of MD 
simulations on a charged surface of a nanoparticle (Fig. 2B, 2C), as the absolute value of the surface 
charge density in final conformational structures increased, a redistribution of the charged residues 
of the polypeptide was observed: the residues having a charge sign identical with the surface were 
removed from it, and the remainders with the opposite sign adsorbed on the surface of the 
nanoparticle. 

 

                
Fig. 3. Polypeptide A60R20D20 with eosin molecules (blue – ALA, white – ARG, red – ASP, eosin 
molecules – orange) on the surface of gold nanoparticle after MD simulations at different levels of surface 
charge density: A) 0 , B) 15.0 , C) 1.0  
 

Figure 3 shows the results of MD simulations of a polypeptide A60R20D20 with 10 eosin 
molecules (in the macrochain structure) on the surface of a gold nanoparticle with different levels of 

A B C 

A B C 
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surface charge density. In the case of a neutral nanoparticle, the negatively charged eosin molecules 
are mainly adsorbed on the macromolecule near the positively charged ARG residues. The profile 
of the radial distribution of the concentration of atoms of the molecules of eosin adsorbed on the 
macrochain in this case was similar to the profile of the radial distribution of the concentration of 
polypeptide atoms (Fig. 4A). 

 As the positive charge on the surface of the nanoparticle increased, more and more of the 
eosin molecules shifted to the surface, while the other part remained near the positively charged 
ARG residues, which were removed from the charged nanoparticle. For values of 1.0  and 15.0 , 
two peaks were formed on the radial distribution curves of the atoms of the eosin molecules 
adsorbed on the macrochain (Fig. 4B). For the polypeptide A60R20D20, the first peak was located 
at a distance of 4.65-5.05 nm from the center of the nanoparticle, and the second at a distance of 
5.95-6.05 nm. 

 

  
Fig. 4. Radial dependencies of the concentration of atoms of the polypeptide A60R20D20 with eosin 
molecules on the surface of a gold nanoparticle with differentiation by the types of residues after MD 
simulations at different levels of surface charge density: A) 0 , B) 15.0 , C) 1.0  (pep – radial dependence 
of the concentration of atoms over all atoms of the polypeptide; ala, arg, asp – the radial dependencies of the 
concentration of atoms by type residues; eos - radial dependence of the concentration of atoms eosin 
molecules adsorbed on the macrochain; 1 and 2 - approximating curves [6]) 
 

As the absolute value of the negative charge on the surface of the nanoparticle increased, an 
increasing number of eosin molecules were desorbed from the macromolecular chain into the water, 
while the other part was as far from the nanoparticle as possible. In these cases, the peak of the 
radial distribution of the concentration of atoms of the eosin molecules (Fig. 4B) adsorbed on the 
polypeptide A60R20D20 was at a distance of 6.65-7.4 nm from the center of the nanoparticle. 

Thus, under the influence of an electric field on the surfaces of adsorbents, the 
conformations of the polyampholytes, as well as the character of the arrangement of the molecules 
of the dyes adsorbed on the macrochain, are possible. These structures can be used to create a 
luminescence-optical sensor of the concentration of molecular oxygen (including singlet oxygen) 
with adjustable characteristics. In addition, such adjustable macromolecular structures can find 
application in SPR and SERS sensors. 
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luminescence, lasers, superluminescence, humidity sensor, optoelectronics. 
Investigation of physico chemical properties of the organic dye – biopolymer complexes is 

the important objective because of great potential of such materials in medicine, nanotechnology, 
molecular electronics and photonics. 

This work is devoted to a creation of universal nanomaterials which are multifunctional 
transformers of optical energy. The dye molecules in such systems stand as a spectral sensitizers. In 
depends on the class of dye used and the type of DNA-dye bonding complex we can result or 
effective fluorophores or the materials where optical energy transforms to heat and therefore the 
recording of bitwise and holographic information is possible. 

Optical properties of the film supramolecular structures based on organic dyes and 
biopolymers (DNA, chitosan) are presented [1]. Also we consider to apply these materials in 
optoelectronics. 

The method of production of optical uniform double-helical DNA film structures is 
proposed. These structures were formed according to the “guest-host” principle and the dye 
molecules act as the “guest” and demonstrate high fluorescence capability. Superluminescence of 
Pyronin G is realized in such system. 

The method of creation of effective luminophors based on anionic dye – chitosan system is 
proposed. Superluminescence effect of Sulfophodamine B in chitosan film is observed also. 

The possibility of application of the dye – DNA film material for sensor element of air 
relative humidity is demonstrated experimentally. 

So, this work reveals that investigated optical functional materials based on dye – 
biopolumer systems may be used as effective luminophores, contactless sensors, recording media 
[2, 3] and other optoelectronic devices. 

The absorption and luminescence spectra of acridine orange in biopolymer matrices of 
gelatin, chitosan and in a mixed gelatin-chitosan matrix were studied. It was found that the gelatin-
chitosan matrix composition makes it possible to influence the monomer-dimer equilibrium of the 
ligand, the organic dye of acridine orange, introduced into the matrix. 
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At present, the processes of energy transfer and charge photogeneration between adsorbed 

molecules and semiconductors are being intensively studied by specialists of various fields of 
knowledge. Research in this field is necessary both because of their fundamental importance and 
because of their practical application in the conversion of solar energy [1], in nanoelectronics [2] 
etc. 

Electron transfer to the semiconductor from organic molecules are not fully understood at 
the present time. One of the important questions requiring attention is the role of triplet states of the 
dye in charge transfer from the dye to semiconductors. 

The degree of participation of electronic states of different spin multiplicity in the process of 
generation and recombination of the electron-hole pairs (EHP’s) at the interface between the porous 
TiO2 film/PD molecule was studied. It is shown that the process of electron energy transformation 
at the semiconductor-dye interface takes place with the participation of triplet EHP’s. The 
magnitude and sign of the magnetic effect on the recombination luminescence (RL) depends on the 
mutual arrangement of the energy levels of the dye molecules and the conduction band of the 
semiconductor. According to the RL of the dye in the nano- and microsecond ranges, it is 
established that the decay of the EHP’s occurs both through the singlet state of the dye (S1) and 
through the triplet (T1). 

The investigations of the effect of spin-orbit interaction in semiconductor polymer matrices 
on the excited singlet and triplet states of PD have shown that the formation of charge carriers in the 
conduction band of a semiconductor occurs with the formation of the EHP of the cation-radical of 
the carbazole fragment of PEPC and the electro-neutral dye. It is manifested in the appearance of 
spin-orbit interaction of the dye. In the presence of heavy atoms, the magnetic effect on the RL has 
a time-dependent character due to the competition between the singlet and triplet channels of EHP. 
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Abstract: On the basis of a model polymer system, a process of photoinduced chemical 

bonding of oxygen molecules with trapping molecules was studied. The concentration of free 
oxygen in the system was estimated from the decay kinetics of the luminescent signal. Obtained 
results made it possible to estimate the diffusion coefficient of oxygen molecules in the polymer. 

Molecular oxygen, due to the high reactivity of the excited singlet state 1
2 ( )gO  , plays an 

important role in chemical and biological systems. The high mobility of oxygen molecules ensures 
the transfer of the electron excitation energy to sufficiently large distances, on a molecular scale. 
Singlet oxygen 1

2 ( )gO   is a strong oxidant, it destroys the native state of biological 
macromolecules by chemically binding to them [1-2]. Photogeneration in living cells of a high 
concentration of active oxygen leads to their death, which is the basis of photodynamic therapy of 
malignant tumors [3-4]. 

In this paper, the process of chemical binding of oxygen molecules to immobilized 
anthracene molecules in an oxygen-permeable polyvinylbutyral film containing, as a 
photosensitizer, an organic dye-erythrosine molecules [5] was studied. Erythrosine molecule has a 
high quantum yield in the triplet state. When photoactivated, it provides a sensitized conversion of 
oxygen from a triplet form to a singlet form. The experimental samples were polymer films with a 
thickness of about 2 μm with a constant dye concentration (5 mM) and a different concentration of 
anthracene (0, 0.5, 1.0, 2.5, and 5 mM). 

The samples were irradiated with a series of laser pulses with an energy of 100 mJ and 
duration of 10-12 ns at a wavelength of 532 nm (in the erythrosine absorption band) with a delay 
between pulses of 0.1-0.2 s. At the end of each pump pulse, a delayed fluorescence (DF) signal was 
recorded at a wavelength of 585 nm with a time resolution of 50 ns. For films without anthracene, 
the luminescence signal has a duration of about 50 μs, which is due to the active quenching of 
triplet states of erythrosine with oxygen. The observed signal is independent of the number of pump 
pulses, which indicates the absence of irreversible photochemical processes in these films. 

In samples containing anthracene molecules with each successive pump pulse, a delayed 
fluorescence curve changes: the amplitude of the signal decreases and its duration increases. Fig. 1 
shows that a smaller delay between the pump pulses corresponds to a larger amplitude of the effect 
(about 20% for 0.1 s and 8-10% for 0.2 s). The nature of the curve changes can be explained by a 
decrease in the oxygen concentration in the film due to its binding to the anthracene during the 
action of the pump pulse. After the pump pulse oxygen concentration is relatively slowly 
replenished due to its diffusion from the atmosphere. Accordingly, with a greater delay between 
pulses, diffusion replenishment of oxygen in the polymer proceeds more intensively. This 
conclusion is also confirmed by the fact that after a pause in a few seconds the sample restores its 
initial parameters and, upon repeated action by a series of pulses, the effect of decreasing the 
amplitude and increasing the duration of the signal with increasing number of pump pulses is also 
observed. 
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Fig. 1. Kinetics of delayed fluorescence of erythrosine (C = 5 mM) in a film of polyvinylbutyral with 
anthracene (C = 0.5 mM), depending on the number of pump pulses. The duration between pulses a) - 

0.1 s, b) - 0.2 s 
Fig. 2 shows that with an increase in the anthracene concentration, the decrease in the signal 

amplitude of the delayed fluorescence of erythrosin is more pronounced (for a sample with a 
maximum anthracene concentration, this effect reaches values of 30-40%), and the duration of the 
luminescence increases, which also confirms the direct effect of anthracene molecules on the local 
concentration free oxygen in the film. 

 

  
 

Fig. 2. Kinetics of delayed fluorescence of erythrosine (C = 5 mM) in a film of polyvinylbutyral with 
anthracene with concentration a) -C = 2.5 mM, b) -C = 5.0 mM, depending on the number of pump 

pulses (duration between pulses 0.1 s) 
Fig. 3a shows the relative influence of anthracene in the system on the decrease of the 

maximum of delayed fluorescence signals upon exposure to a sample by a series of pump pulses. It 
can be seen from the graphs that as the concentration of anthracene increases in the film, the 
magnitude of the effect increases, and the dependence ( )DF pulseI N becomes nonlinear. This is due 

to the fact that with a significant decrease in the local concentration of oxygen in the film, the 
process of its replenishment is accelerated due to diffusion from the atmosphere.  

Since the kinetics of the delayed fluorescence signal in the presence of oxygen is substantially 
nonexponential, the time duration of the delayed fluorescence signal, defined as 
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( ) ( )eff DF DFt I t dt I t dt    . 
 

Fig. 3b shows that with increasing total exposure the duration of the luminescence signals 
increases, and in the samples with a large concentration of anthracene the dependence ( )eff pulseN  

becomes nonlinear. It can be seen from the figure that the curve goes to the horizontal asymptote 
corresponding to mutual compensation of the processes of oxygen binding by anthracene in the 
volume of the polymer and its diffusion inleakage from the outside. Thus, this experimental 
technique allows one to evaluate, in particular, the efficiency of oxygen diffusion in polymer 
systems. 

 

  
 

Fig. 3. Intensity a) and effective decay time b) of the delayed fluorescence signal of erythrosine (C = 5 mM) in 
polyvinylbutyral film with different content of anthracene (1) - 0.5, (2) - 2.5 and (3) - 5 mM, depending on the amount 

of the pump pulses 
 

A qualitative description of the obtained experimental results can be given within the 
framework of the formal kinetic approach. Assuming the concentration of the photosensitizer and 
anthracene to be practically unchanged (this is true if the concentration of trap centers is much 
greater than the oxygen concentration), it can be shown that the effective decay time of the DF 
signal will be inversely proportional to the oxygen concentration in the system. Then from Fig. 3b, 
it is possible to estimate the fraction of oxygen molecules remaining in the system after the 
pumping pulse as 

 
( )( 1)

( ) ( 1)

kk
effOx

k k
Ox eff

n
n






 , 

 

and hence determine the fraction of molecules bound by anthracene. Thus, in a film with a 
maximum anthracene content, about 3% oxygen is bound by the action of the first pump pulse, and 
the maximum deficit of free oxygen after 17 pulses is about 14%. 

Funding. Ministry of Education and Science of the Russian Federation (Minobrnauka) 
(3.7758.2017/BCh). 
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Ability of living organisms to respond to the impact of and changes in external magnetic 

fields, including the earth's magnetic field, was repeatedly demonstrated experimentally. Any 
observed physiological response of the body to magnetic field action is a complex chain of 
intracellular biochemical transformations. It starts from an elementary act, which is a 
magnetosensitive stage of intracellular process or, in other words, a primary magnetoreceptor. The 
spin-dependent ion-radical enzymatic reactions occurring with transfer of electron and, accordingly, 
electron spin, have been proposed to consider as a universal receiver of magnetic fields [1]. 

The experimentally detected combined effect of weak static magnetic fields (SMFs) 0.8-100 
mT and magnetic moments of magnesium isotope 25Mg on living organisms on the example of E. 
coli bacteria are of particular interest. It turned out that living organism reacts not only to magnetic 
field action, but also to changes in the isotope composition of magnesium [2]. However, 
experimental data on the effects of magnetic isotopes of other chemical elements, such as 31P, 43Ca 
and 67Zn, and external SMF in living organisms are not available in the literature. 

The aim of this work is to study the combined effect of weak SMFs and magnetic nuclear 
moments of the zinc isotope 67Zn and magnesium isotope 25Mg on the metabolism of E. coli 
bacteria. Intracellular elemental composition after cultivation in a magnetic field was studied to 
analyze the biochemical changes occurring in E. coli bacteria. 

Joint effects of external weak magnetic fields and nuclear spins of the magnetic isotope 67Zn 
and 25Mg on vital functions of bacteria cells E.coli have been proved experimentally. The 
metabolism of main elements in E. coli bacteria depends on external SMF and zinc/ magnesium  
isotopes contained in nutrient medium. The changes in intracellular content of P, K, Na, Ca, Mg, Zn 
are observed in the certain SMF ranges, for which the combined effects of external SMF and 
magnetic moments of atomic nuclei of zinc or magnesium on the growth and development of 
bacteria were found [2]. The nature of these changes depends on biological function of chemical 
elements. These data confirm magnetic sensitivity of intracellular enzymatic processes to the static 
magnetic field and magnetic moments of atomic nuclei. 

This work was supported by the Russian Foundation for Basic Research (project no. 16-33-
60021). 
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Monitoring changes of oxygen content in tissues is an important task in medical diagnostics. 

One of the promising ways to carry out this monitoring is non-invasive in real time mode is the use 
of luminescence of exogenous molecular probes. In this paper it is shown that for this it is 
convenient to use one of the types of delayed fluorescence (DF), due by the mutual annihilation of 
the triplet probe and singlet oxygen (1O2). We shall henceforth designate this type of luminescence 
as an ADF. Since such type of luminescence is directly proportional to the amount of singlet 
oxygen formed in the tissue, its intensity can be used indirectly to evaluate the activity of 
photodynamic processes in different parts of the tissue [1-7].  

The tissues of BYRB mice are studied, in females of which at certain stages of the life 
specific single-type malignant tumors of the mammary glands are formed [8]. For in vitro 
experiments, tissue fragments were extracted surgically. Staining was performed by immersing a 
piece of tissue in an aqueous solution of the dye concentration of 10-3 mol/l. The time between the 
operation at the animal and the completed experiment did not exceed 1.5 hours. Then the samples 
were placed in a sealed thermostatable chamber where the temperature and oxygen content can be 
controlled by saturating the atmosphere above the samples with nitrogen (or oxygen).  

At experiments in vivo, the animal was rigidly immobilized. In our experiments, the mouse 
skin was opened in the region of the hind paw and a fragment of muscle tissue was examined. The 
open tissue was washed and stained with an erythrosine or eosin solution of 10-3 M, then covered 
with glass to prevent access to the tissue of atmospheric air. The luminescence of the dyes by a 
series of laser pulses of a certain frequency was excited. The excitation was make a pulsed solid-
state YAG:Nd3+ laser. The duration of each pulse was 15 ns, power density less than 0.5 MW/cm2. 
Molecular probes were xanthene dyes - erythrosine and eosin, which are used in histology and in 
photodynamic therapy [9-10]. The kinetics of long-term luminescence were recorded through a 
MDR-41 monochromator by PMT-84 which has a control electrode. During excitation, conditions 
were created for the animal either by hypoxia or by hyperoxia, by supplying gaseous nitrogen or 
oxygen for several seconds through a special respiratory mask.  

It is known that the kinetics of delayed fluorescence of dyes in tissues includes two types of 
long-term luminescence: a rapidly decaying ADF (1-10 μs) and a slowly decaying (more than 
100 μs) thermoactive delay fluorescence (TDF), due of reverse intersystem crossing from the triplet 
T1 state to an excited singlet S1 state. When oxygen was removed from the stained tissues (when 
air in the chamber with tissues was replaced by nitrogen), a significant quenching of the 
luminescence was observed at the initial (1-10 μs) section of the kinetic curve of the DF, which was 
due to a decrease in the contribution of the ADF component to the luminescence [3-5]. Thus, the 
ADF-component of delayed fluorescence, which is an indicator of the change in oxygen content in 
tissues, should be observed at the initial section of the kinetic curve (figure 1). At longer intervals it 
is advisable to monitor the change in the TDF luminescence component.  

 



Russian-Japanese Conference «Chemical Physics of Molecules and Polyfunctional Materials» 

 
 

37

 

 

Figure 1. Kinetic curve of delayed fluorescence 
of erythrosine in mouse tissue at pulsed 
excitation. The areas are shown where ADF- and 
TDF-type dominates. 

Figure 2. The kinetics of delay fluorescence 
decay of erythrosine in a mouse tumor after the 
first, fourth and seventh pulses at an excitation 
frequency of 5 Hz 

 
The changes of the DF kinetics of dyes due to the photodynamic processes in the tumor 

were recorded under periodic pulsed excitation of molecules with a frequency of 1 Hz and higher. 
Figure 2 shows that the ADF of erythrosine is quenched under such excitation with each subsequent 
pulse. This quenching is due to the fact that after each exciting pulse, the generated singlet oxygen 
is rapidly consumed to oxidize the substrate, and the restoring of oxygen content from the outside is 
slower. As a result, the concentration of oxygen in the tissue decreases, which leads to quenching of 
the ADF. If the excitation pulses frequency is less often, then the oxygen will have time to recover 
between the pulses, and quenching of the ADF will not be observed. This effect is observed in 
tumors much more often than in healthy tissues. This is probably due to the high accumulation of 
dye in tumors and the more active photodynamic processes in them.  

Using the correspondence between the intensity of ADF of dyes and of the concentration of 
oxygen in the tissue, it is possible to carry out continuous monitoring of the oxygen level in tissues 
in vivo. Figure 3a shows the change of the integrated intensity of the DF of erythrosine at range of 
time of 0-10 μs (APF) under periodic feeding of pure nitrogen gas to respiration mask of mouse. 
The periods of time when the supply of nitrogen to respiration mask were carried out are indicated. 
Under the supply of nitrogen to respiration mask, the intensity of the ADF of erythrosine in the 
irradiated tissue decreases markedly.  

 

 

 

(a) (b) 
Figure 3. Change of erythrosine ADF intensity under the exposing of tissue in vivo at fixed 
frequency of 5 Hz with intermittent supply with the nitrogen-enriched (a) and oxygen-enriched (b) 
mix for respiration of the mouse. Time windows of the mix supply are marked.  
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A similar result is also observed in the reverse experiment. When the oxygen-enriched 
mixture for breathing is supplied, the ADF yield increases (Figure 3b). 

A few seconds after the start of oxygen supply, the intensity of the ADF is saturated and 
does not change until the oxygen supply is cut off. This indicates the saturation of tissues with 
oxygen. After switching off the oxygen supply after about 3 to 5 seconds, the intensity of the ADF 
decreases to its original values. If the oxygen many times is fed and turned off, the pattern of the 
change of the intensity of the DF is repeated. Also is observed a trend for a general decrease of the 
luminescence intensity. Apparently, this is due to the photochemical reactions of the dyes.  

Thus, from the kinetics of DF exogenous dyes during the pulse-periodic excitation of 
molecules, it is possible to continuously monitor changes of the oxygen content in tissues in vivo. 
The intensity of DF, especially its component, due to the singlet-triplet annihilation of singlet 
oxygen with the triplet states of the dyes molecules, is most sensitive to a change in the oxygen 
content in tissues. 

 
References 
1. A.N. Terenin Photonics of Dye Molecules and Related Organic Compounds. Leningrad: Nauka, 

1967. 616 p. (in Russian.)  
2. A. Krasnovsky Jr., Biochemistry (Moscow), 2007, 72, 1065–1080.  
3. S.N. Letuta, S.N. Pashkevich, A.T. Ishemgulov, Yu.D. Lantukh, E.K. Alidzhanov, 

S.S. Sokabaeva, V.V. Bryukhanov, J. Photochem. Photobiol. B., 2016, 163, 232–236.  
4. S.N. Letuta, A.F. Kuvandykova, S.N. Pashkevich, A.M. Saletskii, Rus. J. Phys. Chem. A, 2013, 

87, 1582–1587.  
5. S.N. Letuta, A.F. Kuvandykova, S.N. Pashkevich, J. Anal. Oncology, 2012, 1, 107–110.  
6. M.G. Kucherenko, M.P. Melnik, G.A. Ketsle, S.N. Letuta, Opt. and Spectr. 78 (4), 649 (1995).   
7. A.T. Ishemgulov, S.N. Letuta, S.N. Pashkevich, E.K. Alidzhanov, and Yu.D. Lantukh,  Opt. and 

Spectr. 2017, 123, 828–834.  
8. E.V. Moiseeva, Pathobiology, Utreht University, 2005.  
9. A.D. Garg, M. Bose, M.I. Ahmed, W.A. Bonass, S.R. Wood, PLoS One., 2012, 7, e34475.  
10. C. Schweitzer, R. Schmidt, Chem. Rev., 2003, 103, 1685–1757.  

 
 

ANNIHILATION DELAYED FLUORESCENCE OF ORGANIC MOLECULES IN 
NANOREACTORS WITH FERROMAGNETIC PARTICLES 

 
Neyasov P.P., Kucherenko M.G., Alimbekov I.R. 

Orenburg State University, Center for Laser and Information Biophysics, Orenburg, Russia, 
nejapetr@yandex.ru 

 
A theoretical model of the process of triple triplet annihilation (TTA), which was based on 

the strong magnetic field approximation, was built and analyzed in [1]. This model produces a 
description of the TTA process on the basis of discrete movements of triplet molecules in the 
volume of a nanoreactor between characteristic spatial regions. The theory is based on the 
formalism of the density matrix and includes the following types of interactions: Zeeman 
interaction of triplet molecules with different g-factors, intermolecular exchange interaction, and 
intramolecular spin-spin interaction. Triplet molecules in this model can move "jumps" between 
two local spaces "equator" and "pole" (1) and (2). The magnetic field generated by the 
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ferromagnetic nanoparticle is inhomogeneous and anisotropic, with the result that the induction B of 
the magnetic field in these two regions (1) and (2) is different. 

The characteristic oscillating curves of the kinetics of the population  (n=1, 2) 
of the singlet spin state of a T-T-pair in two different characteristic regions of a nanoreactor were 
obtained (Fig. 1). 

The angular modulation of the magnetic field of a nanoparticle, the influence of which on 
the kinetics of population is well traced in Fig. 1(a), specifies a complex spatial modulation of TTA 
rate. In the original work [1], calculations were carried out with the prevailing diffusion of 
molecules from region (1) to (2). Calculations carried out for the inverted system of “jumping” of 
T-molecules, which corresponds to a more realistic situation, showed insignificant changes with the 
results in [1]. The probable magnitude of the magnetic effect γ for magnetite nanoparticles with a 
magnetic field of the order of 1-2 T was theoretically estimated from 10% to 30%. The magnetic 
field effect was introduced as: 

 

 

 

where K is the bimolecular rate constant for the annihilation of excitations in the local magnetic 
field of induction Bn. 

To obtain ferromagnetic nanoparticles of magnetite, a method of chemical synthesis was 
used, consisting in co-precipitating salts iron from (II) and (III) of valence, namely iron chloride of 
the composition: FeCl2·4H2O and FeCl3·6H2O. The process of formation of magnetite can be 
represented by the reaction scheme: 

 

FeCl2 + 2FeCl3 +8X(OH) → Fe3O4↓ + 8XCl +4H2O, 
 

where X (OH) is the base of substance X. 
The chosen ratio of the quantities of substances FeCl2, FeCl3 involved in the reaction is 1:2. 

The following bases were used as reducing agents: NH4OH, NaOH, and KOH. 
The results of the synthesis were the resulting aqueous suspensions containing magnetite 

particles. It was found that the optimal value of the concentration of Fe2+/Fe3+ salts in the solution is 

a) b) 

Fig. 1. The kinetics of the population of the singlet spin state of a molecular T-T-pair in the region of (a) 
the “equator”, at different values of the magnetic field induction B at the equator of the nanoparticle: (1) 0, 
(2) 0.5, (3) 1, (4) 1.5 T; (b) the “pole”, at different frequencies of the intermolecular exchange interaction 
ωexc: (1) 106, (2) 107, (3) 108, (4) 109, (5) 1010 s-1. 
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0.1 mol/L. The size of the nanoparticles obtained using NH4OH as a reducing agent was 20 nm, 
when using NaOH it was 84 nm, and for KOH it was 76 nm. 

For the direct preparation of colloidal solutions of nanoparticles, solutions of acids and bases 
were added to the microsuspensions.  

Solutions stabilized by citric acid had a narrower particle size distribution (from 70% to 
100%). Solutions that were stabilized with organic acids showed a high degree of stability and 
uniformity over a long period. In Fig. 2 shows the distribution of magnetite particles stabilized by 
citric acid, the main proportion of which (77%) has a diameter of 73 nm. 

Due to the need in such a complex system as a nanoreactor containing a magnetic particle, in 
this work an attempt was made to obtain such a system based on nanoporous alumina powders 
Al2O3 and silochrome C-80. 

To obtain such systems, colloidal solutions of nanoparticles were added to the Al2O3 
micropowders and silochrome and they were evaporated for 1 h. at a temperature of 95 °C until 
complete drying.  

The resulting suspensions acquired magnetic susceptibility, which appeared after adsorption 
of magnetite nanoparticles (Fig. 3). This fact allows us to speak about the successful creation of an 
object “nanoreactor with magnetic control elements” in the form of a ferromagnetic particle (Fig. 
4). 

A series of preliminary experiments were conducted to identify the effect of an external 
magnetic field on the kinetics of delayed fluorescence (DF) caused by TTA between the electronic 
excited states of the eosin and anthracene molecules in the nanoporous silochrome medium (Fig. 5). 
The excitation wavelength is 532 nm, the concentration of the initial solution of eosin and 
anthracene is c=10–3 mol/L. The test sample was placed in a vacuum cell; the pressure inside the 
cell was maintained at 2.2 mbar. An amplitude calibrated laser pulses using a specially designed 
electronic circuit excited the system. The influence of the magnetic field on the amplitude of the 
signal of the DF for both registration wavelengths: 560 and 420 nm was found. The magnitude of 

Fig. 2. The distribution of 
magnetite particles in size in a 
solution stabilized with citric acid 
(c(citr. ac.)=0.3 mol/L). 2nd peak -
73 nm. 

Fig. 4. The system is a 
ferromagnetic nanoparticle (1) 
with a radius Rn in the center 
of the nanocell (2) (shown in 
horizontal section) with a 
radius Rp, between them is a 
medium with T-molecules of 2     
types (black and yellow). 

Fig. 3. Photos with a drop of 
microsuspension containing 
particles of porous aluminum 
oxide Al2O3, which includes 
adsorbed magnetic nanoparticles. 
(1): sorbent particles before 
entering a magnetic field 
(neodymium magnet). (2-3): 
sorbent particles in a magnetic 
field are collected in the region of 
its greatest gradient. 

3 

1 2 
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the magnetic effect γ was about 20% and 10%, respectively (Fig. 5). The characteristic duration of 
the signal was about 50 μs. 

The obtained preliminary results confirm the experiments carried out in [2] and suggest that 
magnetic feedback in this system can also be observed by adding magnetic nanoparticles. 
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a) b) 

Fig. 5. Signal kinetics of the annihilation delayed fluorescence of the eosin-anthracene-propyl alcohol-
silochrome system. a) The registration wavelength is 560 nm, the magnitude of the induction of an 
external magnetic field B is: (1): 0, (2): 0.5 T; b) The registration wavelength is 420 nm, the value of B 
is equal to: (1): 0, (2): 0.5 T. 
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Controlling the self-assembly of coordination complexes with 
desirable molecular and crystal structures through ligand design is one 
of the main challenges of modern chemistry [1-2]. Previously it was 
shown that magnetic properties of Cu(hfac)2 complexes with  
3-pyridyl-nitronyl and imino nitroxides and their substituted 
derivatives strongly correlate with change of the substitution effect on 
the coordination ability of 3-pyridyl-substituted derivatives  
(NN/ImN-3-PyR, R = Br, Me) and molecular and crystal structure of 
the resulting Cu(II) complexes [3-5]. 

We succeeded in synthesis of complexes Cu(hfac)2 with 
NN/ImN-3-PyR (R = Br, Me) where bromine and methyl substituents 
located at different positions of the pyridine ring. It was found that the 
tuning of donor ability of coordination sites of nitroxide ligand by 
changing the steric and electronic effects of substituents can serve as a 
powerful tool for assembly of complexes with diverse molecular and 
crystal structures and hence different magnetic behavior. The details 
of synthesis and analysis of magnetostructural correlations for 
obtained heterospin complexes will be discussed. 
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ANNIHILATED MOLECULAR TRIPLET PAIRS IN SPHERICAL NANOPORES 

 
Pen’kov S.A., Kucherenko M.G. 

Orenburg State University, Centre of Laser and Information Biophysics, Orenburg, Russia, 
ingineer-rf2013@yandex.ru, rphys@mail.osu.ru 

 
Calculations and analysis have been made of fluorescence detected magnetic resonance 

(FDMR) spectra when one of molecules is fixed at the center of the cavity and other is moving 
around. The case of molecular motion in spherical cavity has been considered. Triplet-triplet 
annihilation is a spin-dependent reaction with emission from singlet state of TT-pair. The 
expression for FDMR spectra can be given by [1-2]: 

 
1( ,0) ( , )( )

( ,0)
W B W B BB

W B


                                                        (1) 

where 1 1
0

ˆ ˆ( , ) Tr{ , ( )} ( )SW B B P t B t dt


     and 
0

ˆ ˆ( ,0) Tr{ , ( 0)} ( )SW B P t t dt


     are magnetic field 

dependent TTA probability with and without microwave field, ( )t  is the average bimolecular 
reaction rate, ŜP  is a singlet state projection operator, 1ˆ ( )t B  and ˆ ( 0)t  are the density matrixes in 
the rotating frame. Evolution equation for density operator of TT-pair is 
 

ˆˆ ˆ( ) , ( )d it H t
dt

    
   ,                                                     (2) 

 
and its formal solution is 
  

ˆ ˆˆ ˆ( ) exp( / ) (0)exp( / )t iH t iH t     .                                          (3) 
 

Spin-Hamiltonian of TT-pair with microwave term in the rotating frame is 
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,          (4) 
 

where first two parts are Zeeman terms of the molecules in triplet state; third and fourth are ZFS 
terms. A contribution of the exchange interaction to spin-Hamiltonian is relatively small. As can be 
seen in (1), the FDMR spectrum is determined by the average bimolecular reaction rate. It means 
that FDMR spectra depend on media property.  

In free diffusion case of mobile molecule in the cavity we can use an analytical expression 
for Green’s function [3]  

 

     
 

(0) (0)
2 1/2 1/2(0)

3 2 2 2 (0)
1 1/2

/ /3( , , | , 0) exp
4 2

n nM
n

n n

J r R J r RDG r t r t
R R R rr J

 
 

  





       
 ,                      (5) 

0

( | ) 2 ( ) ( , | )
R
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where 0 0( ) exp[ 2( ) / ]  U r U r r L  is the distance dependent isotropic reaction rate and ( , | )G r t r  is 
the Green function. The distance dependent isotropic reaction rate with the encounter distance 0r  
and length L depends on distance between reaction centers. The Green function consists of the 
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cavity volume dependent and the time dependent parts. The nanocavity radius is denoted as R and 
the diffusion coefficient is denoted as MD . The positive roots ( )l

n  are defined by equation: 
 

( ) ( ) ( )
1/2 1/22 ( ) ( ) 0l l l

n l n l nJ J      , 
 

where ( )
1/2 ( )l

l nJ   are the Bessel functions for half-integer orders. 
Mathematical model of TTA with Hamiltonian (4) and density matrix equation (2) have 

been used for investigation of the nanocavity parameters influence on the magnetic resonance 
shape. Diffusion part of the TTA model is described by (5)-(6). Calculations have been made of 

( )t  functions and FDMR spectra at the various start points of the mobile triplet center r’ and fixed 
nanocavity radius R. The ( )t  function has a maximum for the shortly diffusion length of the 
triplet excitation. The maximum shifts to the long times as the diffusion length increases. In the 
long time the average bimolecular reaction rate decreases to the stationary mean. The maximum of 
the average bimolecular reaction rate decreases as the start point r’ nears to the cavity radius value 
and the rise time is increased. Because the surface has the reflection boundary condition and the 
nanocavity volume is constant, the ( )t  function tends to the constant value in the long time. A 
value of a constant level depends on a nanocavity volume. It is shown in figure 1(a). A resonance 
width and amplitude decreases as a molecular initial radius (diffusion length) increases. As it was 
shown above, decreasing the cavity radius to the start radius leads to increasing the average 
bimolecular reaction rate. In fig. 1 (b), dependence of FDMR spectrum on cavity radius at the fixed 
start point of the triplet center is shown.  

 
a B 

Fig. 1 The time dependence of average bimolecular reaction rate (a) and FDMR spectra (b) of the 
Frenkel excitons for various start positions. Calculations are made of the average bimolecular 
reaction rate at U0 = 10-10 cm-3/s, L = 0.5 nm, R = 100 nm, DM = 2*10-4 cm-2/s, r0 = 0.2 nm and of 
the FDMR spectra at ω0 = 3 cm-1, B1 = 1 G, D = 70 G, E = 10 G. 

The average bimolecular reaction rate and FDMR spectra of Frenkel excitons are 
demonstrated in figures 2 (a) and (b). Calculations have been made at the fixed start point and 
variable cavity radius. The ( )t  function has a maximum at the same time range for long cavity and 
short start point radiuses. Clearly, the rise time of ( )t  depends on a diffusion coefficient and a 
start radius of the mobile spin center. In this case the diffusion length is 20 nm. Also the average 
bimolecular reaction rate increases as the cavity radius value nears to the start point r’ and the rise 
time is increased. Because the surface has the reflection boundary condition and the nanocavity 
volume is constant then ( )t  function is depend to the constant value at long time. The average 
bimolecular reaction rate depends to a nanocavity volume. It is shown in figure 2 (a). 
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a B 

Fig. 2 The time dependence of the average bimolecular reaction rate (a) and FDMR spectra (b) of 
the Frenkel excitons for various cavity radiuses. Calculations are made of the average bimolecular 
reaction rate at U0 = 10-10 cm-3/s, L = 0.5 nm, r’ = 20 nm, DM = 2*10-4 cm-2/s, r0 = 0.2 nm and of 
the FDMR spectra at ω0 = 3 cm-1 G, B1 = 1 G, D = 70 G, E = 10 G. 

 
We also found that the boundary reflecting effect in the cavity is the effect of amplitude 

FDMR. Above we have considered that a reduction of the nanocavity volume leads to an increasing 
of the average bimolecular reaction rate. The dependence of FDMR spectra on the nanocavity 
radius at the fixed start radius of mobile triplet exciton is shown in fig. 2 (b). A variation of the 
diffusion coefficient leads to the change of the ( )t  characteristic time. Calculation by (6) is made 
of ( )t  function for Frenkel excitons for the various diffusion coefficients. 

 
The work was supported by the Ministry of education and science of the Russian Federation 

(GZ, Project No. 3.7758.2017/BP). 
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Photoprocesses in semiconductor polymer composites continue to be of considerable interest 

to numerous researchers in the field of electronics, solar energy and information processing and 
storage systems. Polymeric hybrid nanostructures can be used in the development of the elemental 
base of modern and future organic nanoelectronics.  

In this work, the objects of study were benzene and toluene solutions of the poly [2-
methoxy-5- (2'-ethylhexyloxy) -1,4-phenylene-vinylene] (MEH-PPV) semiconductor organic 
polymer with the addition of single- and double-walled carbon nanotubes (CNT).  

In the previous work of the authors [1] the influence of carbon nanotubes and metal (Ni, Co, 
Cu, Ag) nanoparticles on the nonradiative electronic excitation energy transfer between the 
molecules of organic dyes (acrylic orange as a donor and Nile blue as an acceptor) in alcohol 
solutions of polyvinylbutyral is studied. It is found that, at particular concentrations of the mixture 
components, plasmonic nanoparticles affect the nonradiative electronic excitation energy transfer, 
which is manifested in an increase in the intensity of sensitized fluorescence of acceptors with 
simultaneous quenching of the fluorescence of donors. A very simple model is proposed to illustrate 
the observed redistribution of luminescence intensity between the spectral bands of the general 
spectrum. Molecular dynamic calculations of the structure of nanocomposites performed for the 
same purpose confirmed the formation of associated molecular plasmonic complexes fixed by 
acrochain links. 
         In this work, the main goal was to detect manifestations of the plasmon properties of CNTs in 
the exciton luminescence of MEH-PPV macrochains dissolved in benzene or toluene. Experiments 
were carried out to measure the emission spectra of PPV solutions with different contents of CNT. 

 

  
a b 

 

Fig. 1. The luminescence spectra of MEH-PPV solutions in toluene with different contents (%) of 
CNT  a) Single-walled CNT: 1-0 , 2-6.6  3-13.2 , 4-19.8 , 5-66 , 6-100. 
 b) Double-walled CNT: 1-0 , 2-6.6  3-13.2 , 4-19.8 , 5-26.4 , 6-52.8 , 7-100.  
 

From Fig. 1 it can be seen that when small concentrations of CNTs were added to the MEH-
PPV solution, a sharp increase in the emission intensity was observed. With a further increase in the 
concentration of the CNT, the fluorescence of the mixture was quenched. The solutions were 
excited at a wavelength of  λ = 532 nm. It was found that upon photoexcitation of a solution by light 
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sources with different wavelengths (445, 460 and 532 nm), the concentration dependences of 
intensity of the luminescence of the polymer solution are non-monotonic. At the same time, the 
deformation of the spectrum itself didn’t take place. This effect was observed both with the use of 
SWCNTs and DWCNTs (Fig. 1 and 2). 

  
a b 

 
Fig. 2.  Concentration CNT-dependences of the luminescence intensity at the spectrum maximum of a MEH-
PPV toluene solution with a single- (a) and double-walled (b) carbon nanotube (%). 1 – without polystyrene; 
2 – the same solutions with additives of polystyrene (2). Solid lines are approximate curves. Excitation λ = 
445 and 532 nm.  

 
The modulation depth of the luminescence intensity in the case of the DWNT was higher 

than in the case of the SWCNT. Similar results were obtained when using benzene as a solvent. 
  

 
 

 
 

Fig. 3. Adsorption of the MEH-PPV macrochain on one and two carbon nanotubes  
 

To explain the observed concentration dependences of the luminescence parameters of the 
solutions, several variants of the electrodynamic model of concentration activation-quenching of the 
luminescence of MEH-PPV by carbon nanotubes were proposed. In the simplest case of solutions 
diluted on CNT, the system seemed to be separate, non-interacting with each other three-layer 
nanocylinders with given dielectric permeabilities of each of the layers (Fig. 3). With this approach, 
the polarizability ( )   of a unit length of a cylinder is considered. For the frequency dependence of 
the spontaneous emission rate of the “macrochain-nanotube” system, the following expression is 
true 

3 2

3

4( | ) ( ) ( )
3spw

c


     r I G r p



,                                              (1) 

 

where 2 2( ) 2r r     G r r r I
 

 - is the two-dimensional dyadic Green function, I


 - is the tensor 
unit, r - is the distance from the axis of the tube to the point of the exciton localization on the 
macrochain, p - is the electron dipole moment of a separate chain link. The competing process for 
the radiative exciton transition is radiative energy transfer from the polymer chain to the nanotube, 
i.e. death of an exciton with the production of a plasmon in CNTs. For the rate of the corresponding 
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elementary act of such a process, we can write down (V – is the volume of a unit length of a 
nanotube)  

1( | ) (2 ) Im ( ) ( ) ( )U V      r pG r G r p
 

 .                                         (2) 
 

Both rates (1) and (2) have a radial dependence due to the presence of such a tensor 2( ) ~ rG r


. 
However, the presence of the interference term ( | ) ~ 2Re ( ) ( )int

spw   r pG r p


 in (1) determines the 

power law with the exponent -2: 2( ) ~int
spw r r , whereas the radial dependence of the rate (2) is of a 

character 4( ) ~U r r . This difference in the rates of radiative and nonradiative transitions in power 
dependences on the distance between parts of the nanocomposite appears to be responsible for the 
domination of quenching over radiation as the nanotube and the radiating link of the chain 
approach. In the presence of a large number of nanotubes in the solution, the average distance 
between the center of emission and the quencher decreases, which leads to suppression of the 
plasmon activation mode of luminescence and an increase in the efficiency of the quenching 
channel.  
  

  
a                                                                 b 

 

Fig. 4. Radial dependences of the average concentration of polyphenylenevinylylene atoms obtained 
as a result of MD modeling in water (a, 1) and toluene (b, 1), as well as curves (a, 2) and (b, 2) 
approximating these dependencies, built on the basis of (3). 
 

In a more detailed version of the mathematical model, the inhomogeneity of the polarizing 
field in the nanotube and the radial density distribution of the links of the adsorbed macrochain are 
taken into account. In this approach, the specific polarizability of the composite is not considered, 
and the dipole moment of a unit length of the nanotube, induced by the field of the exciton dipole, is 
calculated through the polarization vector of the CNT. The increase in the number of nanotubes in 
the system is taken into account through a reduction in the cell size of an effective two-dimensional 
lattice formed by nanotubes arranged in parallel. The density ( )n r  of the macrochain links is 
defined as 2( ) const ( )n r r . Previously, the radial dependence of the concentration of units on 
the surface of a cylindrical nanotube with a radius R and  -functional well, simulating the 
attraction of polymer molecule units to the surface of a nanoparticle, was determined: 
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,                              (3) 

 

where 0I  and 0K  are Bessel functions imaginary argument of zero order of the first and second 
kind. Then the polarization vector ( )P r  of a macrochain shell with an exciton dipole p can be 
written as 2( ) ~ ( )rP r p . The induced dipole moment PNT of a nanotube is determined by the integral of 
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the polarization vector in its layer. In addition to the implementation of the electrodynamics model, we 
performed molecular dynamics simulation of the configurations of the adsorbed MEH-PPV chain 
both on a single nanotube in different solvents and on two parallel nanotubes with variation of the 
distance between them (Fig. 3). 
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Synthesis matrix (PAO) was carried out under "soft" conditions, including two stages of 
anodizing aluminum at a voltage U = 40V in a 0.3M solution of oxalic acid. The morphology of the 
surface and transverse cleavage of the film is shown in Fig. 1 (a, b). On the surface of the film, 
pores of the same diameter are observed ~ 60 nm and with a pore distance of the order of 80 nm. 
Synthesis of AgNPs in PAO was carried out by the method of controlled single-jet crystallization. 
From the obtained image of the transverse cleavage of the film, it is seen that AgNPs on the walls 
of the PAO have an average size of 40 nm. 

 

   
a) b) c) 

Figure 1 – SEM image of the surface (a), of the transverse cleavage of the porous film (b) and the scheme of 
generation of the stimulated emission of the dye with AgNPs in the PAO (c) 

 

The absorption and fluorescence spectra of the dye (PM567) molecules embedded in the 
channels of the porous matrix showed that the absorption band of the dye in the matrix has a 
maximum at a wavelength of 524 nm (Fig. 2). Photoexcitation of the dye fluorescence was carried 
out in the absorption band of the PM 567 at a wavelength of 500 nm. The fluorescence spectrum 
has two maxima at 547 nm and 565 nm. The same figure shows the absorption and fluorescence 
spectra of dye molecules in a solution of ethyl alcohol at a dye concentration C = 10-5 mol / l. The 
absorption spectrum of the dye in the PAO is broadened in comparison with the absorption 
spectrum in ethyl alcohol, and the maximum of the spectrum is shifted to the short-wavelength 
region by 6 nm. In addition, a shoulder (475 nm) is observed on the shortwave wing of the 
absorption spectrum. 

The shape of the fluorescence spectrum of the dye in the pores of PAO does not undergo 
changes in comparison with the alcohol solution and the positions of the spectrum maxima do not 
change. Since the dye molecules in the pores are densely packed, the observed changes in the 
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absorption spectrum in comparison with the alcohol solution indicate that a small fraction of the dye 
molecules create aggregates. 

In the PAO, the quantum yield of the fluorescence of PM567, determined by de Mello's 
method for calculating the absolute quantum yield of mixed systems, was Φf = 0.85. The absorption 
spectrum of AgNPs in the PAO matrix (Figure 2) is a broad band with a maximum at 400 nm and 
overlaps well with the absorption and fluorescence spectra of PM567, which indicates that the 
resonance conditions between the AgNPs and dye spectra are fulfilled. 

 

 
Figure 2 – Absorption spectra (1.3) and fluorescence (2, 4) of the PM567 in PAO (3, 4) and in ethyl 

alcohol (1,2) 
 

The fluorescence of the dye depends on the concentration of AgNPs in PAO (Figure 3). The 
intensity of the fluorescence increases up to a concentration of CAg = 0.42*10-7 mol, and a further 
increase of CAg leads to quenching. 

 

 

Figure 3 – Dependence of the fluorescence intensity of the PM567 on the concentration of AgNPs 
 

The spectra of stimulated emission of PM567 molecules in a PAO are shown in figure 4. The 
stimulated emission of the dye molecules in PAO is obtained at the shortwave maximum of the 
fluorescence band (Fig. 4). As can be seen from the figure, at a pump power density of up to 1.1 
MW / cm2, only the fluorescence spectrum of the dye in question is observed (curve 1). 

 

 

1-P = 1.1 MW/cm2; 2-P = 2 MW/cm2; 3-P = 3 MW/cm2; 4-P = 4.6 MW/cm2; 5-P = 7.7 MW/cm2 
Figure 4 – Spectra of stimulated emission of PM567 molecules in PAO at different pump power 

densities 
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When the pump power is of the order of 3 MW / cm2, a narrow band with a maximum at 547 
nm (curve 3) appears on the background of the fluorescence spectrum (curve 3), which belongs to 
the band of stimulated emission. A further increase in the power density of the pump source results 
in a narrowing of the fluorescence spectrum and the development of the band of stimulated 
emission. When the pump power density reaches 7.7 MW / cm2, the stimulated emission component 
prevails over the fluorescence component (curve 5), but it is not possible to completely eliminate 
the fluorescence component. 

The effect of AgNPs on the emission spectra of stimulated emission of PM 567 in PAO is 
shown in Fig. 5. Only the fluorescence spectrum of PM 567 (curve 1) is observed in the PAO film 
at a pump power P = 1.4 MW / cm2. When the pump power density is below the threshold value 
and equal to P = 1.4 MW / cm2, the spectrum of stimulated emission of the dye in PAO is observed 
in samples with AgNPs (Fig. 5, curve 2). 

 

  

Figure 5 – Effect of AgNPs on the stimulated 
emission spectrum of PM 567 molecules in 
PAO 

1,2 - without AgNPs; 1', 2'- with AgNPs. 

Figure 6 – Dependence of the intensity 
generation and the half-width of the line the of 
PM 567 in the PAO on the pump power density 

 

From the measured emission spectra, the half-widths of the stimulated emission spectrum and 
the intensity of the stimulated emission of the PAO were plotted against the pump power density 
(Fig.6), and the PAO pumping thresholds were determined. The narrowing of the radiation band 
with increasing excitation intensity indicates the predominance of stimulated emission over the 
spontaneous emission, the system transition to the generation mode. The value of the stimulated 
emission threshold was determined from a sharp change in the growth rate of the intensity emission 
of the PAO. The stimulated emission threshold for laser pumping λgen = 532 nm averages 2 MW / 
cm2 (Figure 6). 

The effect of the pump power density on the intensity and half-width of the stimulated 
emission spectrum of the PM 567 in PAO with AgNPs is shown also in Fig.6. The threshold for the 
generation of PM 567 in PAO when pumped by a laser λgen = 532 nm is on the average 2 MW/cm2 
(Fig. 9). For a sample with AgNPs, the intensity of the emission at the maximum of the spectrum 
with a pump power density variation from 0.3 to 8 MW / cm2 increases in 10 times the half-width 
of the emission spectrum also narrows 10 times. From the data obtained, we see a decrease in the 
stimulated emission threshold in the presence of AgNPs in the PAO. For the PAO with AgNPs, the 
generation threshold is reduced by a factor of 1.4. 
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In the case of layered nanocomposites with the “ferromagnetic core – conducting 

(diamagnetic) shell” structure, their optical absorption spectra have circular dichroism [1]. When 
using layered composite structures in photonics, an important factor in controlling their properties is 
the magnetic field. The presence of conductive components in the structure causes its 
magnetosensitivity even if these components are diamagnetic. This is due to the dependence of the 
dielectric constant of the electron plasma of the conductor on the induction vector В of the external 
magnetic field. In the approximation of a cold magnetized plasma, the dielectric permittivity tensor 

( | )  B  in the Cartesian coordinate system is written as ( , , ,j k x y z ) 
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Here jkle  is the single antisymmetric tensor, and the parameters 2 1/2(4 / )p ee n m   is the 
Langmuir (plasma) metal frequency, | | /( )e mc  B  is the Larmor (cyclotron) electron frequency 
in a magnetic field with induction vector В, j  is the angle between the vector В  and the j-th axis 
of the Cartesian coordinate system.  

In an inhomogeneous field B(r) (Fig. 1) at each point of the layer 1 2R r R   the dielectric 
permittivity tensor 2 ( | )  B  (1) acquires an angular dependence on j , specific to each point of 

space with a radius vector r. As a result, the dynamic electric polarizability ( | ( ))A B r


of a layered 
particle in an alternating monochromatic field ( )E   becomes dependent on the complex picture of 
the magnetization of the shell material.  

In the case of a layered nanocomposite with a uniformly magnetized ferromagnetic core 
with the vector M the dielectric permittivity tensor (1)

1 ( | )mn   M of the core can be written as 
follows: (1)

1 1 2 2 1( ) ( )[ ( )]mn mn m n m niQ            , where Q is the Voigt parameter of a 
ferromagnetic metal, 2

1( ) 1 / [ ( )]p Fi        , and ,p F   are its plasma frequency and 

dissipation coefficient, respectively. Then the spectrum ( ) ( )W   of the absorption rate of circularly 
polarized light with an amplitude ( )

0 ( )E   can be written as the sum of two integrals - in the core 
( 10 r R  ), and in the diamagnetic layer ( 1 2R r R  ) [1] 

2
1

1

1 ( ) ( )* ( ) 3 ( )* ( ) 3
1 1 1 2 2 2

0 0

( ) ~ Im ( ) ( | ) ( ) Im ( ) ( | ( , )) ( ) ,

R
R

R

W d r r d r


               




 E M E E B E     (2) 

 

where 1,2 ( | / )  M B are the dielectric permittivity tensors in the corresponding parts of the 
composite, depending on the magnetization vectors M, or the induction B of the magnetic field.  

Figure 2 shows the distribution of the modulus of the field ( )
2| ( , ) |r E of the left circular 

polarization in the magnetized shell of a composite at a low frequency of the plasmon resonance of 
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the shell for an idealized core with a zero dissipation coefficient F of a ferromagnetic. In the case 
of a layered sphere, of great interest for a number of applications is the composite polarizability 
tensor ( | )A M


 in a uniform field 0E , through which it is convenient to calculate the 

characteristics of the near field outside the particle 
 

 
The dipole polarizability tensor of a spherical laminated composite with an anisotropic core 

has the form [2] ( 1 2/R R  ) 
 

       

     

3
1 2 3 1 2 2 3 1 2 2 3

13 3
1 2 2 3 1 2 2 3 2

( | ), , ( | ) 2 ( | ) 2

( | ) 2 2 2 ( | ) ,R

              

          


        

       

A M M M

M M

   

 

        (3) 

 

In the general case expression (3) can be generalized by simply replacing the dielectric 
constant j  with its tensor analogue ( | )j  B , but only when the permutation relation 

1 2 2 1( | ) ( | ) ( | ) ( | )       B B B B     is satisfied.  
In the alternative model variant the absorption rate is calculated based on the polarizability 

tensor A based on the expression  
 

( ) ( )* ( )
0 0

1( | ) Im ( ) ( | ) ( )
2

W V        B E A B E



.                                    (4) 

 

 In the simple version of the calculation based on (4), the dielectric constant of the shell 
metal is considered to be a scalar function of frequency (Drude-Lorentz model), i.e. in the first 
approximation the fact of the magnetization of the electron plasma of a diamagnetic shell is ignored. 

 The calculations of the spectra of magnetic circular dichroism (MCD) of a number of 
spherical layered nanocomposites with various combinations of core and shell materials were made 
on the basis of (2), and on the basis of (3) - (4). In both cases, strong dependences of the spectra 

0( ) /W W  on combinations of the metal parts of the composites and the radii of the core and shell 
were found. So, on Fig. 3 shows the MCD spectra of layered bimetallic nanoparticles with a cobalt 
core and shells of gold and silver. The calculation was made on the basis of (3-4). It can be seen that 

 

 

Voigt  parameter Q = 10-3 

 

 

 

Fig. 1. Picture of magnetic field lines produced by a 
ferromagnetic nanoparticle of radius 1R  in the 
diamagnetic layer 1 2( , )R R  and outside 2r R  the 
nanocomposite. The numbers on the grid scales are in 
nanometers.  

Fig. 2. Distribution of the modulus of the electric 
field vector ( )

2| ( , ) |r E  of left circular polarization 
in the shell layer of a nanocomposite for low-
frequency p 40296.0 plasmon resonance of a 
spherical shell. Ferromagnetic core has the radius 1R  
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as the thickness of the ferromagnetic core increases in the MCD spectra for two different shells, two 
resonances shift to the high-frequency region. With an increase in the shell thickness, the line 
associated with the plasmon resonance in the layer increases in amplitude, while in the MCD 
spectrum this line fades. With an increase in the radius of the cobalt core, both its absorption cross 
section and the corresponding band in the MCD spectrum increase. It can be seen that as the 
thickness of the ferromagnetic core increases in the MCD spectra for two different shells, both 
resonances shift to the high-frequency region. 

 

  
a) b) 

Fig. 3. Spectra of magnetic circular dichroism of bimetallic layered nanoparticles with ferromagnetic 
core (Co) in the case of silver (a) and gold (b) shell R2= 10 nm; 3 =1, Q = 10-3. 

 

  
a) b) 

Fig. 4. Spectra of magnetic circular dichroism of bimetallic layered nanoparticles with ferromagnetic 
core (Co) and silver shell with ( p510 ) and without ( 0 ) the magnetization of the shell R2 = 10 

nm; 3 = 1, Q = 10-3. a) Calculation based on (2); b) Calculation based on (3) - (4).  
 
Figure 4 shows what changes are observed in the MCD spectra in the case of taking into 

account the plasma magnetization of the diamagnetic shell from the core magnetic field (B = 1.5 T). 
The amplitude of the MCD spectrum, taking into account the magnetization of the shell, is more 
important than the spectral amplitude obtained in calculations that ignore this effect. Both versions 
of the theory (2) and (3) - (4) gave a similar result, with the amplitude of the shell resonance 
increasing by about 30%, and its growth for the core plasmon resonance was about 5%.  

Thus, in this work magnetic dichroic absorption spectra of circularly polarized light by 
spherical composite metal nanoparticles with a core-shell structure were calculated. It is shown that 
the dichroism of the optical absorption of such systems is due to the residual magnetization of the 
ferromagnetic core of the composite, whose inhomogeneous field also changes the dielectric 
constant of the electron plasma of the conducting shell. Strong dependences of the MCD spectra on 
the order of the combination of metals of the spherical composite and its geometrical parameters 
were found. The work was performed according to the State task No. 3.7758.2017 / BC of the 
Ministry of Education and Science of the Russian Federation.  
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CALCULATION OF TEMPERATURE FIELDS IN THE SINTERED SILICON 
CERAMICS 
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A method for calculating the temperature fields in a sintered ceramic sample of a cylindrical 

shape is described. A change in the temperature of the furnace is taken into account. The account of 
phase transformations is realized by the dependence of the thermal diffusivity of the sample on 
temperature. The method considered differs in the simplicity of realization and allows one to take 
into account the phase transformations of the medium.. 

Keywords: temperature field inhomogeneous medium, ceramics, thermal conductivity. 
 
The ceramic sample has the shape of a cylinder whose height is h = 10 mm, radius 

R = 50 mm. A sample made from a mixture of SiC 02 and Al 2 O 3 with inclusions of SiC grains 
[1,2]. The firing was carried out in a furnance. The temperature regime of the furnace is shown in 
the table. 

 Fast heating Slow heating 
Initial temperature 160 ºC 
Heating 25 ºC per minute from 160 ºC to 600 ºC 5 ºC per minute from 160 ºC to 600 ºC 
Calcination 120 minutes, 600 ºC 
Heating 25 ºC per minute from 600 ºC to 700 ºC 5 ºC per minute from 160 ºC to 600 ºC 
Calcination 120 minutes, 700 ºC 
Heating 25 ºC per minute from 700 ºC to 800 ºC 5 ºC per minute from 700 ºC to 800 ºC 
Calcination 120 minutes, 800 ºC 
Heating 25 ºC per minute from 800 ºC to 900 ºC 5 ºC per minute from 800 ºC to 900 ºC 
Calcination 120 minutes, 900 ºC 
Heating 25 ºC per minute from 900 ºC to 1000 ºC 5 ºC per minute from 90 ºC to 1000 ºC 
Calcination 120 minutes, 1000 ºC 

The temperature on the surface of the sample is assumed to be equal to the temperature of 
the furnace. 

The simulation of thermal fields is carried out by the differential heat equation. We used 
cylindrical coordinates. The solution region of equation: 

D3:  Rr ,0 , 





2
,

2
hhz ,   2,0  

Температура в каждой точке образца в данный момент времени описывалась 
функцией  .,,, tzru   This function satisfies the classical heat equation 



Russian-Japanese Conference «Chemical Physics of Molecules and Polyfunctional Materials» 

 
 

57


































2

2

22

2 111


 u
rz

u
r
u

rrrt
u

 

with initial and boundary conditions: 
  iTzru 0,,,  for 3,, Dzr   , 

  1,
2

,,,
2

,,,,, TthruthrutzRu 





 






   for t > 0, 

where T0 is the initial temperature, T1 is the firing temperature equal to the furnace temperature, α is 
the thermal diffusivity coefficient. 

We can significantly simplify the problem by reducing the amount of computation necessary 
for solving it.  
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The problem was solved by the method of grids. The simulation data are consistent with the 

results of experiments and our past work [3, 4]. 
The figure shows the results of simulating slow and rapid heating. Dependences of 

temperature in the center of the sample on time. 
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Plasmon nanoparticles (NP) are able to interact effectively with light with a wavelength 

substantially exceeding the intrinsic particle size. Considerable theoretical and practical interest is 
the interaction of metal NPs with classical organic chromophores, since plasmons are capable of 
changing their photophysical properties. Among the organic chromophores polymethine dyes (PD) 
have the greatest range of photophysical properties. They are widely used in organic photovoltaics, 
laser technology, nonlinear optics, in biology and medicine. 

In this paper, studies on the effect of localized surface resonance (LSR) of gold and silver 
NPs on the spectral-luminescent properties of PD of various structures were performed. It is well 
known that the nature of the influence of LSR on the spectral-luminescent properties of organic 
dyes is determined both by the nature of the dye itself and by the degree of overlapping of the 
spectra of luminophores and plasmon particles. Despite the large number of works devoted to the 
investigation of the plasmon effect on the luminescence of organic dyes, its effect on polymethine 
remains poorly illuminated. 

The cationic dyes K1 and K4 (the summary charge of the chromophore is +1) and their 
structural analogues – anionic dyes K2 and K3 (the summary charge of the chromophore is -1) were 
chosen as the objects of the study. A comparison of cationic and anionic related dyes will provide 
information on the role of the charge state of the phosphor in the process of generation of charge 
carriers in solar cells. A comparison of all the properties of dyes was carried out with the cationic 
dye K4. 
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Figure 1. Structure of the dyes  

Ethanol dye solutions with a constant concentration equal to 10-5 mol/l were used. The 
concentration of silver or gold NPs was varied in the range of 10-10 to 10-14 mol/l. Ag and Au 
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nanoparticles in ethanol were obtained by ablating of silver or gold target with the second harmonic 
of a solid-state Nd:YAG laser (SOLAR LQ 215, λgen = 532 nm, Eimp = 90 mJ, τ = 10 ns). The 
concentration of Ag and Au nanoparticles was determined from the change in the mass of the target 
before and after ablation and was 6*10-11 mol/l for 10 minutes and 4*10-10 mol/l after 15 minutes of 
ablation, for Ag and Au respectively. The average sizes of Ag and Au nanoparticles were 
determined on the Zetasizer Nano ZS analyzer. The measurements showed that Au nanoparticles in 
solution have an average diameter of about 60 nm. While for Ag, particles with a size of about 90 
nm were obtained. 

The absorption spectrum of silver NP in ethanol appears as a wide band with a maximum of 
about 405 nm. The maximum absorption band of gold NPs exhibits at 530 nm (Fig. 2). 

 

  
а б 

 
Figure 2. a – Absorption of Ag (1) and Au (2) NPs and dyes K4 (3), K1 (5), K2 (7), K3 (9) 

and fluorescence K4 (4), K1 (6), K2 (8), K3 (10). b – Dependence of the increasing coefficient of 
PD intensity on the overlap integral of PD and NPs spectra 

 
As can be seen from the data obtained, the overlap integral of the absorption spectrum is 

larger for Au and much less for Ag NPs for the group of dyes K1 – K4. In the case of the K4 dye, 
the Au absorption band is almost completely superimposed on the absorption and fluorescence 
spectrum of the dye. The observed overlap is a necessary condition for the realization of plasmon 
resonance and electronic transitions in the dye molecule. 

Next, the spectral-luminescent parameters of polymethines in solutions before and after 
addition of silver NPs were investigated. First, we consider the case for the dye K4. The 
measurements showed (Fig. 3) that the addition of NP Ag leads to a slight increase in the 
absorptivity of the dye solution. The position of the maximum of the absorption band and its half-
width does not change. In the presence of Au, an insignificant increase in the optical density of the 
dye solution was also observed without changing in the position or shape of the spectrum.  

When silver NP was added to the K4 solution, the fluorescence intensity of dye depends on 
NPs concentration. The maximum amplification of fluorescence (4-fold) was recorded for the 
concentration of NP CAg = 3*10-14 mol/l. A further increase in CAg results in quenching of the 
fluorescence. The position of the band maximum of and its half-width was not changed. At the 
same time, for gold NPs, the greatest increase in the fluorescence intensity of the dye was registered 
at CAu = 7*10-11 mol/l, which agrees with the data obtained from the absorption spectra. It can be 
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noted that in the presence of Au, the dye intensity is almost of 2.5 times higher than for Ag. 
Measurements of the kinetics of fluorescence decay of PC in the presence of plasmonic NPs and 
without them correlate with the obtained data of intensity measurement. 

In the case of the dyes K1, K2 and K3, there no noticeable shifting or deformations of the 
absorption and fluorescence bands of the dye in the presence of gold NPs were registered. However, 
a more pronounced change in the fluorescence parameters was recorded. 

  
a b 

 
Figure 3. Absorption (a) and fluorescence (b) spectra of K4 in the presence of Au NPs at 

concentrations, mol/l: 1 – 0; 2 – 1.5*10-12; 3 – 1.5*10-11; 4 – 7*10-11; 5 – 10-10. On the inset are 
dependences of optical density and fluorescence intencity in NPs concentrations  

 
Measurements have shown that the maximum increase in the optical density and 

fluorescence intensity of K1 was observed at a concentration of silver and gold NPs equal to 3*10-13 
and 2*10-12 mol/l, respectively. In this case, Au has a much more pronounced effect on the 
emissivity of the dye than Ag. Thus, for this dye, the fluorescence intensity was increased almost of 
12-fold, while the optical density of the dye solution also increased. D was changed by 3%, and the 
intensity of luminescence is almost 5 times for Ag NPs. The lifetime of the dye fluorescence was 
reduced by 10 and 5% for Ag and Au, respectively. 

Further, dyes with an even smaller overlap integral of the absorption spectra of dye and 
metal NPs were investigated. As shown by the measurements, for the K2 dye the optimal 
concentrations of NP Ag and Au concentrations are equal to 3*10-13 and 1.5*10-12 mol/l, 
respectively. As for the dye K1, plasmon resonance of gold NPs has the greatest effect. In this case, 
the increase in K2 intensity was registered in 13.5 times, whereas silver only increased the 
fluorescence by a factor of 2.5. 

For polymethine K3, the maximum increasing in the fluorescence was also recorded for Au 
Au NPs – by 10.5 times with СAu = 1.5*10-12 mol/l. In the presence of silver NP Ifl was increased 
nearly 2-fold with the optimum concentration of СAg=3*10-13 mol/l. 

It should be noted that the optical density of dyes K3 and K4 increased by almost 10% in the 
case of Ag and decreased by 5% for Au NPs for both dyes, in contrast to dyes K1 and K4. For the 
last PDs, only an increase in the optical density of dyes in the presence of metal NPs was recorded. 

Thus, measurements have shown that in the presence of plasmon NPs of metals, both the 
absorption and emissivity of the polymethine dye increase. The greatest increase in fluorescence 
intensity of polymethines (more than 10–fold) was recorded for solutions with gold NPs, where all 
dyes have a high degree of overlap with absorption spectra of NPs (Fig. 2b). 
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The interaction with gold NPs decreases in the series of dyes K2–K1–K4–K3, that the 
coefficients of extinction of these dyes are in the same sequence. For silver NPs, the effect of LPR 
effect decreases in the series of K1–K4–K2–K3. In this case, the factor of increasing I/I0 for dyes 
K1 and K4 have similar values – about 13. On the basis of the data obtained, it can be concluded 
that anionic dyes are more susceptible to influence of Au than cationic dyes. 
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One of the most important problems of modern medicine is the creation of new drugs 

with a pronounced therapeutic effect and a lesser degree of side effects. Among the products of 
chemical synthesis, 1,2,4-triazole derivatives, which have a wide spectrum of pharmacological 
action, are of considerable interest[1]. In this regard, the study of the physicochemical, and in 
particular, the spectral properties of the 1,2,4-triazole derivatives are actual. 

The purpose of this study was to study the effect of introducing molecular cycles into the 
1,2,4-triazole molecule by IR spectroscopy. 
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Figure 1. IR absorption spectra of 1,2,4-triazole derivatives in the 3500-2000 cm-1 region: 
1)  1,2,3-benzotriazole; 2) 1,2,4-triazole; 3) 1,2,4-triazol-thiol-5; 4) 4- 3-methyl-1,2,4-triazol-
thiol-5 

 

Figure 1 shows the IR absorption spectra of the compounds studied (4- 3-methyl-1,2,4-
triazole-thiol-5, 3-1,2,4-triazole-thiol-5, 2-1.2, 4-triazole, 1-1,2,3-benzotriazole) in the region of 
stretching vibrations of a group of associated molecules. For pyrrole, as the starting compound, 
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according to [2], a symmetrical absorption band is observed in the 3403 cm-1 region, due to the 
valence vibrations of the group participating in the formation of the hydrogen bond. 

The introduction of new structural elements into the pyrrole ring, a change in their 
number and place of administration relative to the group, leads to a change in the IR spectra, and 
in particular, to a change in the shape of the band contour. The observed changes in the vibration 
frequency of groups of associated molecules are due to the fact that the introduction of structural 
fragments has an inductive effect on the equilibrium electronic configuration of these groups 
[3,4]. As a result, the electron cloud of the group shifts toward the introduced atoms or radicals, 
and the total electron bond pair shifts more toward the heteroatom. As a consequence, the force 
coupling constant and, consequently, the oscillation frequency decrease somewhat. These 
changes are due to the induction effect of structural fragments on the equilibrium electronic 
configuration of the group. Among the structural fragments introduced into the pyrrole ring, the 
most important effect on the equilibrium electronic configuration of the group is provided by 
nitrogen atoms and the benzene ring in compounds 1 and 2 A smaller influence is exerted by 
nitrogen atoms and thiol group in compound 3; even to a lesser extent - the radical group CH3 
and the N atoms in compounds 4. 

Such changes in the spectra show that due to the hydrogen bond of the type, the 
formation of self-associates is possible. In particular, for pure pyrrole [2], since the band is 
almost symmetric and structureless, this spectrum can be attributed to the absorption of dimers. 
Absorption spectra in the compounds of 3-methyl-1,2,4-triazole-thiol-5, 1,2,4-triazole-thiol-5, 
1,2,4-triazole and 1,2,3-benzotriazole in the region have A complex structure with several 
components. A strong change in the band on the low-frequency wing, which extends to 2200 cm-
1, can be explained not only by the manifestation of the Fermi-resonance nature in the valence-
deformation interactions, but also by the formation of associates of a more complex composition 
than the dimers. The presence of 3-methyl-1,2,4-triazole-thiol-5, 1,2,4-triazole-thiol-5, 1,2,4-
triazole and 1,2,3-benzotriazole in the cycle of compounds of a more open heteroatom leads to 
the formation of stable associates of a higher order than dimers (for example, trimers, possibly 
tetramers). 

The introduction of structural fragments also affects the frequency in the region of 
deformation and ring oscillations: in all triazole derivatives in the 1600-400 cm-1 region (Fig. 2), 
many new bands of various shapes were discovered. Here we should pay attention to an 
especially large change in the spectra in the region of ~ 1500 cm-1. 

Analysis and generalization of the obtained data show that the addition of an aromatic 
character to the starting five-membered compound, structural elements in the form of a benzene 
ring, another heteroatom (nitrogen) or a functional group leads to a significant change in the 
electronic structure of the N-H bond of the 1,2,4-triazole molecule. This is due to the induction 
effect of the introduced chemical group, due to which the force coupling constant and, 
consequently, the oscillation frequency changes. The same factor is due to the polarizing effect 
of substituents on the equilibrium distribution of the electrons of the oscillating group [5]. 
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Figure 2. IR absorption spectra of 1,2,4-triazole derivatives in the 1700-400 cm-1 region: 
1,2,3-benzotriazole; 2) 1,2,4-triazole; 3) 1,2,4-triazol-thiol-5; 4) 4- 3-methyl-1,2,4-triazol-
thiol-5. 

 

Thus, on the basis of spectroscopic results, it is possible to determine the directions of 
displacement of the unpaired electron pairs of the nitrogen atom of the N-H group in the starting 
molecule of 1,2,4-triazole when various substituents are introduced. The introduced structural 
fragments exert an induction effect on these unpaired electron pairs. 
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Investigation of the interrelation compositiontechnology-structure-properties in dispersed 

systems, consisting of clay minerals particles, requires an increase in the level of measurements 
informativeness. This problem is especially relevant while studying the weak structural responses of 
a system to the microwave (MW) effect. In recent years, microwave heating has been widely 
employed in the sintering and joining of ceramics. Microwave sintering has characteristics such as 
low-temperature and short time heating. The use of microwave processing methods significantly 
reduces energy consumption, particularly in high-temperature processes [1-2]. 

Natural aluminosilicate materials, especially clays, typically have a complex chemical 
composition and contain a variety of impurities and bound water, which may have little effect on 
their structure but a significant effect on microwave-induced structure modification processes [3]. 
In connection with this, the problem of gaining reliable information about subtle (difficult-to-detect) 
structural transformations in disperse clay systems at the millimeter, micron, and submicron levels 
under various processing conditions is of special interest. Structural responses are difficult to 
predict because, on the one hand, there are iron particle aggregation processes in the system and 
phase transitions on clay surfaces and, on the other, some transformations take place in interlayer 
water, a structural constituent of kaolinites and montmorillonites [4-5]. 

Сlay containing montmorillonite from the Southern Orenburg deposit located in 12 
kilometers to the South-East from Orenburg was investigated as a sorbent. According to literary 
data [6] particles of montmorillonite have a form of plates of 1х0,1 microns. The X-ray phase 
analysis showed [7] that montmorillonite makes about 30% of the clay volume. 

The chemical composition of clay is presented as SiО2 (55,9 %), Al2O3 (18,63 %), Fe2O3 

(9,51 %), K2O+Na2O (4,14 %), MgO (2,05 %), TiO2 (0,86) and CаO (0,72), losses when calcinating 
made 7,08 [8]. Thus, according to the content of aluminum oxide, the State Standard GOST 9169 - 
75, clay belongs to the semi-sour. A batch of clay power used in our experiments had mineral 
particles with effective diameters D≤630 μm. All powder samples were filled into a cylindrical 
cuvette with a layer thickness of 10 mm and irradiated by microwave fields (frequency f=2.45 GHz, 
power 700 W) in standard condition. MW field was produced by the magnetron. Sample heating 
was due to microwave field absorption by electrically conductive regions of clay particles. As far as 
microwave field absorption is inhomogeneous in the volume all the samples were placed on a 
rotating plate for averaging of MW heating conditions. The temperature of samples was measured 
by chromel-alumel thermocouple. For temperature measurements, the thermocouple was put down 
inside samples to a depth of 5 mm just after switching off microwave irradiation. The time delay 
between turning off the field and the temperature measurements did not exceed 20 s. Microwave 
treatment was produced in the air for 10 and 20 min, while the temperature of the powder samples 
reached 200 °C [2]. 

When studying nonmetallic raw materials from various deposits, it is proposed to use 
electron paramagnetic resonance to assess its quality [9, 10]. The impurity of the jelly significantly 
affects the physical, chemical and, most importantly, the functional properties of materials. 
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The method of paramagnetic resonance is the most important in determining the degree of 
crystalline perfection of the structure of clay components. It allows you to analyze and analyze the 
situation in the field of science and technology. In kaolinites, for example, there are usually two 
groups of signals associated with local defects: narrow lines in the region of g≈2.0 and a triplet of 
relatively broad lines in the region of g≈4.3 [9]. 

The EPR spectra of clay fractions with particle sizes of less than 0.2 mm were recorded on a 
compact, automated CMS8400 EPR spectrometer at room and nitrogen temperatures. Conditions 
for recording EPR spectra: frequency 9.86 GHz, magnetic field 1–7 QE, modulation of a magnetic 
field with a frequency of 100 kHz and an amplitude of 6 G (Fig.) 

The lines at g≈2.0 in common 
clay minerals (kaolinite, 
montmorillonite) are attributed to 
electron-hole centers of radiation 
originating from isomorphic 
substitutions in the octahedral layer — 
these are O- centers, which are Mg2+ 
Al3+ displacement stabilizers. Lines 
due to substitutions of Fe3+ → Si4+ are 
on the lateral surfaces of the particles 
or on the Fe3+ ions in the tetrahedral 
positions inside the crystallites and on 
the basal surfaces [10]. 

The method of EPR analysis 
used to study the degree of crystalline 

perfection of the wall structures of the clay components of paramagnetic centers. It allows you to 
analyze and analyze the behavior and exchange cations in the tetrahedral and octahedral positions of 
the structures of clay minerals. This is primarily due to the high sensitivity of the method, which 
allows to detect the concentration of people of the order of 10-9 ... 10-11 mol / l. 

With all the diversity of the chemical composition of natural compounds, their magnetic 
properties are actually determined by the ions Fe2+ and Fe3+. All other elements in the 
overwhelming majority are diamagnetic, and the content of other magnetic elements (Ti, Cr, Mn, 
Co, etc.) is usually ten times smaller, and their influence should be taken into account only in the 
case of sufficiently high concentration. F or Fe2+ ions, the occurrence of widespread silicate and 
carbonate minerals is most characteristic; Fe3+ ions are mostly concentrated in finely dispersed 
phases. The knowledge obtained using EPR analysis will allow the construction of a magnetic 
model of the medium, which will enable the theoretical determination of its response to various 
physical effects (including microwave processing). 

A team of authors of the project found that in the EPR spectra of kaolinite and 
montmorillonite-containing clays, most of the signals are associated with the Fe3+ ions contained in 
them. Some of the ions are isomorphically included in the structure of the mineral, others are 
included in various micro- and nano-inclusions. Two groups of signals are clearly distinguished in 
the spectra: narrow lines in the region of g ~ 2.0 and relatively wide in the region of g ~ 4.3. The 
main indicator of the degree of perfection of the structure in EPR spectroscopy is the width of the 
lines. This parameter is mainly determined by the configuration of the first coordination sphere of 
the point paramagnetic center and thus characterizes the short-range order in the crystal structure. 
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The scientific novelty of the work is to consider the structure of natural aluminosilicates as 
an open system in which nonlinear processes are excited under the action of microwave radiation. 
Understanding the processes of non-equilibrium phase transitions and long-range modification of 
the structures of clay minerals is based on a highly informative set of analysis methods. At the same 
time, to interpret the results, ideas about structural multilevel responses in irradiated materials are 
used due to the initiation of the internal forces of physical and chemical nature, which will form the 
basis of the technology for producing new ceramic materials. 
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Currently, intensive searches for alternative energy sources are underway. Great attention is 

paid to the development of photovoltaic solar energy converters. This paper presents the results of 
studies of the interaction of alizarin complexon (AC) with potassium polytitanate nanoparticles 
(PPT). The choice of such substances is due to the fact that this system can be promising for 
photovoltaic sources. It has been established that the addition of PPT to the aqueous solution of 
alizarin complexon leads to quenching of the fluorescence of AC. We have established that an 
essential part of the AC molecules is adsorbed at the sites of localization of titanium centers of PPT 
nanoparticles, which leads to the formation of complexes with active surface centers[1]. In the case 
of photo-irradiation of such a system, the process of electron transfer to titanium centers is possible, 
which leads to quenching of the fluorescence of AC. It is shown that AC adsorbed on PPT has 
insignificant fluorescence.  

In this work the developing in time processes of sorption of AC molecules on nanoparticles 
of PPT are studied in detail. The sorption constants are determined. The results obtained by 
luminescent methods are in good agreement with the results obtained by the methods of absorption 
spectroscopy. 

The process of sorption of AC was investigated by us by the method of quenching the 
fluorescence of AC by iodine ions in a PPT suspension. It is shown that when ions of iodine are 
added to the suspension of PTC, competition is observed between the process of electron transfer 
and the process of quenching of electronically excited states by ions of a heavy atom – iodine. A 
nonlinear Stern-Volmer dependence is obtained. The application of the modified Stern-Volmer 
equation made it possible to determine the Stern-Volmer constant and the volume of the quenching 
sphere. The quenching radius of fluorescence of alizarin complexone by iodine ions in aqueous 
solution and PPT suspension is compared. 

On the base of obtained results we make a conclusion that the AC effectively interacts with 
the PTC. The quenching constant of AC fluorescence by PPT additives in aqueous suspension is 
less than that of iodine ions. This indicates a possible competition between the processes of 
quenching the fluorescence of the AC by transferring the electron to the PPT and quenching with 
iodine ions. 
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Plasmon oscillations in spherical nanoparticles, nanoparticles layered composite structure 

"core-shell", as well as two-particle clusters formed from such particles, have a significant impact 
on spontaneous and induced radiative transitions in adjacent molecules, as well as to nonradiative 
processes involving electronically excited molecules. 

Previously, we studied the frequency dependences of the dipole polarizabilities of 
diamagnetic metallic nanoparticles in a constant magnetic field of varying magnitude of induction 
B. The influence of a magnetic field on the rate of photon absorption by a cluster "molecule-
nanoparticle", as well as on the rate of spontaneous emission by a molecule near a nanoparticle has 
been established [1]. In [2], the dynamic polarization properties of layered spherical and cylindrical 
composites with a core-shell structure placed in a constant magnetic field were considered. It is 
shown that the presence of an external magnetic field leads to the modification of the polarisability 
spectra of the nanosystem, which provide a change in its optical characteristics. The spectra of the 
dipole polarizabilities of a composite nanocylinder with an excitonic shell, as well as a layered 
spherical particle of the same structure with a pronounced exciton-plasmon interaction, are 
constructed. 

When studying the optical properties of nanostructures, it is important to take into account 
the delay effects. In [3], the optical properties of a composite medium consisting of metallic 
nanospheres located in the nodes of a three-dimensional lattice and embedded in a dielectric matrix 
are considered. It is shown that delay effects make an insignificant contribution to the results of 
numerical simulation of the refractive index of the matrix of a composite material. However, at 
relatively large distances between the nanospheres, the difference between the refractive indices, 
calculated with and without delay effects, can reach several tens of percent. 

It is shown that at certain distances between the atoms in the atomic cluster is detected the 
effect of narrowing the natural width of the atomic levels due to the retarded reacted external 
radiation field. The interatomic interaction leads not only to the displacement of atomic levels but 
also to the formation of an inflection point separating the regions of negative and positive 
dispersion of the effective polarizability of cluster atoms. 

 The authors noted that the effect of narrowing atomic levels is present when the linear 
dimensions of the cluster are comparable with the wavelength of external radiation [4]. 

In the framework of the model described in [1], the absorption rate of photons in the 
presence of an external magnetic field of induction B is determined by the expression 
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 is the dipole dynamic polarizability tensor of a spherical metal nanoparticle,  E   is intensity 
vector of an initial electric field initiating an absorption photon (field of an excitation source), Mg is 
form factor of a molecule located at a distance r from a conducting spherical nanoparticle. Here  
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       (2) 
 is the quasistatic dyadic Green function of a point dipole source that does not take into account the 
delay. 

To take into account the delay effects in expression (1), it is enough to replace the Green's 
quasistatic function with the following function: 
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where  R r r , /k с is wave vector. 
The cluster absorption cross-sections were calculated by the expression: 

 ( ) 4 Im ( )     n n
abs E cl Ek ,    (4) 

En  is unit vector sets the polarization of the light wave, cl ( ) 


 is polarizability tensor of a two-
particle cluster [2].  

As a result of analyzing the data obtained 
when comparing the absorption rates of 
molecules with and without taking into account 
the delay effects, it was found that the effects of 
delay are insignificant when the nanoparticle 
radius is 10 nm and the distance to the molecule 
is R = 20-30 nm. Similar results were obtained 
when calculating the absorption cross section of a 
two-particle nanocluster formed from metal 
spherical nanoparticles (fig.1). As can be seen, 
when the distance between particles is 60 nm, the 
absorption bands for the two cases coincide, and 
differ only in the magnitude of the absorption. 
This difference is no more than 15 percent. 

 
Funding. Ministry of Education and Science of the Russian Federation (Minobrnauka) 
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Fig. 1 Cluster absorption cross-sections without 

delay effect (curve 1) and taking into account 
delay (curve 2). 1 210, 15, 60nm  R R R  
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High-entropy alloys (HEA) are alloys that contain not less than 5 elements, and the amount 

of each of them should not exceed 35 at.% and should not be less than 5 at.%. For such alloys, the 
values of Smix mixing entropy are higher than in traditional multicomponent alloys. Classic 
examples of HEA are multicomponent alloys, in which the elements are in an equal atomic fraction. 

High-entropy alloys are separated into a special group, since the processes of structure and 
phase formation in them, as well as the diffusion mobility of atoms, the mechanism of the formation 
of mechanical properties, and thermal stability are significantly different from analogous processes 
in traditional alloys. The latter include alloys containing basic elements (Fe, Ni, Mo, Al, etc.) that 
determine the crystal lattice of the material. The phase composition of such alloys can be easily 
predicted on the basis of double or triple phase diagrams, and the introduction of alloying additives 
leads either to solid solution strengthening the initial lattice, or to the separation in it of disperse 
phases. The paper [1] summarizes four main effects of high-entropy alloys, namely:  

(1) Thermodynamics: high entropy effect; 
(2) Kinetics: sluggish diffusion; 
(3) Structure: strong lattice distortion; 
(4) Properties: cocktail effect. 
(1) The condition for thermodynamic phase stability is the minimum of its free energy. 

Since G = U + H-TS, high entropy leads to a decrease in Gibbs energy and stabilization of the solid 
solution. 

(2) The effect of sluggish diffusion is related to the logarithmic term. Usually, this effect is 
used to explain the formation of nanosized precipitates, since in materials in which diffusion is 
difficult, embryos are easier to form, but grow slowly. 

(3) Since the dimensions of the atoms can be very different, the crystal lattice is highly 
distorted, which leads to high elastic stresses and inhibition of dislocations. This effect is confirmed 
by the superhigh strength of the bcc high-entropy alloys. 

(4) For metallic alloys, the cocktail effect indicates that unexpected properties can be 
obtained after mixing many elements that can not be obtained from any one independent metal. The 
effect of the cocktail shows that the properties of the alloy can be significantly altered by varying 
the composition and doping. 

Coatings were made of multielement Cr-Mn-Si-Cu-Fe-Al cathodes obtained by induction 
melting. With these cathodes, ion-plasma coatings were deposited on a steel substrate in argon and 
nitrogen gas at an NNV-6.6I1 facility. microscopic examination was carried out on a scanning 
electron microscope MIRA 3 from TESCAN The x-ray energy dispersive microanalysis X-Act 
(Oxford Instruments) allows the local determination of the elemental composition on the sample 
surface. The thickness of the coatings and their element composition The electron microscope Quanta 
200 3D, which is a system with electron and focused ion beams, was used to study the phase 
composition and structural parameters of the samples on an XRD-6000 diffractometer on CuKα 
radiation. An analysis of the phase composition, sizes of coherent scattering regions, internal elastic 
stresses (Δd/d) was carried out using the PCPDFWIN and PDF4 + databases, as well as the 
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POWDER CELL 2.4 full-profile analysis program. For the samples, the nanohardness of the coatings 
was determined using a Oliver and Fara nanoidentification system using a Berkovich indenter at a 
load of 1 g and a holding time of 15 s. 

On a stainless steel substrate, a Cr-Mn-Si-Cu-Fe-Al coating was deposited in argon and 
nitrogen gas for 40 minutes. In Fig. 1 shows an electron microscopic image of this coating. To 
measure the thickness of the coating, a surface was cut out on its surface 

In Fig. 3 shows the elemental composition of the coating at one point of the selected site. In 
Table. 1 shows the percentage of chemical elements of the coating. The results of the study of the 
phase composition and structural parameters of the sample are given in Table. 2. In Table. 3, a 
comparison of the nanoindentation data of the investigated samples with literature data was carried 
out [2]. focused ion beam (Fig. 2). The thickness of the layer is 1 μm. 

 

 
а) 

 
б) 

Figure 1 - SEM coating of Cr-Mn-Si-Cu-Fe-Al in argon (a) and nitrogen (b) 

  
Figure 2 - Coating thickness 

Cr-Mn-Si-Cu-Fe-Al 
Figure 3 - Surface Analysis by Auger and X-ray 

Photoelectron Spectroscopy 
Cr-Mn-Si-Cu-Fe-Al 

Table 1 - Elemental composition of the Cr-Mn-Si-Cu-Fe-Al coating 
 

Element Wt % At % K- Ratio Z A F 
N 2,89 8,88 0,0151 1,1767 0,4433 1,0024 
O 5,72 15,38 0,0387 1,1656 0,5765 1,0057 
Al 5,17 0,27 0,0010 1,0846 0,5532 1,0010 
Si 0,29 0,45 0,0022 1,1226 0,6748 1,0020 
Cr 75,08 73,67 0,8754 0,9802 1,0010 1,0015 
Fe 10,26 0,97 0,0115 0,9794 0,9295 1,0003 
Cu 0,58 0,39 0,0053 0,9445 0,9680 1,000 
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Total 100,00 100,00 - - - - 
Table 2 - Phase composition of the Cr-Mn-Si-Cu-Fe-Al coating in a gas atmosphere of nitrogen 
 

Sample 
Detected 
phases 

Phase content, 
vol.% 

Lattice 
parameters, Ǻ 

OCD 
dimensions, 

nm 
∆d/d*10-3 

A sample of Cr-Mn-
Si-Cu-Fe-Al in a 
nitrogen gas 
atmosphere, 40 min 

FeN0.0324 60,6 а = 3,598 103,4 3,460 
 

CrN0.31O0.31 
 

39,4 
 

а = 4,211 
 

25,6 
 

5,143 

 
Table 3 - Material properties calculated from nanoindentation data [2] 
 

Material Н, GPa Е, GPa R, % 
Titanium (ОТ4-1) 4,1 130 19 
The multilayered film Ti/-C:Н 8,0 128 34 
Amorphous tape Zr-Cu-Ti-Ni 11,5 117 42 
Cr-Mn-Si-Cu-Fe-Al 7,4   

 
From Table. 3 that the nanowhardness of our coating is greater than the nanohardness of 

pure titanium and close to the hardening multilayer Ti/αCH film. Fig. 2 shows that the cross-section 
of the Cr-Mn-Si-Cu-Fe-Al coating is a cellular (columnar) structure characteristic of self-organized 
systems.  

In the process of ion-plasma coating deposition and during cooling, tensed states are formed 
in the latter, which can be sources of multiplication of dislocations throughout the volume of the 
deposited coating. The sharp increase in the microhardness of the formed film observed during this 
process is a consequence of the dislocation hardening of the coating material. 

The obtained experimental data fit into all the models considered by us: the concentration 
supercooling associated with the presence of a radial concentration gradient of the impurity; Benard 
cells, the occurrence of which is due to the presence of a vertical temperature gradient; cellular 
dislocation structure associated with the presence of plastic deformations in the coating. The final 
choice of the model and, accordingly, the control parameter has not yet been made. It is possible that 
the process of coating formation is influenced by all mechanisms in one or a degree. 

The work was carried out under the program of the Ministry of Education and Science of the 
Republic of Kazakhstan Grants no. 0118RK000063 and no. Ф.0780. 
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Development and wide use of new generation of nanomaterials demands studies of their 

properties, including influence on live organisms [1]. In particular, the current national standard on 
microbiological testing of nanomaterials [2] recommends employing the recombinant luminescent 
E. coli stain for these purposes with the use of a quantitative assessment of the luminescence 
inhibition as an indicator of their biotoxicity. Also important task is not only studying of self-toxic 
effect of nanomaterials [3], but also evaluating possibilities of their modification, for example, 
enhance the activity by additional substances introduction [4-5]. The goal of this study was to 
determine the effect of 4-hexylresorcinol on the sensitivity of Escherichia coli cells to the damaging 
effect of two types of cationic C60-fullerene derivatives. 

Two cationic C60-fullerene derivatives (FD) were used in this study, denoted here as FD1, 
bearing four protonated 4-(2-pyridyl)piperazine-1-yl groups, and FD2, comprising five residues of 
trifluoroacetate, were synthesized according to the previously published procedures [6-7]. 4-
hexylresorcinol (HR), having of the hydrophobic alkyl radical, were purchased from Sigma-Aldrich 
(USA). Aqueous suspensions of FD (4 mM) and HR (0,5 mM)  were prepared in deionized water. 
The suspensions of fullerene derivatives were vigorously mixed and sonicated in ultrasonic bath 
(Sapfir, Russia) at 35 kHz for 30 min. The suspensions were then incubated for about 2 hours at 
25°C, thus allowing the colloidal systems to reach equilibrium. From these solutions 2-fold 
dilutions were then prepared. Concentrations for FD were from 2 mM to 0,25 mM. Mixture of FD 
with HR was prepared by stirring of their equal volumes at the wells of the plate. 

As a model bacterial cells we used commercially available Escerichia coli K12 TG1 strain 
containing a recombinant plasmid with the luxCDABE operon of Photobacterium leiognathi cloned 
under the lac promoter, which shows strong constitutive light emission under standard cultivation 
conditions [8]. Inhibition of its bioluminescence is likely due to the toxicity associated with 
reducing bacterial metabolite levels or cell death, because light production requires active cell 
metabolism.  

Bioluminescence inhibition assay was used for FD and FD+HR bioactivity evaluations. 
Bioluminescence measurements were carried out using an LM-01T microplate luminometer 
(Immunotech, Czech Republic). Bacterial biosensors biotesting procedure is described in [4]. 
Visualization of the bacterial cells in the intact form or after incubation with the FD and FD+HR 
was performed using an atomic force microscope (SMM-2000; Proton-MIET, Russia) operated in 
contact mode. AFM samples were prepared as it was described in [9]. 
 The received results demonstrate that the HR didn't influence on bioluminescence/viability 
of bacterial target cells, but irrespective of introduction sequence increased their sensitivity to the 
damaging action of FD. Carried out sensitization resulted in more expressed antimicrobic effect – it 
was increased by 1.9-2.9 times for FD1 and 1.4-3.0 times for FD2 comparing to conditions in the 
absence of HR (see the Table).  
 
Table - Half maximal effective concentration (EC50) of the fullerenes according to introduction 
sequence 
 F+ E.coli F+HR+E.coli (F+HR)+E.coli (E.coli+HR)+F 

FD1 880 300 460 300 
FD2 650 480 400 220 
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Influence of HR on bacterial surface affinity to FD has been estimated by atomic force 
microscopy (AFM) method. Visualization of E.coli in the presence of FD was accompanied by 
detection of spherical objects with a diameter from 70 to 350 nanometers representing the associates 
of nanocarbon, distributed on a surface of bacterial cells and on a substrate unevenly. The 
subsequent statistical analysis confirmed formation of physical contact of bacterial surface with 
approximately 34% of FD. In turn the preliminary sensitization of bacterial cells with HR 
significantly increased affinity of their surface to fullerene nanoparticles. The share of the particles 
having physical contact with a bacterial surface increased 1,6 times (up to 56%) in case of FD1 and 
1,4 times (up to 49%) for FD2. 

Taking in consideration the abovementioned, the formation of the spatial contact of the 
FD and HR with the target bacterial cells can be regarded as an important initial (but not the sole) 
mechanism of biotoxicity, which, according to the accumulated data, is determined by the following 
disruption of the cytoplasmic membrane integrity [10], the development of oxidative stress [11], 
and protein and DNA damage [12], as well as other mechanisms that are of interest for future 
investigations into nanocarbon biological activity. 

The authors would like to express appreciation to prof. D.G. Deryabin for the discussion of 
results and A.P. Troshin for carbon nanomaterials kindly providing. 

 
References 
1. Mauter M. S., Elimelech M. Environmental applications of carbon-based nanomaterials // 

Environ. Sci. Technol. 2008, 42 (16), P. 5843–5859. 
2. Metodological (Practical Recomendations) no. 1.2.2634_10: Microbiological and 

MolecularGenetic Way for Estimating How Nanomaterials Effect to Microbiocoenosis 
Specimen (Russian Federation Center ofHygiene and Epidemiology, Moscow, 2010). 

3. Deryabin D.G., Davydova O.K., Yankina Z.Z., Vasilchenko A.S., Miroshnikov S.A., Kornev 
A.B., Ivanchikhina A.V., Troshin P.A.  The activity of [60]fullerene derivatives bearing amine 
and carboxylic solubilizing groups against Escherichia coli: a comparative study //Journal of 
Nanomaterials,  2014. V.2014. P. 907435 

4. Davydova O.K., Nikiyan H.N. 1,3-Dihydroxy-4-hexylresorcinol increases bacterial cells 
sensitivity to damaging action of carbon nanomaterials//Vestnik of the Orenburg State 
University, 2017, № 7 (207), P. 74-78. 

5. Davydova O.K. Aspects of practical use of alkylresorcinols biological properties // Vestnik of 
the Orenburg State University, 2015, № 13(188), P. 128-132. 

6. Troshina O. A., Troshin P. A., Peregudov A. S., Kozlovskiy J., Balzarini R. N.// Chem Eur J, 
2006, 12, 5569. 

7. Troshina O. A., Troshin P. A., Peregudov A. S., Kozlovskiy J., Balzarini R. N., Lyubovskaya 
R. N. Chlorofullerene C 60 Cl 6: a precursor for straightforward preparation of highly water-
soluble polycarboxylic fullerene derivatives active against HIV // Org Biomol Chem, 2007, 5, 
2783. 

8. Davydova О.К., Аleshina Е.S., Zhilenkov А.V. Use of the luminescing strains of 
microorganisms at research of fullerenes derivatives biological activity dependence on their 
surface charge value // Vestnik of the Orenburg State University, 2015, № 10(185), P. 134-138 

9. Tatlybaeva E.B.et al. Atomic force microscopy recognition of protein A on Staphylococcus 
aureus cell surfaces by labeling with IgG–Au conjugates // Beilstein J. Nanotechnol, 2013, 4, P. 
743–749.  

10. Kang S., Herzberg M., Rodrigues D.F., and Elimelech M., Antibacterial effects of carbon 
nanotubes: size does matter!// Langmuir, 2008, 24 (13), P. 6409–6413.  



Russian-Japanese Conference «Chemical Physics of Molecules and Polyfunctional Materials» 

 
 

75

11. Chae S.R., Badireddy A.R., Budarz J.F., Lin S.,  Xiao Y., Therezien M., and Wiesner M.R., 
Heterogeneities in fullerene nanoparticle aggregates affectingreactivity, bioactivity, and 
transport // ACS Nano, 2010, 4 (9), P. 5011–5018. 

12.  M. J. Riding, F. L. Martin, J. Trevisan, V. Llabjani, I. I. Patel, K. C. Jones, and K. T. Semple, 
Concentration-dependent effects of carbon nanoparticles in gram_negative bacteria determined 
by infrared spectroscopy with multivariate analysis // Environ. Pollut, 2012, 163, P. 226–234. 

 
 
MAGNETIC FIELDS AND MAGNETIC ISOTOPE 25MG EFFECTS IN BIOFILMS 

FORMATION BY E. COLI BACTERIA 
 

Tikhonova T.A., Letuta U.G., Tkachenko E.A. 
Orenburg State University, Orenburg, Russia 

 tta-9@mail.ru 
 

Communities of microorganisms, combined in biofilms, are a complex structure consisting 
of microbes themselves and synthesized polymer matrix (proteins, polysaccharides and nucleic 
acids). Biofilms protect bacteria from external physical and chemical factors: antibiotics, ultraviolet 
irradiation and mechanical action [1]. The search for ways of control of biofilm formation and its 
destruction is an important scientific problem. Static magnetic field exposure of biofilm is one of 
such ways. It was proved that magnetic field affects the vitality of microorganisms. The growth of 
bacterial culture is suppressed in proportion to the increase in magnetic field from 30 to 100 mT [3]. 
It was found that the biofilm formation by Pseudomonas aeruginosa bacteria is magnetosensitive 
process [2]. 

The purpose of this work is to identify patterns of biofilm formation by bacteria under 
magnetic influences. Static magnetic field 2-82 mT and magnetic isotope of magnesium 25Mg with 
nuclear spin (equal to 5/2 [4]) were used as magnetic actions. The magnetic magnesium isotope 
addition to nutrient medium leads to an increase growth rate and colony-forming ability of bacteria 
[5]. The magnetic magnesium isotope having a nuclear magnetic moment affects the rate of 
enzymatic reactions of ATP and DNA synthesis in vitro [4, 6]. 

Bacteria E. coli incubated for 48 hours at a constant temperature of 37°C in a static magnetic 
field created by an electromagnet and equipped with a thermostat. Ability to biofilm formation was 
registered by a standard photometric method according to bind of crystalline violet [8]. 

The combined effects of external static magnetic field and magnetic magnesium isotope 
25Mg in biofilm formation were found in the range 1-10 mT and 20-35 mT of weak fields. These 
ranges are consistent with the magnetosensitivity theory of living organisms [5, 7]. The biofilms 
formation by bacteria is magnetosensitive process. 
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Conditions for the preparation of stable graphene films based on N-doped graphene oxide 

(NGO) were studied. NGO dispersions (N-doped graphene oxide, SigmaAldrich) in water-DMF 
were used. 

The physical and chemical properties of NGO monolayers, formed from dispersions in 
water-DMF, at the surface of water-air interface were studied. The transfer of monolayers to a solid 
substrate was carried out by a vertical method using the KSV NIMA Langmuir-Blodgett system at 
different surface pressures of: 5, 8, 10, 35 mN/m. SEM measurements showed that the NGO forms 
island films with an area of several mm. In the structure of films that were transferred at low surface 
pressures it is possible to distinguish multilayer structures formed by the overlapping of individual 
sheets of NGO. The total area of the substrate coated with a film was varied from 70 to 93% for 
films obtained at different values of π. 

 

   
a b c 

SEM-images of NGO LB films, transferred at various surface pressures, mN/m: a – 5; b – 
10; c – 20  

 

The structure and morphology of the surface of graphene oxide films and its derivatives can 
be explained as follows. Graphene oxides form colloidal solutions due to electrostatic repulsion 
between negative ionized carboxyl and phenolic hydroxyl groups located in the plane of the 
graphene oxide layer [1]. When the second layer of graphene oxide is applied to the surface of the 
first layer, it is most likely that they will be mutually repulsed from each other due to electrostatic 
interactions and attracted due to van der Waals forces [2]. Residual π-cojugated domains will also 
contribute to the attraction between the layers of graphene oxide. Therefore, the processes of 
attraction will dominate, which makes it possible to obtain multilayer films. 

When studying the optical properties of NGO LB films, the absorption spectrum with a 
maximum of about 250 nm and the shoulder at 300 nm, characteristic for graphene oxide, was 
recorded. The synthesized NGO films have a high transparency in the visible range of the spectrum 
– from 80 to 90%, which makes them attractive for various technological applications. 
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According to the International Manufacturing Technology magazine (Canada), the capacity 

of the world market of services for the application of high-strength wear-resistant coatings is $ 1.2 
billion, with an annual growth of 10-15%, the capacity of the world market for equipment for 
coatings is $ 3.9 billion, with annual growth eleven%. In the segment of equipment for applying 
protective and decorative coatings to consumer goods, the size of the world market is $ 100-200 
million. In the field of hardening coatings, the size of the world market is $ 2-3 billion per year. 

World leaders in the field of PVD coatings are HAUZER TECHNO COATING (Holland) 
and INFICON (a union of BALZERS, LEYBOLD, PFIFFER and US INFICON). The cost of 
equipment of such companies is $ 1.2-1.45 million (the German installation of the CC800 - $ 1.2 
million, the Japanese UBMS-707 of the company KOBE STEEL Co. - $ 1.45 million, the Dutch 
HTC-1000 - $ 1.2 million. ), and corrosion-resistant coatings are formed by galvanizing a sublayer 
prior to PVD coating. Today's share of these companies in the EC countries is 38%. According to 
the research of TRYKOR Inc (USA), for significant growth of the market of substitutes for galvanic 
technologies, it is necessary to reduce the cost of PVD equipment by 2 times. The price of the 
equipment for the application of PVD coatings from the company "Elan-Praktik" (Russia) is $ 0.6 
million. 

In recent years, studies of multi-element (highly entropic) alloys and coatings based on 
them have begun to develop intensively in a number of countries (see, for example, reviews [1-
5]). This is due to their unique physical properties and opens the prospect of obtaining new 
construction materials for the needs of various industries. Stability of the structure and 
composition, as well as high performance characteristics of high-entropic systems, create a very 
attractive possibility of forming coatings on their basis in order to improve the surface 
characteristics or to use them as protective films preventing harmful impurities from entering the 
near-surface layers. 

We also started work on the synthesis of multi-element (highly entropic) coatings and 
obtained good results on hardening, anticorrosion, thermally and radiation-resistant coatings [6-
12]. 

The novelty of the results is as follows: 
- we have obtained a relationship between the surface energy and the melting point of a 

metal and its compounds [13], as well as the universal dimensional dependence of the physical 
properties of nanomaterials [14]; 

- we first proposed a method for determining the surface tension of deposited coatings [15, 
16]; 

- Based on our studies [13-16], we were able to predict the physical properties of 
nanocrystalline and functional coatings for the first time [17, 18]. 

The novelty of the proposed technology is as follows: 
- using the results of our studies [19, 20], we select nanoparticles of pure metals or their 

compounds of such sizes, the melting point of which is practically the same, but almost 1000 ° C 
below the melting point of bulk samples [21]; 

- when melting such a mixture of nanoparticles, a single-phase structure with unique 
physical properties should be obtained [3-5]; 

- from such an alloy cathodes and targets for the application of highly entropic coatings 
are made. 
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The most promising for obtaining nanostructured coatings are vacuum ion-plasma 
methods: magnetron sputtering, ion and vacuum arc deposition. This is due to the fact that in 
addition to the thermal factor, there are others - high degree of ionization, flux density and 
particle energy. 

In Kazakhstan, special steels are not produced for the manufacture of most parts of 
machinery and machinery of industrial enterprises. For example, the plant "Mining machines" 
OJSC "Arcelor Mittal Temirtau" manufactures parts of cleaning and passing machines, as well as 
plowing installations. To produce them, high-alloy steels are used: chrome-silica-gantsevye 
(35ХГСА, etc.), chromium-nickel (45ХН, etc.). In the heat power industry, the most widespread 
was chromium-nickel steel of the grade 12X18N10T of the austenitic class, also called stainless 
steel/ 

The proposed technology for applying high-entropy coatings gives products from simple 
steel grades that are produced in Kazakhstan, performance characteristics that are not inferior to 
products made from special steels. This leads to a decrease in the cost of production by about 5-
12 times. 

In the papers cited [6-21], various properties of nanocrystalline coatings are considered. 
Methods for determining the surface tension of deposited coatings based on the dimensional 
dependence of their physical properties are proposed. It is shown that to predict the mechanical 
properties of coatings, their melting point, heat resistance, wear resistance, corrosion resistance, etc. 
can be based on a theoretical estimate of their surface tension. 

At the present time, there is no quantitative theory that allows to predict the desired 
properties of coatings depending on the technological conditions for their production, the cathode 
materials and targets used, etc. Therefore, even the qualitative models proposed in this paper can 
help to avoid a large volume of routine but expensive work. 

The work was carried out under the program of the Ministry of Education and Science 
of the Republic of Kazakhstan Grants no. 0118RK000063 and no. Ф.0780. 
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The electron spin is considered a promising carrier of information in spintronics devices and 
an object of manipulation (qubit) in algorithms for quantum computation (CNOT, NOT, AND, 
SWAP, H, S, T and OR). Rotations of electron or nuclear spins in systems of quantum dots or in 
paramagnetic centers under the action of microwave or radio-frequency pulses correspond to 
elementary operations with qubits. 

For high-spin systems S> 1 the action of pulses with a phase jump is equivalent to 
translating the spin system from one entangled state to another; for example, it becomes possible to 
transition from T- to T + state without changing the singlet S and the triplet T0 state. Those and 
similar effects of pulses with a phase jump open up new possibilities for physical realizations of 
elementary operations of quantum computation by manipulating multi-spin entangled systems. The 
work is supported by Russian Scientific Foundation (Project 18-37-00374\18). 
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Three-component film materials gallium-indium phosphide GaxIn1-xP, gallium-indium 

arsenide GaxIn1-xAs and gallium phosphide-arsenide GaAsxP1-x are widely used as semiconductors 
for microwave devices, LEDs, photo sensors, lasers. They are semiconductors with an indirect band 
gap. Unlike similar dual systems, for three-component semiconductor systems, the band gap energy 
varies with x. By varying the composition of these systems by changing the ratio of the variable 
components (x), it is possible to change the characteristics of the emission spectra and sensitivity in 
a wide range of wavelengths. This allows the use these compounds in fiber optic technologies. At 
the same time, in the synthesis of such materials, it is necessary to control strictly the ratio of 
components to obtain a material with the specified optical characteristics. When analyzing such 
materials, it is necessary to pay attention to the fact that all components (Ga, In, As, P) are able to 
form polyoxometallate complexes. And Ga, As, P are possible as a central atom X in 
polyoxomolybdate and polyoxotungstate and mixed polyoxomolybdotungstate complexes of 
Keggin structure with common formulae XMoxW12-xO40

n- [1-2]. Indium does not form complexes 
with Keggin structures, but can form hexamolybdenoindates – polyoxometalates of Anderson 
structure. 

The proposed scheme of complete analysis based on differences in the formation of 
polyoxometallates with Keggin structure by phosphorus, gallium and arsenic, as well as on 
differences in the conditions of their extraction. 

The ratio of Mo:W=10:2 in the Keggin structure provides its good extractability 
(molybdenum polyoxometallates are extracted better than tungsten ones [3-4]). At the same time, 
the presence of tungsten in the composition of Keggin polyoxometallates increases their stability in 
comparison with monoligand molybdenum analogues. The use of the extraction step allows not 
only to separate elements in the analysis process, but also to avoid the absorption of 
isopolymetallates (hepta - and octamolybdates), because isopolymetallates are extracted by organic 
extractants significantly worse than heteropolycomplex of Keggin structure. It is for this reason that 
the reduction of polyoxometallate should be carried out in the organic phase. Tin chloride (II) was 
used for this purpose, as the reduction in the organic solvent is more difficult than in the aqueous 
phase. The reducing of complex XMo10W2O40

n- in methyl isobutyl ketone (MIBK) forms 2-
electrone "blue". The reduction process was studied by saturation method with spectrophotometric 
detection. The maximum absorption of the reduction product is observed at 710 nm. 

The Keggin structure is saved during the reducing process. This is confirmed by the IR 
spectra of the reduction products precipitated from extract by tetrabutylammonium chloride. In the 
IR spectra of the reduced heteropolymolybdotungstates there are three bands characteristic for the 
polyoxometallates of Keggin structure [5]: vas(Me=O) – 932-952 cm-1, vas(Me-O-Me) – 872-880 
cm-1 and vas(Me/O\Me) – 784-785 cm-1. 

Below is an example of a semiconductor material GaxIn1-xP analysis scheme. 
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The separation of components is based on the following principles: 
1) Indium Hexamolybdate (6-polyoxometallate) is not extracted into organic phase in 

contrast to the Keggin complexes (12-polyoxometallate). This allows to separate the Indium. 
2) Gallium Molybdotungstate GaMo10W2O5-

40 is not formed at room temperature, in 
contrast to analogous complexes of phosphorus and arsenic, its formation requires heating at 90-
100°C [6]. This allows to separate the gallium. 

3) Molybdotungstates AsMo10W2O40
3- and РMo10W2O40

3- have similar pH intervals of 
formation, but can be separated by the extraction step. 

The advantage of this determination scheme is to use one analytical form and the same 
reagents to determine the three elements. This approach makes it possible to minimize the analysis 
time and use a small set of reagents for complete analysis of three-component semiconductor 
material. 
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Graphene and its modified derivatives have very high mobility of charge carriers, optical 

transparency, high specific surface and the possibility of chemical functionalization, as well as 
mechanical flexibility and strength. TiO2 is used in many industries, as a photocatalyst, in sensitized 
solar cells, in water purification, etc. The combination of these two materials will lead to even 
greater usage and will increase the characteristics of the new nanocomposite material. In the present 
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work, a hydrothermal method was used to synthesize a nanocomposite material based on graphene 
oxide and TiO2. 

Preparation of TiO2–GO nanocomposite films was carried out as follows: 20 mg of graphene 
oxide (Cheaptubes, USA) was mixed with 60 ml of deionized water purified with an AquaMax 
water purification system and 20 ml of ethanol in ultrasound for 1 hour. The specific resistance of 
water is 18.2 MΩ / cm. The surface tension of water is 72.8 mN/m at pH = 5.6 and temperature 
22°C. 2 g of TiO2 were added to the graphene oxide slurry and the ultrasound was successively 
alternated and shaken for 2 hours, 30 minutes for each procedure, until a homogeneous suspension 
of uniform light gray color was obtained. The suspension is then poured into a 100 ml autoclave 
lined with Teflon and left at 1200С for 24 hours to synthesize the composite. This process 
simultaneously reduces graphene oxide (GO) to reduced graphene oxide (rGO) by "collecting" the 
electron from ethanol and forming Ti-O-C bonds of TiO2 and rGO. After cooling to room 
temperature, the suspension is filtered several times with de-ionized water and the product is dried 
under ordinary conditions (or at a temperature of 60 °C) [1]. A similar procedure was carried out 
using 5% and 10% by weight of TiO2. 

The morphology of the surface of the resulting composite materials was examined using a 
Tescan Mira3 scanning electron microscope. The EDA of the samples was examined on SEM. The 
Confotec MR520 (3D Scanning Raman Confocal Microscope, Sol Instruments) microscope with 
laser excitation at a wavelength of 632.8 nm was used to record Raman spectra. With the help of the 
Fourier spectrometer FSM 1201, the FTIR spectra of the composite material were investigated. 

A porous structure formed by nanoparticles of titanium dioxide is traced on the SEM images 
of nanocomposite powders. The particle sizes range from 18 to 25 nm. Single-layer graphene oxide 
sheets are embedded between the TiO2 nanoparticles in the form of transparent sheets (Figure 1). In 
Figure 1 (b and c), graphene sheets are clearly visible, and in Figure 1 (a) graphene oxide sheets are 
not even noticeable. EDA analysis of the samples shows that in each sample there is carbon and its 
amount increases with increasing its percentage relative to TiO2. 

 

   
а)  b)  c)  
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d)  e)  f)  
 

Figure 1 - SEM images and EDA analysis of composite material with various graphene 
oxide contents: a - TiO2/GO/1%, b – TiO2/GO/5%, c – TiO2/GO/10% 

 

  
а) b) 

 
Figure 2 - Raman spectra (a) and FTIR spectrum of the composite material with different 

concentration of graphene oxide 
 

Titanium dioxide with the anatase structure has six combination-active peaks in the 
vibrational spectrum: three Eg peaks centered around 149, 183 and 630 сm-1 (Eg (1), Eg (2) and Eg 
(3) peaks respectively), two B1g peaks at 397 and 506 сm-1 (denoted B1g (1) and B1g (2)), as well 
as A1g peaks at 481 сm-1 [2]. 

It can be seen from Fig. 2a that there are peaks characteristic of TiO2 and graphene oxide in 
the composite material. In the Raman spectra of nanocomposite films, several bands of graphene 
oxide can be clearly distinguished: these are the G and D bands. It can be seen from the figure that 
the G band of graphene oxide falls on 1586 сm-1.The D-band, which characterizes the degree of 
defectiveness of graphene, is located at 1350 сm-1. To establish the sizes of domains with sp2 
hybridization in carbon materials, the intensity ratio ID/IG is used [3, 4]. From the Raman spectra, 
ID/IG = 1.14 was obtained. This indicates a disorder in the distribution of graphene in the sample. 

In addition to the G and D bands in the Raman spectrum, there is also a 2D band with 
 =2700 сm-1, which indicates the degree of graphitization. And the intensity ratio I2D/IG indicates 
the number of layers of graphene oxide. According to our samples, I2D/IG = 0.23. 

The FTIR spectra shows available compounds characteristic of graphene oxide bonds: C-O 
(1095 сm-1), C-O-C (1261 сm-1), C-OH (1454 сm-1), C = O (1728 сm-1) and a hump at 3000-3500 
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cm-1 (3441 cm-1), which characterizes the O-H vibrations of the C-OH group and water. The peak of 
1628 cm-1 is called the skeletal vibration of graphene oxide [5]. 

It can be seen from Fig. 2b that there are no functional groups characteristic of graphene 
oxide. This indicates the removal of hydroxyl and carbonyl groups and the reduction of GO to rGO. 
The main band of the composite TiO2-rGO material has a wide absorption at low wavenumbers 
(less than 1000 сm-1), which are characteristic of Ti-O-Ti bonds in TiO2. 

According to the FTIR spectrum data, the lack of functional groups characteristic of 
graphene oxide and the presence of a vibrational model of stretching and bending of the Ti-O-Ti 
bond indicate the formation of a TiO2-GO composite material. 

Thus, the studies carried out have shown that hydrothermal synthesis produces a bond 
between the particles of graphene oxide and TiO2. 
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The mechanism of Cu(II) ions stabilization in phase of low-base AN-31 anion exchanger 
and the competition of the  Ge(IV) and  Cu(II) ions sorption are studied. It is found that the sorption 
recovery of copper ions from water solutions in the phase of low-base AN-31 anion exchanger has a 
mixed character. It is established via electron spectroscopy of diffuse reflection that ions are 
stabilized through complexation with the participation of the functional groups of the sorbent with 
the formation of structures [Cu(NR3)2(OH)2(H2O)2], [Cu(NR3)3(OH)(H2O)2] (Fig.1, a, b), and as a 
result of the physical adsorption of oxide dimers (-Cu-O-)2 and planar-squared copper clusters 
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(Fig.1, c) [1-3]. It is shown that increasing the ionic strength of a solution by introducing sodium 
chloride into the system greatly improves the capacity of the sorbent and leads to the uniform 
distribution of copper ions in the resin matrix.  

 

 

The similarity between the EPR spectrum parameters of copper-containing samples of the 
ion exchanger, obtained in a wider range of pH, is determined via EPR and testifies to the 
homogeneity of the stabilization positions of Cu2+ ions. The crystalline field of tetragonal-elongated 
octahedron is typical of all Cu2+ ions. All of the complexes have Cu[(N)3(O)3] coordination nodes 
with the covalent bonding of Cu2+ ions and the amine groups of the sorbent. 

Figure 1 - Composition of the first coordination sphere of Cu2+ ions in the phases of AN-31 anion 
exchange resinwith different metal contents: (a) 0.25 to 6 wt %; (b, c)∼35 wt % 

 
The Langmuir character and high affinity of the sorbent to the Ge(IV) and Cu(II) ions in 

chloride media allows us to expect competition for the extraction of Ge(IV) and Cu(II) ions into the 
sorbent phase. It is established that in low-concentrated non-mineralized solutions the isotherm of 
copper ions sorption cannot be described with one of any standard adsorption models. 

The S-shaped initial section of this isotherm indicates the dominance of hydrolysis process 
over sorption. Increasing the ionic strength of the solution by the addition of NaCl into the copper 
containing solution promoted the formation of highly adsorbed copper  species. Based on the 
electron specters of diffuse reflectance of copper-containing sorbent, isotherms of sorption and 
isomolar copper-germanium ions distribution diagram in solutions with different chloride 
concentrations the nature of extracted particles has been established, and the effect of the mineral 
background on thesorbent capacity has been determined. The synergistic effect of Cu(II) ions 
sorption in the presence of Ge(IV) ions has been established. It was found that the ionic and 
uncharged associates formed by hydroxy-chloride polynuclear cuprate(II) cations and 
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methagermanate anions extract from the chloride solutions onto AN-31.The possibility of selective 
Cu(II) ions sorption from germanium containing 1M chloride solutions in wide range of 
Ge(IV):Cu(II) molar ratios from 1:3 to 1:1 has been established. 
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Physico-chemical phenomena on the surface of solids play an important role in 
technological processes in a large number of industrial and scientific spheres of human activity. 
Quantitative determination of the surface energy of solids is difficult because of the lack of 
appreciable mobility of surface atoms at ordinary temperatures. A large number of reviews on this 
topic are currently available (among which, we note the paper [1], where there is an extensive 
bibliography of earlier works). We have developed methods for determining the surface tension of 
dielectrics, magnetic materials, phosphors and deposited coatings protected by 5 Patents of the 
Republic of Kazakhstan. At the heart of our approach to the development of new methods for the 
experimental determination of the surface tension of solids and nanomaterials lies the relationship 
obtained, which relates the physical property of an object to its size. 

The microhardness of the coating is described by the formula [2]: 

 





 

h
d10 , (1) 

where μ is the microhardness of the coating; μ0 is the microhardness of a bulk sample; h is the 
thickness of the coating. The quantity d is related to the surface energy σ by the relation [2]: 

 
RT
2d 

 , (2) 



Russian-Japanese Conference «Chemical Physics of Molecules and Polyfunctional Materials» 

 
 

88

where σ is the surface energy of a large body; υ is the volume of one mole; R is the gas constant; T 
is the temperature. 

In the quantities μ~1/h (1/h is the reciprocal of the coating), the straight line is straightened 
and the tangent of the slope gives a value of d, which (see formula (2)) determines the surface 
energy of the coating (σ). Another method allows us to determine the surface energy by the formula 
(3): 

 





 

h
d10 , (3) 

where ρ0 is the electrical conductivity of a thick body, and d is determined by formula (2). 
First of all, consider MeN. The interest in metal nitrides is due to their unique physico-chemical 

properties. Among them there are compounds that are refractory, wear-resistant, corrosion-resistant, 
conductors, semiconductors and insulators, as well as materials with other diverse properties. 

The results are shown in Fig. 1 and 2. Formula (1) is rectified and yields a value of x = 1.32 
μm. For TiN = 11.42 cm3/mol and the ratio (2) for the surface energy gives σ = 2.16 J/m2. The 
experimental dependence of the electrical conductivity ρ of the deposited coating on its thickness h 
(Fig. 2) is described by a formula similar to formula (1). In the coordinates ρ 1 / h, the experimental 
curve gives the value h = 1.3 μm. From the relation (2) for the surface energy, σ = 2.13 J/m2 was 
obtained. This value coincides with the result obtained from the hardness dependence on the 
thickness of the coating, which confirms the assumptions used. The surface energy for different 
coatings was determined in a similar manner (Table 1). 

  
Figure 1 - Dependence of the hardness of 

titanium nitride on the thickness 
Figure 2 - Dependence of the electrical 
conductivity of titanium nitride on the 

thickness 
 

Table 1 - Surface energy and properties of nitrides 
 

Nitride 
Temperature 
melting °С 

Hardness 
coating, GPa 

The conductivity of 
the coating, 

μOhm-1 • m-1 

Surface energy, 
J/m2 

TiN 2943 21,0 402 2.13 
ZrN 2952 17,0 19 2.14 
HfN 3320 23,0 32 2.36 
NbN 2319 15,0 77 1.63 
TaN 3350 18,5 165 2.45 
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Figure 3 - Correspondence of the calculated and experimental PE values 
 
To determine the surface energy (PE) σ of metallic samples, it is proposed to use the 

formula developed by us [3]: 

  083,0ÍÂ
S

10028,0Å 3358,0

1

êî19
p 


 .   (3) 

where Еp - the calculated value of PE, J/m2; φco - RVE of the controlled object, J; S1 = 1 m2 - "unit 
area", which must be entered to comply with the dimension of the PE; НВ - hardness of metal 
according to Brinell, MPa; 

The results of our calculations according to the formula (3) of the dependence of the PE Epr 
are presented in Table 2. The graph of the correspondence between the values of the PE Epr 
calculated from the formula (3) and the experimental values of the PE En for 26 metals are shown 
in Fig. 3. In Fig. 3 also shows a formula describing the relationship between En and En 

In Fig. 3 that the convergence between the experimental and calculated values of the PE is 
good - the coefficient of pair correlation is R2≈0.89. 

 
Table 2 - The results of calculations of the PE Ep of metals according to the formula (3) 
 

Metal HV, MPa Еp, J/m2 Metal HV, MPa Еp, J/m2 

Li 5,00 0,266 Zr 570,00 1,555 
Ве 1500,00 2,133 Ni 600,00 2,087 
Na 0,68 0,175 Nb 750,00 2,007 
Mg 300,00 1,191 Mo 1600,00 2,381 
К 0,40 0,156 Ag 255,00 1,323 
Al 167,00 1,146 Cd 160,00 1,093 
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Ti 600,00 1,602 Ta 1000,00 1,963 
V 628,00 1,691 Sn 60,00 0,860 
Cr 1000,00 2,174 W 2250,00 2,802 
Cu 450,00 1,619 Re 1300,00 2,571 
Zn 412,00 1,519 Pt 470,00 1,966 

 
The work was carried out under the program of the Ministry of Education and Science 
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Annotation 
This paper presents the results of a study of photoprocesses occurring in porphyrin I solutions 

with ytterbium nitrates and ytterbium chlorides. It was shown that the presence of Yb(NO3)3 in the 
solution leads to the fluorescence enhancement and to the quenching of delayed fluorescence of 
porphyrin. 
Keywords: porphyrin -Yb3+ complex, fluorescence, delay fluorescence  
 
Introduction 

Rare earth element (REE) ions are currently of great interest due to their special optical 
properties and possibility of generating complex photoprocesses such as, for example, up-
conversion [1-3]. On the other hand, REE ions, in particular ytterbium, thulium, are of interest to 
scientists in the Biomedicine and luminescent diagnostics areas, because of their ability to absorb 
and emit light in the "transparency" of tissues (800-1600 nm) [4]. Also it was shown in [5-8] that 
the presence of such a component as a heavy atomic mass RE ion in the structure of the luminescent 
molecule and in the close environment significantly changes its optical-kinetic properties through 
various mechanisms of energy transfer [9, 10], the nature of which remains not yet fully studied.  
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In this paper, it was of interest to consider the effect of Yb3 + ions in combination with the 
porphyrin molecule and the free state near the porphyrin molecule on the fluorescent and kinetic 
characteristics of the porphyrin-ytterbium metal complex as a whole. 
Methodology 

This paper presents the spectral characteristics of porphyrin I alcohol solutions with 
ytterbium ions of different morphology. In this work alcohol-soluble Porphyrin I (C40H42N5O7) with 
a molar mass M=704.80 g/mol produced by Sigma-Aldrich was used. At first, the initial solutions 
of porphyrin I (C=3.5·10-4 M), Yb(NO3)3 (C=10-2 M) and YbCl3 (C=10-2 M) were prepared. The 
ion solutions of Yb(NO3)3 and YbCl3 were prepared by dissolving ytterbium metal in hydrochloric 
and nitric acids, respectively. Further solutions were heated at C=40°C to complete evaporation of 
acids and ethanol was added. In conclusion, the solutions of Yb(NO3)3 and YbCl3 became 
transparent, with a pH ≈ 5. Then solutions of porphyrin I with Yb3+ ions were prepared.  The 
concentration of porphyrin I was constant C= 10-4 M, and the concentration of ytterbium ions has 
been varied in the range C=10-4-10-3 M. The obtained solutions were subjected to optical 
measurements at T=293 K. The absorption spectra of the solutions were studied on a Shimadzu 
UV-2600 spectrophotometer (Japan) with a photometric sphere. 

Spectral and kinetic studies were measured on the Fluorolog-3 optical system (Horiba and 
Jobin Yvon,France-Japan), equipped with continuous and pulsed Xe lamps. To investigate the 
kinetics of fluorescence decay of porphyrin I molecules with ytterbium ions, a laser pulsed diode 
"NanoLed" with a wavelength λ=405 nm was used. 
Results and discussion  
 Figure 1 shows the fluorescence spectra of porphyrin I (P.I) molecules with ytterbium ions. 

     
                                      a)                                                                                    b) 

               
                                       c)                                                                                     d) 
Fig.1. Fluorescence spectra of porphyrin I with ions of ytterbium under  the excitation wavelength of 400 and 420 nm. 

а), b) – with YbCl3; c),d) – with Yb(NO3)3.(Cmin= 10-4 M; Cmed=5·10-4 M; Cmax=10-3 M) 
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As can be seen from figure 1, there was observed the presence of three maxima at 
wavelengths of 650, 685 and 760 nm in the fluorescence spectrum under excitation at wavelength 
of  λ=400 nm. When excited by a wavelength of 420 nm, the third maximum of fluorescence 
disappears. Fluorescence spectra at excitation λ=420 nm consist of two broad maxima, which may 
indicate the presence of complex formation of porphyrin I molecules with ytterbium ions  and the 
formation of luminescent complexes Yb3+- porphyrin I. The formation of complexes is also possible 
due to the creation of the links between the ytterbium ion and nitrogen atoms in the center of the 
porphyrin macroring because of the donor-acceptor mechanism. Figures 1a, 1b show that the 
presence of YbCl3 in the P.I. solution leads to the fluorescence quenching, which may be due to Cl- 
ions in the solution, which are fluorescence quencher. However, it is important to note that the 
presence of Yb(NO3)3 in a P.I. solution increase the fluorescence intensity under the excitation 
wavelengths of  λ=400 nm and λ=420 nm. Figures 1с and 1d show that the intensity of all maxima 
of the fluorescence spectrum increases when Yb(NO3)3 was added to the P.I. solution. 

To investigate the process of increasing the P.I. molecules fluorescence in the presence of 
ytterbium ions, kinetic measurements of singlet - and triplet-excited States of porphyrin I in the 
presence of Yb(NO3)3 were made. The data were summarized in table 1. 
Table 1.−  Spectral and kinetic characteristics of porphyrin I solutions with ytterbium ions. 
Compound in solution Ifl(CPS) 

(λex=400нм) 
IFl(CPS) 
(λex=420 нм) 

τFl, ns τDfl, μs 

Porph. 4,4 ·106 3,37 ·106 2,56 214 
Porph.+Yb(NO3)3 (C=10-4 M)  5,26 ·106 3,96 ·106 2,75 170 
Porph.+Yb(NO3)3 (C=5·10-4 М) 5,26 ·106 3,89 ·106 2,63 150 
Porph.+Yb(NO3)3 (C=10-3 M) 5 ·106 4,05 ·106 2,62 130 

 
As can be seen from table 1, the lifetimes of  P.I. fluorescence vary slightly with increasing 

the concentration of Yb(NO3)3. However, the presence of Yb(NO3)3 in solution of porphyrin leads 
to a lifetime delayed fluorescence decrease of the porphyrin I. Apparently, the decrease of delayed 
fluorescence deactivation time is due to the singlet states lifetime increase  and fluorescence 
intensity enhancement with increasing of ytterbium ions concentrations. 
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THE POSSIBILITY OF FORMATION OF COMPLEX COMPOUNDS OF 1,4-
PHENYLENE-BIS-DYANTIPIRYLMETHANE WITH CATIONS OF SOME D-METALS 

 
Abramova V.V., Dubskikh V.A. 

Orenburg State University, Orenburg, Russian Federation,  
ondevil1996@gmail.com 

 
At present, in the field of chemistry, the emphasis is on complex compounds (in particular, 

metal-organic compounds), since they have specific properties. Previously, the synthesis of the 
reaction of electrophilic substitution into the aromatic ring of the 1,4-phenylene-bis-
dianthipylmethane heteropyrocyclic ring with the participation of terephthalic aldehyde was carried 
out. 

Diantipyrylmethane and its aliphatic derivatives are used by analytical chemists, extractants, 
ligands in spectrophotometric analysis: this allows one to assume the high complexing ability of the 
new derivative. 

The aim of this work was to investigate the possibility of interaction of the derivative of AP 
with cations of d-metals by determining the stability of hypothetical complexes using quantum 
chemical calculations: optimization in the HF / 6-311G approximation, on functions of the limited 
Hartree-Fock open shell method. Firstly, molecular models were constructed and calculated in the 
gas phase. To understand  the influence of the solvent on the structure energy the continual model 
PCM-C was applied. Assuming that the "central" cycle will not have a significant effect on 
complexation, the reaction with metals was modeled only with the participation of the electron-
acceptor part of the molecule. 

To find the reacting molecular center the distribution of electron density and electrostatic 
potential was calculated (Figure 1).  

 

 
Figure 1 - 3D model of distribution of electron density and electrostatic potential. Blue 

indicates the localization of the negative electrostatic potential, brown - positive charge, red "grid" 
marked the electron density. 

Cations of transition d-metals was successively attached to the optimized fragment. The 
stability of the complexes was determined from the difference in the formation energies of the 
complexes and the initial fragment of the molecule (table 1).  

 
Table 1 – The formation energies of 1,4-phenylene-bis-dianthipylmethane complexes with 

metal cations 
Metal Ge 

Z=32 
Co 
Z=27 

Ni 
Z=28 

Zn 
Z=30 

Cu 
Z=29 

Ion radius 0,073 0,074 0,069 0,074 0,073 
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E0 -3310.689 -2620.079 -2744.902 -3014.482 -2876.295 
∆E, kJ / mol -531.891 -595.462 -619.646 -681.167 -716.274 

According to the data of quantum chemical optimization using the Hartree-Fock method 
with the HF / 6-311G open shell in the Firefly program (formerly known as PC GAMESS) the 
electron-donating reaction centers of the 1,4-phenylene-bis-dianthipylmethane molecule were 
detected. It has been determined that addition reactions involving nitrogen atoms of pyrazole rings 
are unlikely due to the steric factor, and metal cations will rush to oxygen atoms in the molecular 
space between the carbonyl groups of heterocycles oriented in one half-plane. Due to the data of the 
energies formation the stability series of complexes (Cu2 +> Zn2 +> Ni2 +> Co2 +> Ge4 +) were 
compiled. 

 
 

SYNTHESIS OF 1,3-PROPYLENE-BIS-[4,4'-METHYLENE-BIS-(1,2-DIHYDRO-1,5-
DIMETHYL-2-PHENYL-3-PYRAZOLONE)] AS A NEW DERIVATIVE OF 

DIANTIPYRILMETHANE 
 

Abramova V.V., Dubskikh V.A. 
Orenburg State University, Orenburg, Russian Federation 

ondevil1996@gmail.com, vadim960522@mail.ru 
 

          The ability of antipyrine to the reactions of complexation and salt formation with d- and f-
elements shows its value as an analytical reagent. Possibilities of derivatives of antipyrine, in 
particular diantipyrilmethane and its homologues, allow to determine more than 50 elements of the 
periodic system [1]. The aim of the study is the synthesis of a tetrasubstituted derivative of an 
antipyrine by electrophilic substitution into the α-position of a heteroaromatic ring in conditions of 
acid catalysis. 

 
Figure 1 - Interaction of glutaraldehyde with an antipyrine in an acid environment 

 
          Taking into account of existing methods [2], we elaborate a method of preparation of this 
derivative according to the process scheme showed on the Fig. 1. A sample of antipyrine in 10 g is 
dissolved by heating in 30 ml 2 mol/l of hydrochloric acid solution. Then we contribute in small 
portions 1.4096 ml glutaraldehyde and heated for 2 hours in a water bath at a temperature of  80-90 
°C. Then 270 ml of water are added in small portions and 36 ml of 25% ammonia are precipitated. 
Purifying is realized by the method of recrystallization. 
          The compound represents a white lamellar crystals, which soluble in THF, DMFA, ethanol 
(with heating), chloroform and ethyl acetate, which insoluble in water, acetone and petroleum ether. 
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          The structure of synthesized substance (Fig.2) was identified according to the mass 
spectrometry, IR spectroscopy and 1H and 13C NMR spectroscopy data. 
 

 
Figure 2 - Structural formula of 1,3-propylene-bis-[4,4'-methylene-bis-(1,2-dihydro-1,5-dimethyl-2-

phenyl-3-pyrazolone)] 
 

Yield: 2.25 g (83%). IR spectrum (vase oil), ν, cm-1: 1655 [ν(C=O)]; 1590 
[γ(benzene nucleus)]; 1494 [γ(nitrogen-containing heterocycle)]; 1450 [δ(СН2)]; 1137, 
1098 [δip(arC-H)]; 642, 692, 719, 753, 791 [δoop(arC-H)]. 1H NMR (DMSO-d6) δ, p.m.: 
1.16-1.31 m (2H, C1), 2.03-2.18 m (4H, C2), 2.24-2.39 s (12H, C7), 2.81-2.98 s (12H, C8), 
3.56-3.67 tr (2H, C3), 7.19-7.28 q (4H, C12), 7.28-7.37 d (8H, C10), 7.37-7.48 q (4H, C11). 
13C NMR spectrum (DMSO-d6) δ, p.m.: 11.10 (C7), 26.59 (C1), 29.19 (C2), 29.50 (C3), 
35.76 (C8), 110.22 (C5), 122.74 (C10), 125.32 (C12), 128.60 (C11), 135.44 (C9), 154.47 
(C6), 164.87 (C4). Found: m/z 817.4180 [M + H]+. C49H53N8O4. Calculated: 816.9884. 

Being a tetradentate ligand of 1,3-propylene-bis-[4,4'-methylene-bis-(1,2-dihydro-
1,5-dimethyl-2-phenyl-3-pyrazolone)], it is possible to use it in the construction of metal-
organic frame structures. 
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SCIENCE  PHYLOSOPHY 
 

Katsuya Inoue 
CresCent and Faculty of Science, Hiroshima University, Japan 

kxi@hiroshima-u.ac.jp 
 

Human is egoistic animal. All humans consider about how to live, or how to spend time as 
humans want. Now a days we are facing to big problems concern with this ego of humans.To solve 
this problem is too heavy to us. 

Let’s consider, how to develop more simple case. My territory of scientific field is 
chirality, then I want to show you how develop human consideration about a chirality. Chirality, is 
same problem of our right and left hands. There are several articles in literature about this problem. 
Starting is mathematician of Descartes. He consider to divide a space by Cartesian coordinates. He 
pointing out, what is different of the first quadrant and the third quadrant. But he never go 
considering further at that time. Next person is Immanuel Kant. He consider almost perfectly about 
so called chirality. In his article of “Prolegomena to Any Future Metaphysics”, he write some 
question about chirality. But there are no answer. Almost several hundred years later, Louis Pasteur 
eventually found some chiral compounds in bio-molecules. He pointed out, this feature coming 
from organisms. (This means bio-molecules)  Almost 50 years later of the finding of Pasteur, Load 
Kelvin coined “Chiral” or this feature as “chirality”. He said, “I call any geometrical figure, or 
group of points, chiral, and say that it has chirality, if its image in a plane mirror, ideally realized, 
cannot be brought to coincide with itself” atBaltimore Lectures, 1884. Now a days, we can know 
Load Kelvin is very cleaver scientist form the word of “group of points” and “in a plane mirror”. 
Further times pass, now a days, we can synthesize, any chiral organic molecules by the chiral 
organic synthesis. Now a days, scientist start to considering chirality in physics.  

When we consider, how develop science and technology by the collaboration with 
philosophy.  
Something interesting with considering about science, how to develop. And how to get our life. 
Finally, I have to say about this paper, it is not on lined with all fact. This article contains personal 
impression. 

Anyway, the most important feature of Human beings is how consider about all a personal 
problem. 
If you want to know more further things, please put in net search “hiroshima chiral” is enough to 
reach my group HP, and I will invite all of you to my group. 
 
 

KANT’S  IDEA OF PERSON PRESCIBING a-priori LAWS TO NATURE FROM THE 
VIEWPOINT OF FORMAL AXIOMATIC EPISTEMOLOGY THEORY 

 
Lobovikov V.O. 

Institute of Philosophy and Law, Ural Branch of Russian Academy of Sciences,  
Yekaterinburg, Russia 
vlobovikov@mail.ru 

 
A new demonstration is given for Kant’s statement of subject’s prescribing a-priorilaws to 

nature. It is accomplished by means of a formal axiomatic epistemology theory  in which the 
formula (Ap ( p  Op)) is formally derived. Here: p stands for any either true or false 
proposition (about nature); Ap stands for “subject a-priori knows that p”; p stands for “it is 
necessary that p”, and Op stands for “it is commanded, prescribed, obligatory that p”. The modality 
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p represents a law of nature. The modality Op represents “person’s command, prescription, 
making obligatory that p”. The formula (Ap ( p  Op)) is considered as a model of/for the 
enigmatic statement, which model shows Kant’s deviating from Locke-Hume’s empiricism 
(especially from the Guillotine of Hume) to Spinoza-Leibniz’ rationalism and a-priori-ism. The 
model is exemplified by the law of conservation of energy. 

By precise tabular defining relevant evaluation-functions and computing their compositions 
in two-valued algebra of formal axiology it is demonstrated that the law of conservation of energy 
in physics is also a law of two-valued algebra of formal axiology. From the empiricism 
viewpointdominating in philosophy of physics up to the present time, this strange conclusion is 
problematic. Therefore it is worthy of attentive examination. If one accepts the nontrivial 
presumption that (by definition) metaphysics is formal axiology, then  metaphysics  of nature is 
formal axiologyof nature, and then it is quite natural that a fundamental law of physics is also a law 
of formal axiology of nature. The notion “law of (algebra) of formal axiology” is defined precisely 
(within that algebra).  
Key notions: Kant; a-priori; a-posteriori; philosophy-of-science; prescribing-laws-to-nature;formal-
axiomatic-epistemology-theory-,two-valued algebra of formal axiology 
 
 

PHYLOSOPHICAL IDEAS AND CONCEPTS IN THE DEVELOPMENT OF 
CONCEPTUUAL SYSTEMS OF THE WORLD IN PHYSICAL SCIENCES 

 
Hadzharov M. H. 

Orenburg State University, Orenburg, Russia 
mhadgarov@yandex.ru 

 
The greatest historical event of Western civilization can be considered the emergence of a 

special spiritual culture – philosophical culture, which led to the discovery of the mind that can 
know the world in its structure and basic elements. The carriers of this mind, rejecting all myth-
religious ideas about the world, set themselves the ultimate questions affecting the substantial-
causal basis of the origin, existence and development of the Universe. The tasks they set for 
themselves were beyond the limits of their time: what is the universe as a material system; what are 
the principles of its structure and what elements it consists of; what led to its formation to the 
present state; what are the causal grounds that led to the movement of celestial bodies and gave 
them a stable order; what are the cycles of dynamics of matter, its growth and decay; what is the 
nature of the processes of birth, existence and death.  

These and other fundamental questions affecting the existential foundations of the material 
world, together formed a philosophical and theoretical research program, which was supposed to 
give rationally grounded answers about the world order and its modes.  

The philosophers at the origin of the research program were not only theoretical thinkers, 
but also the greatest physicists who studied nature in the empirical plane. Therefore, philosophy and 
physics were initially closely correlated with each other: the first as focused on the abstract and 
theoretical understanding of the limiting bases of existence and comprehension of the essence of the 
world, and the second-on empirical research of the content elements of the world and the 
identification of their organizational and structural structure. The first conceptualizes the world in a 
very General way, and the second – on the empirical and theoretical levels of knowledge gives a 
rational explanation of the diverse phenomena of this world, gradually moving from one level of its 
organization to another. 
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Thus, we can say that philosophy creates conditions and opportunities for the full scientific 
activity of physics: physics develops in the extremely generalized and conceptualized space of 
philosophy. This does not imply the blind subordination of physics to philosophy. But it is implied 
that physical knowledge in its historical development is based on fundamental philosophical ideas, 
concepts, categories and principles. They make for the developing physical science a certain and 
necessary system of prerequisite knowledge.  

The main theoretical systems of physics arose from philosophical ideas about the substantial 
unity and atomic structure of the world, about the primacy and eternity of matter, about movement 
as a way of existence of matter, about space and time as forms of existence of material systems, 
about causality and necessity as properties of the world, about the Logos as a law to which all 
natural and cosmic processes and phenomena are subject. Philosophy, bringing to the absolute limit 
the elements of the material world, suggests that developing physical knowledge will be revealed 
their cause-structural essence.  

The very first conceptual system of the world, which arose within the framework of classical 
physics, was a mechanical picture of the world, symbolizing the transition from the ordinary 
understanding of the world to its scientific understanding. It was the result of physics rethinking the 
atomistic ideas of ancient Greek philosophers. I. Newton, starting from the atomistic structure of 
matter, introduces the concept of mass as a quantitative indicator of matter into the picture of the 
world, gives the body the ability to move uniformly and rectilinearly, and any deviation from this is 
considered as an action on the body of external factors [1, p. 22-25], puts forward the idea of 
gravitation as a fundamental property of the desire of all bodies to each other [1, p.3], and 
complements the picture of the world with its interpretation of motion, space and time as absolute 
and independent of matter phenomena [1, p. 30-35], and thereby completes the construction of a 
revolutionary for its time picture of nature. 

Physical ideas about matter and motion, space and time, interaction and regularities, 
received semantic content of Newton's research, and included in the mechanical picture of the 
world, have as their philosophical basis the ideas Of G. Gassendi and G. Galilei (atomistic ideas 
about matter), R. Descartes, who considered the movement as a determinant factor of all natural 
phenomena, T. Hobbes, who defended the idea of objectivity of length. In his research, Newton also 
guided by the basic position of philosophy, according to which asserted the idea of unity and 
universal interconnection of the phenomena [1, p. 37-48]. Based on the system of mechanical 
representations of the world, Newton formulated the laws of motion, which were considered as the 
fundamental laws of the universe. 

The mechanical picture of the world allowed to explain a number of natural phenomena. But 
at the same time she faced with such phenomena, the property of which did not fit into her ideas: 
the phenomena of light, electricity and magnetism served as a demonstration of the contradictions 
that arose between theoretical knowledge and some empirical facts of physics. She realized the need 
to develop new ideas about matter and build a different picture of nature.  

In the context of resolving these contradictions Faraday raises the question of the need to 
abandon the corpuscular ideas of matter in favor of the continuum. It forms a fundamentally new 
philosophical views on matter, motion, space, time and energy [2, p. 58]. Faraday comes from an 
understanding that:  

 electromagnetic field is a thin non-material matter, primary in relation to atoms and 
bodies;  



Russian-Japanese Conference «Chemical Physics of Molecules and Polyfunctional Materials» 

 
 

100

 movement (propagation of vibrations in the field) is primary in relation to the movement 
of bodies; 

 there is no empty space because the field is absolutely continuous matter; 
 time is inextricably linked with the processes taking place in the field; 
 is incorrect, and the Newtonian principle of long-range interaction as any interaction of 

the transmitted field from point to point and is continuous with a finite speed (Faraday's principle of 
close-range interaction). 

Based on these progressive ideas of physical reality, Maxwell developed the theory of 
electromagnetism in the second half of the 19th century. The views of Faraday and Maxwell formed 
a new basis of physical science, which included as the initial theory is not indivisible atoms moving 
in the void, and a single continuous and completely infinite field with power point centers, that is, 
electric charges and wave movements in it. Changed and understanding of the basic laws of the 
universe: they were not the laws of mechanics and electrodynamics. The new worldview has pushed 
back the mechanical picture of the world, putting in its place the electromagnetic picture of the 
world. 

At the turn of the 19th and 20th centuries, the new picture of the world began to face 
difficulties caused by the fact that, on the one hand, it remained, not subjected to rethinking, ideas 
about the absoluteness of space and time, and on the other – the continuum ideas about matter. 
Einstein, recognizing the laws of electrodynamics as the basic laws of physical reality, introduces 
the electromagnetic picture of the world to the idea of relativity of space and time. 

At the end of the 19th century, the phenomenon of radioactivity was experimentally 
discovered. It was found that it is associated with the transformation of some chemical elements 
into others, which is accompanied by the emission of α-rays (helium ions) and β-rays (electrons). In 
the early twentieth century, M. Planck expresses the idea of the quantum nature of radiation. These 
experimental data come into conflict with the electromagnetic picture of the world. Discoveries in 
the field of atomic structure and radiation laws have shown that physics needs a new revolutionary 
restructuring of its theoretical foundations. 

The idea of matter as a continuous infinite electromagnetic field was confirmed by 
numerous experimental data. At the same time, it was impossible to ignore the facts of radiation 
discontinuity. Physical science has found itself in a situation of uncertainty: matter is either 
completely continuous, or it consists of discrete particles.  

Analyzing mutually exclusive ideas about matter, N. Boron in 1913 creates a model of the 
atom, according to which the electron orbiting the nucleus, contrary to the laws of electrodynamics 
does not emit energy. Radiation of energy occurs in the portions in its leap from one orbit to 
another. This model of the atom largely contributed to the formation of fundamentally new ideas 
about the mother and movement. In 1924, Louis de Broglie suggests that each particle of matter has 
both the property of the wave (continuity) and the discreteness (quantum). This assumption was 
confirmed in studies of E. schrödinger, who proposed the wave equation of the particle. Studies Of 
Heisenberg based on the ideas of Bohr allowed us to find the equations of quantum mechanics in 
matrix form. In the future, by M. Bourne has been able to substantiate the identity of wave 
mechanics, Schrodinger and Heisenberg quantum mechanics.  

Thus began to form a quantum field picture of the world. In its formation, an important role 
was played by the dialectical idea of the indissoluble unity of the discontinuous and continuous. 
This picture of the world is in a state of formation: still deepening quantum-field understanding of 
matter and motion, the relationship and interaction; improved understanding of the causality and 
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regularity; required to bring the idea of space and time in line with the quantum-field concepts of 
matter and motion.  
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PHYLOSOPHY AND PHYSICAL PICTURE OF THE WORLD: DIALECTICS OF 
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The physical picture of the world realizes itself in two different positions: on the one hand, 

she acts as a result of development of physical knowledge during a certain historical period of time, 
and with another – she functions as the special type of knowledge of metatheoretical character 
evolving from philosophical generalizations. Such interpretation allows to consider a physical 
picture of the world as the ontologic image of the physical studied reality setting initial 
gnoseological and methodological installations to the researcher. In this role the physical picture of 
the world appears as synthetic unity of philosophy and physics: ideas of matter and its attributes 
which in physics are considered as main and the basic concepts of this science which have arisen in 
the course of generalization of empirical material develop mainly under the influence of 
philosophical (dialektiko-materialistic) views of the nature.  

Development of theoretical knowledge in physics directly is followed by more general 
philosophical ideas and representations which make initial base of knowledge of physical science. 
As a special independent type of knowledge the physical picture of the world at initial stages of 
development of physical knowledge performs function of theoretical knowledge and precedes 
emergence of the developed physical theory. Before emergence of such theories, performing 
function of extremely general theoretical knowledge of physics (as the system of the general ideas, 
concepts, the principles, hypotheses) which has evolved from philosophical ideas of the world, the 
physical picture of the world forms a background of theoretical ideas of the studied reality, creating 
teoretiko-methodological conditions for conducting pilot studies and creation of concrete physical 
theories.  

The philosophical ideas and provisions always served as the stimulating factor of 
development of physical knowledge. The philosophy in turn also felt beneficial influence of 
physical knowledge. Physics, confirming correctness of the philosophical ideas in pilot studies, I 
gave her confidence and provides empirical material for new philosophical generalizations and 
development of innovative concepts.  

Thus, the philosophy and physics in historical development are closely mutually correlated 
as the general and private and complementary branches of knowledge. 
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THE CORRECTING PHYLOSOPHY ROLE  IN DEVELOPMENT OF PHYSICAL 
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With the transition of physics from the study of objects of the macrocosm to the study of 
objects of the microcosm, the limitations of the linguistic apparatus used by this science in the 
description of the phenomena of the macrocosm were discovered. In particular, it was found that the 
concepts of space-time continuum and causal explanation used to understand the macrocosm are not 
applicable to the study of micro-objects. This was the result of the adoption of physics ideas about 
matter and its properties, formed in the framework of mechanical (metaphysical) materialism, based 
on geocentric ideas about the world and ignore the basic provisions of materialistic philosophy. 
Thus, one of its basic provisions of materialistic philosophy points to the complex structural-level 
organization of the material world and the distinctiveness of the main forms of matter movement in 
their content specifics. 

Physics of the twentieth century, having abandoned the horizon of the geocentric world, 
joined the ideas of dialectical-materialistic philosophy, which comes from the understanding that 
our ideas about the attributes of matter are not universal and absolute truths. They are universal for 
the range of conditions with which humanity has dealt up to the present, and therefore bear the 
relativity. It follows that the basic physical understanding of the attributes of matter, including the 
theory of elementary particles are a reflection of our vision and understanding of their essence, 
corresponding to the level of development of modern science in General and physical science in 
particular. 

Materialistic philosophy sets the correct attitude to physics, focusing it on the understanding 
that the forms of motion, space, causality, consequence, quantity, quality, possibility, chance, 
necessity are constantly transformed in content with the development of science itself; they are as 
inexhaustible as the inexhaustible atom and electrons. 
 
 

MODERN TENDENCIES IN ENGLISH LANGUAGE TEACHING OF RUSSIAN 
STUDENTS 

  
Shcherbakova M.V. 

Orenburg State University, Orenburg, Russia  
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Classical methods of the English language teaching involve the knowledge obtain in 

assumed situations. The most effective way to develop students' thinking is simulation modeling. 
This method of training provides professional activities (its typical and essential features). In case 
of this approach use, communication skills are formed in the classes of the English language; 
classes of a foreign language become more interesting, capacious, students more actively express 
their personal opinions, thoughts, assessments, feelings. The techniques that enhance the 
professional orientation of learning a foreign language are: communication in a foreign language - 
professional-oriented dialogue, analysis of professional situations, completing of creative tasks with 
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specialized content, game situations, etc. Current trends in the teaching of foreign languages are 
characterized by a radical change in the methodological paradigm and by the technical renewal of 
the learning process. The latest innovations in the field of high technologies open up vast 
opportunities for foreign language teachers to further improve the educational process and transfer 
it to a qualitatively new basis. The technological capabilities of multimedia are great because they 
allow you to organize a variety of educational activities of students, significantly increase the 
effectiveness and motivation of learning. 
 
 

PEDAGOGICAL PROLEGOMENA FOR FUTURE PHYSICS 
 

Sokabaeva S. S., Berdinsky V.L. 
Orenburg State University, Orenburg, Russia 

sania.sokabaeva@gmail.com 
 
Progress of fundamental physics and teaching of modern and future crises of physical 

knowledge require new pedagogical and methodical rules of teaching courses of General and 
Theoretical Physics. For a long time, the construction and teaching of General Physics courses did 
not take into account the differences in the training of secondary school teachers, engineers and 
professional physicists. As a rule, General physics courses are endowed with the presentation of 
ready-made results of physical knowledge in the form of ready-made formulas and does not show 
the Genesis of physical ideas. Extremely mathematized courses of theoretical physics were 
considered as "high science" for others branches of physics and physics lecture courses. 

 European science has formed its ideals of physical knowledge: a minimum of basic 
fundamental physical laws and the superiority of mathematical methods to describe physical 
phenomena. Mathematical results were considered as true natural phenomena and processes. 
However, the history of physics in the second half of the XX century showed limited effectiveness 
of such approaches. Therefore, the new tasks of General physics courses taught at the physical 
faculties of universities is the formation “visual images” of physical objects and phenomena which 
should be supported by mathematical descriptions. 
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