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Greeting to the 5th Russian-Japanese Seminar  

"Molecular and Biological Magnetoscience" 
 
 
 
 
 
 

It is my pleasure and honor to greet the President of the Hiroshima 

University Professor Toshimasa Asahara and all the participants of the Fifth 

Japanese-Russian Seminar in Orenburg. I am sure it is the meeting of friends 

and colleagues. This Seminar continues productive and pleasant contacts 

between scientists of our universities. I hope that other departments of our 

universities will develop the similar cooperation that will bring benefits both 

faculty and students. The new Agreement between the Orenburg State 

University and the Hiroshima University without any doubts will intensify our 

future collaboration. I wish all the best to the participants of the Seminar. 

 
 
 
 
 
 
 
 

Vladimir Kovalevskiy 

Professor, 

Rector of Orenburg State University 
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Greeting to the 5th Russian-Japanese Seminar  

"Molecular and Biological Magnetoscience" 
 
 
 

 
 

 
Dear Participants of the fifth Russian-Japanese Seminar, "Molecular and 

Biological Magnetoscience". I am very much pleased to have this seminar held 

on this occasion. This seminar is the first collaborative work between Orenburg 

State University and Hiroshima University after the signing ceremony of our 

mutual agreement of collaboration. I am sure that stimulative presentations and 

discussions will be made and new idea will be inspired during the seminar. I 

sincerely hope that we could promote new collaboration and become best 

friends as a product of this seminar. 

 
 
 

 

Toshimasa Asahara, M.D., Ph. D. 

President of Hiroshima University 
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Influence of Strong Magnetic Field on Belousov-Zhabotinskii Reaction 
 

Rika Nishikiori1,2, Shotaro Morimoto1, Yoshihisa Fujiwara2, Satoshi Nakata2, 
Roman Morgunov3, and Yoshifumi Tanimoto1 

 
1Faculty of Pharmacy, Osaka Ohtani University, Tondabayashi 584-8540, Japan 

2Graduate School of Science, Hiroshima University, Higashi-Hiroshima 739-8526, 
Japan 

3Institute of Problems of Chemical Physics, RAS, Chernogolovka 142432, Russia 
 

E-mail: tanimoy@osaka-ohtani.ac.jp 
 
 

It is well-known that a strong magnetic field influences various chemical and 
physical processes1. Inhomogeneous chemical reactions, where mass transport is the 
rate determining step, could be drastically affected by the magnetic field. This is 
because the magnetic force and/or Lorentz force affect a mass transport process 
remarkably.  

In this paper2, we have studied the effect of vertical and horizontal magnetic field 
(max. 4 T) on a quasi-one-dimensional chemical wave propagation speed prepared 
using the Belousov-Zhabotinskii (BZ) reaction. The magnetic field effect (MFE) is 
explainable in terms of the magnetic force acting on the inhomogeneous solution.   

Figure 1 shows the experimental setup for the downward propagation of the 
chemical wave front in vertical magnetic field. The movement of the wave front was 
observed by a CCD camera from side.  

A glass tube (I. D. 2.6mm) filled with the BZ solution, where ferroin is used as 
catalysis, is placed in a bore tube of a superconducting magnet. The reaction is triggered 
by the silver wire on the solution. The red solution near the bottom end of the silver 
wire changes its color into blue, indicating ferroin is 
oxidized into ferriin. Then the blue wave front moves 
downward. The influence of vertical magnetic field on 
the downward chemical wave propagation is depicted 
in Fig. 2. From the slope the speed is obtained as 0.11 
(0 T, 0 T2m-1), 0.27 (2.5 T, -93 T2m-1), 0.07 (2.5 T, +93 
T2m-1), and 0.11 mm s-1 (4 T, 0 T2m-1).  

These results can be explainable in terms of 
magnetic force Fmag acting on the inhomogeneous BZ 
solution, 

 

Fmag = χ   χ       (1) 

 
where  is the magnetic 
permeability of vacuum, χ  and 
 χ  are the magnetic 
susceptibilities of the blue and 

red solution and  is the 

Figure 1. Experimental setup for 
downward propagation of wave 
front in vertical magnetic field. 
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magnetic force field (i.e., 
the product of magnetic 
field B and magnetic 
gradient), z being upward. 
The direction of the 
magnetic force depends 
on the sign of the product 
of χ   χ  and 

. The results shown 

in Fig. 2  are 
explainable only when 
χ  χ  .  The blue 
solution contains radicals such as 
BrO2・ and ferriin. The magnetic 
susceptibility of blue solution 
could be slightly larger than the 
red solution.  

The magnetic force acting on the blue wave front induces or suppresses the solution 
convection, depending on the direction of the force. 

The MFE on the upward propagation speed in vertical magnetic field and the 
horizontal propagation speed in horizontal magnetic field is explainable analogously.  
 

Furthermore, the BZ reaction is carried out under magnetic levitation. It is shown 
that magnetic field is a new and useful tool to carry out chemical reaction without 
vessel. 

 
  
 

References 
[1] Magneto-Science, ed. by M. Yamaguchi and Y. Tanimoto, Kodansha/Springer, 
Tokyo, 2006. 
[2] R. Nishikiori, S. Morimoto, Y. Fujiwara, and Y. Tanimoto, Chem. Lett., 2010, 39, 
394. 
 

Figure 2. Plot of chemical wave front moving distance 
(mm) vs. time. Concentrations of malonic acid, sodium 
bromide, sodium bromate, ferroin, and sulfuric acid are 
0.1, 0.15, 0.03, 0.004, and 0.34 mol dm-3, respectively. 
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Picosecond time-resolved infrared-ultraviolet pump-probe spectroscopic study on 
the vibrational energy relaxation of benzene dimer 

 
Takayuki Ebata 

 
Department of Chemistry, Graduate School of Science, Hiroshima University, 

Higashi-hiroshima 739-8526, Japan 
 

Abstract 
 

  Vibrational energy relaxation (VER) of T-shaped benzene dimer in the CH 
stretching vibrational level has been observed by picosecond time-resolved IR-UV 
pump-probe spectroscopy. The dimer is excited to the CH stretch virational level 
by a picosecond IR laser pulse and the time evolutions of the population of the 
pumped and redistributed levels are probed by (1+1) resonance enhanced 
multiphoton ionization (REMPI). In order to accomplish the site-specified (Top 
and Stem sites) IR excitation of the 
T-shaped dimer, two dimer 
isotopomers [(1) h(Top)d(Stem), (2) 
d(Top)h(Stem), where h=C6H6, d=C6D6] 
are used (Figure 1).  The time profiles 
indicate remarkable site difference of 
intracluster vibrational energy 
redistribution (ICVR, Figure 2), that is 
the lifetime of the Top site (500 ps) is 
4.5 times longer than that of the Stem site (110 ps), in spite of that their energy 
difference is only 2 cm-1. 
  In addition to the UV transitions 
from the IR pumped levels, we 
observed a broad band assignable to 
the transitions from the bath modes. 
The intensity of the broad band rises in 
the time scale close to that of the decay 
of the Stem site and decays in the time 
scale of a few nanoseconds due to the 
vibrational predissociation (VP) of the 
dimer. We will discuss the detail 
mechanism of the VER process as well 
as the site-difference of VER. 
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Studies for asymmetric molecule-based magnets 
Katsuya INOUE1,2 

1Department of Chemistry IAMR, Hiroshima University, Japan  2 IAMR, Hiroshima University, Japan 

 
Historically, solid state physics and chemistry intended scientific field for symmetrical 

matter, because this field started for the research of minerals or inorganic crystals.  However, the 
symmetry of materials has 50% of non-centrosymmetric space groups, and the physical properties 
strongly depend on symmetry of structures.  In this paper, magnetism with non-centrosymmetric 
space groups will be discussed.  Molecule-based magnets have been studied intensively over 
several decades as, in addition to the molecular structure, the crystal structure can be controlled. 
Molecule-based magnets are differ from general metallic or metal-oxide based magnets in this point, 
and reported for multifunctional magnetic materials, e.g., photo-controlled magnets, 
single-molecule/chain magnets etc., in terms of its transparency and molecular designability. When 
the crystal structures of magnets belong to chiral space groups, chiral magnetic structures are 
expected by Dzyaloshinsky-Moriya (DM) interaction[1] and/or anisotropic electric fields generated 
by the chiral structure of the material. Examples of chiral magnetic structure include left or right 
handed screw/ conical magnetic spin order. Magnets possessing chiral magnetic structures are 
expected to exhibit novel phenomena such as magnetization induced second harmonic generation 
(MSHG), magneto-chiral dichroism (MChD) effect,[2] chiral magnetic anisotropy. etc. We 
attempted to synthesize chiral molecule-based magnets utilizing Prussian blue analogues, which 
display high magnetic transition temperature and satisfactory crystallinity. The chirality of crystals 
can be controlled by exploiting chiral induction associated with organic ligands.[3] This paper 
describes the single crystal magnetic properties and estimated magnetic structure of chiral 
molecule-based ferrimagnets and antiferromagnets.  
 
* This work was supported by a Grant-in-Aid for Science research (A) (No. 22245023) from the 
Ministry of Education, Culture, Sports, Science and Technology and the Electric Technology 
Research Foundation of Chugoku. 
[1] I. Dzyaloshinsky, J. Phys. Chem. Solids, 1958, 4, 241-255, T. Moriya, Phys. Rev. 1960, 120, 
91-98. 
[2] G. L. J. A. Rikken, E. Raupach, Nature 1997, 390, 493-494; b) G. L. J. A. Rikken, E. Raupach, 
Nature 2000, 405, 932-935 
[3] K. Inoue, K. Kikuchi, M. Ohba, H. Ōkawa, ngew. Chem. Int. Ed. 2003, 42, 4810-4813; K. Inoue, 
H. Imai, P. S. Ghalsai, K. Kikuchi, M. Ohba, H. Ōkawa, J.V. Yakhmi, Angew. Chem. Int. Ed. 2001, 
40, 4242-4245, H. Imai, K. Inoue, K. Kikuchi, Y, Yoshida, M. Ito, T. Sunahara, S. Onaka, Angew. 
Chem. Int. Ed. 2004, 43, 5617-5621, H. Kumagai, K. Inoue, Angew. Chem. Int. Ed. 1999, 38, 
1601-1603. 
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Searching for a Hidden Order Parameter at a Novel Phase■ ■ansition in Cage

Compound CeRu2Allo by an lUltrasonic Technique

TakLshi SuzuK11'2,3*,
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This work was recently published in Journal of the Plvsical Society of Japan,79(2010)

053602, entitled as ''Elastic Hardening at a Novel Phase Transition in Cage Compound

CeRu2Al10,"by I.Ish� ,Y.Suetomi,T Fttita,T Takesab,T.Nishioh alld T.S,Strydom4
has found in 2009 that the cage compound CeRu2Allo undergoes a phase transition tt TO=

27.3 K and repOrted that this transition originates frOn■ magnetic ordering.HoM′ ever,this is

very strange. Concerning the magnetic transition temperature 16.5 K of GdRu2Al10 magnet,

the expected magnetic transition temperature of CeRu2Allo should be lo、 ver than O.l K ifone

simply applies de Gennes'law Here,M′ e expected that the transition of CeRu2Al10 must be

due to a novel rnechanisnl of、 vhich order pttameter coupbs to a strain.Therefore we started

a precise ultrasonic investigation as fo1lo、 vs.

KEYh/VORDSi CeRu2A110,ciastic modulus′ e!astic hardening,chargedensity― wave,spin― Peierls transition,

large amplitude atomic motion

Cage compounds in M″ hi(力 guest atoms are accomllno

dated in polyhedral cages hav℃ attracted lnuch attention.

In many cage compounds,the guest atoms play a large
amplitude atollnic rnotion,M/hich is the so― called rattling

nlotion For exal■lple,■ lled skutterudite compounds show

a variety of novel physic」  prOperties,such as unconven―
tional heavy― ferllliOn superconductivity in PrOs4Sb121

and heavy― ferllnion behavior robust to an applied mag―

netic fleld in Sn■ Os4Sb12,2 which are agected by the lonic

degrees of ieedom of the rattling mOtion.

The ctte compOund RM2All。 (R:rare earth,21f=
Fe,Ru,and Os)haS the orthorhombic YbFe2All。―type

structure with the space group θmcm.3 R atOms are
accolllllnodated at a single 4c site in polyhedral cages

consisting of 4几r atoms and 16 Al atoms, and are ex―

pected to play the rattling motion. CeRu2Allo shavs a

second― order phase transition at T。  =27.3K,which is
accompanied by an abrupt increase in electrical resistiv_

ity and a rapid decrease in magnetic susceptibility.4-7

�latsumura θι αι.reported that the phase transition at

To is not a magnetic one but a structural one,as deter―

minedけ their nuclear quadrupole/magnetic resonance

(NQR/NMR)experiments.8 A possible space group be―
low Tois θm2π or Pmηm suggestedけ the NQR/NMR
experilnents.Nishioka θι αJ.suggested a charge_density―

wave(CDW)― like transition乱 島 .7 1n contrttt,Tttida

θι αi measured the thermal and transport properties of

Lttdiluted Cel_¢ LacRu2All。 .9 ro disappears at π～0.55

、vith increasing ″ and is suppressed down to 26 K at

“
=O at a magnetic neld〃 =14.5 T along the α―a(is in

theむ experilnents.Tanida θt αι.proposed that the phase

transition at To is caused by the interaction betMreen Ce

lons and has a lnagnetic nature,and that the sindet spin

pair bet、 veen Ce ions is formed belo、 vT。 .

As for ultra.sonic measuremellt, cage compounds,

such as the ■lled skutterudite ROs4Sb121° '1l and
RFe4Sb12,12,13 sh。 、v the ultrasonic iequency depen―

dences of elastic modulus and ultrasonic attenuation,

M′hich is sO― called ultrttonic dispersion,due to the rat―

tling lnotion.UltrasOnic metturement is a good tool for

investigating the strain― quadrupole interaction and sytrn―

metry of order parameter of the phase transition includ―

ing quadrupolar Ordering. To investigate the origin of

phase transition and the rattling lnOtiOn in the cage colln―

pound CeRu2Al10,、 ve measured temperature r depen_
dences of elastic moduli.

Single crysttt of CeRu2Allo wぉ grown by the AI seli

flux method.Details of the sample preparation M″ ere re―

ported in ref.6.The lattice constants of CeRu2Allo are

α=9.1169Å ,b=lo.2866Å ,and c=9.1784Å .In this

paper,、ve used the corrected crystal axes(see re1 9 for

details).The elastic moduli θll,θ22,C33,C44,C55,and
C66 Were trneasured as a fllnction of r iom 4.2 to 150 K

using the phase comparison― type pulse echo rnethod.The

el〔濾tic lnodulus C wa3 calculated using(9=ρ υ2、vith a

room― temperature mass density ρ=4.742g/cm3,where
υ is the sound velocity in a sample.To llnetture the ultra¨

sonic frequency dependence,、 ve used the overtone of the

fundamental resonance frequencies of-20 and 30 �lHz

of Lilヽb03 transducers for transverse and longitudinal

、vaves,respectivel。 みThe frequency range、 ″as bet、veen 17

and 92 MHz.
Figure l sho、vs the r dependences of the longitudinal

elastic moduli θll,θ22,and θ33 in CeRu2All。 .The lon―

gitudinal rnoduli increase lnonotonically、 vith decreasing

r at high temperatures.Abrupt elastic soRening is ob―

served at TO in all longitudinal inOduli.The magnitude

of soltening at島 ,△ Ctt,is listed in Table l.△ σll is one

order of magnitude larger than△ C22 and△σ33・ No ob―

vious change in ultrasonic attenuation at around TO、 v器

observed.The longitudinal moduli suddenly increase bo

*E― mail:tsuzuki@hirOshimau ac jp
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CcRLAl10

● 30ヽ個Hz

20  24  28  32

CeRLAl10

● 17�IIz

20  24  28  32
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411
60    80

T(K)

Fig l  T dependences of longitudinal ela.stic mOduli σll,θ 22,

and C33 The insets represent the same data in an expanded

scale between 20 and 35 K、 The broken lines in the insets shoM/

extrapolations of the pretransition T dependence of(9,t to 10M′

temperatures The magnitude of softening at 70, △の ぁ is alsO

sho、vn in the insets.

Table I Magnitude of soltening at TO,△ Ctt(GPa)
Δοll      △ο22      △θ33

-39× 10~2   -63× 10~3    _5.6× 10~3

1(ハvT。 ,and exceed the value extrapolated frolln the pre―

transition T dependence of θをぅ.Here,a steep decrease
in the thermal expansion△ ;/J bel。、v To is reported by
Tanida θι αl.9 Since the in■ uence of△ι/ι on the el器 ―
tic rnoduli is negligible,the elastic hardening below To is

intrinsic.

The r dependences of the transverse elastic moduli

C44,θ55,and C66 in CeRu2All。 証e shO、vn in Fig 2.At

high temperatures,the transverse lrnoduli increase llnono

tonically、vith decreasing T.All transverse moduli also

sho、v a sudden elastic hardening belo、 v`ηD.lrhe change in
ultrasonic attenuation at around T。 、vas not obvlous.No

elastic anomaly at Th=23.2 and 25.6レ【,、vhere electrical

resistivity shows a hump,7 is observed in all moduli.

The elastic lnodun show no typical sottening indic・ ating

quadrupolar ordering from high temperatures.Tanida θι

α:.suggested that the cryst』 electric fleld(CEF)ground

state is a、 vell― isolated doublet.9 0ur experillnental results

are consistent with this suggestion because the ground

60    80

ア(K)

Fig 2 T dependences of transverse ela.qtic moduli 044,σ 55,and
066 The insets represent the same data in an expanded scale

between 20 and 35 K

doublet in the orthorhOmbic(3EF haS no quadrupolar de―

generacy if 4∫―eleCtrOns of Ce ions atre、 vell localized.On

the other hand,NishiOka θι αι.suggested that CeRu2All。

shows the valence nuctuation of Ce ions because the cell

volume is slln〔 �ler than the value expected ion■ the lan―

thanoid cOntraction and thc efective magnetic moment

deviates frOm the theoretical Ce3+ value.7 The lack Of

obvious CEF efect on thё  elastic moduh is caused by

a、veak strain― quadrupole coupling or a weakly localized

nature of 4ノーeleCtrons.

The longitudinal llnOduli sho、 v abrupt elastic sotten―

ing at T。 , in contrast, no sottening is observed in the
transverse moduli. The phase transition in CeRu2All。

is a second― order one.The softening in the longitudinal

lnoduli is prObably caused by the change in speciflc heat

at rO■。m the Ehrenお st relation.14 ure Can estimate the

strain εt dependence of To along the α―, ♭―, and c axes
using the relation

4.dЪ△Qt(Ъ )

(t=1,2,3),  (1)△C(To)

where 1/1ld iS the molar volume and△ cP(T。 )iS the
chal■ge il■ isObaric speciic heat at T。 .ヽ 石ヽe estilnated the

absolute mlue ofthe εj dependence of■ ,lαTo/αεtl,using
hd=5.18× 10~4m3/m01,△ C(r。 )=8.35」 /K・ mol,7

and△ 0,(TO)liSted in Table I.The nlues ofl凸 /産 t

along the α―,♭―,and c― axes are shown in Table II.This is
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εをdependence ofこヽ , ldTo/da引  (K
/αε21(の 2) arO/d_r3(の 3)

■■Ⅲ. CH

CeRu2All。

|:|■ ||::

ヽ _.30血z

こヽ .、

い●.

C33

0    20    40    60    80   100   120   140

7(K)

Fig 3. (Co10r online)Frequency dependences of the longitudinal

moduli θll,022,and σ33 Because the data fOr third― order cver―

tone shows alinost an identical T dependence to the fundamental

one,we plotted the data,adding+0 02 GPa tO ea.sil1/see each

data curve.

the nrst report on the εo dependence of To in CeRu2All。 .

The magnitude of ar。 /αε,along the α_axis,α T。/産 11,

is the largest.In additiOn,the transverse llnoduli exhibit

a discontinuous change in slope at TO. An increase in

the slope at TO depends on second derivative of T。 、vith

respect to εプ(プ =4,5,6),α
2■

/dε;・

14

1n the cage compounds,for instance,the fllled skut―

terudite compounds ROs4Sb121° '1l and RFe4Sb1212,13
shoM′ ultrasOnic dispersiOn at several dOzen Kelvin. TO

investigate、vhether CeRu2Allo sho、 vs ultrasonic disper―

sion,、ve llneasured the r dependences of the elastic IInod―

uli at variOus ultrasonic frequencies.Figure 3 sho、 vs the

fl・equency dependences of the 10ngitudinal llnoduli. For

easier vie、ving of each data curve,the data for the third―

order overtone is incretted by+0.02 GPa.No ultrasOnic

dispersion is observed above TO in the longitudinal lllod―

uli,InOreover,no ultrasOnic dispersiOn is observed in the

transverse rnoduli.

Hereater,we discuss elastic behaviors in CeRu2All。

fil・ om the viewpoint of CDヽ V transition and spin― Peierls

(SP)transition.The one din■ ensional structure is impor―

tant in both CDヽ rヽ and SP traisitiOns. In Our experト

mental results,the α―axis is unique because the magni―

tude of hardening in Ql and lJTo/と をl a10ng the α
_Ⅸis

are the largest. Looking at the structure of the space

group θmcm above rO along the α―鉛tis carefully,Ce and

Al atoms are aligned in the seqllence of.… Ce,Al,Al,
and Ce.… as if this sequence is a one_dilnensiOnal straight

chain.In CeRu2All。 ,elastic hardening is observed in all
moduli belo、 v TO.ヽ bヽ exalnine the compatibility bet、 ″een

our data and elastic behaviors in CDヽ rヽ transition coln

3

pounds.A typical T dependence of elEstic lnodulusミ 恩s

obser、 ed in the qllasi― one―dilnensional conductOrs TaS3

and NbSe3・  The tsung's modulus in TaS3 and NbSe3
shows a sudden hardening beh the CDヽ rヽ transition

temperature■ and eXCeeds its extrapolated pretransi―

tion value,accompanied by an abrupt softening at=`.15

The shear llnodulus also sho、 vs the hardening belo、v民
in NbSe3 WithOut sOttening.16 The hardening below 5■

is explained theoreticallyち fOr instance,by �laki and Vi―

rosztek,17 1rheSe behaviOrs in iras3 and l｀bSe3 are almOst

identical、″ith the elastic behaviOrs in CeRu2Al10.

In CeRu2Al10,the elastic moduli shOw T dependences

as if the Order parameter is generated beloMr TO. In the

thermOdynanlic theory of ela.stic IInodulus with the Lan―

dau theoryち  this behavior is reproduced by a couphng
linear in the order parameter o, but quadratic in the

strain ε2.18 1n this case,Q would hⅣ e total symme―

try because ε2 is generally total―symmetric oMring to the

ultrasonic wave vector 9 ′v O. Consequently, the phase

transition has total― symIInetric order parameter,such as

electronic densit]r Thus,from our experillnental results,

a plausible origin of the phase transition is the CDヽ ″ヽ

transition. Here, 、ve also point out the el〔 鴻tic silnilar―

ity bet¬℃en CeRu2Allo and the nlled skutterudite coln―

pounds PrFe4P12 and PrRu4P12,WhiCh undergo a phase

transition accolnpanied by nesting at their Ferllni sur―

face.These sho、 v elastic hardening belo、 v the phase tran―

sition temperature.19'20 1rhe nesting at the Fernli surface

、vould play an important role at the phase transition in

CeRu2Al10.ヽ bヽ plan to lneasure the acoustic de Haas― van
Alphen efect fOr a high― quality single crystal tO cOmpare

a fOrthcOllning band calculation.

On the other hand,「 ranida θι al suggested the non―

magnetic singlet ground state belo、v T。 , such als the
SP transition. In the typical SP transition compound

CuGe03｀Vith llnetallic transport,elastic hardening is Ob―

served below the SP transition temperature TsP in the

longitudinallrnOdulus C433,WhiCh is the mode in the same

directiOn Of the spin chains.21:rhe transverse rnoduli 3も 5

and 3も6 alSO sho、 v the hardening belo、 v C、P, and the
lrnagnitude Of hardening is large in the mode related tO

theひaxis.22 1n CeRu2All。 ,the α―oⅨis is the easy aⅨis of

magnetization, and the magnitude of hardening in 3■ 1

is the lどgest v″ here CLl is the 10ngitudinal lnode propa

gating along the α―axis.These behaviOrs along the α―axis

in CeRu2´Ll10 are similar to the elastic behaviors along

the← aくis in CuGe03・ In the case of the SP transition,

the direction of spin chains、 vould be a10ng the α―ね(is in

CeRu2Al10.If the singlet spin pair is formed below TO,a

coupling linear in the strain ε,but quadratic in the order
parameter(22,is eXpected at lowest― order cOupling.231n

this case,the elastic lnodulus shavs a step like softening

at Ъ P.18 1n CuGe03,θ ll and c22 ShOn‐ the step like

sottening at TsP in response to the coupling 92ε .In Con―

trast,3も3 ShO｀ Vs the hardening beloム ″7Ъ P and eXceeds its
pretransition value,accOmpanied by the step lib sotten―

ing at 7も P.21 Here,o2can couple to a higher― order strain

if symlnetry is allo、 ved.23 There is a possibility that the

hardening of 3、3 be10ヽ v7もP iS Caused by the higher―Order

coupling Q2ε 2.In CeRu2All。
,all moduli shぃv the hard

ening below T。 , and no step like sOttening is observed.
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4

Further detailed analyses using the grOup theory are re―

quired to exalnine、 vhether the coupling o2ε 2 is pOssible

in CeRu2Al10 �loreover,� ray difraction and inelastic

neutron scattering experill■ ents are necessary

1/1atsumura cι α

`.suggested that the space group belo、

v

TOis θm2鶴 or Pttηm.Pmttm appears in the case that

the base― centered Ce atoms in α卜plane is shitted a10ng

the a― axis.Consequentlぅ らit loses base― centered Sylnine

try.Ifthe CDヽ「ヽor SP transition occurs along the α―axis

belo、v TO,a spontaneous strain emerges along the same

direction.It is expected that(フ mcη2 changes illto Pmη 鶴

ly Shifting Ce atolns at a single site along the α―a(is.

In summ2ビュ 、Ve have performed ultrasonic experi―
ments on the cage compound CeRu2´ Ll10.ヽ 石ヽe found the

elastic hardening belo、 v Ttl in all moduli and the elas―

tic softening at TO in the longitudinal moduh.The lnag―

nitude of hardening in Cソ 1l is the largest.ヽ 短ヽ discussed

elaAstic behaviors from the viewpoint of the CDヽ V and SP
transitions. The CDヽ たヽtransition is the plausible origin

of the phase transition from our results. ヽヽ石e estirrlated

the εo dependence of To a10ng the α―,卜 ,and c― axes,and
the mttnitude ofl“b/お 11 iS the largest.The probttle
space group belく、v To is proposed to be Pπ π772.From the

vielvpoint of the rattling lnotion,no ultratsonic dispersion

was observed in CeRu2All。 .
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Magnetic Field Effect on Mutual Triplet-Triplet Heterofusion 
 by Combined Mechanisms of g-Factors Difference and 

Intramolecular Spin-Spin Coupling 
 

Kucherenko M.G., Dusembaev R.N. 
Orenburg State University, Centre of Laser and Information Biophysics, 

 Orenburg 460018, Russia, E-mail: rphys@mail.osu.ru 
 

Molecular reactions involving triplet (T) electronic excitations have long been attracting 
attention as magnetosensitive processes [1]. Useful information on the detailed mechanisms 
of such reactions can be obtained from the investigation of magnetic field effects on the mu-
tual TT-annihilation. Traditionally, the mechanism of magnetosensitive T-exciton fusion is 
considered in terms of an electronic spin-spin coupling in a single molecule. In this case, in a 
high magnetic field the TT-annihilation rate is suppressed, resulting in the decrease of the at-
tendant delayed fluorescence intensity. However, there is another kind of magnetic interaction 
which is related to the difference of the electronic g-factors of the T-molecules. The so-called 
“g-mechanism” is another source of magnetic field effects in the free-radical reactions and 
T-exciton processes. In the case of a relatively small spin-spin coupling (for example, in the 
case of rapid molecular rotations in fluid solutions), the g-mechanism may become of 
greater importance for the mixing of TT-pair spin states, than the Zeeman’s interaction in the 
high magnetic field. The origin of the g-mechanism is the difference of Larmor frequencies, 
resulting from different g factors, of the two spins in a correlated pair of T-molecules. Conse-
quently, an external magnetic field causes coherent transitions between the overall singlet (S), 
triplet ( 0T ) and quintet ( 0Q ) spin states of a coherent TT-pair. 

In this work the model of magnetic field effect on mutual triplet exciton heteroannihi-
lation under conditions of high field strength has been developed. The variation of the TT-
annihilation rate induced by the difference of T-excitons g-factors and intramolecular spin-
spin coupling is obtained in the limit of high magnetic field. 

The spin-hamiltonian of the mixed molecular ТТ-pair consists of the following com-
ponents: 

  (1) (2) (1) (2)
1 2 1 2 1 1 2 2

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ2 ( ) ( ) ( )B Z B Z exc C CH g BS g BS J r       S S S D S S D S
 

 .            (1) 
 
The first and the second terms in (1) are Zeeman’s interaction energies of the single triplets 1 
and 2 in the external magnetic field B . We assume the g-values (1)g  and (2)g  to be isotropic 
and non-identical, and define (1) (2)g g g   . The third term is an exchange interaction po-
tential assumed to be isotropic with a typical distance dependent exchange integral )(rJexc , 
and the last two terms are the internal spin-spin couplings in individual molecules. The dipo-
lar interaction depends on the molecular orientation in the laboratory frame, (1)

C ( (2)
C ), and 

may be written as  
( )ˆ ˆ( ) , 1, 2j

j C j j  S D S


, 

where ( )( )j
CD


 is a traceless tensor. 

If the Т-molecule rotates fast in a non-viscous solution, the spin-spin coupling energy 
is averaged to zero. At relatively large intermolecular distances the external exchange interac-
tion also becomes rather small. Then the high-field spin pair states JM : 00 , 10  and 20  

should have approximately equal energies (thus being degenerated). These states JM  are 

SMBM - 2010 Oral session

15

___________________________________________________________________________



  

the eigenstates of the square total spin operator 2 2
1 2

ˆ ˆ ˆ( ) S S S , and they are presented by spin 
states 1|1 )m and 2|1 )m of the individual triplets 1 and 2. 

In this work the magnetic-field-dependent yield of the singlet annihilation products is 
calculated for the triplet-quintet initial spin state of a pair of molecules. According to the TTA 
basic mechanism of the high field, the annihilation or escape conserved T-states yields depend 
on the combined action of a periodic 0J - 0J  coherent spin motion and stochastic in-cage 

reencounters of the TT-pairs. The population of the pair singlet state 00  is defined by the 

corresponding density matrix element 00 ( ) 00 ( ) 00t t  . 
The basic equation for the density operator (matrix) ( )t  of the molecular pair with a 

spin-selective annihilation term was introduced by Johnson and Merrifield  
 

    1
1( ) , ( ) ( )
2

d it H t K t
dt
         


,                                 (2) 

 

where ˆ00 00S S SK K P    is the annihilation operator; SK  is the rate constant of the T-T-

fusion elementary act transiting through 00  state and ˆ 00 00SP   is the projector on the 
pair singlet state. The constant 1K determines the decay rate of the coherent pair. We used the 
equation (2) herein as the basis for our description of the TTA process. 

In last foregoing ears we have analyzed the pure g -mechanism of the T-T- spin dy-
namics for a resonant mixture of states 00  and 10  for different values of the exchange in-
tegral, magnetic field induction B and rate fusion constant SK  [1]. The time dependence of 
the singlet state population 00 ( )t  is a damped oscillation. With the increasing magnetic field 
induction B, the frequency   of the Rabi’s oscillation becomes great. As a result, the rate of 
S-state replenishment also increases. In such conditions it is possible to observe positive mag-
netic field effect of the T-T-annihilation, contrary to another spin conversion mechanism, fre-
quently considered in the literature [1].  

In the case of quasi-degenerate three spin states 00 , 10  and 20 , the state of 

(0) (1/ 9) 10 10 (1/ 9) 20 20    was considered as an initial state of the TT-pair. The 
time dependence of the singlet state population 00 ( )t  may be written down as follows: 

  
*ˆ ˆ

00 ( ) 0 (0) 0Kt K t

J
t e J J J J e  ,                                  (3) 

 
where the non-Hermitian operator ˆ ( / ) / 2K i H    is the “kinetic operator” of the eq. 
(2). The sum of J utilizes only two terms J=1 and J=2 that results from the void conditions of 
the initial singlet state 00 :  0ˆ(0) 1/ 9 1 JJ J   . The Sylvester’s theorem was used 
successfully for the matrix solution of the eq. (2). 
 

    
3 0 ' 'ˆ

1 ' 0,1,2

ˆ ˆ0
0 exp

m J n J JKt
k

k J k m k n

K J J K J
e J t

   


    

        
   ,  m n k  . 
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(1) (2)

(1) (2)

(1) (2) (1) (2)

2 24 / 2  
3 3

2ˆ 2
3 3 3

2 2
3 3 33

exc S

exc

exc

i K i i D D

i iJ K J i i D D

i ii D D i D D

 

  

 

 
       

 
 

         
 
 
             
 





 

. (4) 

 

The set of typical parameters: /Bg B      is the difference of Larmor’s precession fre-

quencies; /exc excJ    is the exchange frequency. From the last matrix ˆJ K J   one can see 

that the mixture of spin states 00  and 10  is produced by the g -mechanism and further-

more, the coupling between spin states 00 and 20  appears as a result of the intramolecular 
spin-spin interaction. The constants (1)D  and (2)D  describe a fine structure which results from 
the interaction between the magnetic dipoles of the two unpaired electrons which comprise 
the triplet state of a single molecule 1 or 2. The configuration angles (1)

C and (2)
C  are 

choosen in the eq. (4) for the simplest case of the identical orientation. In the limited primitive 
version to illustrate the pure g  magnetic field effect, these terms can be ignored along with 
the constants (1)D  and (2)D [1]. Figures 1-2 present the time dependences of the pair singlet 
population 00 ( )t  in the magnetic field by combined the difference of T-excitons g-factors and 
intramolecular spin-spin coupling (SSC). The intramolecular SSC is assumed to be propor-
tional to (1)D , (2)D . The SSC frequency ( ) /j

D D    increase from 5 110 secD
 to 

8 110 secD
  in the field of B=0.8 T (Fig. 1) causes the population amplitude, 00max  , to be 

varied non-monotonously. With the increasing magnetic field strength, B, from 0.2 T to 1 T 
(Fig. 2) by 7 12 10 secexc    and 7 110 secD

 the population amplitude, 00max  , experi-
ences a 5-fold raise, and the oscillation frequency J  remains as constant. These exchanges 
of the population spin dynamics have stimulating influence on the TTA magnetic response. 

 

  
Fig.1. Time dependence of the singlet state popu-
lation in the magnetic field of 0.8B  T for dif-
ferent spin-spin coupling frequencies, 

( ) /j
D D    . With increasing D  the oscilla-

tion frequency and oscillation amplitude is varied 
non-monotonously. 7 12 10SK c  , 7 12 10exc c    

Fig.2. Time dependence of the singlet state popu-
lation 00 ( )t  in the magnetic field of different 
strength, B. With increasing B the oscillation  
amplitude increase monotonously. 
 7 12 10SK c  , 7 12 10exc c   , 7 110D c   

1. Kucherenko M.G., Dusembaev R.N. Chemical Physics Letters. 487. (2010) 58–61.    
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Plasmon Resonance Enhancement of FRET-SNOM Image 
 

Kucherenko M.G, Kislov D.A., Chmereva T.M. 
 

Laser Biophysics Center, Orenburg State University, 
 pr. Pobedy 13, Orenburg, 460018 Russia, e-mail: rphys@mail.osu.ru 

 
The development of nanoscience and nanotechnology has made it possible to study the inter-

action of atoms and molecules with nanostructures (nanobodies, nanofibers, etc.), using for the most 
part scanning force microscopy. Recent progress in the spectroscopy of single molecules and optical 
microscopy is closely related to advances in microscopy at suboptical wavelength resolution ob-
tained via scanning near-field optical microscopy (SNOM) [1-2]. The typical resolution of these sys-
tems is of the order of tens of nanometers, limited by the penetration of electromagnetic fields 
through the metal coating of the fiber. Moreover, aperture-based scanning near-field optical micro-
scopes often suffer from limitations on the optical power which can be delivered through the sub-
wavelength aperture [2].  

Of special interest is the study of resonance interactions, that potentially may help achieve a 
spatial resolution at an atomic-molecular level simultaneously with spectral resolution (or, in other 
words, chemical selectivity) [3]. To illustrate, the authors of Ref. [4] suggested a nanometer- resolu-
tion scanning optical microscopy technique involving the resonance excitation of fluorescence in the 
sample from a single-atom-excited center on the surface of a nanotip. This is essentially a combina-
tion of three techniques: scanning-force microscopy, near-field optical microscopy – SNOM, and 
fluorescence resonant energy transfer (FRET) [3-4]. 

In the context of near-field optics, the strong dependence of the energy transfer rate on the 
donor-acceptor distance opens new and interesting perspectives, as the fluorescence can be locally 
excited or detected with a scanning near-field optical microscope. SNOM belongs to the family of 
local probe microscopes that use optical evanescent waves to overpass the usual diffraction limit as-
sociated with conventional far-field microscopes. A schematic experimental configuration that can 
be used to trigger FRET in the optical near field unlike the Sekatskii -Letokhov scheme of Ref. [4]. A 
SNOM tip is raster scanned over a sample containing both fluorescent donor (D) and fluorescent ac-
ceptor (A) molecules deposited on a surface. Only the donors that are in close proximity of the illu-
minating tip are excited. The FRET then occurs between the donor molecules in the excited state and 
the acceptor molecules in the ground state. This configuration makes therefore possible a local con-
struction of the FRET image [2]. 

In scanning FRET experiments, near-field interactions between the conducted nanobody and 
the DA-pair can dramatically enhance output signal from the observed object, because the metallic 
particle (fiber) acts as an efficient “antenna’’, and the composited system emits light in a cooperative 
manner with grate efficiency. As a result, such a system has the potential of achieving limited single-
molecule sensitivity, especially when exciting resonant molecular transitions [2-4]. The FRET en-
ergy transfer rate may be enhanced or reduced, depending on the coupling strength between the 
molecules and their surroundings.  

When the distance between the molecules is small enough, they can exchange energy via reso-
nant dipole-dipole interaction even in the absence of the “nanoantenna”. An approaching nanoparti-
cle, nanocylinder or rough surface, however, significantly modifies the molecular attributes (reso-
nant frequencies and decay rates) as well as DA molecular complex parameters (radiationless energy 
transfer rates) [3,5]. As a result, a closely positioned antenna can be used to control the energy trans-
fer, or more generally the coupling, between the molecules. Generally speaking, the energy-transfer 
process should be analyzed within the framework of quantum mechanics [3,5]. However, adequate 
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theoretical descriptions of the nanobody-DA molecular complex interaction in an fluorescent SNOM 
device can be based on simplest solutions of quasielectrostatic Maxwell equations.  

In this work, at first we studied the radiationless transfer of electronic excitation energy be-
tween organic molecules adsorbed by a flat conducting surface. It was shown that the additional en-
ergy transfer mechanism involving dipole-dipole coupling between an acceptor (A) and the donor 
molecule image ( D ) could be quite effective in such a system. The form of the distance dependence 

( , , )D AU z z R and the characteristics of anisotropy  ( )DAU    for an arbitrary orientation ( )D A of 
the dipoles ( )D Ap  with respect to the surface, of the energy transfer rate ( , , , )D A DAU z z R   in the do-
nor-acceptor pair of molecules were established. The additional radiationless energy transfer rate 

( , , , )D A DAU z z R   is given by the following expression: 

 

 
 

24

32 2

3/22 2 2
1 2 1 2

2 42
1 2 1 2

( )9( , , , )
8

( ) ( ) ( )2 Re ( ) ( )
( ) ( ) ( )

DA
D A DA

A D
D A

D ADA
D A

DA D A

cU z z R
n z z R

z z R dF
z z R


 

         
       


   

   
                       





          (1) 

where 
2

2 2( ) 1 p

i


 
 

 


 is a frequency dependent dielectric permeability (DP) of the metal and  

1  - DP of a medium over the surface; R - intermolecular distance; 24p Ne m    is the frequency 

of bulk plasmons;  ( ), ( )D AF     are the donor emission spectrum and the acceptor absorption spectrum, 
respectively; An - acceptor concentration; D - lifetime of the excited donor. Distance dependences of 
the transfer rates ( )U R  and ( , , )D AU z z R are given in fig. 1. Fig.2 shows spectral overlap of inte-
grand functions ( 2 2

Im( ) ( ) 2 / 3DA A     ) 
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. 

 
Comparative estimates of the efficiency of the direct dipole–dipole energy transfer and the 

plasmon transfer were made. It was found that the contribution of the plasmon mechanism to the to-
tal rate of energy transfer dominates (exceeds by one to two orders of magnitude the rate of transfer 
in the absence of conducting bodies from the system) when the donor and acceptor molecules occur 
at distances zD and zA close to the metal surface. The overall transfer rate Utot  is obtained by sum-
ming the rates of transfer via the long-range and plasmon mechanisms as processes occurring inde-
pendently through parallel routes. However, at Dz  and Az R , where, efficiencies of distance and 
plasmonic mechanisms of the energy transfer become comparable on quantity. At the further re-
moval of molecules from a surface of conductor Dz  and Az R  the distance mechanism becomes 
prevailing, and surface influence is insignificant.  

Properties of surface plasmons change essential at transition to small metal particles. For 
comparison, similar dependences of the rate of distant transfer via the enhanced Förster mechanism 
was obtained for the spherical nanoparticle as an amplification antenna. 
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Fig. 1. Distance dependences of the energy 
transfer rates ( )U R  and ( , , )D AU z z R . 

75.74 10FR   cm, 163 10An   cm-3. 

Fig. 2. Spectral overlap of integrand func-
tions 1 2 3( ), ( ), ( )y y y   . 

75.74 10FR   cm.  
 
Analytical expressions for composite matrix elements of the donor-acceptor dipole-dipole in-

teraction, including intermediate plasmonic states are obtained within the framework of quantum 
mechanics [5]. Estimates of an intermolecular energy transfer rate in the presence of metal nanopar-
ticles are yielded in the approximation of dipole plasma oscillations. 

Within the framework of semi-classical scheme the energy transfer rate ( , , , , )D A DA DAU r r r   in 
the vicinity of the spherical nanoparticle with radius R is given by the expression like to (1) 

24

6

2 6 32
1 2 1 2

2 4
1 2 1 2

( )9( , , , , )
8

( ) ( )16cos cos1 2Re ( ) ( ) .
( ) 2 ( ) ( ) ( ) 2

DA
D A DA DA

A D DA

DA DA
D A

D A DA D A DA

cU r r r
n r

r R r R dF
r r r r


 

         
        


  

       
                 





 (2) 

 
Comparison with analogous expression (1) for the rate of transfer in the vicinity of a flat metal 

surface shows that Eqs. (1) and (2) are similar. It was seen that the transfer via the plasmon mecha-
nism dominates again at small distances from the surface of the particle. It is not until the distance 
becomes ~ 9 nm that the efficiencies of the excitation transfer routes become comparable; at longer 
distances, the distant mechanism becomes principal. The angular dependence of the usual (distant) 
Förster transfer rate is sharper as compared to that of plasmon transfer, a difference that is primarily 
due to a rapid change in the distance between the molecules in the donor-acceptor pair with an in-
crease in the angle   from 0 to π. When the middle nanoparticle mediates the transfer, the depend-
ence of U(r, ) on the angle   becomes smoother.  
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Resonant Energy Transfer in Donor-Acceptor Pair of Molecules  
Near the Metal Nanocylinder 

 
Chmereva T.M., Kucherenko M.G. 

Orenburg State University, Orenburg, Russia 
 

Scientists have been engaging in the solution of the problem of the influence of 
nanoobjects on radiative and nonradiative processes in atoms, molecules and their complexes 
last years. The work [1] shows that the field of oscillating dipole induced by light at the probe 
tip of the near field microscope provides with his higher resolution capability (20 – 50 nm) in 
comparison with the conventional optical microscope. The scanning optical microscope with 
the resolving capacity to some nanometers is proposed in the work [2]. The mode of the func-
tioning is based on the radiationless dipole-dipole transfer of the energy from the molecule of 
donor being at the probe tip to the fluorescing molecule of the specimen. The consideration of 
the mechanism of the electronic excitation energy transfer between molecules located near 
surfaces of nanoobjects takes on special topicality in connection with this. The works [3-6] 

shows possible increasing of the rate of the radiationless energy transfer from the donor to the 
acceptor adsorbed by nanosystems of different geometry: by the metal nanoparticle, by the 
plane lamination, by the metal sphere with the dielectric shell, by the dielectric cylinder. The 
mechanism of the energy transfer in donor-acceptor pairs of molecules by means of virtual 
excitons and plasmons is considered in works [7-8]. It has been discovered considerable in-
creasing of the probability of the energy transfer at the approaching of molecules to the phase 
interface, especially to the metal surface. 

The resonant radiationless transfer of the energy in the donor-acceptor pair of mole-
cules at the close location from the extensive conductive cylinder of nanometer radius provid-
ing plasmon support for the process has been considered in this work. The essential increase 
of the energy transfer rate in comparison with case of absence of the conductive surface is ob-
served at overlap of three spectrums: the acceptor absorption spectrum, the donor emission 
spectrum and the surface plasmon spectrum. 

There are two possible mechanisms of the energy transfer through surface plasmons 
and because of direct dipole-dipole interaction between molecules in the case under consid-
eration. Operators of the interaction of acceptor and donor molecules with surface plasmons is 
possible to express in terms of birth operators and destruction operators of plasmons using the 
instrument secondary quantization. We receive expression for the probability of the energy 
transfer per unit time, using Fermi golden rule  
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where   – the life time of plasmon, 01dp  и 10ap - matrix elements of dipole transition 

moments  in molecules of donor and acceptor, )(adr  –the distance from a molecule of a donor 

(acceptor) to axis of cylinder, dar  – the distance between molecules, daz - difference between 
cylindrical coordinates z of molecules, da - azimuth between directions of dipole moments 
of donor and acceptor molecules,  21,  - the angular factor in the operator of the di-
pole-dipole interaction,  dG  – the donor emission spectrum,  aG  – the acceptor ab-
sorption spectrum, nk ,  – the surface plasmon frequency equal in quasi-static approximation 

[9] 
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where  xIn  и  xKn  - Bessel functions of imaginary argument, k  – the longitudinal wave 
number,  R – the cylinder radius, p  – the plasma frequency. Use of quasi-static approxima-
tion in this case is possible as the energy transfer distance is shorter than emission wave-
length.  
 Computations of the energy transfer rate at various locations of donor and acceptor 
dipoles were made. Frequency dependences of the ratio f of the squared matrix element of in-
teraction between donor and acceptor molecules near a nanocylinder to the squared matrix 
element of only dipole-dipole interaction are shown in fig. 1. These computations were car-
ried out for the case when donor and acceptor dipole moments are radially oriented and are 
situated on the single line parallel to the cylinder axis. The plasmon frequency is 

p 7.6·1015 sec-1 in our calculations. This frequency is observed for alkali elements Na and 
K. Others model parameters were: life time of plasmon   = 1 fsec, cylinder radius R 5 nm, 
matrix elements of dipole transition moments  1001 ad pp 10-18 SGSE·cm. Fig. 1 shows 
that the sharp increase of ratio f is observed at  4.2·1015 seс–1. The ratio f decreases with 
the increase of the distance between molecules and surface cylinder because the plasmon con-
tribution to the energy transfer decreases (fig 1a). The ratio f enhances with increase of the 
difference between cylindrical coordinates z of molecules, because the probability of the di-

b а 

Fig. 1.  Frequency dependences of  factor f: a – various distances from donor and acceptor molecules to 
the axis of the cylinder (1 -  ad rr 5.5 nm, 2 - 6.5 nm, 3 - 7.5 nm) and the constant distance be-

tween molecules daz 5 nm; b - various distances between molecules (1 -  dada rz  5 nm, 2 – 6 

nm, 3 – 7 nm) and the constant distance to the axis of the cylinder  ad rr 5.5 nm. 
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rect dipole-dipole energy transfer sharp decreases, whereas the plasmon contribution to the 
energy transfer remains essential (fig 1b).  

The energy transfer rate is the largest when frequencies of intensity maximums of do-
nor emission and acceptor absorption spectrums close to the frequency where ratio f has peak. 
Lorentz form of donor emission and acceptor absorption spectrums is supposed in calcula-
tions. The maximum of the donor emission spectrum is d  4.5·1015 sec-1 (  420 nm), 
the maximum of the acceptor absorption spectrum is a  4.0·1015 seс-1 (  470 nm), 
spectrum half-width is  da  0.4·1015 seс-1. 

Results of calculations of the energy transfer rate are shown in fig. 2. The energy 
transfer rate enhances in some time when molecules approach to the cylinder surface.  

It is necessary to note, that the appreciable influence of the metal nanocylinder on the 
probability of the energy transfer in the donor-acceptor pair is connected to that circumstance, 
that the area of the plasmon resonance (a maximum of the ratio f) falls at the area of the over-
lapping of acceptor absorption and donor emission spectra. If the area of plasmon a resonance 
is shifted concerning the area of the overlapping of molecule spectra then the influence of the 
nanocylinder will be weaker. Except for nanocylinders from alkaline metals to the specified 
condition satisfies barium, for which p 9.7·1015 seс-1, and the area of the plasmon reso-

nance falls  6.0·1015 sec-1, if the molecule of naphthalene ( d  5.7·1015 sec-1,  330 
nm) acts as the molecule of the donor, and the molecule 9-ТМА- anthracene ( a  4.8·1015 

seс-1,  380 nm) acts as the molecule of an acceptor of  the energy. 
 

This work supported by the Russian Foundation for Basic Research (project no. 10-02-96021-
r_ural_а) 
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а b 

Fig. 2. Distance dependences of the energy transfer rate: a – from donor and acceptor molecules to 
the axis of the cylinder and the constant distance between them daz 5 nm; b - between donor and 

acceptor molecules at the constant distance to the axis of the cylinder  ad rr 6 nm. 
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Enhancement FRET Between Dye Molecules Near Metal Flat Surface 
 

Kislov D.A. 
 

Laser Biophysics Center, Orenburg State University, 
 pr. Pobedy 13, Orenburg, 460018 Russia, 

 e-mail: r-fizik@yandex.ru 
 
Near to interface of phases the intermolecular electronic excitation energy transfer 

can be carried out differently, than in case of isolated the donor-acceptor (DA) pairs, because 
there is an additional channel of excitation transport (excitons, plasmons, and other quasi-
particles). Besides, presence of an additional subsystem, in the form of the semi-closed 
continuous environment, perturbs interaction between the initial molecules participating in 
energy transfer. Studying the plasmon mechanism efficiency on the basis of quantum model 
has been lead [1]. At placing the donor-acceptor pair near to a flat metal surface it is 
necessary to consider the plasma oscillations of electronic density on a conductor surface 
induced by molecular dipoles. Investigation of the energy transfer mechanism between 
molecules near to a leading body is carried out on the basis of generalized Förster theory [2], 
in a combination to electrodynamic plasma model. In such theory variant influence of the 
leading environment field on process radiationless excitation transfers occurs at the expense 
of additional a dipole-dipole interaction of molecules D and A, mediated through a conductor. 

 
In a role of the donor-acceptor (DA) pair is taken molecules acridine yellow (donor) 

and rhodamine 6G (acceptor) which are placed over a surface extensive silver body. 
 
Distance dependences of the transfer rates subject to metal surface influence, 

containing exclusively experimentally measured characteristics: 
 

 

 

4 2
Im

32 2

4

9 ( )( , , , )
8

( ) ( ) ( ) ( , , )

A
DA D A DA

A D
D A

D A F D A

cU z z R
n z z R

dF U R z z


 

    



  

   

 


                   (1) 

 
 

where 

 
 

3/22 2

1 2 2 2
( ) ( ) ( ) D A

D A

z z R
y y

z z R
   

  
      

 

2

1 2
1

1 2

( )( )
( )

y   
  





,   1 2
2

1 2

( )( ) 2Re
( )

y   
  
 

   
                       (2) 

 

4 2

3 42 2

9 ( )( , , ) ( ) ( )
8

DA
F D A D A

A D
D A

c dU R z z F
n z z R

   
  




   




  and 

SMBM - 2010 Oral session

24

___________________________________________________________________________

ЦЛИБФ
Прямоугольник



2 
 

   2 22 2,DA D A D Ar z z R r z z R      . 
 

( ), ( )D AF     are the donor emission spectrum and the acceptor absorption 
spectrum respectively; An - acceptor concentration; D - lifetime of the excited donor; 1  - of a 

medium over the surface; R - intermolecular distance; 2 ( )DA  - orientational factor  2 ( )   
- frequency dependent dielectric permeability of the metal, which is measured experimentally 
[3]. 
 
 
 

  
Fig.1 Spectral dependence of functions 

1 2( ), ( ), ( )y y     for silver at 1 1   
Fig.2 Distance dependences of the transfer rates 
in the presence and without of metal for silver at 

1 1   
 
 
 

  
Fig.3 Spectral dependence of functions 

1 2( ), ( ), ( )y y     for silver at 1 10   
Fig.4 Distance dependences of the transfer rates 
in the presence and without of metal for silver at 

1 10   
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3 
 

  
Fig.5 Spectral dependence of functions 

1 2( ), ( ), ( )y y     for silver at 1 81   
Fig.6 Distance dependences of the transfer rates 
in the presence and without of metal for silver at 

1 81   
 

As a result of calculations it is established, that in a case when energy transfer is 
carried out over a flat surface depending on a choice of metal and selection of environment 
dielectric properties it is possible to achieve delay of energy transfer speed on 1-2 order (fig. 
2), and increases in rate at 1-3 order (fig. 4, 6).  

This work was supported by the Russian Foundation for Basic Research (project No. 
10-02-96021-r_ural_a) and the Ministry of Education and Science of the Russian Federation 
(under assignment no. 1.3.06 from the Federal Agency of Education). 
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Magnetic Field Effect on Triplet-Triplet Annihilation of the Localized 
Electronic Excitations Caused by Macrochains Fragments Mobility 

 
Dusembaev R.N., Kucherenko M.G. 

 
Laser Biophysics Center, Orenburg State University, 

 pr. Pobedy 13, Orenburg, 460018 Russia 
Е-mail: rphys@mail.osu.ru; r_dusembaev@mail.ru 

 
Magnetic field influence on a triplet-triplet annihilation of electronic excitations invaria-

bly involves major interest of researchers. It is caused by external magnetic field action allows to 
control course rate of such reactions. However, for field effect formation on excitations annihila-
tion existence of the additional channel of reagents triplet states decay which would be not spin-
selective and competitive for the annihilation channel through singlet pair state is necessary. In 
the case of a distance annihilation of triplet centres rigid on a polymer chain as such channel it is 
possible to consider a stochastic change of a macromolecule conformation state. 

In this paper we suppose that triplet 
electronic excitation are rigid on a 
polymer chain, however, because of 
macrochain fragments conformation 
oscillations the distance between them 
stochastically changes. Chain confor-
mation transition is practically nonre-
versible at low temperatures. It can be 
interpreted as a leaving of the T-T-
annihilation partner from a reaction 
zone. Thus the intermolecular ex-
change integral is supposed small and 

T-T-pair spin dynamics will not be frozen. In such conditions the magnetic effect of T-T-
annihilation rate modulation is probable. In а simple model conformation oscillations of a macro-
chain fragments can compare parabolic type potential ( )V z  (Fig. 1). In certain characteristic 
point z = b the guess of existence of this potential falling branch responding to a macromolecule 
conformation transition is accepted. Thus the detailed potential shape in this field is incidental. 
The probability outflow through a break of a potential ( )V z  from a parabolic well generates that 
decay channel which is necessary for magnetic field effect formation. The solution of the Fokker-
Planck equation for parabolic potential 2( ) / 2V z z  is given by 
 

2[ exp( / )]1( , ; ) exp
( )( )

Tz tg z t
tt

 



  

  
 

, 

 

where  - the initial triplet centre localization coordinate in potential ( )V z , D  - diffusion coeffi-
cient of molecules-reagents, Bk  - the Boltzmann constant, T  - temperature, 
 

( ) 2 [1 exp( 2 / )]; / ( ).T T T Bt D t k T D         
 

The probability flow from a potential well in a point z=b is given by 

 
Fig. 1.  Macrochain  fragment conformation oscillations with the 
T-molecules adsorbed on it. 
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Probability ( )W t  of an exit from a well lack by the moment of time t  , i.e. probabil-
ity of transient chain conformation transition lack may be written in a form 

 

0

( ) exp ( , ; ') '
t

W t j b t dt
 

  
 
 . 

 
On Fig. 2 and Fig. 3 the time dependence of a "leakage" diffusion flow and the probability ( )W t  
are presented. At calculations following parameters were used: diffusion coefficient 

6 210 /D cm s , temperature KT 300 , 2/08.0 cmJ , "leakage" point coordinate Ab 1 , 
distance between triplet centres in a equilibrium position AR 7 . 

 

Fig. 2. Particle diffusion outcome kinetics from a para-
bolic potential well through the "leakage" channel in 
point Ab 1  for initial coordinate A6.0  and vari-
ous diffusion coefficients D . 
 

Fig. 3. The time dependence of probability  tW  of an 
exit from a well lack for various values of initial coordi-
nate . 
 

 

For magnetosensitive annihilation rate of T-centres on a macrochain which experience 
conformation transitions we can write down 

 

0

1 1( ) 1 00 | ( | ) | 00 ( ) ( )
9 9ann DK B K t B t W t dt    

         
, 

 

where  - an annihilation probability in individual "contact", under condition of T-T-pair singlet 
spin state realization, DK  - rate constant of diffusion (not correlated) encounters of T-excitations, 

  0000 Bt  - singlet matrix element of a triplet pair spin density matrix, responding to T-T-
pair singlet state population; 

   dztztzgzUt   ,,,)(   
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Quantity  zU  represents distance dependent rate of the exchange-resonant triplet-triplet 
annihilation act and is defined by the Dexter expression. Here the assumption is accepted, that the 
initial state of T-T-pair spin density matrix  0  has no singlet component and consists only 
from triplet (T) and quintet (Q) parts. 

In model of the regular spin dynamics, valid for a case of triplet molecules stochastic gy-
rations lack, it is possible to construct the second order perturbation theory on intramolecular 
spin-spin interaction SSH . Then expression for singlet matrix element of T-pair spin density ma-
trix is given by 
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where /JMJ E  - exchange frequency, B  - the Bohr magneton. At some value of a magnetic 
field strength the resonance in detail explored for T-excitons in the molecular crystals takes place. 
On Fig. 4 evolution curves of T-pair singlet state population   0000 Bt  are presented. On 
Fig. 5 curves of magnetic field effect  B  - the relative change of quantity of a bimolecular an-
nihilation rate constant annK  in the field of an induction B in relation to a zero field are presented:  
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Fig. 4. Evolution of T-pair singlet state popula-
tion   0000 Bt . 19108.3  sJ . 

Fig. 5. Magnetic field effect   on triplet-triplet annihila-
tion of localized on a polymer chain electronic excitations 
taking into account conformation oscillations of a macro-
chain fragments. A6.0 . 

This work was supported by the Russian Foundation for Basic Research (project No. 10-
02-96021-r_ural_a) and the Ministry of Education and Science of the Russian Federation (under 
assignment no. 1.3.06 from the Federal Agency of Education). 
 

SMBM - 2010 Oral session

29

___________________________________________________________________________



Features of Relief-Phase Gratings Recording  
by the Laser Swelling Mechanism 

 
Rusinov A.P., Fedorov D.S. 

 
Orenburg State University, Orenburg, Russia 

E-mail: sano232@mail.ru; fed777dim@mail.ru 
 

The most perspective tool for processing of materials at the expense of the unique 
properties, such as contactless, precision, universality etc. is the laser. And for polymers the 
unique mechanism of laser influence resulting with sharp expansion of polymer, reduction of 
its density and, sometimes accompanied by structural reorganization of a matrix takes place. 
The given mechanism is termed the laser swelling. 

In the given work we studied process of the relief-phase holographic gratings (RPG) 
formation on a polyvinyl alcohol film (PVA) surface and the conditions of laser influence are 
selected so that the main mechanism of a relief formation was swelling of polymer, instead of, 
for example, ablation or burning. 

Here we assume that changes of a film relief are result from its viscoelastic expansion 
under the influence of a nonhomogeneous thermal field of a laser impulse. We consider 
recording impulse rectangular in time with intensity 0I  and duration a lot of smaller 
characteristic times of studied processes, i.e. « » - impulse. Spatial distribution of pumping 
beam intensity in a plane of the sample is  0I(x) I 1 cos(2 )a x    , where a  - 
modulation depth,   - spatial period of the interference pattern. 

We will thus be limited to consideration of a two-dimensional problem in polymer 
volume, as along grating groove of an interferential field the problem is homogeneous, we 
will consider expansion/compression of polymer along normal to a film surface of an axis z 
and perpendicular to a grating groove of an axis x. Generally [1-2] the recording thermal field 
has not sinusoidal profile. However, that the basic attention to give to consideration of 
viscoelastic processes in a film, we will consider that the thermal field is given by following 
expression: 

0
2( , ) 1 ( )

2 R

T x tT x t T Cos Exp


           
,                                (1) 

where T – amplitude of the induced thermal field,   – the spatial period of pump 
interferential field, R  – characteristic time of a thermal field relaxation, 2 2 24R a    for a 
case of a sinusoidal field, where 2a  – thermal diffusivity of medium. 

Generally process of polymer expansion is determined by a tensor of stress. The main 
axes of such tensor will be normal to film surface is axis z, and a direction of a wave vector 

2 /K    of interferential field is axis x. Take account of medium isotropy, a tensor of 
stress we will consider symmetric: ),(),(),( txTbtxtx zzix   , and its elements are 
proportional to instant temperature in the given point.  

For the description of viscoelastic expansion process in polymer along an axis z the 
Maxwell model and for the description elastoviscous compression /relaxations of film along 
an axis x the Kelvin-Voigt model [3] has been chosen, where -   local stress,   and E - 
viscosity and elasticity factors respectively. 

For the first model the equation of deformation is given by: 
1 2 E            .                                               (2) 

Considering the elementary kind of thermal field dynamics (1) it is possible to solve 
this equation and to receive expression for profile height of relief structure: 
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where 0H  - thickness of a polymeric film. 
For the second model the equation becomes complicated, 

  E21 .                                                (3) 
And its decision for a thermal field (1) is given by: 
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where ( , )x x t  shows instant distortion of a grating groove profile. The total profile of a 
grating is defined by expression ( 2 ) taking into account profile distortion (3 ). 

The information on the recording structure can be received at diffraction of probe laser 
radiation on relief-phase grating, and for exception of volume grating influence on a signal it 
is necessary to spend hologram reading in the reflected beams. Expression for the diffraction 
response signals dynamics in this case can be written down to similarly work [2] with small 
specification in expression for a phase: 

2/ 2

2
/ 2

1 2( , ) exp( ( ', )) exp( ' ) 'im t i x t x m dx






    
  , 

where phase incursion t)h(x,2t)(x,  , m – diffraction order. 
However it is important to notice that in real samples at pumping intensity providing 

laser polymer swelling spatial harmonicity of a thermal field and exponential law of its 
relaxation isn't carried out. In this case analytically the decision can't be received, and the 
equations (2) - (3) need to be solved in a numerical method. Besides at such thermal 
influences   and E are temperature functions. Thus the equations (2), (3) become essentially 
nonlinear, and their decision is possible only numerically.  

  
Figure 1. Time dependence of diffraction efficiency 
of RPG recording on the surface PVA film colored by 
eosin without and within albumin (1 wt. %) for 1-st 
pulse. 

Figure 2. Signal of diffraction efficiency of 
RPG recording on the surface PVA film for 6-
th pump impulse. 

 
Experimentally it is expressed in existence of threshold capacity at grating record on a 

polymer surface, i.e. formation of relief structure begins with certain power density of 
pumping beam, and at smaller power density the relief grating doesn't record. 

Modification processes of a polymer surface have duration of an order of hundreds 
micro seconds, and kinetics of a signal essentially depends on impulse number. The first 
impulse of the pumping interferential field basically records relief structure (see Figure 1), 
and after a record stage the insignificant relaxation of a signal connected with a relaxation of 
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surface elastic deformation is visible. At the subsequent impulses the signal had difficult form 
(see Figure 2).  

  
Figure 3. Post exposition dynamics diffraction 
efficiency of relief grating on the surface PVA 
film. 

Figure 4. Increase diffraction efficiency of relief 
grating at the additional laser affect. 1 stage – the 
recording of grating, 2 – the additional laser affect, 
3 – the repeated recording holographic structure. 

 
Then follows sharp decrease of the diffraction signal amplitude and then small 10-20 

% increase in the signal having relaxation character. In our opinion the given effect is 
associated with amplification of the grating profile distortions mainly at the expense of the 
mechanism of lateral expansion-compression of the grating groove. Results of experiment are 
in qualitative agreement with results of the mathematical calculations spent on the basis of 
offered above model. 

The important fact is detection at the recording gratings in films PVA and PVA with 
albumin and gelatin of the postexposition dynamics taking place in a range of tens seconds. 
So in pure PVA films the stage of relaxation of the recording grating is observed (see Figure 
3), and in PVA films with addition of impurity of organic polymers the relaxation stage isn't 
observed, in such films the grating leaves on some stationary level. 

Also us it is revealed that at additional laser affect (with wavelength  = 532 nm) on 
the recording relief structure by spatially homogeneous laser beam is resulted increasing 
diffraction efficiency of the grating. The spatially homogeneous addition laser beam is caused 
homogeneous heating of polymer matrixes. The total size of effect at consecutive influence of 
several additional impulses can be reached 400-500%. At the re-irradiation by interference 
optical field of pumping laser the diffraction efficiency of the grating is sharply decreased to 
initial value. This cycle “few pulse of recording laser – few pulse additional laser” can be 
repeated some tens times, without essential loss of effect size (see Figure 4). 

Considering comparative simplicity of record of the similar structures, the investigated 
effects can find application in various appendices of optoelectronics and the light streams 
control systems. Record of highly effective relief gratings with dynamically regulated of a 
lateral grating profile it is important for many applications of a quantum electronics, for 
example in development of the distributed feedback lasers (DFB - laser). 

This work was supported by the Russian Foundation for Basic Research (project No. 
10-02-96021-r_ural_a) and the Ministry of Education and Science of the Russian Federation 
(under assignment no. 1.3.06 from the Federal Agency of Education). 
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Nanostructured Titan for Application in Medicine 
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Use of sparing operational technologies in medicine demands development of new 

constructional and functional materials. They should possess the high strength and also high 

fatigue strength, impact strength, corrosion resistance and biocompatibility with the purpose of 

reduction in weight characteristics of products and for increase of durability and reliability of a 

product for needs of stomatology, traumatology, and microsurgery.  
 

The titan subjected to severe plastic deformation (SPD) by equal canal angular pressing 

(ECAP) corresponds to these requirements. High mechanical properties of the titan under static 

(tab. 1) and also cyclic (fig. 1) loading conditions are provided due to formation of 

submicrocrystalline structure with the size of grain 100-500 nanometers (fig. 2). It gives the 

possibility to use the nanostructured titan in medicine as a constructional material [3] for 

manufacturing implanters, mini screws, fixing armature, and also the medical tools (fig. 3 and 

4). 

 

Table 1 - Mechanical properties Ti Grade 4 

Kind of processing 

Tensile strength,  

σв , MРa 

Yield stress, 

σ 0,2 , MРa 

Percentage 

elongation after 

fracture, δ,  %  

Standard warm rolling   700 530 25 

ECAP 1240   10 1150   20 11  1 

ECAP + annealing, 350
о
С, 6 h.  1250   10 1100   10 13  1 
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Figure 1 – S-N curves Ti Grade 4:  

1. An initial condition; 2, 3. After ECAP   

 

Figure 2 - Microstructure Ti Grade 4. The 

grain size 120 ± 30 nanometers  

 

 

 

                                      
                        а)                                                                                   b) 

Figure 3 - The General view mini screws (а) and implanters (b) for stomatology.  

a - Top mini screw Ǿ 2,4 mm is made from nanotitan, lower mini screw Ǿ 3,5 mm is made 

from the usual titan. b - Implanters in low jaw.  

 

 

                                         
                     а)                                                                                       b) 

Figure 4 - Pelvis endoprothetic appliance (а) and the medical tools (b) made from nanotitan 
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The mass production above-stated implanter, mini screws, fixing armature and the medical 

tools from the nanostructured titan and also titanic alloys is the topical interest today. 

 

Conclusion 

 
Severe plastic deformation (SPD) by equal canal angular pressing (ECAP) has allowed 

receiving the high-strength titan due to formation of submicrocrystalline structure. It gives the 

possibility to recommend the nanostructured titan in medicine as a constructional material for 

manufacturing implanters, mini screws, fixing armature and the medical tools.   

 

The work is supported by Ministry of Education and Science (Grant № 1383).  
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Phosphorescence Spectrum Analysis of the Novel  
Complex of Diarylporphine with Palladium  

 
Minaev B. F., Baryshnikov G. V., Minaeva V. A.  
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E-mail: bfmin@rambler.ru  

 

Porphyrins are important chromophores that play a crucial role in a number of biological 
processes such as photosynthesis, dioxygen transport and activation [1, 2]. Moreover, due to their 
remarkable and quite flexible photo-physical properties they have been extensively developed 
towards various bio-applications, the most successful is perhaps photodynamic cancer therapy [3 
5], but related systems are also being developed for engineering applications as inorganic/organic 
hybrid materials [6] such as optical power limiting [7, 8], photovoltaics [9] and chemical sensors 
[10,11]. Porphyrin photochemistry provides insight into the dynamics of related biomolecules, 
such as the photosynthetic reaction centers in purple bacteria and green plants and heme-based 
metalloproteins such as hemoglobin and myoglobin.  

DFT calculations with the B3LYP functional have been performed by the Gaussian 03 
code [12] with the Lanl2DZ basis set. A complete geometry optimization of the studied molecule 
(Fig. 1) has been performed and all real vibrational frequencies have been obtained. The force 
field has been obtained by direct calculations of the total energy second derivatives in respect to 
all internal geometrical parameters.  

 

 
Figure 1. Molecular structures of the asymmetrically substituted complex  

10,20-bis(4-hexoxyphenyl)-porphine with Palladium.  
 
Porphyrin derivatives which contain zinc, palladium and platinum ions are known to 

exhibit phosphorescence even at room temperature (zinc - to a less extent) [13–15]. The 
phosphorescence (radiative transition from the first excited triplet state, T1, to the ground singlet 
state, S0), depends on spin–orbit coupling (SOC), which increases with atomic number. This 
notion explains the so-called heavy atom effect [16], which is observed also in phosphorescence 
of porphyrins [14]. Calculations of phosphorescence, excitation energies and oscillator strengths 
for porphyrins are carried out by time-dependent density functional theory (TDDFT) 
implemented in a recent version of the Dalton program [17]. TD-DFT is actually an application 
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of the response technique of Kohn–Sham DFT for calculations of excitation energies and many 
related properties within the density functional context. The advantages of response theory have 
been documented many times in connection with applications to triplet states properties which 
depend on spin–orbit coupling.  

In this talk we discuss TD DFT calculations of absorption and luminescence spectra of the 
recently synthesized asymmetrically substituted complex 10,20-bis(4-hexoxyphenyl)-porphine 
with Palladium. Optimized structure with the choice of axes is presented in Fig. 2.  

 
Fig. 2. Optimized structure with the choice of axes of complex of 10,20-bis(4-hexoxyphenyl)-

porphine with Palladium.  
 

The main results concern the phosphorescence calculation with quadratic response 
technique in TD DFT scheme. The phosphorescence transition frequency is calculated to be equal 
to 14332 cm-1, the phosphorescence radiative lifetime is predicted to be 0.0073 s. The most active 
spin sublevel is the Tz microstate with the T1

z → S0 transition dipole moment  being oriented 
mostly along the short in-plane axis (y): My(Tz) = 0.00104 ea0, where e is an electron charge, a0 is 
the Bohr radius. The other projection of transition dipole moment Mz(Tz) = 0.000147 ea0 is much 
smaller, thus the phosphorescence should be mostly polarized (93%) along y-axis. The 
phosphorescent emission from other spin sublevel is very weak: Mx(Tx) = 0.000173 ea0, My(Ty) = 
0.000195 ea0, Mz(Ty) = 0.000881 ea0. We have predicted spin-polarization of the T1 state in 
external magnetic field and spin-orientation at low-temperature (4.2 K) in zero-field by 
calculation of the spin-orbit coupling matrix elements which indicate strong anisotropy of the 
orbital angular momentum in the open-shell orbital structure of the triplet manifold. Zero-field 
splitting is calculated with account of spin-spin coupling in the first order of perturbation theory 
[18-19] and with account of spin-orbit coupling in the second order.  
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Influence of Magnetic Field on Annihilation of the Triplet Excitons, 
Migration in Nanodimensional Langmuir-Blodgett Films 

 
N.Kh. Ibrayev, D.A. Afanasyev 

Karaganda State University, Karaganda, Republic of Kazakhstan 
E-mail: niazibraev@mail.ru 

 
The influence of magnetic field on the annihilation of triplet electronic excitations in 

nanoscale molecular systems is investigated. Thin films being the objects of our study are 
obtained by the Langmuir-Blodgett technology; they consist of a blend of stearic acid and 1,2-
Benzanthracene. The films are prepared by the method of vertical lift on solid substrates of 
nonluminescent quartz. Concentration of the 1,2- Benzanthracene molecules in the obtained 
films is equal to 75 mol%. 

Measurements are made with apparatus for the influence of magnetic field study on 
kinetics of delayed luminescence with registration in the photon-counting regime. As an 
excitation source we use a laser LCS-DTL-374QT with the generation wavelength of 355 nm, 
the energy of 5 μJ at a pulse duration τ=7 ns. Registration is performed after 2 μs and 0,5 ms 
after excitation of the film. The value of magnetic field effect is estimated by the relative 
change in the intensity of delayed fluorescence in the magnetic field and the absence of field.  

Figure 1 shows the temperature dependence of intensity of the annihilation-type delayed 
fluorescence of Langmuir films of 1,2-Benzanthracene. Measurement of the emission 
intensity is carried out after 2 μs (curve 1) and 0.5 ms (curve 2). It’s evident from the figure 
that heating of the film leads to the increase in the emission with the maximum at a certain 
temperature. 
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Fig. 1. Dependence of the delayed fluorescence intensity of the 10-layer Langmuir-Blodgett 

films of 1,2-Benzanthracene on the temperature at different time delay after initiation of 
registration: 1 - 2 μs, 2 - 0,5 ms. 

 
To explain the obtained data it should be suggested that in the Langmuir-Blodgett films 

of aromatic molecules there occurs the T1-levels scattering. At low temperatures, the 
migrating excitons are captured by the traps, which have a low-lying T1-level. Heating of the 
film leads to the release of the excitons from the traps and promotes the efficiency of their 
migration to the triplet levels of the same energy. Increasing the efficiency of migration leads 
to an increase in the rate of the elementary annihilation act for the pair of triplets, which is 
manifested in the growth of the delayed fluorescence intensity. The fall of the emission 
intensity after a certain critical temperature is due to the dominance of nonradiative decay 
channels of the triplet centers with the increasing temperature. 

Investigations of the influence of magnetic field on kinetics of the annihilation-type 
delayed fluorescence in the Langmuir-Blodgett films of 1,2-Benzanthracene are carried out at 
various temperatures. The magnetic field is directed along the tangent to the surface of the 
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substrate along its short side. Evaluation of the magnetic field effect is performed by the 
measurements of instantaneous fluorescence intensity through variable time delay after 
excitation. In Figure 2 the curves of the magnetic effect for a film with a number of layers 
equal to 10 are shown. For the film temperature T=100 K (curve 1) the obtained dependence 
is typical for the crystals of aromatic molecules. In the temperature range from 100 to 180 K 
an independence of the value of magnetic field effect from the registration time is observed 
(the curve remains unchainged). 
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Fig. 2. Effect of magnetic field on the annihilation-type delayed fluorescence of the 10-layer 
Langmuir-Blodgett films of 1,2-Benzanthracene at various temperatures: 1 – T= 100 K, 2,3 – 

T = 190 K, the time of registration: 2 – 2 μs, 3 – 0,5 ms. 
 

At the temperature of the film equal to 190 K for recording time  = 2 μs (curve 2) the 
form of the curve of the magnetic effect does not change qualitatively. It remains typical for 
crystalline systems. Shape of the curve suddenly changes for the registration period  = 0,5 
ms (curve 3) and it becomes typical for liquid solutions. At a variation of the registration time 
in the range from 2 μs to 0,5 ms the observed curve occupies an intermediate position 
between the curves 2 and 3. This nature of the magnetic field dependence remains the same at 
higher temperatures.  

The experimental data obtained from the measurements of influence of magnetic field 
on the annihilation delayed fluorescence for the 1-layer and 10 layer films are qualitatively 
similar. However, with decrease in the number of layers in the film there is increase of the 
magnetic field effect. So, for the 10-layer film magnitude of the effect at 100 K is 15%, while 
for 1-layer film at the same temperature size of effect has a value of 20%. Apparently this is 
due to an increase probability of the second meeting of reagents in a single-layer film is 
significantly higher in compare with multilayer one. 

Thus, our data indicate that the Langmuir-Blodgett films of aromatic molecules are 
composed from microcrystals and clusters with non-crystalline structure. Crystalline regions 
gives greatest contribution to the intensity of annihilation delayed fluorescence yield at the 
initial time moments after laser excitation. In the crystalline regions the high rate of migration 
of excitons and spin orientation of triplets promotes to the high probability of pair 
annihilation. Form of the dependence of modulation rate of triplet-triplet annihilation from 
external magnetic field indicates the existence of microcrystalline structures. It is 
characteristic for crystals of aromatic molecules (model of Merrifield). With increasing 
temperature, specific intracluster migration of exciton is similar to the diffusion of particles in 
solution. In this case the relaxation model Atkins-Evans is applicated, according to which the 
change in the total spin of coherent pair of particles is carried between their repeated contacts. 
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Nanoplasmonics of Endometallofullerenes  
 

E. K. Alidzhanov, Yu. D. Lantukh, S. N. Letuta, S. N. Pashkevitch. 
 

Orenburg State University, Orenburg, Russia 460018 
E-mail: ekaalid@yandex.ru 

 
The coupling between plasmons localized on particles and optical waveguide modes 

leads to strong modifications of the transmission light in metal-dielectric waveguide 
substrates. Due to plasmon physics the electronics and photonics devices can be combined 
and work together at nanoscale. Plasmons can also be the basis of high-resolution lithography 
and microscopy owing to their extremely small wavelengths. In general, plasmon physics 
describes the coupling of photons and electrons. The decay length of the surface plasmon is 
determined by the skin depth, which is about two orders of magnitudes smaller than the light 
wavelength. Thus there is a possibility to apply plasmon to localize and guide the photons in 
the subwavelength metallic (semimetallic) structures.  

Classical plasmonic waveguide media are thin gold and silver films or its colloidal 
solutions. The possibility of plasmonic excitation inside endometallofullerene nanoclusters 
(d=50-60 nm) has been found in our works. Self-organization of endometallofullerene 
nanoclusters in polar solvents solutions takes place due to large dipole momentum of 
endofullerene molecules. Plasmonic excitations inside endometallofullerene nanoclusters 
were shown to enhance substantially (107) the Raman scattering efficiency. Raman scattering 
enhancement efficiency in endometallofullerene plasmonic waveguide medium is the same as 
in the silver colloidal solutions. Therefore, investigations of plasmonic resonance excitation 
phenomena in new waveguide medium (endofullerene nanoclusters) are of interest for 
fundamental as well as for applied physics.  

Usage endometallofullerenes nanoplasmonics to improve polymer donor-acceptor 
composite solar sell efficiency was offered. Localized plasmonic resonance produce the 
strong intensification of a local electric field near nanoparticles region. Such enhancement of 
local electric field intensity can provide increasing of solar cell efficiency by multiplication of 
exited in the polymer composite excitons. 

The photoluminescence and photoconductivity of MEH-PPV polimers doped by 
endometallofullerenes were investigated. The obtained experimental results show 
photoluminescence quenching in the endometallofullerenes doped conjugated polymer at 600-
700 nm, and new photoluminescence band appearance at 400-500 nm. In the case of MEH-
PPV gradient doping the photoluminescence enhancement was revealed. Obtained results are 
explained by plasmonic resonance phenomena inside endometallofullerene nanoclusters. 
 
This work was supported by the Russian Foundation for Basic Research (Projects No. 09-02-
99020) 

SMBM - 2010 Oral session

41

___________________________________________________________________________



Magnetic Isotope and Multispin Effect in Molecular Biology 

Berdinsky V.L., Koltover V.K. 

Orenburg State University, Orenburg, Russia 
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There is a great variety of chemical elements with magnetic and nonmagnetic isotopes 

in living cells. This raises the question of whether living cells can perceive the difference 
between magnetic and non-magnetic isotopes of chemical elements. Magnetic isotope and spin 
effects are well known in chemistry. They have been observed in many chemical reactions and 
physical processes in which pairs of paramagnetic spin carriers participate as the intermediate 
particles. Recently, magnetic isotope effects have been discovered in the enzymatic reactions 
(Buchachenko et al., 2008). Among three stable isotopes of magnesium, only 25Mg (I = 5/2, 
natural abundance about 10%) has the magnetic moment and can interact with electron spins 
through hyperfine and dipole interactions. Two other stable isotopes, 24Mg and 26Mg, have 
spinless nuclei without magnetic moments, so that they cannot produce any magnetic effects. 
The magnetic 25Mg was found to be more effective as the cofactor of synthesis of ATP, the 
main source of energy in living cells, by comparison with nonmagnetic isotopes of magnesium 
(Buchachenko et al., 2005). In the experiments of our group, it was found, for the first time, that 
magnetic 25Mg essentially more stimulates growth and viability of cells of Escherichia coli than 
nonmagnetic (Koltover, Shevchenko, Roiba, Avdeeva, and Berdinsky, to be published).  

Another kind of magnetic nuclear spin effects in molecular biology, namely, the 
increase of nuclear polarization in the photosynthetic centers on light illumination has been 
observed recently (Matycek et al., 2010). Apparently, such effects are similar to chemically 
induced dynamic nuclear polarization (CIDNP) well known from chemical physics.  

As a rule, the spin effects can be explained on the basis of spin chemistry of free radical 
and ion-radical pairs. The above mentioned magnetic isotope effects and spin effects can also 
be explained assuming that they arise from ion-radical processes in the enzymatic reactions. 
Many of such reactions are coupled with the reactions of electron transport. In actual truth, 
elementary acts of electron transport must be accompanied by simultaneous acts of transfer of 
electron spin, thereby producing the ion-radical states. The theory of the magnetic field effects 
and the spin effects in ion-radical process for enzymatic reactions has been developed in 
(J.Pedersen&N.Luckzen, 2008; Shevchenko&Berdinskiy, 2010). 

The radical-pair theory approach was also applied to explanation of the phenomenon of 
magnetonavigation of birds (P. Hore, K Shulten and others). It seems plausible that there exist 
different mechanisms responsible for magnetonavigation of birds and for magnetosensitivity of 
animals without special organs to perceive external magnetic fields. However, the ion-radical 
processes seems to be the most plausible primary receivers of magnetic and electromagnetic 
fields in living organisms.  

Besides, one should consider multi-electron transport processes as possible sources of 
the spin effects in molecular biology. Being untypical in usual chemistry, such the multi-
electron processes are well known in biochemistry, for example, the four-electron reduction of 
oxygen into water catalyzing by cytochrome oxidase in cell mitochondria. Conceptually, these 
multi-electron reactions open a new field in spin biochemistry, namely, the problem of spin 
conjugations.  

[This work was supported by Russian Foundation for Basic Research, projects no. 10-
03-01203a and 10-04-96083 (r-Ural), and by Federal Program of Ministry of Education and 
Science of Russia projects no. 02.740.11.0703 and P207]. 
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Holographic Recording in DNA – Organic Dye Materials 
 

Yu.D. Lantukh, S.N. Paschkevich, S.N. Letuta, E.K. Alidjanov, A.A. Kulsarin 
Orenburg State University, Orenburg, Russia 

 
The ability of DNA to form stable complexes with different counterions (with organic dye 

molecules in particular) may be used for creation of novel recording media for holography and optical 
data processing. The nucleic acids don’t absorb the light in visible region therefore the development 
of optoelectronic materials needs of embedding of spectral sensitizers into their structure. Cationic 
organic dyes may be used as such optical sensitizers [1]. These dyes are bound to DNA in two differ-
ent ways: one with higher energy, generally considered as an intercalation process (complex I), the 
other with lower energy due to external fixation where electrostatic forces play a dominant role (com-
plex II). 

At this work we present the results of holographic recording in the material based on film of 
DNA activated by two organic dyes: Rhodamine 6G (R6G) and Acridine Orange (AO). Earlier, in 
[3,4] we have been reported the samples of optical quality DNA - dye films. R6G is bound to DNA as 
a complex II only and is able to form associates. AO is well-known intercalator with respect to DNA, 
but at the same time this dye possesses high tendency to dimerize. Hence, Acridine Orange interacts 
with DNA by forming the complexes I and II. 

The characteristic property of DNA-R6G film as holographic material is heightened sensitivity 
to recording of reversible high efficient (DE up to 20%) relief holograms [2]. There are two origins of 
such sensitivity. The first is the possibility of producing of dye associates high concentrations in the 
film. The second is the non-luminescent status of the dye (monomers and dimers) in DNA-R6G films. 
Therefore, non-radiative processes of excitation electron energy deactivation are predominant. The 
last process leads to thermal refraction index and then relief gratings formation.  

Further we note extremely long (over 1 second) lifetime of dynamic holograms through the trip-
let state of R6G. This fact is explained by small quantum yield of triplets for R6G and limited perme-
ability of molecular oxygen (quencher of triplet states) into DNA film. In this case the preferred 
source for holographic recording is CW laser. 

It is noted in the report that films of DNA-
AO demonstrate the responsivity to presence of 
complex I or II in the sample by different rate 
of corresponding triplet holographic grating 
relaxation (figure). The ratio of complexes I 
and II in DNA-AO film is changed if the rela-
tive humidity of the environment is increased. It 
is considered the possibility to develop humid-
ity sensor based on dynamic holography. 

 
 

This work was supported by RFBR, project number 
№ 09-02-99020. 
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Enhancement FRET Between Dye Molecules in the Presence  
of Spherical Metal Nanoparticle 
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In the presence of  spherical metal nanoparticle the intermolecular electronic 

excitation energy transfer can be carried out differently, than in case of isolated the donor-
acceptor (DA) pairs, because there is an additional channel of excitation transport (excitons, 
plasmons, and other quasi-particles). Besides, presence of an additional subsystem, in the 
form of the spherical nanoparticle, perturbs interaction between the initial molecules 
participating in energy transfer. Studying the plasmon mechanism efficiency on the basis of 
quantum model has been lead [1]. At placing the donor-acceptor pair near to a spherical metal 
nanoparticle it is necessary to consider the plasma oscillations of electronic density on a 
conductor surface induced by molecular dipoles. Investigation of the energy transfer 
mechanism between molecules near a leading body is carried out on the basis of generalized 
Förster theory [2] in a combination to electrodynamic plasma model. In such theory variant 
influence of the leading environment field on process radiationless excitation transfers occurs 
at the expense of additional a dipole-dipole interaction of molecules D and A, mediated 
through a conductor. 

 
In a role of the donor-acceptor (DA) pair is taken molecules acridine yellow (donor) 

and rhodamine 6G (acceptor) which are placed over a surface silver nanoparticle. 
 
Distance dependences of the transfer rates subject to metal nanoparticle influence, 

containing exclusively experimentally measured characteristics: 
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( ), ( )D AF     are the donor emission spectrum and the acceptor absorption spectrum, 

respectively; An - acceptor concentration; D - lifetime of the excited donor; 1  - of a medium 

over the surface; R - nanoparticle radius; 2 ( )DA  - orientational factor  2 ( )   - frequency 
dependent dielectric permeability of the metal, which is measured experimentally [3]. 

 
 
 

  
Fig.1 Spectral dependence of functions 

1 2( ), ( ), ( )y y     for silver at 2 1   
Fig.2 Distance dependences of the transfer rates in 
the presence and without of meta nanoparticlel for 
silver at 2 1   

 
 
 
 

  
Fig.3 Spectral dependence of functions 

1 2( ), ( ), ( )y y     for silver at 2 10   
Fig.4 Distance dependences of the transfer rates 
in the presence and without of meta nanoparticlel 
for silver at 2 10   
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Fig.5 Spectral dependence of functions 

1 2( ), ( ), ( )y y     for silver at 2 81   
Fig.6 Distance dependences of the transfer rates 
in the presence and without of metal nanoparticle 
for silver at 2 81   

 
In a case when radiationless energy transfer occurs in the presence of metal spherical 

nanoparticle the increase in energy transfer rate at 2-3 order (fig. 2, 4, 6) is received. And the 
maximum enhancement factor turns out at such spatial configuration when molecules of the 
donor and an acceptor are in opposite points on a particle surface. And on the contrary, the 
enhancement factor is equal to zero when corner   between molecules is equal 90 . 
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Kinetics of the Donor Quasi-Static Quenching by the Acceptor Molecules 
Fixed on a Polymeric Chain Inside Spherical Nanopore 

 
Izmodenova S.V., Chmereva T.M.  

 
Orenburg State University, av. Pobedy 13, Orenburg, Russia. 

E-mail: otsvetizn@mail.ru 
 

Research of nanoobjects parameters by means of specially chosen bimolecular probe 
has found for a long time the application for static problems. But presence in system even 
small translations of one of a probes component (donor or acceptor) leads to change of a 
situation and impossibility of system parameters definition. In the given work the 
mathematical model for a case of spherical nanopores with a polymer chain inside on which 
the acceptor molecules are fixed is developed. Them capable to make depending on diffusion 
coefficient D fluctuations together with the polymeric links. 

In this case quenching kinetics of the donor will be expressed by the formula (1). 
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where  rf  is radial function of a polymeric chain links distribution inside spherical 
nanopores, and at a acceptor uniform location on the chain    rnrfN AA   is radial 
distribution of an acceptor inside nanopores. The pore internal surface relation to a chain can 
have attractive or reflective potential. It depends on characteristic of polymer and a 
nanoporous material. Therefore, the polymeric chain will locate inside the pore centre 
(reflective potential) or on its surface (attractive potential). Distribution function  rf  in the 
first case will have a maximum in the pore centre and fall down to a surface [1]. In the second 
case the maximum will be at a surface of a pores and gradual to decrease to the centre that it 
is possible to approximate  -functional well and infinitely high potential barrier [2]. Quasi-
static distance transfer effective rate  tU eff ,  is introduced for the account of an acceptor 
fluctuations on a polymeric link and defined under the formula (2). 
 

        ,sin2,,
0 0
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oscR
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                              (2) 

 
where  U  is the energy transfer rate in the donor-acceptor pair. For the dipole-dipole 
energy transfer mechanism    60 rRUU F . For the exchange-resonant mechanism 
    LrrUU 00 2exp  . Here FR  - Förster radius, nmL 1.0~  - characteristic parameter 

of reacting molecules electron envelopes overlapping, 0r  - the minimum radius of the donor-
acceptor pair. Taking into account, that acceptor displacement occurs together with chain 
links, it can be considered as random walk in the potential  rV . In this case the donor-
acceptor distribution density function in polymeric layer  trg ,0   can be found from the 
Fokker-Planck equation for a certain form of potential  rV . For simplification in the given 
work potential  rV  was approximated by a square potential well. Distances   and 0  are 
expressed by formula (3) and shown on Fig. 1. 
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Fig. 1. The relative location of molecules of the donor and an acceptor inside spherical nanopore. 

 
 

,cos2 10
22

0  rr        .cos222
0  rRrR                           (3) 

 
On Fig. 2- 4 the time dependences of donor concentration for pore various radiuses are 
shown. The donor concentration kinetics depends on diffusion coefficient, but this 
dependence proves poorly enough (see Fig.5). 

 

Fig. 2. The time dependence   tnLn D  for a 
dipole-dipole mechanism energy transfer and a 
grouped inside the pore centre polymeric chain for 
various values of pore radius. 

Fig. 3. The time dependence   tnLn D  for a 
exchange mechanism energy transfer and a 
grouped inside the pore centre polymeric chain 
for various values of pore radius. 
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Fig. 4. The time dependence   tnLn D  for a 
exchange mechanism energy transfer and a drawn 
pore surface polymeric chain for various values of 
pore radius 

Fig. 5. The time dependence   tnLn D  for a 
exchange mechanism energy transfer and a 
drawn pore surface polymeric chain for various 
values of diffusion coefficient 
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Study on the Stereoselectivity in the Paternò-Büchi Reaction of  
Furyl Alcohols. 
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The photochemical [2+2] cycloaddition reaction of alkenes 
with carbonyl compounds, i.e. the Paternò-Büchi (PB) reaction, 
is one of the most promising methods for synthesizing oxetanes. 
In general, it had been thought to be difficult to control the 
regio- and stereoselectivity in the PB reaction. Recently, the 
threo-selective formation of oxetanes was reported in the PB 
reaction of allylic alcohol with benzophenone (Scheme 1).1 The 
hydrogen bonding interaction in the exciplex (EX) is proposed 
to play an important role in controlling the selectivity. 

To test the hydrogen bonding interaction in 
the stereoselectivity2, we studied the 
stereoselectivities (trans/cis-1A, trans/cis-1B) 
in the PB reaction of benzophenone with the 
cyclic furyl alcohol 1 (Scheme 2). As shown in 
Figures 1 and 2, the notable temperature and 
concentration effect were observed in the 
stereoselectivities. When the concentration of 1 
was 340 mM in toluene solution, the trans-selectivity increased with a decrease in 
temperature (Figure 1). The trans-selectivity decreased with a decreasing the concentration of 
1 at -75 oC (Figure 2). The temperature and concentration effects were more remarkable in
the formation of compound 1B. In the presentation, we will discuss the detail of the effects on 
the stereoselectivity in the PB reaction of furyl alcohol derivatives.  
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Alkoxy-group Effect on the Lifetime of Singlet 
2,2-Dialkoxycyclopentane-1,3-diyls 
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 [Introduction] The important processes in chemistry are bond breaking and formation. 
Localized singlet biradicals are key intermediates in homolytic processes. To understand the 
chemical reactions, it is very important to investigate the structure and reactivity of 
short-lived singlet biradicals. Borden1 and our group2 found that the ground-state 
spin-multiplicity of localized 1,3-biradicals BR is largely dependent on the substituents X 
 
 
 
 
at the C(2) position. Thus, it has been found that the introduction of fluorine and 
alkoxy-group makes the singlet state the ground state spin-multiplicity. We have been 
succeeded to generate experimentally the long-lived singlet ground-state biradicals 1,2 in the 
denitrogenation of azoalkane AZ1. Interestingly, the lifetime of singlet biradicals was found 
to be dependent on the 
alkoxy-group at the C(2) 
position. Thus, the lifetime of 
biradicals 1,2 was found to be 
320 ns and 880 ns, respectively. 
To understand the alkoxy-group 
effect on the lifetime of singlet 
biradicals, the biradicals 3-5 were generated in the present study, and the alkoxy-group effect 
on the lifetime was examined (Table 1). 
[Results and Discussion] The lifetime of the biradical 3 was determined to be 
2593 23 ns at 20 oC by using LFP method. The longer the alkyl chain of the 
alkoxy-group at the C(2) position, the longer the lifetime of the singlet diradials 
was observed. As judged by the transition structure, which was calculated at the 
DFT, the steric repulsion between the alkoxy-group and the benzene ring seems 
to be a reason for increasing the activation energy of the ring-closing reactions. Actually, the 
enthalpy of the activation energy was found to be the main role to increase the energy barrier. 
1. JACS, 1994, 116, 5425. JACS 1998, 120, 593. 
2. JACS, 1998, 120, 11304. JACS, 2000, 122, 2019. JACS, 2002, 124, 6540. ACIE, 2006, 45, 7828. 

entry OR τ293 / ns ΔH /kJmol-1 ΔS /Jmol-1 K-1 

1 OCH3 306 5 32.7 0.4 -8.4 1.3 

2 OC3H7 2593 23 38.3 0.4 -7.0 1.3 

3 OC10H21 2484 47 38.4 0.3 -6.3 1.0 
4 OCH2Ph 1305  33.5 0.6 -17.9 1.7 

Ph

Ph

OR

O

R

TS

Table 1. Alkoxy-group effect on the Lifetime of the singlet biradicals 
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Spin Alignment in Tetraradicals, based on the Substituent Effect on the 
Ground State Spin-Multiplicity of Localized 1,3-Diyls. 
 
Takeshi Nakamura,1 Ko Furukawa,2 Tatsuhisa Kato,3 Yoshihisa Fujiwara,1 Hao Dong,4 

Weston Thatcher Borden,4 and Manabu Abe1* 
(1Hiroshima University; 2Institute of Molecular Science; 3Josai University; 4University of North 

Texas), e-mail: mabe@hiroshima-u.ac.jp 
 

Introduction In our previous study, we have found notable substituent effects at the C(2) 
position on the ground state spin-multiplicity of localized 1,3-biradicals, i.e. 
cyclopentane-1,3-diyls BR1. In this study, we examined whether the substituent effects can 
be applied for the spin alignment in tetraradical species TR1 and TR2, in which two 
1,3-biradical units are connected each other in a m- and p-phenylene fashion.  

Results and Discussion The photodenitrogenation of AZ1a (X = Y = CH3, λmax = 365 
nm) was performed by irradiating with a 500 W Xenon lamp (λirr = 300–400 nm) in a 
2-methyltetrahydrofuran (MTHF) glass at 80K, which was monitored by measuring the 
electronic absorption spectrum. Just after the irradiation, the species which absorb the light 
around 320-360 nm were observed in the denitrogenation. Two species were identified by the 
ESR measurements. The compound A has a typical triplet ESR signals, and the compound B 
has a strong ESR signal at ca. g = 2.03. 

Since the D parameter of the compound A was determined to be 520G, which is nearly the 
same value for the biradical 1, the distance between the two 
spins was estimated to be 3.5Å. Thus, the compound A was 
assigned to be BR2a. To identify the compound B, the 
2D-ESTN nutation measurement has been done (Figure 1). 
The measurements clearly indicate that the compound B is 
also the triplet species, since the ESR signals was observed at 
the same nutation frequency of the compound A, i.e. BR2a. 
The D parameter of the compound B determined to be 19G. 
The calculated distance between the two spins was estimated 
to be 11 Å. The ESR results suggest that the compound B is triplet biradical BR3a.  
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Cooperative Effect of Nitrogen and Silicon Atom on the Singlet-Triplet 
Energy Spacing in 1,2-Diaza-4-silacyclopentane-3,5-diyls and the Reactivity 

of the Singlet Diradicals 
 

Takeshi Nakamura,1 Akinobu Takegami,2 Laura Gagliardi,3 and Manabu Abe1* 
(1Hiroshima University; 2Osaka University; 3University of Geneva) 

e-mail: mabe@hiroshima-u.ac.jp 
 
Chemical reactions involve the formation and 
cleavage of bonds. Localized singlet-diradicals 
are key intermediates in homolytic processes 
(equation 1). In general, the singlet diradicals 
are quite short-lived and thermally equilibrated 
with the corresponding triplet states; thus, it is difficult to capture the molecules and to 
elucidate their reactivity using chemical- and/or spectroscopic-trapping methods. The 
generation of long-lived diradicals that possess the singlet ground-state is a promising method 
for the investigation of reactivity. In the last decade, we have succeeded to generate relatively 
long-lived singlet 1,3-diradicals 1, which are the intermediates for the formation of the 
ring-closing compounds 2. Thus, the ring-closing compounds are thermodynamically stable 
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than the cyclopentane-1,3-diys. In the present study, we investigated the nitrogen and silicon 
atom effect on the ground state spin-multiplicity of cyclopentane-1,3-diyls. The notable 
heteroatom effect was found in the 1,2-diaza-4-silacyclpentane-3,5-diyls 3. The singlet state 
was found to be marginally located below the triplet state and the ring-closing product 4 was 
calculated to be unstable than the singlet state of the diradical 3. The theoretical prediction 
clearly indicate that the singlet state of the 1,2-diaza-4-silacyclpentane-3,5-diyl derivative 
should be quite long-lived. Experimentally, we have tried to generate the diradical 5 in the 
denitrogenation of azoalkane AZ. Indeed we have isolated the trapping product 6 in 53% 
yield. Thus, the diradical 5 has enough lifetime to be trapped by PTAD. 
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Quasi-classical direct ab initio molecular dynamics  
to calculate vibrational mean structures and fundamental frequencies 

T. Yamada and M. Aida 
Center for Quantum Life Sciences and Department of Chemistry, Graduate School of Science, 

Hiroshima University, Kagamiyama, Higashi-Hiroshima, 739-8526 Japan 
 

We have investigated how to use classical molecular dynamics (MD) to vibrational problems 
[1,2]. We show here that quasi-classical direct ab initio MD is a powerful method to obtain 
fundamental frequencies and vibrational mean structures.  
   The following two conditions must be fulfilled when classical MD is used to calculate 
vibrational frequencies or mean structures. One is the initial condition of MD. The initial 
momenta are determined so that the initial kinetic energy is equivalent to quantum eigenvalue, 

hν(vi+1/2) for each vibrational mode (i = 1~N), and the initial conformation is the optimized 
structure. With this condition, a quantum mechanical vibrational eigenstate is simulated 
classical-mechanically. The other is the potential energy surface. The potential energy and 
gradient must be calculated at every MD time step with ab initio molecular orbital theory to 
simulate accurate vibrational motions.  
   To calculate the fundamental frequency of mode i, we set the vibrational quantum number as 

follows: (v1=0,…, vi-1=0, vi=1/2, vi+1=0,…,vN=0). To calculate the vibrational mean structures, 
we set all of the vibrational quantum numbers equal zero.  
   The results are given in the Table for fundamental frequencies of H2O, and in Figures 1 and 
2 for rz and r0 structure of OH radical, respectively, in Figure 3 for re, r0, rz, rg structures of H2O, 
and Figure 4 for C-H bond length of acetylene. 

Computational values obtained from quantum-mechanical 
methods (FGH and cc-VSCF) are also shown in the Figures.  

References    
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 harmonic MD expt.[4] 
ν1 3821 3641 3657 

ν2 1629 1578 1595 

ν3 3946 3751 3756 
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Dramatic Acceleration of the Reaction OH + CO → H + CO2 
by Vibrational Excitation of OH 
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The reaction, OH + CO → H + CO2, is a pivotal process to remove OH in the troposphere.  
There have been few reports on the effect of vibrational excitation of OH on the reaction.  In the 
present study, we have employed the laser-based photolysis and probe techniques to measure the 
branching ratios between the chemical reaction, OH(v) + CO → H + CO2, and vibrational 
relaxation, OH(v) + CO → OH(v−1) + CO for v = 1 − 4 and the production yield of H atoms.   
 The gaseous mixture O3/H2/CO/He in a flowing cell was irradiated with the fourth 
harmonic wave (266 nm) from a Nd3+:YAG laser.  OH(X2Π, v = 0 − 4) was generated in the 
reaction O(1D) + H2 → OH + H and detected via laser-induced fluorescence (LIF) of the 
A2Σ+−X2Π transition.  H atoms were detected by the two-photon excited LIF technique at 243.2 
nm.  To record the time profiles of the LIF of OH(v) and H, the delay times between the 
photolysis and probe laser were automatically scanned. 
 Fig. 1 shows the time profiles of the relative populations of OH(v = 0 − 4) in the 
presence of 200 mTorr of CO.  The rate coefficients for reaction and relaxation have been 
determined by numerical integration of the rate equations and all the profiles are well-reproduced 
(black lines in Fig. 1).  The vibrational level 
dependences of the rate coefficients for the two 
processes are shown in Fig. 2.  Reaction is accelerated 
and relaxation is decelerated by vibrational excitation 
of OH.  Reactive processes are dramatically enhanced 
by vibrational excitation of OH and completely 
dominant over vibrational relaxation at 3≥v .  Fig. 3 
shows the time profiles of H atoms in the presence (a) 
and absence (b) of CO, respectively.  The time-
resolved population of H atoms generated in the 
reaction OH(v) + CO [Fig. 3(c)] is well-reproduced by 
simulation with the rate coefficients obtained in the 
analysis of the profiles of OH(v).   

Fig. 3. Time-resolved LIF intensities of H
atoms.  (a) P(CO) = 200 mTorr and (b)
P(CO) = 0 mTorr.  (b) subtracted from (a)
leaves (c).  The black line denotes the results
of simulation.   

Fig. 1. Time-resolved LIF intensities of OH(v
≤ 4).  P(O3) = 0.5 mTorr, P(H2) = 50 mTorr,
P(CO) = 200 mTorr, and Ptot(He) = 10 Torr. 

Fig. 2. Vibrational level dependences of the
rate coefficients for chemical reaction and
vibrational relaxation. 
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Recently, we have reported that covalently-linked double-calix[5]arenes take up C60 into their 
cavities.1 This complementary interaction creates a strong non-covalent bonding; thus, the iterative 
self-assembly between dumbbell fullerene 1 and ditopic host 2 produces the supramolecular polymer 
networks. This supramolecular polymer forms fibrils on mica surface, which are observed by using 
atomic force microscopy.2 
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Fig. 1 Polymerization of dumbbell-fullerene 1 and tetrakiscalix[5]arene 2. 
In this presentation, we will describe that a polyphenylacetylene possessing C60 moieties is 
cross-linked by a homoditopic tetrakiscalix[5]arene host via specific supramolecular complexation 
between a C60 moiety and a calix[5]arene.3 This noncovalent interaction leads to the increase of the 
molecular weight of the polymer, and produces the morphological changes before and after the 
addition of the host. 

 

Fig. 2 Schematic representation of supramolecular cross-linking of fullerene-grafted polymer. 
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Abstract 

 
The chiral and racemic 2-D antiferromagnets based on a cyano-bridged WⅤ -CuⅡ 

compounds are constructed and magnetically compared. Both compounds are similar crystal 
structure, but some differences found in magnetic properties which stabilized by 
Dzyaloshinsky-Moriya (DM) interactions, and these DM interactions are expected by 
representation group theories of space group.
 
 

1. Introduction 
 

Molecule-based magnets have attracted 
much attention for several decades. When 
the molecular structures are chiral, the chiral 
magnetic structures are highly expected by 
the DM interactions. In addition, chiral 
magnets are expected to show such new 
phenomena as the magnetization-induced 
second harmonic generation (MSHG) and 
magneto-chiral dichroism (MChD). These 
phenomena originate from the interplay of 
crystallographic and magnetic chirality. The 
crystallographic chirality triggers the 
monoaxial DM vector and stabilizes chiral 
spin structure. Normally, the origin of the 
DM interaction is the spin-orbit coupling. 
The strengths of the fourth d or fifth d 
transition metal ions are larger than those of 
the third d transition metal ions. By this 
reason, we use WⅤ and CuⅡ to construct a 
new chiral magnet. 
 In this workshop, we discuss preparation, 
structure, and magnetic behavior of newly 
obtained melecule-based chiral and racemic 
antiferromagnets containing W-Cu; 
[W(CN)8]4[Cu{(S or rac)-pn}H2O]4[Cu 

{(S)-pn}]2･2.5H2O (1S: S isomer or 2rac); 
((S)-pn = (S or rac)-1,2-diaminopropane) 
 

2. Experimental 
 

 Synthesis. Complexes 1S and 2rac 
were obtained by the reaction between 
Cs3[W(CN)8] ･ 2H2O, CuSO4 ･ 5H2O, and 
1,2-diaminopropane in a 1:1:1 molar ratio in 
H2O and stand several days at room 
temperature. 

 Crustal Structure Determination. The 
crystal structure of complexes 1S and 2rac 
were determined from single-crystal X-ray 
diffraction data collected at 200 K. 

 Magnetic Measurements. The 
magnetic behaviors of these complexes were 
measured on a SQUID magnetometer in the 
temperature range of 2-300 K and magnetic 
field range of 0-5 T. Then, these data were 
taken in powder samples and single crystal 
samples along each axes. 
 

 
Scheme. 1.  Method of synthesis of chiral and 
racemic complexes. 
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3. Results and Discussion 

 
The complexes 1S and 2rac were 

obtained as dark purple rhomboid-shaped 
crystals. Both crystal systems are monocrinic, 
and its spacegroups found P21 and P21/c for 
S and racemic complexes respectively. The 

crystal structure of racemic complex is 
completely superimposed on one of 
S-complex (Fig. 1).  

From the temperature dependence of 
magnetization after Zero Field Cooled and 
Field Cooled with single crystals, both 
complexes had antiferromagnetic interaction 
along the a- and b-axis. In 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1  X-ray crystal structures surperimposed views of 1S (blue) and 2rac (red) samples along a) 
a-axis, b) c-axis, c) b-axis.  

 
 

 

 

 
 

Fig. 2  The ZFC and FC magnetization for a) 1S and b) 2rac single crystal under 100 Oe. Red line is 
akong the a-axis, blue line is along the b-axis, and green line is along the c-axis. 

b) 
c) 

 
 
 
 
 
 

Fig. 3  The field dependence of magnetization for a) 1S and b) 2rac single crystal at 2 K. Red line is 
along the a-axis, blue line is along the b-axis, and green line is along the c-axis. 

a) b)
）) 

a) b) 

a) 

b) 

c) 
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weakferromagnetic behavior was observed 
along the b-axis (Fig.2). From this result, 
DM interaction acted only in chiral complex. 
Along the a- and c-axis, both complexes had 
spin flip from the field dependence of 
magnetization (Fig.3). From these results, 
spins exisit mainly in the ac-plane. This 
result agrees with the result of temperature 
dependence of magnetization. We examined 
magnetic structure, based on result where 
done so far. Racemic complex is 
antiferromagnet without spin canting. On the 
other hand, chiral complex is 
weakferromagent which spins cant along the 
b-axis. And it is thought that having long 
periodic chiral helical spin structure. 

 
 

4. Conclusion 
 

We have successfully constructed the 
cyano-bridged chiral and racemic WⅤ-CuⅡ 
compounds. The chiral compound exhibit 
antiferromagnetic ordering with canting, but 
the racemic compound exhibits 
antiferromagnetic ordering without canting. 
Our finding clearly manifest the interplay of 

crystallographic chirality and the magnetic 
structure. 
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Spin polarization control of charge carriers can be realized in the frame of two well known 

conceptions: creation of the magnetic diluted semiconductors and introduction ferromagnetic layers in 

heterostructures (quantum walls). These methods both were developed in our work to compare 

magneto-resistance and spin dynamics in Ge:Mn nanowires [1-3] as well as in InGaAs/GaAs/δ-<Mn> 

heterostructures. Nanostructured Ge:Mn, Ge:Cr, Ge:Fe and Ge:Co diluted semiconductors undergo high 

Curie temperatures and percolation magnetism involving charge carriers. In quantum wall heterostructures 

correlation between optical, magnetic and electrical properties was observed. Interplay between space 

separated layers (Mn-layer and quantum wall) corresponds to remote control of spin polarization in 

conductive area 10 nm thickness by ferromagnetism in separated Mn layer 15 nm thickness. 

Magnetic contributions of thin 

magnetic δ-<Mn>-layer (ТС ≈ 35 К), 

δ-<С>-layer, as well as paramagnetic 

defects in GaAs has been distinguished in 

two dimensional semiconductor 

InGaAs/GaAs/δ-<Mn> heterostructures 

containing quantum wall. Ferromagnetic 

resonance in δ-<Mn> layer corresponds to 

anisotropy field Ha ≈ 600 Oe. Temperature 

dependence of magnetic moment (fig.1) as 

well as dynamical magnetic susceptibility 

(calculated by double integration of the 

FMR spectra) χ''RF both indicate 

ferromagnetic ordering in the 

δ-<Mn>-layer. Nonresonant microwave 

absorption corresponding to 

spin–dependent microwave 

magnetoresistance was found close to zero 

magnetic field. This magnetoresistance 

indicates interplay between charge carriers 

and ferromagnetic ordering in δ-<Mn>-layer.  Faraday rotation of luminescence irradiation of the quantum 

wall was observed. Field dependence of the light polarization arises below 35 K and confirms ferromagnetic 

ordering. Thus, spin-dependent resistance and optical properties of the quantum wall were controlled by 

magnetization of the additional ferromagnetic layer. In Ge:Mn 100 nm thin films magnetoresistance was also 

observed and studied [1-3].  
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 The development of effective systems for conversions of alkanes to the 

corresponding alkenes is one of the major goals in the field of homogeneous catalysis. 

In 1996, Kaska, Jensen, et al. reported that the {C6H3-2,6-[CH2P(tBu)2]2}IrH2 pincer 

complex catalyzes the transfer dehydrogenation of cyclooctane (COA) with tert-

butylethylene (TBE) in neat substrate solution to form cyclooctene (COE) and tert-

butylethane (TBA).
1a

 In further studies, bis(phosphinite) pincer type complexes {p-X-

C6H2-2,6-[OP(iPr)2]2}IrHCl has been synthesized and these complexes exhibit high 

catalytic activities.
1b

 

We will report synthesis of novel pincer type complexes which have a fused 7-6-7 

ring system and application of the iridium complexes. In order to obtain novel pincer 

type iridium complexes, pincer type ligands 1-4 (R = iPr, Cy (= cyclohexyl), Xyl (= 

3,5-dimethylphenyl), Ph) were synthesized, respectively. Iridium complexes 5-8 were 

obtained from these pincer ligands by refluxing with [Ir(cod)Cl]2 in p-xylene (Scheme 

1, 2). With the newly prepared iridium complexes in hand, the catalytic activity of the 

iridium complexes 5, 6 for dehydrogenation of alkanes was investigated. Cyclooctane 

or n-octane is used as a substrate for dehydrogenation, and tert-butylethylene or 2-

norbornene (NBE) was used as a hydrogen acceptor (Scheme 3). The results of the 

catalytic experiments are summarized in Table 1. The iridum complexes, 5, was found 

to be one of the most active catalysts in the field of transfer dehydrogenation of 

alkanes by homogeneous catalysts. 

 

PR2R2P

Me

MeMe

Me

PR2R2P

Me

MeMe

Me

Ir

Cl
Cl

7; R = Ph 
8; R = Xyl

H

Ir
Scheme 2.

[Ir(cod)Cl]2
(1.0 eqiov.)

TBE = tert-butylethylene
TBA = tert-butylethane

Ir cat. 5 or 6

TBE
or

NBE

TBA
or

NBA

Scheme.3

or or

NBE = 2-norornene
NBA = norborane

cat. temp(°C)H2 acceptorsubstrate time(h) total TON

5 (0.01 mol%)a

6 (0.03 mol%)a COA TBE 200 1

COA TBE 200 1

5 (1.0 mM)a n-Octane NBE (2.0 M) 150 12

6 (1.0 mM)a n-Octane NBE (0.5 M) 150 1

3600 (COE : COD = 83 : 17)b

0

1500b, c

0

Table 1.

a NaOtBu was added to generate catalytic active spieces. b 1H NMR was used to determine the TONs. 
c TONs were estimated from the ratio of NBE and NBA.

(and 1,3-cyclooctadiene 
= COD)

(and oter octenes)

PR2R2P

Me

MeMe

Me

Ir

Cl
H

5; R = iPr
6; R = Cy

Scheme 1.

[Ir(cod)Cl]2
 (0.5 eqiov.)

PR2R2P

Me

MeMe

Me

1; R = iPr
2; R = Cy

3; R = Ph
4; R = Xyl

p-xylene

p-xylene
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The Temperature Dependence of the Sizes of Coherent Scattering Region in 

Polycrystalline -Quartz 
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The basic disadvantages of siliceous ceramics are low indicators of mechanical and 
thermal durability. The most perspective direction is creation of composite ceramic materials 
(CCM). The technology of CCM reception should not be extremely power-intensive, 
expensive and should be promote of recycling of the technogenic raw materials formed by 
industrial production. Researches should be spent to ranges of definition new mezo -, micro- 
and nanoparametres, allowing to estimate of structural and phase transformations at thermal 
influences during CCM sintering. The idea of use of the effective sizes of coherent scattering 
region (CSR) of dominating phases is interesting to an estimation of the structural changes 
occurring in a material. Its realization will allow to exclude of carrying out of numerous series 
of sintering for a choice of optimum conditions.  

It is established [1,2] that addition of 15-20 % of green SiC-particles in kaolinite clay 
raises of ceramics durability 3-4 times more. Such considerable effect is accounted for 
structure optimization during synthesis of a composite ceramic material (CCM). Dominating 
thermophysical process of sintering it is possible to consider as exothermic polymorphic 
transformations of unstable modification into SiC-particles. In CCM samples the formed 
liquid phase envelops particle surfaces over spreading, therefore, new strong interface borders 
“a surface of particle SiC – a liquid-phase layer” are formed. The activation mechanism of 
sintering of siliceous mixture by green SiC-particles consists in the organization of a 
consecutive series of processes: exothermic reaction of polymorphic transformations  a 
local warming up of the nearest layers  the formation of the liquid phase promoting phase 
transformations in a clay matrix. Structures and thickness of liquid phase layers can 
essentially modify depending on sintering temperature and to define of durability and 
character of destruction of a ceramic material.  

Structure evolution of silicon-carbide particles have tracked on change of the sizes of 
coherent scattering region (CSR), representing the structural cells in nano-dimensional scales. 
The sizes of coherent scattering region are define by roentgenography methods (information-
measuring system on the DRON-3 basis, copper radiation) on diffraction line broadening of 
reinforcing particles. After sintering at 1200 оС the maximum reduction of the CSR sizes (on 
30 %) and material hardening are observed. The minimum CSR size corresponds to a 
maximum of phase transformations in SiC-particles.  

The majority of clay contains more than 50 % of siliceous. Siliceous meets mainly in 
the form of a quartz mineral. The quartz behavior, the basic component of ceramic mixture, in 
many respects defines result of synthesis. In this connection it is important to study influence 
of sintering temperature on evolution of nano-structure parameters of quartz polycrystals. It is 
known that on CSR parameters it is possible to estimate the mechanical instability in porous 
ceramics [3].  

Authors carry out the calculation of CSR sizes for diffraction lines of quartz received 

in copper radiation. Calculation was spent by the formula of Debai - Sherer, 
 cos 

  9 , 0 
b 

d  
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where l - wave length, b - width of peak on the half of line height,  - a diffraction corner. A 
major factor physical diffraction line broadening  for crystalline Si02 particle is reduction of 

the CSR sizes : 



cos

 . Two lines of the roentgenogram with indexes hkl (100) and 

(200) have analyzed; diffraction corners are Ө1 = 10.4о и Ө2 = 22.9о. The CSR sizes represent 
“an average on volume” in a direction, perpendicular to reflecting 

planes   dxV
V

TdV
V x

11 . Parameter Т considers the crystal form; in calculations the 

cubic form was accepted.  
At 573 °С lower  temperature The steady form of Si02 is low-temperature -quartz 

with trigonal structure. The volume of its elementary cell equals 0,0435nm3. Ion Si4+ is 
surrounded by ions O2- in tetrahedral 
coordination. Communication of SiO4 
tetrahedrons is carried out through one 
general atom of oxygen. A difference 
between and - и β-modification of 
quartz it is not essential (fig. 1). In 
low-temperature quartz tetrahedral 
groups are a little turned rather their 
positions in high-temperature quartz. 
Sextantal symmetry decreases in low-
temperature quartz to triple symmetry. 

The structure of high-temperature quartz is simply deformed. Such changes in structure are 
occurring easily. When the crystal at heating or cooling passes through a transition point, the 
structure will immediately be transformed to other updating.  

 The connection of phase transformations in crystalline particle of quartz with the sizes 
of coherent scattering region is established. Authors calculate temperature dependences of the 
CSR sizes for - quartz at synthesis of the clay reinforced by SiC-particles. It is established 

that modifying of the CSR sizes are 
the adequate response to structural 
changes and a thermodynamic 
condition of system. The values of 
specific thermal capacities and CSR 
for the samples burnt in a 
temperature region of 950-1100 °С 
are illustrated on fig. 2. The 
reduction of the CSR sizes at 1000 
°С corresponds to increase of a 
thermal capacity and, hence, 
thermodynamic instability of a 
ceramic material. On the contrary, 
the sharp increase of CSR sizes 
(from 100 to 280 nanometers) 

coincides with thermodynamic stability. This conclusion is validated by true results of 
mechanical tests and the analysis of meso-structural parameters. It is received that at 950 °С 
and 1050 °С temperatures polymorphic transformations -quartz the come to the end with 
formation of enough expressed structures of [100] type. Intensity of lines with indexes (100) 
and (200) exceeds standard more than twice.  

The distributions of intension of diffraction reflexes for quartz crystals after various 

Figure 1 – the structure of high-temperature (β) 
and low-temperature (α) quartz.  
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temperatures of sintering are shown on fig. 3. The maximum intensity (I=1) concerns reflexes 
from (101) planes. 

It is possible to consider that increasing of thermodynamic stability during sintering at 
950 °С and 1050 °С temperatures is 
caused additional structure 
dissipation of energy on formation of 
crystalline quartz particle texture. 
Usually crystals -quartz have the 
long-prismatic form with primary 
development of sides of hexagonal 
prism and two rhombohedra in the 
top and bottom planes. An axes 
parity equals c/a=1,1. Primary 
forming of -quartz crystals along an 
c-axis corresponds to effect of CSR-
size increasing. Sharp reduction of 
the CSR sizes at 1000 °С is caused 
by active polymorphic 
transformations into SiC-particles at 
this temperature. At 900 °С this 
process practically does not develop, 
and at 1050 °С it complicates phase 
transformations in -quartz. The 
CSR sizes are informative parameters 

of nanostructure, extremely useful at research of the physical processes proceeding at 
temperature influences on ceramic materials. 
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2D geometrically frustrated magnets with antiferromagnetic coupling of ions (S>1/2)  have 

a number of unconventional  properties [1, 2]. Most of them have simple ions having electron 
spin S= 1/2. Synthesis of three-nuclear complexes having ions with electron spin S > 1/2 has 
brought new facilities in chemical design of different molecular magnets with new unusual 
magnetic properties. The triangle complexes of Ni(II ) (S = 1) with negative antiferromagnetic  
interactions were synthesized by Guo D. [3] and collaborators and also prof. V.O. 
Kozmynykh [4].   

 We have calculated all possible spin states of the complexes Ni3L3-type with isotropic 
antiferromagnetic coupling. Among all possible spin states having total spin S = 0, 1, 2, 3, the 
“diamagnetic” spin state with S = 0 has lowest energy, and all three spins Si = 1 compensates 
each other in symmetrical spatial and magnetic structure [5] (Fig 1).  

 
Fig 1 
We have investigated thermal and magnetic properties of the complexes Ni3L3-type. We 

have shown that magnetic field can induce “Low Spin ↔ High Spin” transitions from S to 
S+1 states. At zero temperature magnetic field dependence of magnetization looks like a 
staircase (Fig 2). 

 
Fig 2.  
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Where 
'J
TkB  

Such behavior of the magnetization is similar to spin-crossover phenomenon, which is 
induced in polynuclear complexes by magnetic field [6]. The thermal behavior of average 
magnetization exhibits character (Fig 2).    

 
Fig 3   10    

 

Where 
'J
Hg Z   
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Fluorescence diagnostics is a modern fast-developing method of investigating the 
states of biological tissues. This method is noninvasive, painlessness, highly selective and 
allows determine early pathologies of tissues. Due to fast response, highly productivity and 
possible obtain information about the state of the tissue patients under study, this method can 
be used for diagnostics of cancer diseases as well as for diagnostics of gastritis, gastric ulcer 
and other pathologies.  

The purpose of the present work is investigation of luminescent and kinetic properties 
of xanthenes dye molecules inside pathogenic cells of mice’s mammary cancer in vitro and to 
offer recommendations for their usage as molecular probes.  

For these purposes the following preliminary works have been done:  
 Method of culturing cells isolated from tissues mice’s cancer mammary was 

developed.  
 The fluorescence spectra of organic dyes (luminescent probes) in tumor and 

normal cells of mammary cancer tissues were investigated.  
 The kinetic of delay fluorescence of molecular probes in tumor and normal cells 

was researched.  
 Spectral and kinetic characteristics of luminescent probes in tumor (mammary 

cancer tissue) and normal cells of mice (line BYRB) were explored.  
Cells unprompted malignant tumors mammary of mouse (line BYRB) were the 

subject of investigation. For optical studies the method of mammary cancer cell dissociation 
was developed. This method provides tissue zimolysis and production thin layer of cell. 
Dissociated cells of tumor and normal tissues of mammary in nutritional medium during one 
day were cultivated. The nutritional medium was a polymer film thickness of 1 mm on the 
basis of native hyaluronic acid.  

The differences of luminescent properties of fluorescent probes in cells of tumor and 
normal mammary cancer tissues were detected. There are spectral broadening and spectrum 
shift to the long-wave region of fluorescent probe in the tumor cells.  

Delayed fluorescence (DF) kinetic of xanthene dyes (erythrosine, eosin and Bengal 
rose) in different cells and the influence of the air pressure above the samples have been 
studied. For excitation of dye molecules the second harmonic of pulsed laser to YAG:Nd (λ = 
532 nm, pulse duration 10 ns, energy till 50 MW/cm2 ) was used.  

Kinetic of DF in cells had hunchbacked type and significantly transformed when the 
air pressure above polymer film was changed. Experimental curves demonstrated that cancer 
cells contain less oxygen than normal cells. We believe that this is due higher spending 
oxygen in cancer cell than in normal cells. Kinetic curves DF of dye molecules in nutrient 
medium had exponential type with rate constant К = 1.8•104 s-1. Change air pressure above 
polymer nutritional medium without cells from 150 mm Hg to atmosphere pressure don’t 
influence at DF kinetic dyes. We supposed that static annihilation of triplet excitations 
motionless dye molecules into polymer matrix occurs.  

Thus, DF lifetime measurements can be the basis for alternative methods of biological 
tissue state diagnosis. The perspectives of their usage for fluorescence diagnostics will be 
discussed.  
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According to definition of nanoparticles (NP), their property, for example the x-ray diffraction (XRD) 
changes with increasing or decreasing their size. The finding of such a specific feature allows 
characterizing the NP. The structure determination and NP characterization need the experimental (e-
XRD) and simulated (t-XRD) patterns compared in nature and reflections positions.  
The structural analysis of substances and materials based on the radiation diffraction is widely known as a 
unique direct method for the structure definition. The present paper aims at showing a capability of the 
XRD method for analyzing NP structure by the diffraction pattern distinct from a pattern of 
polycrystalline particle of a similar chemical composition.  
Simulation of t-XRD requires the 3D spatial structure of NP and atomic coordinates. NPs have no a long-
range order structure and in this case the calculation of the XRD patterns and the NP lattice parameters 
using reflection positions defined from n=2dhkl sinhkl condition, and determining NP size by the 
reflection width from the Debye-Scherrer formula could not be completed because both equations are not 
applicable to the substances with a short-range order structure. We performed these calculations using 
dependence of the required parameters on the interatomic distances in NP as molecular formation [1]. 
Obviously interplanar spacing will be unlike to the diffracting distances between outer and other atoms in 
NP [2].  
We developed the structural analysis technique as a cognitive technology that includes the creation of NP 
computer models, their visualization on the РС display, t-XRD simulations, and also their comparison 
with the e-XRD pattern of powder NP.  Computer spherical 3D model of NP (a core and shell as building 
units for a hybrid NP being constructed) is created on the basis of the previously documented structure of 
the crystal substances. There are calculated the short-range order parameters in the 3D space, i.e. an 
arrangement of atoms on the coordination spheres (CS) relative to a central atom. Each CS has a radius 
and an array of atoms. The models of NP and the core are limited by the outer CS and have the size 
(radius of the outer CS) and the number of atoms (an array of atoms in all CS). The shells are restricted 
both by outer and inner CSs.  Hybrid NPs have the interface that is a thin layer in which the nearest 
distances between atoms of the outer CS of a core and the inner CS of a shell are equal to the sum of their 
atomic radii, the atoms being complementarily bonded. According to a concept of a pair interatomic 
interaction, a deviation of 10-20 % in the nearest interatomic distances will be acceptable. The difference 
in the number of atoms in the outer CS of the core and the inner CS of the shell causes the distortion of 
chemical bonds in the interface and appearance of defects.   
The models of the core and shell as building units can be used to produce the more complex models 
consisting of a few shells (Russian dolls) similar to supramolecular NP with van der Waals bonds between 
and inside the shells.  The diffraction pattern I(s) was computed using the first principles Debye (1915) 
formula [3] for the scattering from a system of independent particles with interatomic distances rij: 

     N   N                                                 N                     N                                                              N 
I(s) = fi(s)fj(s) sin srij/srij =fi

2(s) +2fi(s)fj(s) sin srij/srij; i(s) = fi(s)fj(s) sin srij/srij,   (1) 
              i    j                                                   i=j                   ij                                                             ij 
here, I(s) is the diffraction pattern consisting of two components of diffraction on atoms in gaseous state, 
fi

2(s), and on the atoms located at the rij, i(s) ={S(s)-1}, or interference contribution, where S(s) 
={I(s)/fi

2(s)} is the structural factor; f(s) is the tabulated atomic scattering factor; s = (4) sin, A-1 is 
the recoil impulse;  is the wavelength of diffracted radiation; 0 is half the Bragg diffraction angle; N is 
the number of atoms in a spatial model. 
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The e-XRD patterns are registered with use of high intensive and monochromatized ((/=4 
(/=410-4) synchrotron radiation (accelerator – storage ring VEPP-3, Novosibirsk, Budker INP SB 
RAS) on a high-resolution diffractometer with monochromatization of incident and diffracted beams 
under the Bragg-Brentano geometry in absence of influence of polarization, absorption, and Compton 
scattering of light atoms. At the same time special attention has been given to the fact that the 
standardization of experimental diffraction technique cannot substitute for the quality definition and 
characterization of NP.    
Simulated 3D models of the spherical hybrid NPs such as diamond@amino acid (Fig.1), 3С60@SWNT 
(peapod) and etc. [3] allowed one to calculate t-XRDs and therefore to estimate the parameters of the 
diffraction experiment prior to a real synthesis of NP and the comparison with the known XRD patterns 
being carried out.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1. Left: a мodel of a spherical hybrid NP consisting of a nanodiamond core and 
nanoglycine shell; right: the сalculated diffraction patterns from a spherical hybrid model 
of diamond core@glycine shell: 1 – diamond core of r=6.65 Å, 275 atoms, consisting of 
6 CSs; 2 – polycrystalline glycine; 3 – glycine shell made up of 7th to 15th CSs , (r=5.28 
Å, rinner =7.15, router=13.43 Å, 706 atoms); 4 –an additive superposition of the core and 
shell patterns ( * denotes manifestation of  (111) diamond reflection); 5 – core@shell 
hybrid NP.  

 
The technique developed permits assessing the synthesis conditions for powder NP, as an example, for 
synthesis of detonation nanodiamonds (DND) with the lattice parameters of the natural diamond. 
Checking the e-XRD against t-XRDs computed for the expected models allows determining the lattice 
parameters of NPs, their size, the number of atoms and the shape (texture and so on). The difference in the 
lattice parameters of NP (DND) and natural sample (diamond) indicates the NP quality and the distinction 
of their structures in the distribution of atoms in CS both in their number and in the magnitude of the 
interatomic distances (Fig.2). 
High-quality DND has considerable promise as a surface-active core for a nontoxic industrial sorbent with 
a size of 10 – 60 Å which could be used in drug delivery system. The change in the XRD pattern against 
the XRD pattern of DND (Fig.1, right) is a novel direct evidence of nanotechnological attachment of 
biomoleculs to DND. The required concentration of the molecules will be controlled by its thickness. As 
the value of a surface tension influences the size of NP, in the case of the spherical models of NDs with 
equal number of atoms in the core and shell their surface tension remains invariable [2].  Small size of 
DND allows their intramuscular and intravenous usage.     
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Fig. 2. Difference in the distribution of atoms in the outer CS of ND at various 
lattice parameters: left, at а =3.56679 Ǻ, right, at а =3.62259 Ǻ. 

                             
 
1. James, W.K. The Optical Principles of the Diffraction of X-rays; Bell: London, UK; 1950.   
2. Yurjev G.S. X-ray structure analysis of detonation nanodiamond inclusive of core/shell hybrids. In: 
Shota Shimizu, editor. Diamond and Related Materials Research. New York: Nova Science Publishers 
Inc; 2008, pp.151-179. 
3. Yurjev G.S., Mamontov E.V. SR-based method of X-ray structural analysis of nanoparticles. Int. J. 
Hydrogen Energy. 2010 (in the press). On-line: 10.1016/j.ijhydene.2010.06.122.  
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Influence of the Electroactive Substitiuents in the Perylene Derivatives on 

the Interface Formation with Tin Dioxide 
 

Komolov A.S., Lazneva E.F., Gavrikov A.A. 
 
Physics Faculty, St. Petersburg State University,  
Uljanovskaja ul.1, St. Petersburg, 198504, Russia, 
  

E-mail: akomolov07@ya.ru 
 
Electronic properties of the interfacing layer between organic and inorganic material are de-
termined by the type of the interaction between them [1]. The features of the interfacing proc-
esses can be changed by introduction of additional functional groups into molecular structure. 

Electron-energetic structure of interfaces in formation of organic molecular films on 
the surface of tin dioxide SnO2 was studied by using low-energy full current spectroscopy. 
The following ultrathin deposits of perylene derivatives were thermally evaporated in vac-
uum: PTCDA и PTCDI-C8 (Fig.1). The main difference PTCDI-C8 molecule from PTCDA 
molecule is that central oxygen atoms are substituted by nitrogen atoms with affiliated C8H17 
group. 

                                          

Fig. 1. The molecular structure of the PTCDA (perylenetetracarboxdianhydride) the  PTCDI-
C8 (dioctil-perylenetetracarboximide). 

It was shown that the substitution of oxygen atom in PTCDA molecule by functional 
group (-N-C8H17) significantly changed the type of interaction with the SnO2 surface from  
electron-accepting to electron-donating one. The direction of the charge transfer at the inter-
face and the structure of the interface potential barrier were changed.  The workfunction value 
of the PTCDI-C8 film was 0.75 eV smaller than the one of the PTCDA film. 
 
This work was supported by RFFI (grant 08-03-00270) 
 
References: 
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Study of Fragmentation and Morphology of Organic Films by 
Electromagnetic Radiation 

Turiev A.M.,  Ramonova A.G., Buthuzi T.G., Magkoev T.T., Tsidaeva N.I.  
 

North-Ossetian State University im.K.L.Hetagurova, Vladikavkaz, North Ossetia-Alania, Russia  
 

E-mail: ra6jt@mail.ru 

The interest of researchers to metaloftalotsianinam mainly determined by their high 
photoelectric parameters while  physicochemical properties  are not fully covered. However, as we 
know, many of them possess unique catalytic properties. One of the most interesting is MnPc - an 
active catalyst for mild oxidation of organic compounds. This complex forms a large number of focal 
forms that move easily from one to another, on the one hand complicates its use for organoelektroniks, 
but  on the other is promising ,when used as a sensor [1]. In this regard, it seems relevant to study the 
properties of the films MnPc based on stable focal forms and  their physico-chemical properties.  

The aim of this work was to study the influence of laser radiation on the surface topography of 
the films and at the same time the possible fragmentation of the MnPc molecules. Assumes that  
nanosecond laser pulse  of the absorption  range should change the surface morphology, and in the 
film’s  transmittance range  possible changes will occur with the interface and the substrate, absorbing 
this radiation. Under the influence of laser irradiation fragmentation of organic films and desorption of 
fragments from the surface takes place. [2]. Mass spectra of desorbed fragments contain information 
about the molecular composition of the samples [3].  

Study of desorption processes carried out in ultrahigh vacuum (10-7 Pa) for continuous 
monitoring of residual gases. Measurement of the spectral composition of desorbed from the surface 
of the MPc films fragments was carried out using the TOF mass spectrometer. Desorption was excited 
by neodymium laser Nd3 YAG using the first (λ = 1064nm) and second (λ = 532nm) harmonic and 
pulse duration of 10 ns. A laser beam is directed at an angle of 45 º to the surface and focused to a spot 
size of 3.10 cm2, so that the particles,wich have left the sample surface under the action of a single 
laser pulse,are moving along the normal to the surface in the direction of TOF mass spectrometer 
sequentially through two drift space. The first drift space, from the sample to the ion source  of mass 
spectrometer, the particles are held in the neutral state and are distributed according to the initial 
kinetic energy. Ionized in the ion source  the particles are pushed into the second drift space, where, 
actually, takes place their separation by  masses (m / z).  

MnPc films were deposited on the surface of GaAs (100) using a Knudsen cell in vacuum 10-5 
Pa. As the starting material used powder "Manganese (11) phthalocyanina" produced  by the company 
"Aldrich Chem. Co. ". The deposition rate was 0.1, 5 nm / sec. The film thickness was controlled by 
the resonance method with a quartz resonator 1MHz. Annealing of the films was carried out at 150o C 
for 15 min. Investigation of film ‘s structure and surface topography was carried out in forevacuum 
(10 1 Pa) using an atomic force microscope NTEGRA-AURA company NT-MDT. In order to reduce 
the impact of the probe on the test surface the semicontact mode of atomic force microscopy was used, 
where the scanning is  performed  with  cantilever, oscillating with a frequency about 150 kHz,  
contacting with the sample surface only at the bottom of its trajectory.  

The figure (Figure 1) shows typical mass spectra of particles, desorbed from the MnPc  film ‘s 
surface by  laser radiation of different wavelengths. The  change in the wavelength of the incident 
radiation is  changing the character of absorption. In the case of phthalocyanine manganese first 
harmonic of neodymium laser is in the region of transparency, and a second –in the absorption region, 
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thus the spectral composition of the fragments and their relative intensity varies with the change of  
laser wavelength. If using the second harmonic (photon energy = 2.34eV) , mass spectra dominated by 
peaks of the molecular ion (m / z = 565) and relatively large fragments (m / z = 128, 184 and 283), 
then effect by radiation of the first harmonic ( photon energy = 1.17eV) sharply increases the intensity 
of the smaller fragments (eg m / z = 57, 71), and, in the initial stage of  the desorption peak of 
molecular ion is practically absent in the mass spectra (curve 1). Light weight with m / z = 18 (H2O), 
m / z = 1928 (CO) and m / z = 44 (CO2) in the spectra owned to adsorption coverage from the residual 
gas. 
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Fig.1.Oscillograms of  fragments ,desorbed from the surface of  MnRs by  laser radiation with a 
wavelength: 1 – 1064nм, 2 – 532nм. 

The next  exposure to the same point on the surface  changes the relative intensity of different 
fragments. It has been suggested, that it ‘s due to  the change of the optical properties of the films. 
With the help of  interference microscope MII-4 changes of the reflectivity of the irradiated regions 
was observed, but we could not  register the expected changes surely . Further studies were conducted 
on an atomic force microscope NTEGRA-AURA company NT MDT. The most successful results 
were obtained using silicon cantilevers NSG01_DCL with radius of curvature of the tip 10 nm in 
semicontact scanning  mode and are shown in the following figure. The size of the scan area in both 
cases –is a square with side 2500 nm. 
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Fig.2. The surface topography of the film before irradiation (left) and after the action of a single laser 
pulse (right). 

 
Effects of  laser radiation leads to compaction of the surface layer of the films. Surface topography 
after irradiation became more smooth with the fluctuations of less than 23nm (scanned area on the 
right). As can be seen from the figure (scan left), before  the irradiation in some areas gaps between 
the stacks reached the size of 78nm (with 80-nm film thickness). What to а hollows  with lateral size 
400nm on the irradiated areas, their nature is still unclear, although it is conjectured that the 
compaction has spread to deeper layers than in the other regions  of the surface. This assumption 
authors plan to test in future experiments and, besides, with   other organic materials. 
 

This work was supported by the Federal Agency for Education in the analytical departmental target 
program "Development of Scientific Potential of Higher Schools" (project № 2.1.1/3938) and the 
Russian Foundation for Basic Research in a joint program of cooperation with the Japan Foundation 
for the Advancement of Science - JSPS (project number 09-02-92109-NF-a). 
The studies were conducted on the equipment center for collective use "Physics and technology of 
nanostructures" (GC № 02.522.11.7035). 

 
1. Yu Chen, Xiaodong Zhuang, Weian Zhang, Ying Liu, Ying Lin, Aixia Yan,Yasuyuki Araki, Osamu 
Ito// Chem. Mater.- 2007.-№ 19.- 5256-5261р 

2. Лазнева Э.Ф., Туриев А.М., Комолов С.А. // Письма в ЖТФ.- 2009.- Т.35.-В.16.-С.88-94.   

3. Ramonova A.G., Turiev A.M. Abstract Book of 4th Saint-Petersburg Young Scientists Conference 
(with international participation) devoted to the 60-th anniversaryof the Institute of Macromolecular 
Compounds of Russian Academy of Sciences //  Modern problems of polymer science. Saint-
Petersburg, -2008.- 67-68 р.  

SMBM - 2010 Poster session

75

___________________________________________________________________________



Magnetic Magnesium Isotope Effect on Antibiotic Resistance  
Royba E.A., Shevchenko U.G., Koltover V.K., Berdinskiy V.L. 

Orenburg State University, Orenburg, Russia 

e-mail: royba@mail.ru 

 

 
Magnetic magnesium isotope effect in vitro was found recently in enzymatic 

phosphorylation in experiments with isolated rat mitochondrion and pure enzymes [1]. Such 
effect in vivo was found first on E.coli cells growth. Among three stable magnesium isotopes, 
24Mg, 25Mg and 26Mg with natural abundance 78.99, 10.00 and 11.01 %, only 25Mg has the 
nuclear spin (I = 5/2) and, therefore, the nuclear magnetic moment. Two other isotopes are 
spinless (I = 0) and, hence, have no magnetic moment. The experimental data document that 
the adaptation length  (lag-phase) of bacteria grown on the liquid media M9 contained  
magnetic magnesium isotope, 25Mg, was essentially shorter than that on the media contained  
nonmagnetic magnesium isotopes, 24Mg or 26Mg [2].  

The aim of this work is to research magnetic and non-magnetic magnesium isotopes 
influence on antibiotic resistance of E.coli cells, strain К12TG1. E.coli cells were incubated in 
the liquid nutrient media M9 contained different isotopic forms of magnesium in equimolar 
concentration. Then bacteria was plated on magnesium isotopes-enriched agar. The antibiotic 
resistance of test-organism was checked by disco-diffusive methods.  The experimental data 
revealed different influence of magnetic magnesium isotope on antibiotic resistance to some 
antibiotic classes as compared with nonmagnetic isotopes were obtained.   
 

The research was supported by Russian Foundation for Basic Research, projects no. 
10-03-01203a and 10-04-96083 (r-Ural), and by Federal Program of Ministry of Education 
and Science of Russia projects no. 02.740.11.0703 and no. P207. 
 
[1] Buchachenko A.L. New isotopy in chemistry and biochemistry. Moscow.: Science, 2007, 
189 p. 
[2] Shevchenko U., Koltover V., Deryabin D., Berdinsky V., Magnesium isotope effect on 
enzymatic phosphorylation and growth of E.coli cells // The 3d international conference on 
magneto-science, - 2009. – P. 99. 
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Spin Correlations and Entanglement in Multifermions Systems 

Arifullin M.R., Berdinskiy V.L. 

Orenburg State University, Orenburg, Russia 

E-mail: lanmars@rambler.ru 

 

The entanglement of quantum states is one of the basic concepts generated by 
quantum mechanics. Considerable interest to quantum correlations is caused also by 
appearance of a new science area - quantum computing. The using of such quantum states 
provides performance of quantum teleportation protocols, cryptography and calculations. On 
the one hand, such states show most clearly the fundamental property - nonlocality of the 
quantum theory, and on the other hand there are great possibility of the practical application 
such properties in quantum calculations and quantum cryptography.   

The main purpose of the work is to describe fermions spin states, which entanglement 
is dictated by Pauli's principle, and to determine spin correlations in such entangled systems. 
The ensembles of electrons in the atoms, molecules and solids, quasiparticles with spin S = ½, 
protons and neutrons in nucleus are examples of such systems. Total spin and spin of separate 
particles determine rates and directions of elementary acts of physical and chemical reactions. 
Therefore, the knowledge of spin states is necessary for the description of such processes. The 
studying of multispin correlations has special significance for new interesting areas of science 
such as spintronics and quantum computing where spins of separate particles are the main 
data carriers.  

We have obtained the spin density matrix of 4-fermion system. It is further proposed 
to generalize the spin density matrix formalism for N particle systems.  

Pauli's principle is proved to define unequivocally spin correlations in multifermions 
systems. Four-electron spin system was studied in details for the first time. Their spin states 
are shown to be described by density matrix. New mathematical methods of dealing with such 
density matrix are offered.  For multifermions systems the principle of indistinguishability 
and Pauli's principle are proved to forbid an existence of fermion pairs in pure singlet states.  

The 4-fermion system is proved has the maximum entanglement. In accordance  with 
the criterion of Peres-Horodecki [1] the eigenvalues of density matrix of 4-spin system after 
partial transposition were calculated However, this method does not guarantee detection of 
entanglement in a system of more than 2 spin, but if there are negative eigenvalues, then the 
system has entanglement. Some negative eigenvalues prove the spin entanglement in this 
system. The results show that 2-spin subsystems of 4-fermion system being in mixed state are 
not entangled, but 4- and 3-spin subsystems are unexpectably entangled.  

Authors are thankful to professor Jonathan Jones (Oxford University, England) for his 
help and useful discussions. 

1. A. Peres. Separability Cryterion for Dencity Matrices. Phys.Rev.Lett 77, (1996) 
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Amplification of Spin Polarization of the Conduction Electrons in 
Semiconductors 

 
Bobin E.G., Berdinskiy V.L. 

 
Orenburg State University, Physical department, Orenburg, Russia 

E–mail: BEG-1986@yandex.ru 
 

For creation spin-polarized current in spintronics [1,2]. devices new methods are needed. 
Such new method is “spin filtration” [3-5] – spin-selective capture of conduction electrons on 
impurity paramagnetic atoms.  

To describe effects of spin filtration has been derived the system of nonequlibrium 
differential equation, describing behavior of spin polarization of the conduction electrons Pe, 
spin polarization of the paramagnetic impurities Pi  and concentration of the conduction 
electrons Ne. Stationary solutions of linearized equations have been obtained and correlation 
of quantities Pe, Pi  and  Ne  have been established. Various regimes of “spin filtration” and 
influence of various kinetic parameters, describing behavior of electrons, have been 
investigated. It has been found out, that even for zero initial polarization the conduction 
electrons will be polarized in a presence of spin polarization of the impurity centers. It has 
been shown, that “spin filtration” make it possible to amplify polarization, generated by other 
methods. 

 

References 
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 The Mg2+ and Zn2+ Concentration Effects on E.Coli Growth 
Shevchenko U.G., Royba E.A., Tarasova N.V.   

Orenburg State University, Orenburg, Russia 

e-mail: shevulyana@mail.ru 

 
Bivalent metals ions of zinc and magnesium regulate the work of more than 300 

enzymes in living organisms, including phosphorylating enzymes and enzymes in charge of  
protein synthesis and a nucleic acids metabolism. The main aim of this work is metals ions 
Mg2+ and Zn2+   concentration influence on the growth phases of prokaryotic cells research to 
find media optimal for studying biological magnetic isotope effects. The bacteria Escherichia 
coli strain К12TG1 was used in experimental work as representative of prokaryotic bacterial 
cell.  E.coli were incubated in the synthetic nutrient medium М9 with different magnesium and 
zinc ions concentrations. The experimental results, which were received with using standard 
microbiological methods, make it possible to define magnesium and zinc ions concentrations 
optimal for growth and minimally poisonous. The experimental data for colony-forming units in 
stationary and die-off phases were also obtained. 

 
The research was supported by Russian Foundation for Basic Research, projects no. 

10-03-01203a and 10-04-96083 (r-Ural), and by Federal Program of Ministry of Education 
and Science of Russia projects no. 02.740.11.0703 and no. P207. 
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Distribution of Parameters of Heterogeneous  

Population in the Reliability Theory of Aging 
 

Gounkov V.V., Petrova Yu.V. 
 

1Orenburg State University, Orenburg, Russia  
 
Population aging and mortality of any biological kinds are know to be  described by the 

Gompertz’s function: 

  cbmth t  exp)(  

here h(t) is the number of persons,  t – their age, and m,b,c – are parameters of the theory.. This 

an empirical formulae has not still got neither biological explications, nor mathematical 

groundings. The model of the theory of reliability (V.K.Koltover) had been proposed, which 

explains aging as a result of a limited reliability of critical structures (CS) – a special group of 

genes in a special group of cells which control processes important for life. It was postulated that 

death comes at the moment when in one of CS, any of them, accrue a critical number of defects 

and a reliability of this CS falls lower than a critical value. This simple model gave mathematical 

aspect for a function of mortality: 
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here R – is probability to be alive at age t, T – is a maximal age and γ=/b – are parameters. 

It is interesting problem: why aging processes of single-cell and multicellular  organisms, in spite 

of their phenomenological variety, are described by simple universal quantitative regularities, 

such as mortality according to Gompertz’s law. 

It is known that curves of survival of real populations deviate from Gompertz’s law for people 

yonger than 35, and for long-livers. Nonlinearity was brought in a model to explain all these 

declinations. It was presumed that parameters of CS if we mean a quantity vary from one CS to 

the other, that means heterogeneity of parameters: 
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In a suggestion that all these variations submit a normal distribution it is possible to get curves 

mortality's intension which, with a help of an adequate grade of a heterogeneity of a distribution, 

can slow their movement. (Kol’tover, 1993)  
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The goal of this work is a definition of a function of a distribution of parameters of a model, 

which can describe curves of survival human’s and animal’s real populations. The next 

suggestions were used: 

1. Parameters were distributed according to logarithmic normal law: 
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This model for an accidental quantity, which’s meanings we can get with a help of a 

multiplication of a large number of little mistakes. The results of using of this approach reflect 

are shown on diagrams, where distribution of life’s lasting using ages are presented  

 

 

 

 

                                                                          

 

 

 

 

 

 

2. Particular solutions  of Fredholm equation of the second kind have been found, which 

describe  possible distribution curves. Results are shown on the diagrams. 
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By using the method of statistic tests we have calculated the tab of falling out CS for  different  

time distributions of refusas.l  
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This calculation method allows to model proceeding of an unlimited quantity of CS with a 

different distribution of a possibilities to fall out, an influence of a refusal of CS of one kind on  

possibilities of refusals of  other kind of CS and calculate curves of mortality of real populations. 

For example, two populations were compared, a possibility of a refusal of elements which make 

up CS were described by the identical set Poisson’s distribution. The weakest CS of the first 

population fall out after the first refusal, the weakest CS of the second population after 

cumulation of three failures. 

Conclusions: 

1. Assumption about existence of critical structures in a biological organism allows to get 

dummy curves of mortality which coincide with experimental data 

2. The best coincidence of experimental and theoretical data and were obtained for a -

normal distribution of initial defects. 

3. It was brought out that oscillation of curves of survival and mortality for long-livers; can 

be explained by heterogeneity of an accumulation of accidental refusals in genetical 

structures. 

Authors are thankful to Professor V.K.Koltover for fruitful discussions.  
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