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(18961 1967)

Academician Alexander Nikolaevich Terenin was the leading scientist in the field of
photochemistry and photophysics in the former USSR. The scope of his scientific interests
was very broad, it égnded from atoms to complex biological systems. His activity resulted
in a number of important scientific discoveries and in the inventions of new methods, which
now became conventional.

Suffice it to say about the experimental detection of photodidsmtiaf simple molecules

by fluorescence of their radical products (1926), the discovery of extrafine structure of
atomic lines (1928), the hypothesis about triplet character of metastable state of aromatic
molecules (1943), the detection of spectral semadion of internal photoeffect in
semiconductors (1948), the discovery of trighgblet energy transfer (1952) and pioneer
studies in the field of UV photoelectron spectroscopy (1961) and IR spectroscopy of surface
species (1940).

His works on photopysics and photochemistry of dyes, including chlorophyll and its
analogs, on photostimulated processes in heterogeneous systems, as well aguantavo
photoprocesses are widely known. His first paper, where IR spectroscopy was for the first
time appliedto the study of adsorption, appeared already in 1940, much before such works
in other laboratories.

For many years A.NTerenin was the scientific director of S.I. Vavilov State Optical
Institute, the head of the Spectroscopy Department of this Instéuig the head of
Department of Biomolecular and Photonic Physics ifP8tersburg University.

A.N. Terenin took the active part in numerous international conferences and symposia. He
was a representative of the USSR in IUPAC (195Y967) and a member d&idvisory
Board of the international journal "Photochemistry and Photobiology" (L96&7).

In 1958 A.N.Terenin was elected as a Honorary Member of the English Chemical Society
and the French Physigohemical Society. He was awarded with the Vavilovd@dedal in
Physics (USSR, 1954), the Ciamician Gold Medal (Italy, 1959) and the Finzen Gold Medal
(England, 1964).

Now, a great number of Terenin's-aorkers and followersworking now in many centres
of science of Russia, CIS and abrpaohtinue the dvelopment his scientific ideas.
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PERIODIC DFT AND VTI R STUDIES ON CO ADSCRPTION IN ZEOLITES:
SINGLE, DUAL AND MUL TIPLE CATION SITES

C.0O. Arean

Department of Chemistryniversity of the Balearic Islands, Spain
co.arean@uib.es

Increased knowledge about the structure of cation sites in zeolites would help to optimize use of
these materials in a wide range of technological processes; among them, gas separation and
purification, gas trapping for selective enhancement of chemical sensors and heterogeneous
catalysis. Infrared (IR) spectroscopy, using adequate probe molecules, constitutes a main
experimental technique currently used for investigating cationic gas adsoifg®imseolites; and

CO is a very frequently used probe molecule. Based on a wealth of experimental data, often
combined with quantum chemical calculations on small clusters, the 1:1 adsorption model emerged,;
meaning that eachingle cation site acts asnaadsorbing site for the incoming probe molecule.
Nevertheless, recent research work combining variable temperature IR (VTIR) spectroscopy [1]
with DFT calculations on periodic zeolite models has clearly shown [2] that often nearby cations
are involved ina single adsorption process of the gas molecule, which can bridge two (or more) of
those cations, giving rise ttuakcation sites (or tonultiple-cation sites). An example ofraultiple-

cation site is shown in Figure 1. The number and relative situatithre @eolite cations that interact

with a single CO molecule is reflected in the structure and stability of the adsorption complex
formed, and hence on its vibrational dynamics and IR spectroscopic signature.

By using enlightening examples taken from teeent literature, the above research field will be
reviewed with a view to, (i) highlight the synergy between experimental work and theoretical
calculations for uncovering ga®lid interaction modes that go well beyond the 1:1 adsorption
model, (ii) claify concepts, and (iii) pinpoint practical applications. Further developments in this
field, which holds the potential to open up a way leading to adsorption site engineering, will also be
discussed.

Figure 1. Multiple-cation (yellow) adsorption compleaf
CO (green and blue) on the zeolite-NaSi:Al = 1:1.

References

[1] E. Garrone, C. O. ArearChem. Soc. Rev34 (2005)
846-857.

[2] P. Nachtigall, M. R. Delgado, D. Nachtigallova, C. O.
Arean,Phys. Chem. Chem. Phy%4 (2012) 15525609.
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PHOTOCHROMISM OF ORGANIC COMPOUNDS
FOR INFORMATION PHOT ONICS

V.A. Barachevsky

Photochemistry Centd®AS Moscow, Russia
barva@photonics.ru

Photochromic organic compounds and systems promise important application in the modern
information technique of a different type, especially optical memory, integrated optics, optical
sensors, because of reversibility of physical and chemical properties for twoesjag¢gigncing
mutual photoinduced transformations. This paper presenteteatradvances in the development

of photochromic systems and materials for application in above mentioned fields.

From the middle of the last century considerablattentionhas been paid to the development of
photochromic recording media for optical memalevices.Progress of the information technique
requires increasing its possibility to storage the large data massive and fast processing. It may be
achieved by the change of presenttvmensional (2D) optical memory by thrdanensional (3D)

one increaing the information capacity of optical disks more 1 TB. It is achieved by the use-of two
photon writing down of optical information in volume recording media instead ofpboton
recording. Photochromic recording media allow making the reversible aydtiloptical disks
providing manyfold writing, erasure and readout of optical information (WERM). Realization of
this task was made possible in the case of application of photochromic compounds that undergo
photoinduced and thermally irreversible transfations, in particular diarylethenes. Based on these
compounds photochromic recording media with the refractive and fluorescent nondestructive
readout for bitwise working optical memory have been developed.

The reversible photoinduced change of a refractidex and fluorescence provided application of
photochromic materials for making photoswitchable elements for optical communication devices.

Continuation of IC area density scaling with the use of optical lithography requires research and
development ohovel materials with unique optical properties. One of the pathways to such optical
lithography extension is the use of materials exhibiting significant range of photoinduced
transmission modulation at 193 nm under excimer laser radiation of the sanlengélveFor this

goal it was received masking polymer film based on one from photochromic diarylethenes with the
thickness of 450 nm. This film allows to increase a resolution of the photoresist layer up to 22 nm
and more by the photolithography methodhithie use of two exposures by radiation of the 193 nm
excimer laser.

Practically important direction is the development of optical chemosensors for determination of the
content of ions in liquids of the different type including biological objects. ThiBcapipn is based

on complexation between molecules of photochromic spirocompounds as well chromenes and metal
ions as a result of an electrostatic interaction between the metal cation and the anionic sites of the
molecules, in particular phenoxide oxygesf the photoinduced merocyanine form. The
development of these photochromic sensors is based on the different efficiency of interaction
between the initial and the merocyanine form of spirocompounds or chromenes. These
photochromic compounds allows notlprio determine the content of ions but also to transport
metal ions in solutions with following their release in a given volume.

Finally, possible new directions of the development of photochromism research for application in
information photonics andanophotonics, namely fluorescent biological labels, magetioal
recording media, photoswitches of conductivity, etc. are discussed.
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MOLECULAR SPECTROSCOPY WITH PLASMONIC EF FECTS

S.V. Gaponenko
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A general consideration of nanoplasmonic enhancement of hgltter interaction is proposed in
terms of incident field concentration and photon density of states concentration providing a
rationalefor huge enhancement factors for Raman scattering and noticeable enhancement factors
for luminescence[1].

Starting from a rather general and straightforward consideration which is valid for resonant
(Rayleighlike) scattering, ofresonant (Raman) scattegi and spontaneous emission
(luminescence) of incident photons, one readily arrives at the conclusion that not only the local field
enhancement in terms of excitation process but also photon density of states enhancement effect on
photon scattering/emissio processes should occur. In this consideration, scattering of light
experiences enhancement as spontaneous emission does. Differences in scattering and luminescenc:
enhancement are due to quenching processes which are crucial for luminescence and less
pronounced for scattering.

The proposed model sheds lightonthesal | ed fAhot spotso as such
surface or near metal nanobodies where simultaneous spatial redistribution of electromagnetic field
occurs both at the frequency tbie incident radiatiorr and at the frequency of scattered radiation

¥ O0Recalling the original Purcell's idea @ifold enhancement of spontaneous emission rate in a
cavity, local density of states enhancement can be treated aQ+fisghor developmentni certain

portion of space near a metal nanobody. Therefore, a hot point in surface enhanced Raman
scattering can be treated as a place where Qidgictor develops simultaneously at the incident

light frequency and emitted light frequency.

We consider uitmate experiments on single molecule detection by means of enhanced Raman
scattering and photoluminescence enhancement of atoms, molecules and quantum dots and the
approaches to efficient substrates fabrication for the purposes of ultrasensitive sppgtrosco
Feasibility of 10 to 10-fold enhancement is highlighted for luminescence. Rationale is provided

for 10" enhancement factor for Raman scattering which has been claimed for the first time in 1997
based on experimental observation but has never bperted in the theory prior to our works.

1. S.V.Gaponenkolntroduction to Nanophotonig€€ambridge 2010).
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ACTUAL PROBLEMS OF P HOTONICS OF POLYMETH INE DYES
AND LIGHT ENERGY CON VERTERS BASED ON THEM

A.A. Ishchenko

Institute ofOrganic ChemistrNAS Kyiv, Ukraine
alexish@i.com.ua

Polymethine dyes are unique converters of light energy. Therefore widely used in various fields of
science and technology.

Ways to structural modification of the dye molecules, allowing them to snyoctidnge the
electronic structure from the neutral polyene up polymethines and charged polyene demonstrated.
Features of photonics of these electronic structures using modern ab initio quantum chemical and
spectroscopic methods considered.

Problems creatign photochemically stable dyes absorb light intensively in the-ind@red spectral
range (8001700 nm) were analyzed.

Structure and properties of the dyes with record Stokes $t6fi® nm (6700 cif) was discussled.

Factors contributing to these chasgare analyzed. Ways of Stokes shifts increasing were
considered.

Posibility of change of the fluorescence quantum yields of tbO1 in polymethines shown. The
main nonradiative processes in their molecules are discussed.

Unusual effects of cationic panethines solvatofluorohromism considered. We found that in
contrast to the absorption, in fluorescence is observed an excellent correlation between the maxima
of the bands and the oparameter function of the universal interactions, despite the factht®a

dyes in the excited state as well as in the ground state have a system of strongly alternating charges.

Photonics of dyes with two chromophores considered.

It was discussed: buildup and quenching the luminescence in thgolavity polymethines medi
including polymer matrices; Anomalously high hypsochromic ¢€160 nm) and bathochromic
(200250 nm) shifts of the dyes in these media; the role of the counterion in the deactivation of the
excited states polymethines.

Self-organized nanostructure phatosi J-aggregates of dyes discussed.

Intramolecular and intermolecular electron phototransfer in dyes and dye systems
photoconductive polymer is considered.

Light energy converters based on polymethine dyes for quantum electronics, nonlinear optics and
optoelectronics analyzed.
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CONFORMATIONAL CHANG ES IN CRYOGENIC MATR ICES:
MONOMERS, COMPLEXES, AND REACTIONS

L. Khriachtchev

Department of Chemistry, University of Helsinki, Finland
leonid.khriachtchev@helsinki.fi

Conformational changes can be induced by vibrational excitation of molecules in cryogenic
matrices and studied by infrared spectroscopy. By vibrational excitation of the egtatadrans
conformers, the higheenergy cis forms of a number of carboxylic acids were peepaFor these
species, the higher energy cis conformer decays back to the ground state trans conformer via H
atom tunneling mechanism, and the tunneling rates show remarkable host, isotope, and temperature
effects.We discuss the factors influencing theaneling rates mainly for the case of formic acid

(FA).

Intermolecular complexes thins-FA andcis-FA with a number of species (water, nitrogen, xenon,
carbon dioxide) have been characterized. In most of the aas€3) is stabilized upon formation

of the complexes. For example, the lifetimecatFA interacting with carbon dioxide in an argon
matrix is 130 times longer than that of the monomer and, moreover, the hydrogen bonding with
water stops the tunneling process completely.

Various trandrans,transcis and ciscis FA dimers have been studied. Some of the tcadimers
decay to the corresponding tramnagns dimer; however, this tunneling process is slower than the
decay of thecis-FA monomer. Other trarsis dimers are absolutely stable avltemperatures, due

to strong hydrogen bonding. Most of the theoretically predicted FA dimers have been
experimentally characterized to date in cryogenic matrices.

Approaches to conformatietlependent reactions have been considered and a strong cask af suc
reaction between FA and atomic oxygen has been found. The reaction surprisingly leads to
peroxyformic acid only from the grourstatetrans conformer, and it results in the hydrogen
bonded complex for the highenergycis conformer.

The work was suppted in part by the Academy of Finland through the Finnish Center of
Excellence in Computational Molecular Science (220&1).

1 L. Khriachtchev, J. Mol. Struct. 880, 14 (2008).
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LUMINESCENCE AND PHO TOCHEMICAL STUDIES
OF SINGLET OXYGEN PH OTONICS

A.A. Krasnovsky

A.N. Bach Institute of BiochemistRAS Moscow, Russja
Biology Department M.V. Lomonosov State University, Moscow, Russia
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It is known that oxygen molecules have the triplet ground s?ﬁgé and the two lowying singlet
states'qy and’E,". Luminescence of singlet oxygen in the solution phase has been studied in detail.
The absorption bands corresponding to the tripileglet transitions in dissolved oxygen molecules

are studied much wee because these bands are so weak that cannot be detected
spectrophotometrically under ambient conditions. The absorption spectra were recorded at very
high oxygen pressure (130 atm.). At this pressure, the absorption spectra are mostly determined
by dimols (dimers) of oxygen molecules. Recently, we developed a simple photochemical approach
to investigation of the absorption bands of oxygen dissolved in organic solvents and water at normal
atmospheric pressure. This method is based on measuremdmitobyygaation rates of singlet
oxygen traps upon direct excitation of oxygen by IR laser radiation and on analysis of the action
spectra of the photooxygenation reactions. Using this method, we have shown that singlet oxygen is
readily formed upon lasexcitation of the oxygen absorption bands at 765, 1073 and 1273 nm. The
obtained data allowed for estimation of the absorption spectra, optical densities and molar
absorption coeffi@nts ) corresponding to the maxima of these bands irsatiirated organic
solvents and aqueous detergent dispersions. It was shown that relative intensities of the oxygen
absorption bands are markedly different from the data obtained at high pressure.|l sgiemigy
difference was found in the intensity of the 1073 nm band. In monomeric oxygen molecules
(monomoles), this band was shown to be 50 times weaker than in dimgis This conclusion
correlates with the spectrum of photosensitized luminescencsingfet oxygen dimols and
monomols. The molar absorption coefficients for the oxygen bands at 1273 and 765 nm were found
to correlate with théO, radiative rate constantk ) obtained from measurement of photosensitized
phosphoesence of singlet oxyan. It was demonstrated that in alcohol and aqueous systems,
vibrations of OH groups do not sensitize singlet oxygen formation. In aqueous detergent
dispersions, singlet oxygen has higher affinity to the hydrophobic micelles than to water. Within the
erra limit, U of the oxygen bands did not depend upon charge of the detergent micelles.
Significance of the obtained results for biomedical research and laser therapy of tumors will be
discussed.

References
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QUANTUM CONVERSION AND POWER GENERATION WITH DYE -
SENSITIZED AND HYBRI D SEMICONDUCTOR PHOT OVOLTAIC CELLS

T. Miyasaka

Toin University of Yokohama, Graduate School of Engineering, Yokohama, Japan
miyasaka@cc.toin.ac.jp

Photoelectrochemistry of semicondoicelectrodes has evolved to produce a-sigesitized solar

cell (DSSC) of high power conversion efficiency up to 12% with respect to AM 1.5 solar irradiation
spectrum. Quantum conversion efficiency reaches nearly 100% which yields external efficiency
(EQE) of around 90%. These excellent performances were all realized withmESbporous layers
with adsorbed dye molecules rather than ZnO and other oxide semiconducteriom@ver, is a
powerful photocatalyst which decomposes the surface organic dyésislaspect, durability of
DSSC cannot be compared with existing saligte inorganic cells based on silicon and CIS.
Despite the lifetime issue, DSSC can meet the demand etdstvproduction by simple printing
technologies. We have developed the radthto fabricate flexible plastic DSSCs based on-low
temperature printing of TiPlayers on ITGplastic films. In combination with organic dyes with
high absorption coefficients, thinner TiQayers (< 5em) are capable of high efficiency and
voltage. Indtine dye (D205)sensitized 3.%em-thick TiO, electrode yields 5.2% efficiency on
plastic DSSC- The efficiency increases with low intensity light without reduction of its output
voltage >0.7V, indicating that the cell can be successfully applied to intigbt. This stable
voltage is an essential advantage for charging the power in a secondary battery.

Currently we have devised a new type hybrid structured cell using @adydinated TiQ in
junction with an organic hole conductor, perylene, to ach@vegh voltage of 1.2V.This trial

leads to design a sokstate DSSC with improved lifetime, by way of quick printing methods. Use

of quantum dots as inorganic sensitizers also proved to be effective in producmg high voltage
>0.9V, where we sensitized thin TiG layer with a perovskite
crystal, CHNH3Pbls, by quick spircoating and selpreparation of
particle (2 nm in size) to obtain a cell yielding 4% efficieficy.

Our proofof-concept demonstration of the DSSC performance @
fabrication of thin flexble seriesconnection modules of DSSC o

ITO-polyethylene naphthalate film, which are capable of bifac
power generation. Current trials and R&Ds of our DSSC and hy
cell construction will be introduced in presentation. .

References
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WHAT WE KNOW AND WE DO NOT KNOW IN PHOTO CATALYSIS:
FROM CONVENTIONAL TO PLASMONIC PHO TOCATALYSIS
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It is well known that heterogeneous photocatalysis is driven by a pair of a photoexcited electron in
conduction band and a giive hole in valence band of semiconducting materials such as titania, and it is
also often claimed that the overall efficiency of photocatalysis is enhanced by efficient electron (positive
hole) transfer at the surface and reduced by unfavorable razatiobi of electronhole pairs at, presumably,

a recombination center. At least for the present author, however,ittegretationseems to be only a
speculation, which is consistent with experimental results reported so far. Here sevesaktafsd to the
mechanism of this conventional photocatalysis, as well as recently developednwentional ones, are
discussed [1,2].

Requites for Active Photocatalyst: Since conventional photocatalytic reactions are driven by photoexcited
electronsm a conduction band (CB) and positive holes in a valence band (VB), the CB bottom and VB top
must be higher (more cathodic) and lower (more anodic) than standard potentials of redox species,
respectively. It should be noticed that this is one of the siggifor a photocatalyst. A famous paper on
photoelectrochemical water splitting by Fujishima and Honda published in Nature [3] suggested that charge
separation can be achieved, at least for enstgyng reactions, only when bias voltage is applied/deh a
photoanode @ype semiconductor electrode) and a counter electrode to separate charge carriers. It is clear
that such bias cannot be applied in particulate systems and almost all efficient photocatalytic reactions
reported so far have been limitelenergyreleasing reactions. Such energetics and strategies for giving an
internal electric field for charge separation are discussed.

Light-intensity Dependence of Photocatalytic Reaction It has been often claimed that heterogeneous
photocatalysis an drive multielectron (hole) reactions in contrast to molecular systems in which only one
electron transfer occurs. Since photoexcited electrons and positive holes have appreciable life time, the
efficiency of multielectron (hole) redox reactions indutsdthem must depend on the intensity (flux) of

light producing them. Detailed analysis of lightensity dependence as well as ligiavelength
dependence of several photocatalytic reaction systems has revealed that a linear (first order) relagion betwe
light intensity and reaction rate is observed, i.e., quantum efficiency is constant, for the photocatalytic
reactions in which life time of active species is relatively short, while non linear relation is observed for the
photocatalytic reaction includg intermediate species of relatively long life time, such as peroxy radicals.
Electron (Hole) Transfer Between Particles One of the frequently claimed hypotheses in photocatalysis
studies is transfer of electrons and/or positive holes between parigpesially different kinds of particles,

to enhance the photocatalytic activity, though no direct evidence has been reported for the interparticle
electron (hole) transfers. We have suggested that a synergetic effect including such electron transfer of
anatase and rutile crystallites in Degussa (Evonik) P25 is negligible on the basis of experimental results
using isolated anatase and rutile particles [4]. Recent results on the analysis of action spectrum for mixed
crystal photocatalyst systems are reporand discussed.

Photocatalysis via Surface Plasmon Resonance Absorption by Gold Particles Recently some
approaches to develop novel photocatalytic reactions systems, in whidiamdrgap excitation is used,

have been made. A representative one igd galticles loaded on titania particles that induce photoinduced
oxidation of organic compounds via excitation at surface plasmon resonance (SPR) absorption wavelengths
in the visible range [5]. The mechanism of this plasmon related photocatalysis Imastileander
discussion, while some papers reported the speculations that electrons are injected frexaiteBRyold
particles into titania particles to reduce molecular oxygen adsorbed on titania. However, our recent results
suggest a different mecham and will be discussed in detail.

[1] B. OhtaniChem. Lett37 (2008) 216[2] B. OhtaniJ. Photochem. Photobiol. C Phetthem. Revl1 (2010)157.
[3] A. Fujishimag K. HondaNature238 (1972)37.[4] B. Ohtani, O.0. PrietdMahaney, D. Li R. AbeJ. Plotochem.
Photobiol. A Chen216(2010) 179.[5] For example, (a) E. Kowalska, R. Abe, B. Oht&hiem. Commuri5 (2009)
241. (b) E. Kowalska, @0. PrieteMahaney, R. Abe, B. OhtaRhys. Chem. Chem. Phy® (2010) 2344.
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HISTORY AND DEVELOPM ENT OF PHOTOCATALYSIS IN RUSSIA

V.N. ParmonA.V. Vorontsov
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Photocatalysis as phenomenon is present on the Earth for billions of yearpinsidsynthesizing
organisms and probably was functioning long time before in stellar dust clouds as surface reactions.
It is deemed that research on photocatalysis was started by Carl Renz at the beginning of the
previous century and he published his work photoreduction of oxides inside organic fluids in

1921 (1). In Russia, the start of research on photocatalysis was given by academician Terenin who
directed studies on photoprocesses in gases, organic compounds and processes of photodesorptior
and phobadsorption over solid surfaces (2). In 1960 he initiated creation of laboratory of
photocatalysis in Leningrad University. In 1964, gas phase photocatalytic oxidation of organic
vapors over metal oxides was carried out (3), a reaction that is widelynageth commercially
produced photocatalytic air cleaners.

In 70" the development of photocatalysis has gained big attention due to the energy deficit and
prospects of using solar energy for photocatalytic processes of hydrogen and electricity production
Academician N.N. Semenov created scientific council of AS USSR for search on new ways to
utilize solar energy in which actively worked academicians K.l. Zamaraev, A.E. Shilov, A.A.
Krasnovsky. During these time, several research teams have emergedasildiek, Moscow,
Chernogolovka, Kiev, Minsk, Erevan who worked on solar energy transformation. Several new
research directions has appeared (photoelectrochemistry, photocatalysis in microheterogeneous
systems. However, the vivid development of thedfiwas disrupted by lowered oil prices. The
research decline was caused by economic crises in former USSR as wefidf 80

At the beginning of 98 of 20" century, there appeared a new research direction in photocatalysis
related with the removal @ir and water pollutants. Starting in 90th, the research on gas and liquid
phase photocatalytic oxidation has been carried out at Boreskov Institute of Catalysis (Novosibirsk)
and IPCP (Chernogolovka). The research was carried out for both fundamentalppiret
purposes from the very beginning. As a result of joint research and development efforts with OOO
Al TI1 o, the production of the first commer ci al
Moscow in 1997. These air purifiers are still puodd and besides complete oxidation of molecular

air pollutants drive the air disinfection.

In the present time, photocatalysis in Russia is developed in the following directions: photocatalytic
oxidation, photocatalytic production of hydrogen from wat#ptocatalytic synthesis of organic
compounds, and development as well as improvement of photocatalytic materials.

All these directions have commercial value. The most marked example is photocatalytic oxidation
which is used in air purification devisesogduced commercially in Moscow, Lipetsk, Novosibirsk.

The good prospects are confirmed by large investments into the production increase and
diversification.

Literature
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The use of photocatalytic seifeaning materials based on coated or incorporated #aOthe
facades of buildings aims at decreasing the periodicity of cleaning and/or renovation of these
facades, while maintaining a visual aspect as constant as possible. Accordingly, efficient self
cleaning materials present baiksthetic and economical interedteese interests will likely grow
because, first, a higher fraction of the world populatioedivn city buildings, and, second, air
pollution due to traffic of vehicles and industrial activities generally increases in spite of stricter
regulations. Therefore, facades' soiling by solid deposits generated by combustions tends to occur
more rapidly han ever before.

The sunlight-induced phenomena at the origin of the s&fning effect of Ti@containing
materials are: (i) the photocatalytic oxidation of the organic compounds and carbon deposited, and
(i) the spreading of water droplets (i.e. hgghilicity). Also, the adhesion of deposited inorganic

salts is supposed to be decreased as a result of the hydrophilicity and the removal of the organic
layer.

These phenomena and the other properties (viz. mechanical and optical characteristicgydurabili
and cost) required for setfeaning materials to be used outdoors in the construction area will be
presented. In particular, a discussion about the suggested origins of thedigted hydrophilicity

will be included. The question of increasing tlef-gleaning efficacy, especially by making RO
capable of being activated by solar irradiation in the visible spectral region, will briefly be
addressed.

The significance of the potential impact of seléaning materials on outdoor air quality will als®
discussed.

References

- http://www.eolss.net/sampiehapters/c08/e@06-14.pdf: P. Pichat, 2008, Solar irradiation and
TiO, render materials setfleaning, in Solar energy conversion and pkenergy systems,
Encyclopedia of Life Support Systems, EoRublishers, Oxford, UK.

- P. Pichat, Seltleaning materials based on solar photocatalysis, in New and future developments
in catalysis: solar photocatalysis, ed. S.I. Suib, Elsevier, to be published.
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Optical spectroscopy and photochemical processes in molecular and supramolecatant
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SECTION 1. OPTICAL SPECTROSCOPY AND PHOTOCHEMICAL

PROCESSES IN MOLECULAR AND SUPRAMOLECULAR SYSTEMS

IR spectra of liquid ozone deposited as a film on ace@ed Bak window (Os'%) and of ozone
dissolved in liquid argonds*°) at concentrations &A0° 6 A®* mole fractions were recorded in
s temperature

t he

IR SPECTRA OF OZONE IN LIQUID PHASE
AND DISSOLVED IN LIQ UID ARGON

K.M. Bulanin, T.D. Kolomiitsova V.V. Bertsey D.N. Shchepkin

78090

Department of Physics, SRetersburg State University, Russia

kbulanin@mail.ru

range.

Evidenc®: of

t

molecules in Ar was detected in the form of intensity redistribution between the absorption bands:

33to 3;ard from3;+ 33 to 23; transitions, caused by the Coriolis vibratimational coupling (see
Table). The presence of wings in the band shapes fa:{#8;, and 33 spectral features i3>
and their absence in the spectrumOaf® also support evidee of the residual molecular rotation
. At the same time, in the spectrum O v; band has
complicated profile due to the resonance dighifgole interaction (RDD) in pure liquid. The
measureds band spectral momenfor O:°° are: My = 1030.6 crit, M, = 240cm?. The value of the
M2 is in accord with an estimatea¥ Maoationart M2"

sol

on the spectral parameters far;

Band positions irD3

alout gs;
@¥=1i0.67(7) cm*, py=1i7.20(5) cm™.

Table.Experimental vibrational frequencies ¢m™) and relative intensities,(in km/mole) of G**
(Ariiq) at 90.5 K.Experimental k) and calculatedi ) relative intensities for ozone in liquid argon
(Ariiq) and oxygen (@yq) solutions, in liquid l{g) and gasdag phases at temperatures indicated are

spectrum are shifted towards lower frequencies versus gas phase values by
= 18 3% whichmcorresponds to harmonic frequency shifisy =i 1.85(5)cm?,

presented for comparison.

sol

DD 2

a

(100

* for1030 )

cm

Assign 3 (Arjiq) [(Ariig) [(Ariig) [(liq) I cales I caler I (gag I (Oziiq)
ment T=905K| T=90.5K | T=84K| T=78K [2], pure | free rotation| T=300K | T=77K
(thiswork) | (this work) [1] (this work) | vibrational T=90K [1] [3]
010 (A) 700.2 0.50(3) 0.41 0.49(2) 0.49 - 0.55 0.55
001 (B) 1034.4 10.7(8) 11.1 9.8(8) 11.5 10.9 10.9 10.9
100 (A) 1101.9 0.13(3) 0.063 | 0.085(3) 0.081 0.22 0.32 0.075
002 (A) 2044.3 0.036(6) -- 0.039(6) 0.039 0.06 -- -
101 (B) 2101.2 1 1 1 1 1 1 1
200 (A) 2197.2 | 0.0035(10) - 0.0032(10)  0.008 0.01 - 0.00325
003 (B) 3026.2 0.11(2) 0.11 0.14(2) 0.12 0.13 0.09 0.11

Acknowledgement: This work was financially supported by the Ministry of Education and Science
of the Russian Federation, grant 11.23.845.2012.
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LATERAL INTERACTIONS BETWEEN ADSORBED SF6 MOLECULES

A. DobrotvorskaiaA. RudakovaD. Shchepkin
T. Kolomiitsova S. PetroyR. Volin, A. Tsyganenko

V.A.Fock Institute of Physics, St.Petersburg State University, Russia
anna.dobr@molsp.phys.spbu.ru

Later al i nteractions, studied in detail by I R
[2], affect greatly the adsorption and catalytrogerties of solid surfaces. The method of isotopic
dilution enables us to distinguish between two kinds of interactions: static effect, which accounts
for the energetics and geometry of adsorbed layer, and the dynamic interaction, referred also as
resonane dipoledipole (RDD) interaction. Thétter modifies the positions, shapes and widths of
absorption bands in the spectra of adsortedecules. Up to now, the dynamic interaction was
observed only for CO molecules somehow oriented with respect toahsuitface of crystals.
Recently it was shown, however, that complex bandshapes in the spectra of such symmetric
molecules as SHn liquid or dissolved state can be explained by RDD interaction [3]. The aim of
this work was to find out the manifestatioofssuch interactions in the spectra ofs@ldsorbed on

the surface of amorphous or crystalline oxide adsorbents.

Spectra of adsorbed §&nd solid SEfilm were obtained at 77 K. The spectra markedly differ from

one another (see Fig.1). Experiments withtopic dilution show that complex bandshapes in the
spectra of studied systems are rather due to strong intermolecular RDD interaction than caused by
surface heterogeneity. The studied systems can be classified into three types depending on the
mutual arragement of SgEmolecules. Thus, we have a thhd@ienensional system of $fn solid

film on cell windows, a twealimensional layers on SO ZnO, CaO and Mgk and one
dimensional chains in the channels of silicalite.

To simulate the band shapes of adsorB&gl we used the modificated model developed in the
previous study [3].The results obtained are in quantitative agreement with the experimental data.

Acknowledgement.The work was supported by the Ministry of Education and Science of Russian
FederationGrant 11.38.38.2011.

Fig.1. Absorption spectra of $F solid 6+
film on cell windows (1) and adsorbed on 7 1\
silicalite (2), SiQ (3), CaO (4), Mgk (5), "
and ZnO (6). All the spectra are E 4 .
normalized to the common integrated 3
intensity. 2 N
24 6 5\
N
0 T T T T T T T
1000 960 920 880
Wavenumvers, cih
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Nonexponential kinetics of eosin phosphorescence spectrum decay in 66 % water glycerine solution
was detected in temperature rangéZ8D K. The component analysis of results has shown, that the
phosphorescence spectrum consists of two identical spectruthsdifferent times of signal
attenuation. Both spectrums have identigarational structure and are shifted from each other on

11 nm.

These results could be explained by weak asymmetry of eosin molecule strAst@reesult the
degeneration of basic drexcited electronic levels is removed and system of pair electronic levels is
formed.

Activation temperature of transitions between these levels was measured. The kinetic model of a
phosphorescence lifetime dependence on temperature was created. Wiframtéwork of kinetic

model the data on kinetics of spectra phosphorescence decay in a broad temperature range were
analysed.

It is supposed the availability of such systems of pair electronic levels for all molecules having
feeble asymmetry, in particuléor fluorone dyes

This property can serve as one of the reasons e¢dgé excitation shifts (REES) effect, which one
is usually featured by properties of a solvent.

This work was supported by the RFBR (grarfOBE00687), the Presidium of Russian Aeaty of
Sciences (Research program No 24 AFundament al
nanomaterial so) and International Bureau of BI
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ANALYSIS OF P-SYSTEM STRUCTURE FOR BRANCHED
MACROMOLECULES ON TH E BASIS OF SPECTRORHOTOMETRY AND
LUMINESCENCE DATA

R.N. Nurmukhametdy A.V. Shapovalo¥

17 L.Ya. Karpov Physicochemical Institute, Moscow, Russia
27 A.N. Nesmeyanov Institute of Organoelement CompdRA&sMoscowRussa
Shapovalowalex@yandex.ru

Many organic compounds possessing bright fluorescence have found different applications as
phosphors, fluorescent probes, fluorescent additives and activators of plastic scintillators. The
molecules of such phosphors have ajggated system of-bonds with a rigid coplanar or chain

like structure. The aim of this work was to obtain and investigate the optical properties of brightly
fluorescing macromolecules with branched structure in which the branching points are 1,3,5
trisubstituted benzenégs.

UV-absorption and fluorescence spectra, quantum vyields and fluorescence lifetimes were
determined for the branched compounds of gmphenylene's type, some of which had been
obtained earlier [1]. The general structural formula of the investigatedpaunds was the
following (Fig. 1).

The absorption spectra of solutions and thin transpe
flms of these compoundshave been studied.
Spectrophotometric analysis of macromolecu@sh4-1
OPh6 based on the principle of conjugatic
interruption at themetasubstituted benzene ring, whic
had been previously set for lineaneta and para-
X polyphenyls [2], was also performed. This allowed us
identify the main chromophoric and fluorochrongioups
in the structure of branched macromoleculesiasshown
that the absorption spectra of the compounds studied v
superposition of the absorption bands of isola
chromophoric groupg3]. Obtained result allowed to

OPh4-1 m=2k=23;X =Br; Y = H; specify the number of unitsni the macromolecule
OPh4-2 m=2k=89X =154 Y = H; containing’ -conjugatedp-quaterphenyl fragment©@Ph4-
OFNS: m=3le =3 X =Brii =8O} 1 andOPh4-2) and to find out the differences of the me

OPh6 m = 4:k=3-4;X =Br: Y = B(OH),.

Fig. 1 absorption maxima of these compounds.

[1] Khotinal.A., LepnevL.S., Burenkova\.S., ValetskyP.M., VitukhnovskyA.G. Phenylene
dendrimers and novel hgpranched polyphenylenes as light emissive materials for blue OLEDs //

Journal of luminescenc2 0 0 4. V. 11i0238. " 4. P. 232
[2] SternE., Timmonss . El ectronic absorptioni$gpectMioscdadp
296 p.

[3] Nurmukhameto\R.N., Shapovalo\A.V., SergeeVA.M., KushakovaN.S., Khotinal.A.
Analysis of branched oligophenylene by absorption and fluorescence spelduand! of Applied
Spectroscopy2011. V.7 8 . 1. P.311 37.
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LUMINESCENCE AND ABS ORPTION OF ACRIDINE HYDROGEN
BONDED TO CARBOXYLIC ACIDS AND ALCOHOLS
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Protonation of acridine by strong acids results in a characteristic extensids absorption
spectrum, intensityncrease anghift to longer waves of its luminescence spectrum. A considerably
more challenging task today is elucidation of the structures of complexes of acridine hydrogen
bonded to weaker acids, when the formation yifrbgen bond complexes of acridine with proton
transferare unlikely, especially in nomolar solvents. The goal of studies was to inspect the
possibility to elucidate the geometry of hydrogemmded complexes formed by acridine using
features of its lumiescence and absorption spectra. Acridine ,(pK5.56) complexes with
trifluoroacetic acid (pK = 0.05), dichloroacetic acid (pK= 1.37), chloroacetic acid (pk= 2.65),

acetic acid (pK= 4.80), perfluorotertbutanol (pK= 7.05), hexafluoropropanol (pk= 9.75) and
ethanol (pK = 15.24) were investigated in solutions.

The most important preliminary result is that the positions of the luminescence maxima correlate
with the pkK, values of the proton donor§he stronger is the proton donor the strongehe long

wave shift of the luminescence as compared to free acridine. The shift is accompanied by a
progressive increase of the luminescence intensiys, both the intensity and the shift of the
luminescence of acridine upon hydrogen bonding can benpally used to estimate the geometry

of the forming bonds.

The difference in the luminescence maxima of complexes with different acetic acids concentrations
reflects the fact that the geometry of the corresponding hydrogen bonds are differ as well. This
observation might indicate that acridine acetic acid hydrogen bonded complexes of other
composition than 1:1 are formed. Such systems were described in [1]. The absorption spectrum of
acridine in ethanol resembles the absorption spectrum of acridoiehioromethane. The same is

true for the luminescence except a dramatical increase of its intensity. For the systems ofiacridine
hexafluoropropanol and acridirie perfluorotertbutanol in dichloromethane an increase of the
luminescence intensity is acopanied by a longvave shifts of the spectra (13 nm and 50 nm,
correspondingly).

Acridine hydrogen bonded to perfluorotertbutanol was investigated in different solvents. It was
supposed, that the formation of hydrogemded complexes occurs by differeanechanisms in
different solvents. In a low polar solvents (similar to dichloromethane, polarity is 3.1) complexes
with proton shared hydrogen bonds are formed in the darkness. In contrast, such complexes has not
been observed in ethanol (polarity 4.3) he tdarkness, although proton transfer can occur after
photo excitation. Probably in this case the formation of hydrdoperded complex between acridine

and perfluorotertbutanol requires overcoming an energy barrier to that expended energy of the
absorbed poton.

This work is supported by the GermRussian Interdisciplinary Science Center-RESC) funded
by the German Federal Foreign Office via the German Academic Exchange Service (DAAD).
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FTIR SPECTROSCOPY IN THE STUDIES OF SURFACE PHENOMENA
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The paper deals with the advances in the application of IR spectroscopy for the studies of
adsorption, mechanism of lateral interaction between the adsorbed molecules and linkage isomerism
in the adsorbed state.

Spectroscopy at low and variable temperatures enable us to broaden the number of test molecules
for surface sites and instead of ammonia, pyridine and nitriles, to use simple molecules that do not
adsorb at 300 K, such as CO, NO; td characterize acidic l@ctronaccepting) sites, while for

basic (electromdonating) centers lowemperature adsorption of weak CH prottonors like CHE

can be used. Quantitative measurements reveal a correlation between the frequency shifts and
absorption coefficients of addmed molecules.

The strength of surface sites is affected by lateral interactions between the adsorbed species, which
can be repulsive or attractive. Static interaction changes the energies of adsorption and shifts the
bands of test molecules. Dynamic iatetion accounts for the changes in the bandshape and half
width and for splitting of the bands. It manifests itself even in the spectra of symmetric molecules
weakly adsorbed on zeolites or amorphous adsorbents.

Some molecules, such as CO, reveal linksgenerism and form with the cations in Y or Z&MV
zeolites, besides the usualbBnded species, the energetically unfavorableo@ded complexes.
Besides the frequencies, different geometry of isomeric species leads to dissimilarity in the isotopic
shifts on *C or *¥0 substitution. The linkage isomerism can be explained by electrostatic model,
which also accounts for the absence of this phenomenon for oxidegewli¥es, where formation

of sideon complexes with surface anions or interaction with duéibeo® sites is preferable.
According to the model, isomerism is possible for halogenides or layered alumosilicates where
negative charge of anions is lower or is delocalized over the polyanionic layers, that was recently
confirmed by variable temperatuFIIR measurements. Surface isomeric states were established
for some other adsorbed species, such as cyanide iopr@iuced by HCN dissociation.
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SECTION 2.
ELECTRON AND ENERGY TRANSFER IN MOLECULAR SYSTEMS
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Photosensitive polymeric semiconductors may have a significant impact on the efficiency of solar
energy converters, electrophosphorescence-ggtitting devices and other applications. Cieat

of materials with high efficiency of generation and transport of charge carriamsptant
Polymer films based on photoconductive polymer doped with ionic polymethine dyes can be one of
the most promising materials.

Investigation of the role of iplet states of polymethine dyes in charge carriers photogeneration is
shown in this paper. The influence of the chemical nature of the dye was studied in the efficiency
development of electrehole pair in a matrix of poWN-epoxypropylcarbazole.

The reslis of studies of the decay kinetics of delayed luminescence of ion (cationic and anion) and
neutral polymethine dyes in polymer matrices with photoconductive anepmatoconductive
properties are given in this paper. Polymer films based polyvinylbutyal (PVB) and
photoconductive polN-epoxypropylcarbazole (PEPC) with additives of polymethine dyes were
prepared.

Photoexcitation of the samples was performed using a laseiDd@S3 74 QT (&= 532 nm
u J =7 kk). Delayed luminescence was obserfeedll polymethine dyes at the excitation in the
absorption band of dyes in polymer films. Delayed luminescence speatcdedwith the spectra

of fast fluorescence. Delayed fluorescence is related to the inverse interconversion of the lowest
triplet date T, to the singlet excited state.Simeresolved phosphorescence spectra were obtained

for polymerdye film with a heavy atom.

Poly-N-epoxypropylcarbazole films doped with dyes have recombination luminescence. The
intensity of recombination luminestee depends on the chemical nature of the dye. The highest
yield of charge pair is achieved by using cationic dye, which has energetically more favorable
arrangement of the HOM@@nergy level with respect to the HOMGenergy level of poly-N-
epoxypropylcarbaae. The Coulomb interaction between carbazole fragment and anionic fragment
of dye molecules plays an important role.

Measurement of the magnetic field effect on the delayed luminescence kinetics of dyes in the
polymer films showed that magnetic field has recorded influence (B =0.47 T) for all dyes in

the PVB polymer. The intensity of recombination luminescence of cationic dyes and neutral dyes in
PEPC decreases in external magnetic field. The maximum negative magnetic effect is 286%. It
observedfor the cationic dye, in the magnetic field 0.47 T. The magnetic effect ishased

nature. This is due to competition between the singlet and triplet channels the appearance charge
pair. The role of the singlet channel is enhanced in the presence afyadtem in sample. This is

due to the increase in the rate of tripbgtiglet transitions in the molecules of the dye.
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SINGLET - SINGLET ENERGY TRANS FER BETWEEN TRYPTOPH ANYL
RESIDUE OF HUMAN SERUM ALBUMIN AND EOSIN
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We have studied the singlsinglet errgy transfer of electronic excitation from tryptophanyl
residue of human serum albumin (HSA) to the eosin molecule noncovalently bound to the protein.
Measurements were carried out both on the initial system which contaid&@°¥5(1 mg/ml)
solution ofHSA in the pH 7.4 phosphate buffer with the addition of eosin in the total concentration
of 480°M and the solutions obtained by sequential dilution of initial system with the phosphate
buffer. Excitation of the donor of enerdy tryptophanyl residué was performed within its
absorption band at 280 nm.

The energy transfer was revealed from the quenching of HAS intrinsic (mainly originated from
tryptophan) fluorescence at 360 nm after the introduction of eosin into the albumin solution. When
introduced imo the watemprotein system eosin concentrated in protein globules, which was
indicated by a longvavelength shift of the dye absorption band and a relative increase in its dimer
content in comparison with the aqueous solution of eosin. Analogous shifthatlongwave
region, upon transfer from water to albumin solution, underwent the maximum of eosin
fluorescence spectrum with 480 nm excitation.

During the dilution of initial solution (wateproteindye) by the buffer the absorption band of dye
somewhathifted to the shonvave region, which might be indicative of an increase of the fraction

of total eosin in the aqueous phase (eosin partition ratio did not change under dilution, but the
water/protein volume ratio grew). This assumption is also confirbyea shoriwvave shift of eosin
luminescence band during the dilution of initial system.

We also compared the sensitivity of singdatglet and tripletriplet [1] energy transfer to structural
rearrangements in albumin globule caused by the additisadifim dodecylsulfate in solution.

The obtained results suggest that the effectiveness of ssigtget energy transfer between the
tryptophanyl residue of HSA and the eosin molecule noncovalently bound to the protein depends on
the distribution of thedye between aqueous macrophase and protein +pl@se, which
distribution may change during the significant dilution of blood serum (plasma) specimen with
added dye.

According to the theory of the singlsti ng | et resonance enesteggndtr an
taking into account the nonuniform distribution of the molecules of acceptor we estimated the
critical di stance of transfer (the F°rster di
donor of energy and eosin as an acceptor and obtaheevaluegd 9 N 2 . Thi s
distance of transfer attests to the fact that eosin in HSA globule is localized in the nonpolar vicinity

of tryptophanyl residue.

1. A. G. Mel 6ni kov, A. M. SB IPevds,kl$. i Kurchatov lad G.\Ko c h u |
Me | 6 n i Tkiglet-triplet energy transfer between luminescent probes bound to albumins
Optics and Spectroscopfolume 109, Number 2 (2010), 1882
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PHOTOPROCESSES IN SWTHETIC AND NATURAL SENSITIZERS

[.V. Sokolovg O.N. TchaikovskayaG.V. Mayer N.G. BryantsevaN.O. VershininL.V. Nechaev

Tomsk State University, Russia
sokolova@phys.tsu.ru

Sensitiers are used in different fields of science and technology, but their choice is mostly random.
Many natural substances exhibit photosensitizing properties. The electronic processes in organic
substrates using light activation of photosensitizer are oéasing interest. Sensitizers have been
widely employed for many purposes, and the development of the understanding of their
photophysics and photochemistry is still in progress. The study of the dependence of spectral and
luminescent properties of orgaréompounds on their structure makes the search for new efficient
sensitizers more purposeful.

Purpose of present work a study of photophysical, photochemical properties and molecular
interactions of synthetic and natural sensitizers. Psoralens (furodogjraxre substances exhibiting
photosensitizing properties in the UV radiation range-820 nm. The combined action of
psoralens and UV radiation on skin or blood components (photopheresis) is used to treat many skin
diseases and autoimmune disorders Ttle particular photophysical and photochemical processes
relevant to phototherapy are still under study. In this work, we performed quahemical
calculations and experimental study on the molecules of psoralen, its isomers, methoxy and other
coumarin derivatives in order to reveal the specifics of the electronic structure and to study
photophysical processes occurring in systems after absorption of a quantum ddightes of
photophysical processes were analysed and detailed. Effects of isormaadsmethoxysubstitution

on the energy level diagram are demonstrated. The rate constants of intersystem and internal
conversions are calculated. We obtained rather high intersystem conversion constant that influences
on the fluorescent yield of psoraleris.addition, he reactive species, such as singlet oxygen and
hydroxyl radicals produced by irradiation of various psoralens were charactdrimetluorescence
efficiency of investigated coumarins is rather small and highly dependent on the polarity and
hydrogenbonding capabilities of solvents.

Humic substances representing the main fraction of organic matter receive increased attention
because their reactivity as light absorbers. Depending on their origin, humic acids have a
remarkable ability to absorlight and transfer this energy to other substrates and in some cases
strongly affect photolysis of xenobiotics [2]. In water and in soils humic acids have been found to
act as photosensitisers and they have also been reported to produce oxygen spedieslighon,

and be able to photoinduce the transformation of ecotoxicants. In the report the results of
investigations of molecular interaction®f humic acids in water with phenols and
chlorophenoxyacetic acids are considered. The results in a flastorefar photodegradation of
ecotoxicants are presented. A specific feature of the reactor is the use of three excilamps [3] with
different radiat on wavel engths (& = 172 nm, & = 222 n
comparative analysis of the direct and indirect photolysis.

The work is supported b@rant of the President of the Russian Federation for Support of Leading
Schools (project NAONSh512.2012.2).

1. JJ. Serran®erez, R. Gonzalezugue, M. Merchan, L. Serraprdndres J. Photochem.
Photobiol. A: Chem2008, V. 199, P. 341.

2. 0. Tchaikovskaya, I. Sokolova, G.V. Mayé, Karetnikova, E. Lipatnikova, S. Kuzmina, D.
VolostnovLuminesceng, 2011, V. 26, P. 156.61.

3. Sosnin E.A., Sokolova I.V., Tarasenko V.F., In BoBkiotochemistry Research Progrgg&sis
by A. Sanchez, S.J. Gutierrek)ova Science Publishers, 20@25 269.
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ABSORPTION SPECTROSQOPY OF CHARGE-TRANSFER COMPLEXES
BETWEEN A CONJUGATED POLYMER A ND LOW-MOLECULAR -
WEIGHT ACCEPTOR

A.Yu. SosoreyG.S. Kashtang\s.A. ZapunidyD.Yu. Paraschuk

M.V. Lomonosov State University, Moscow, Russia
andrewasoo@yandex.ru

Donor-acceptor blends of conjugated polymers (CP) with-foalecular acceptors are the heart of
organic solar cells. The interface between donor and acceptor phases plays here an important role,
as it governs the processes of extittissociation into free charges and charge recombination. It
was noticed earlier that in some of the blends chtragesfer complexes (CTC) are formed between
donor and acceptor molecules in the ground electron state. CTC formation alters blend
photophysts, as it can widen absorption spectrum, facilitates exciton dissociation, enhances
photostability and affects conformation of the polymer molecules and blend morphdpgy
However, CTC formation between a CP and{owlecular acceptor is not well studied.

Here, we present the information about CTC formation in the solutions of CP-a@oceptor blends

that can be extraetl from the absorption spectroscopy data. We used blends of the model CP
MEH-PPV with different fluorene acceptors and two acceptors with different molecular skeleton
(TCNQ and DNAQ). We have found that in most of the blends, additional absorption bastsapp

as a result of CTC formation. Interestingly, spectra of the blends with fluorene acceptors are almost
similar, while electron affinity differs by c.a. 0.5 eV. At the same time, spectra of the CP blends
with DNAQ and TCNQ have qualitatively differenbhape. It indicates that the shape of the CTC
spectra depends rather on the geometry of the molecular skeleton, than on the electron affinity or
substituents of the acceptor molecule.

We paid special attention to the spectral changes with acceptor cotioaen{z) increase. We
have found that the in the solution, the spectra can be considered as a superposition of the non
shifted polymer and CTC spectra, while in the film, polymer spectrum is shifted witic@ase.
Interestingly, that polymer peak ¢fte f i | m spectra fAsqueezeso at s

Considering that optical properties of the single CTC do not depend on acceptor concentration, we
can obtain the dependence of CTC concentratignd)®n G. For most of the fluorene acceptors,

this dependence has a threshold character, in correspondence with studies-®#PMENF blend

[2]. As we have shown earlier, this threshiké behavior can be explaed by the presence of the
neighbor effect during CP complexation. It means, that new CTCs are formed preferentially near
the existing ones. We have also suggested before the original statistical model of the neighbor
effect, which has three parameters, the energy of isolated CTC formation; E, the energy gain in
the case of two neighboring CTC formation; and n, the CTC stoichiometry. In the current study, we
applied this model to the analysis of absorption data on the fluorene series. It was foufd that
differs in about two times, while E values are equal in the error limits. In contrast to the fluorene
series, in the blends of MERPV with DNAQ and TCNQ, the &c(C,) dependence is almost
linear, indicating weak neighbor effect. We conclude thereffosé the magnitude of the neighbor
effect in CP complexation also depends rather on the molecular skeleton than on the electron
affinity or substituents of the acceptor molecule.

So, we argue that a simple method of absorption spectroscopy applied ttutfens and films of
CP blends can provide rich information about CTC formation.

1.Bakulin A.A., et al., Weak chargeansfer complexes based on conjugated polymers for plastic solar cells.
Synthetic Metals, 2004. 147Q): p. 221 225.

2. Parashchuk, O.D V.V. Bruevich, and D.Y. Paraschuk, Association function of conjugated polymer
chargetransfer complex. Phys. Chem. Chéthys., 2010. 12(23): p. 6024026.
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ENERGY MIGRATION IN NANOPARTICLES FROM L N(I) 7
ORGANIC COMPLEXES TO DYES INCORPORATED IN THEM

E.B. SveshnikovaV.L. Ermolaey L.Yu. Mironov, S.S. Dudar

National Research Wiversityof Information Technologies, Mechanics and Optiis Petersburg, Russia
v-I-ermolaev@yandex.ru

The met hod of dopant fluorescence sensitizat.i
for the enhancement of sensitivity of luminescent analysis and for creature of brightly luminescent
markers in biology analysign 2008we found that under seff or mat i on of NPOs of
diketonate complexes in aqueous solutia@lyg molecules are captureflom the solutionand
sensitizatiorof their fluorescencedofluorescence) takes plafgd. The constructi on
demands understanding of the relation between the length of singlet exciton diffusiorL pathd

thesizeD) of NPOs. | Lfiv avraisa tsiha@mmw,n d & wDdfecamplbxes frdne@Clr e a s
ns to 3 ps doesnét influence makl edolfy doyne ss & m:
with D~10-30 nm. Consequently, values are comparable withas i n NP&s from c

light and heavy ions. The substitution of La(lll) or Lu(lll) by Ln(lll) ions absorbing in the region of
compl ex fluorescence magfcomplexesiaralineorpdrated ypser de c1

The effect of absorbing ions dgyq of coumarin 30 (C30) anchodamine 6G (R6G) was examined
i n NP6 s f r o 4phenL (wifef@ hLBIT Ad, Pr, Er, Eu, Sm, Yb, PhBTA p-
phenylbenzoyltrifluoroacetone) at different dye concentrations. To estimate the influemgg on
val ues of onl gyof conpkexesiupe their mteraction with Nd(I11), Pr(ll1), Er(lll) it

is necessary to excludess di mi nuti on wunder t hese ions inte
possibility to separate reliably these two processes gives examination of cofluorescence and
fluorescence oC3 0 i n NPO6s. The comparison of the de
spectr a sensitized and usual fluorescence o]

LUu(PhBTAgp hen compl exes has shown that C30 mol ecu
up to dye concentratioin 1eM. There is no concentration quenching of C30 fluorescence in such
systems so as C30 comes into NPOs ;@30c¢commeres.y as
After exclusion of absorbing ion influence on intensity of own C30réscence we found ~ tenfold
decrease ofdyhsnas a r esul tgqooff cdoencprleecaxsees oifn INP&6s from
in comparison with NPG6s from compl exes gofonabs
complexes to ~0.1 ps maked < D o f NP6s and | eads to di minu
contribution into dyelcn value. However the observed dependence of fluorescence excitation
spectra of C30 on the relation of C30 and complex concentrations gives strong evidengce $at S

enery mi gration occurs even in NP6s from gdgompl e
SSener gy mi gr*act iaodnjump 8me @& shbrer than 8. A clear knowledge of
mi gration | aws in NPO&6s helps to choose such

concentrations in solutions. It is essential that this work demonstratevdaly of elimination of
fluorescence concentration quenching of a set
be bright markers for biology.

[1] V.L. Ermolaev, E.B. Sveshnikova, L.Yu. Mironov. Nanotechnologies in Russia. 2012. V. 7. No
3-4. P.110i 116 (and references in.it

41



Orals Photochemical processes in heterogeneous systems and heterogeneous photo

SECTION 4. PHOTOCHEMICAL PROCESSES IN HETEROGENEQOUS
SYSTEMS AND HETEROGENEOUS PHOTOCATALYSIS

ETHANOL VAPOR PHOTOC ATALYTIC OXIDATION W ITH URANYL
MODIFIED SILICA, ALU MINA AND TITANIA UND ER VISIBLE LIGHT

T.N. FilippoV!, P.A. Kolinkd, D.V. KozloV

17 Novosibirsk State University, Russia
21 G.K.Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia
tihon_filippov@mail.ru

Today the problem of environmih pollution is very actual. A lot of industrial companies,
development of poultry and livestock farming, a high level of human mobility result in that people
are exposed to variety of toxic species and harmful microorganisms.

As a result a universal aipurifying methods are of interest. The most promising one is
photocatalysis. Titanium dioxide is wddhown photocatalyst because it is inexpensive, chemically

and photochemically stable and could provide photocatalytic oxidation of almost any organic
speces. Carbon dioxide and water are the ultimate products of photooxidation. Unfortunately, TiO
works only in the neaultravioletregion( <380 nm) , whi ch takes about
At the same time visible light occupies about 43% of sun irradiation. This is the reason of
increasing interest to visible light photocatalysis.

Earlier it was found that uranyl ions in water canskasitize by visible light [1] but the gas phase
photocatalytic oxidation of organic species with uramgdified photocatalysts was not
investigated.

In the current work photocatalyst samples were synthesized by incipient wetness impnegnatio
method with the use of TKD -AbOs; and SiQ as support. The UENOs), content was varied from
0.2 to 10 wt.%.

The activity of catalysts was measured in the reaction of ethanol vapor oxidation in the static reactor
atroom temperaturelhe high pressurge-lamp was used as the light source. The visible regions of
the spectrum (& > 420 nm) w a s -11c Hthhaoof, dcetaddehyde t h ¢
and CQ gas concentration were measured with gas chromatograph equipped with FID.

Results of invetigation demonstrated that:

1) Acetaldehyde was registered as the intermediate andaSQhe final products of HsOH
photooxidation;

2) Although TiQQwas not active under visible Iight (&>
for uranyl nitrate ad demonstrated highest photooxidation rate up to 470 nm incident light
wavelength.

Further research of action spectra and FTIR (Fourier transform infrared spectroscopy) in situ
mechanistic investigations should be conducted to reveal the role of uraciglsspe

[1]. E. Rabinowitch, R.L. BelfordSpectroscopy and Photochemistry of Uranyl Compounds
Pergamon, London (1964)
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SELF-SENSITIZATION OF PHO TOCATALYTIC PROPERTI ES
OF WIDE -BANDGAP OXIDES USING INTRINSIC POINT DEFE CTS

A.A. Lisachenko

V.A. Fock Institut of Physics, SRetersburg State University, Russia
lisachen@photonics.phys.spbu.ru

In 1930ties professor A.Nerenin had discovered the pheatotivated dissociation of NH
molecules adsorbed on nominally pure@J under U\irradiation in sukbandgap oxide region.
Terenin has supposed that light absorption was due to defects in crystal structure. Since then the
program of experimental stdyy-step investigations of interrelateguantum photestimulated

surface processes in elemtic and atomic subsystenssdeveloped in his laboratory in the Institute

of Physics of Leningrad (SPetersburg) University.

While the excitations under intdand absorption are delocalized, the excitations in the sub
bandgap region are localized, esfralselective and siteensitive. The irradiation disturbs the
equilibrium distribution of point electron/hole donor/acceptor defects over charge states, thus
transferring system into a metastable state. There are slow relaxation channels with taracter
times exceeding f0s. Such long livingime of excited states provides a high efficiency of photo
activation. It is shown that chemical processes successively compete with radiative and
thermoactivated channels of electron subsystem deexcitation.

In our report the interplayed physical and chemical processes on irradiated oxide surface are
analysed in the framework of asBep model: 1Fast initial electronic excitation; Energy or
charge transfer, energy relaxation channel§gemical bonds beking/making.

The detailed experimental investigations of mechanisms of interredptstral selective and site
sensitiveprocesses in electronic and atomic subsystems o#V/IVilluminated surface of wide
bandgap oxides are presented [1,2].

It is shownthat the most active in photoadsorption/desorption and in photochemical processes are
point defects of Rype (0xygen vacancy empty or 1 or 2 electrons localizeaihd \-type (cation
vacancyi 1 or 2 holes localizedivhich are responsible for photon alygtown in the sukbandgap
region.The key parameters of the surface active centers are follow:

I the absorption region and the nature of the optical transition;

i the positions of local levels in the electron energy structure;

i the pathways of electronicergy deexcitation;

i the values of cross sections of the interaction with molecular reactants.

The in situ investigations are carried out in three phasesi agsorbatsurface. A variety of
complementaryn situ experimental methods were used:

I massspedrometry (gas phase monitoring, Therniesorbtion Spectroscopy),

i optical (Diff. Reflectance spectroscopy, phaaod thermestimulated luminescence),

T ESR spectroscopy,

i UV-photoelectron spectroscopy.

The applied aspects are exemplified by photoindungeraction of air pollutantdOx with mineral
dust aerosols, optical degradation of spacecraft thermal control coatings (3&fitizing of
TiO,.x photocatalysts to visible lightradiation.

This work was supported by RFBR under granD3®D0795a.

References.
1. AA. Lisachenko. Journal of Photochemistry and Photobiology A: Chemistry, (2008), v.196, gp371.27
2. AA. Lisachenko. Physica B: Condensed Matter, Volume 404, Issu24, 2809, P. 4842845
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PHOTOINDUCED OXYGEN ISOTOPE EXCHANGE
ON NANOSTRUCTURED METAL O XIDES

R.V. Mikhaylov, V.V. Titov, L.L. Basoy A.A. Lisachenko

Department of Physics, SRetersburg State University, Russia
lisachen@photonics.phypbu.ru

The understanding of the interaction between photoactivated metal oxides and oxygen is of great
importance since oxides are widely used as photocatalysts [1]. Photoactivation of adsorbed (or
lattice) oxygen species is an essential step in phtatlyti@ oxidation reactions. The two main
forms of photoactivated surface oxygen are atomiar@ molecular @ species.

The aim of this work was to investigate oxygen photoadsorption (PA) and photodesorption (PD), as
well as photoinduced oxygen isotopiomo (*°Op(gas) + ¥02gas) 2 20™0(gas) and hetere
(*®Osurty + ®0n(gasy Y °0"0gas) + ®Owurp) e€xchange (POIE) on wideandgap oxides. Mass
spectrometric kinetic measurements and thepnagrammed desorption (TPD) were used in this
work. The stup and techniques are described elsewhere [2].

TiOox. Two kinds of sampl e treat ment were wused
annealing TiQ at 820 K in 0.5 Torr @for 30 min and subsequent cooling down to 470 K in
oxygen and further down to éhroom temperature in ultlai gh vacuum (UHV) . T

samples were obtained by annealing at 870 K in UHV for 30 min.

It was found by TPD that Ospecies is formed on reduced samples upon exposurg tehide no
adsorption was detected on the oxedl samples.

The irradiation of TiQ in UHV was found to cause oxygen desorption with vacancy formation. In
contrast, the UV or VIS irradiation of Tgdn O, results in vacancy healing, formation of atomic
oxygen species and homand heteroexchange viag@termediate complexes. Spectral and kinetic
features of POIE were determined. The mechanism proposed is in complete accordance with those
features.

O, photoadsorption, photodesorption and POIE were also revealed on ZnO, moreover dissociative
PA of H, and methane were found. The activation spectra of these processes extend te the sub
bandgap region and quantum yields of these processes reach 0.2. Similarly,téofiggving
photoinduced anions'Q.care considered to be responsible for POIE apci@ methane PA on

Zn0.

The formation of such photoinduced centers is a typical for \Wwalelgap oxides (Zrf) Al,Os,
Lax0s, GaOs, Se0s, MgO). The results obtained for g2 suggest the appearance of two types of
O'swuctcenters and, as a consequema®, species of adsorbed oxygen with the desorption activation
barriers of 36.5 and 125 KJ/mol. The photoinduced centers can survive multiple
adsorption/desorption cycles.

This work was supported by RFBR under gran0@9D0795a.
References.
1. U. Diebod. Surface Science Reppxtol. 48, 2003, p. 5230.

2. Lisachenko, A. A.; Kuznetsov, V. N.; Zakharov, M. N.; Mikhailov, R. V. Kinet. Catal. 2004, 45,
189.
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KINETICS OF CONTAMIN ANT ORGANIC FILM REM OVAL
FROM PHOTOCATALYTIC SELF-CLEANING SURFACES

D.F. Ollis

North Carolina State University, Chemical and Biomolecular Engineering, Raleigh, USA
ollis@ncsu.edu

Photocatalytic titanicontaining, powders and nanomaterials have been ingatpd into office
window glass, ceramic tiles, cemigintus building materials, and road paving blocks (1,2), among
other possibilities,toyieldas ol i d sur f aced evamii g 6a rweh efhs eslufb j e
illumination, because they can oxidatively remove deposited organic contaminants. WHile kine
rate laws for destruction of air and water contaminants have been widely studied, t$tadess
kinetics of organic contaminant film removal present distinctive challenges, leading frequently to
kinetic disguises and the requirement for carefullysms to obtain fundamental kinetic rate
constants.

We discuss kinetic models for the following organic film configurations:

nortporous catalyst, continuous organic film deposit

porous surface continuous organic film deposited within catalyst

nortporous suface, discontinuous film (island) deposits

organic dye deposits on ngumorous surface

organic dye deposits within porous catalyst

organic soot deposits on ngorous catalyst surface

oohwNE

With simple models which account for contaminant surface coverageligim absorption by
catalyst or contaminant, we demonstrate model results which fit a considerable set of data from
multiple laboratories and rationalize the following observed reaction orders:

Catalyst Organic film Reaction kinetic order

Porous? Continuous? Intrinsic(true) order Apparent (observed) order
NO YES 1(submonolayer) 1

NO YES O(multilayers) 0

NO NO O(islands) Otol

YES YES 1(submonolayer) 2

YES YES O(multilayer) 1

These circumstances include deposits of-wolatile hydrocarbons (e.g., stearic acid), colored
contaminants (organic dyes), and environmental particulates (soot). They demonstrate that a
reliable understanding of organic film removal kinetics requires knowledge of film thickness
(submonolayer vs. ntii-layers), location (on or within porous catalyst), state of dispersions
(continuous layers vs. islands), and size distribution of initial (island) deposits, if present. We also
demonstrate that these models of disguised kinetics may be used to rdmowalues of the
intrinsic(true) rate constants.

(1)Auguliaro, et al (eds), Clean by Light Irradiation: Practical Applications of Supported TiO2,
RSC Publishing, Cambridge, UK, 2010.

(2)0Ohama, Y. and van Gemert, D (eds), Application of Titanium DioXRtetocatalysis to
Construction Materials, Springer, Dordrecht, 2011.
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PHOTOCATALYTIC ACTIV ITY OF NANOSTRUCTURE D CATION -
ORDERED LAYERED PEROVSKITE -TYPE TITANATES AND
TANTALATES IN PROCES S OF WATER SPLITTING

I.A. Rodionoy O.l. Silywkov, I.A. Zvereva

Department ofChemistry St-Petersburg State University, Russia
irina.zvereva@spbu.ru

The presentation focuses on the structural design and catalytic properties of materials based on
perovskie-type layered oxides. Photocatalytic properties are discussed in comparisaoelatitre

binary oxides and oxides with 3D perovskite structlifee reactions of photocatalytic degradation

of dyes and water splitting are considered as example. Theremashaattention to the application

of TiO, as a catalyst in various photochemical processes (water splitting or decomposition of
organic chemicals in wastewater).

In last decade one of the main directions of the searching of novel photocatalysts islyhef st
catalytic activity of perovskit¢ype layered oxides with 3d, 4d, band 4felements. The structure

and electronic properties of layered phases should strongly influence on the dhetéron
recombination process and the nature of interlayeredespdse of layered materials of complex
cationic content is especially promissing because of the possibility of modifying the chemical
composition as well as microstructure by means ofemchange or intercalation, which is useful

for designing photocatasys based on semiconducting metal oxide sheets.

The current report presents results of the development of the photocatalytic systems based on
nanostructured catieardered layered oxides and investigation of their catalytic activity in the
reactions of moel organic water contaminants degradation and photocatalytic water splitigieg

the UV-light irradiation.

In our work we consider the wide range of oxides which belong to layered peretygiate
structures (Ruddlesddpopper, DiorJacobson and Aurivilis phases with various thickness of
perovskite slabs) on the base of our experimental dataain attention will be devoted to series
A2LNn,Tis010 and ALNTaO; (A= Li, Na, K, Rb, Cs) which exhibit @omplete ordering of Aand
Ln** cations inside the rocgalt layers owing to essential differences in chakgmy data on band
gap energy, quantitative characteristics of water intercalation in layered structure &xdhange
reactions in the water medium are reportéa. the base of these sets of data lthke between
structural particularities and catalytic activity will be discusdddexpected high photocatalytic
activity of some members of the series under investigai@anbe clear from point @ prominent
role of thewater intercalation into the indayer space of the crystal structure.

This work has been supported by tREBR (Grant12-03-0076]) and SainPetersburg State
University (Research grant 12.0.105.2010).
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MECHANISMS OF RADICA L INTERMEDIATES FORM ATION
IN PHOTOSTIMULATED P ROCESSES ON OXIDESURFACES

A.M. Volodin, S.E. Malykhin A.F. Bedilo
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Radicals and iomadicals are possible intermediates many photochemical and photocatalytic
reactions taking place on the surface of heterogeneous materials. In the current study we
investigated by Ain situo EPR and quantum che
resulting in the formation afuch intermediates after illumination with photon energies lower than
the band gap of the solids. It was shown that on partially hydroxylated surface of a#aline

metal oxides such light absorption is caused by the presence of specific surfacexesmple
consisting of the surface Ieaoordinated atoms and chemisorbed water.

h3
[OHé M¢*-0%é H*].c —»[OHé MG-0¢é Hic* —»[OHE M¢F"-OTc + H

The formed holes [0 M ¢*-O7],c are electrically neutral and can be attributed tg: @adical
anions detected by EPR. Formally, the formation of such eled&baient sites (holes) can be
described as stabilization of a neutr@H radical on a lowcoordinated surface structure
[Mg?*-O?].c. Electronrich sites can be formed in the same process by #®§].c interaction
with a neutrafH radical.

This orignal mechanism for the generation of i@dicals on the MgO surface under illumination

[1] does not include the charge separation. Instead, it involves separation of neutral radicals (see
Figure) resulting from homolytic photodissociation of chemisorbatkmw In this presentation we

shall discuss the thermodynamic aspects of such processes and possibility of their occurrence on the
surface of oxide semiconductors (%i@nO).

The study was supported by RFBR (GranOB@0691).

[1] S.E. Malykhin, A.M. \blodin, A.F. Bedilo, G. M. Zhidomirov, J. PhyS8hem. C,113(2009)
10350 10353.

47



Orals Photochemical processes in heterogeneous systems and heterogeneous photo

T102-MXOY HETEROSTRUCTRUE D PHOTOCATALYSTS.
PREPARATION AND PHOT OCATALYTIC STUDIES

X. Zhang J. Yang C. Wang H. Liu, Y. Liu

Northeast Normal University, China
xtzhang@nenu.edu.cn

TiO, is the most investigated photocatalyst over the past decades in the field of environmental
cleanup including purification of indoor and outdoor air, s&fnirg, bactericidal, as well as water
purification.? Various approaches have been examined to extend the spectral responsgtof TiO
the visible spectrum in order to utilize solar irradiation better. We, however, focus herein on
enhancing the photstimuated charge separation of anatase;Nfa forming heterostructure with
other oxide materials, including SpOWGQO;, rutile TiO, and TiGQ (B), so as to obtain higher
photocatalytic performand&? The motivation of our work is encouraged by the fact Swar

light actually contains a considerable amount of ultraviolet photosrtWV cm?) dependent on
weather condition in urban area) and the recent development in low ceEEDVhas made it
possible to have lowost, high output and miniatured UV lighburces in the near future. We are
also interested in identifying the factors that influence the photocatalytic performance of
heteostructure systems. One example of the research W@ composite porous microsphere
photocatalysts prepared by the attonic spray pyrolysis method. We observed faster photocatalytic
decomposition of acetaldehyde for three sample compositions;-ZBEOWO; (TW-2), TiO,-
4%WG0; (TW-4) and TiQ-10%WG; (TW-10), than TiQ (TW-0) only. However, only the T2
sample was better tharistine TiQ (TW-0) in both CQ production and acetaldehyde degradation.
Under UV illumination, TW4 and TW10 samples both showed apparent photochromic behavior in
methanol solution (5% v/v), evidenced the electron accumulation ip Mi&se, whereas T\® and

TW-0 showed negligible color change. These results suggest that the amoung oepdSited in

TiO, microsphere is a critical factor that influences charge acceptance and accumulation. in WO
Correlation of photochromic behavior with photocatalgativity of TW samples thus suggests that
charge accumulation in Ti¥based photocatalysts is not good for the complete mineralization of
organic pollutants.

Acknowledgements.The work was supported by NSFC (Grants No. 51072@82)Program for
New Centuy Excellent Talents in UniversitfiNECT-10-0320).

References

[1] A. Fujishima, X. Zhang, D. A. Tryk, Surf. Sci. Re3008 (63) 51582.

[2] A. Fujishima, X. Zhang, C. R. Chim. 2006 (9) 7#60.

[3] C. Wang, X. Zhang, Y. Zhang, Y. Jia, J. Yang, P. SunLiM, J. Phys. Chem. C 2011 (115)
2227622285.

[4] J. Yang, X. Zhang, C. Wang, H. Liu, S. Liu, P. Sun, L. Wang, Y. Liu, Catal. Today 2012, in
press

48



Orals Photonics of model biologal systems and biological molecu

SECTION 5. PHOTONICS OF MODEL BIOLOGICAL SYSTEMS
AND BIOLOGICAL MOLECULES

PHOTOOXIDATION OF TE TRAHYDROB IOPTERIN UPON
UV-IRRADIATION: POSSIBL E PATHWAYS AND MECHA NISMS

A.A. Buglak T.A. Telegina T.A. Lyudnikovg Y.L. VechtomovaM.S. Kritsky

A.N.Bach Institute of Biochemistry RAS, Moscow, Russia
andreybuglak@gmail.com

Tetrahydrobiopterin (EBp) is known to serve as a cofactor for several enzymes such as aromatic
amino acid hydroxylases (including phenylalanthbydroxylase which is involved in
melanogenesis), nitric oxide synthases, glycetliler monooxygenase. Cyanopterin, which is a
glycosylated form of kBp, acts as a chromophore in photoreceptors of some cyanobacteria. Pterins
absorb ultraviolet, including UM photons, and in addition tdweir functions in photoreceptors
they are unspecific molecular targets of {Adiation in organism. In this context, we investigated
photooxidation of HBp and examined the mechanisms involved in this process.

Irradiation of pterin solutions was performieg using highpressure mercuryapor lamp withUFS

6 filter (transmission range from 290 to 400 nm) or Xenon arc lamp as a source of 300 nm or 350
nm monochromatic light. Identification of the reaction products was based on HPLC separation,
using photomeic, fluorometric and amperometric detection of eluted compounds in combination
with the analysis of their absorption and fluorescence spectra. To study the mechanigBp of H
photooxidation we also performed quantehemical calculations using Density Ftinoal Theory

(DFT) method.

After 60 seconds of 350 nm irradiation oxidation B accelerated, leading to dihydrobiopterin
formation. At the same time concentration of biopterin (Bp) coincidentally increased. Addition of
Bp to the initial HBp solution dramatically increased the rate ofiBp oxidation. Thus, the
presence of excited Bp enhancegBH oxidation. By using the DFT method we have found that
photosensitization of £proceeds through energy transfer friBp and results in formation d0,,

and does not involve electron transfer and formation of superexiden radical. Basing on
calculations of Gibbs free energy of reactions betwegBpHderivatives and reactive oxygen
species (ROS) we proposed a mechanismyBipHbhotooxidation

Under 350 nm mnochromatic irradiation, the quantum yield ofB# photooxidation reaction was
1.5N0.6. This high quantum vyield value promptes to suggest that photooxidation ofB# is a
chain process. The quantum chemical calculations support this hypothiessknown that
autooxidation of HBp in absence of irradiation is a radical chain proc&¥s. believe that
photoreactions supplement thegBih autooxidatiorand also proceed as radical chain process.

Our results show that there are at least two pathways thiatipate in HBp photooxidation: 1)
direct H4Bp photooxidation; 2) reactions of,Bp with ROS which depend oD, generated by
oxidized pterins.

Our data may shed light on causes of melanogenesis disorder such as vitiligo pathology, and also on
the role ofpterins in photoreception.

Supported by the Program of Basic Research
Sciences and Russian Foundation for Basic Research. Graid-01007a.
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EVIDENCE OF DNA MELT ING
IN BRILLOUIN LIGHT S CATTERING SPECTRA

A.V. Dmitriev?, A.l. Fedoseey G.A. Zakharo¥, S.G. Lushnikof; E.V. Savvateew®opova
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During the last decade researchers actively studied phase transformations of DNA, proteins, and
other biopolyners that can lead to changes in activity and functions. Phase transformations of
biopolymers mean changes in the spatial structure of a macromolecule under the actiomalf exte
factors (temperature, pressure, etc.). One of the least studied problemmw ithéh vibrational
spectrum of a macromolecule behaves when its spatial structure changes or, in other words,
dynamics of a macromolecule at phase tramsédion. Our work was aimed at studying toev-
frequency (frequency range from 1 to 1000 GHz) dynaroidDNA at melting. It is known that the
low-frequency dynamics of bpolymers typically reflects local conformational changes, i.e., hops

of atoms from one configuration to another and collective excitations. Dynamics of biopolymers in
this frequency rage has many common features with the dynamics of glasses, supercooled liquids,
and other condensed media. One of the most promising techniques that giabkevialormation

on the lowfrequency dynamics of biopolymers is Brillouin light scattg [1,2].

We employed this techniques to investigate the-flmguency DNA dynamics at its melting. The
sample was a DNA solution in a sodityphosphate buffer (pH = 7.5). The DNA sample 120
nucleotides in length was obtained from a genome DNA of drosophila byyagrase chain
reection.

Experiments were carried out in a ¥8&attering geometry by a thrpass piezescanned Fabry

Perrot interferometer The | i ght source was an ar gobects aser
of measurements were solutions with a DNA con@tietn of 100 mcg/rh the temperature range

was 20 90Au .

It has been shown that the hypersound velocity exhibits an anomdlg negion of the theorietl
melting temperature. At this temperature, an anomaly in damping of hypersonic waves is also
observed.

1) S. A. Lee, S. M. Lindsay, J.W. Powell, T. Weidlich, N. J. Tao, G. D. LeBa&polymers, Vol.
26, 16371665 (1987).
2) A. V. Svanidze, S. G. Lushnikov, S. Kojima. Pis'ma v ZhETF, Vol. 90, iss.-8982009).
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MODIFICATION OF PHOT ONICS OF INDOLE CHRO MOPHORE
BY HALOGENATED ORGAN IC COMPOUNDS

V.V. Gurinovich, P.A. Vorobey, S.V.Pinchuk, A.V. Vorobey
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Photophysical processes and photochemical reactions of tryptophan and tryptophan residues of
proteins, in aqueous solutions and isolated erythrocyte membranes, in the presence ohtealoge
organic compounds (HOC) chloroform, trichloroethanol and sodium trichloroacetate has been
investigated.

It was found that HOC (in millimole concentrations) significantly modify photonics ofindMiced

( & =302 i) degradation of tryptophan inwidn. There has been an increase in the quantum
yield of photodegradation, and the formation of photoproducts which are different from products of
UV-induced degradation of tryptophan in the absence of HOC. The observed effects are due to
electron transfefrom the excited tryptophan molecule to the HOC molecule, with the formation of

a free radical of onelectron reduction of HOC and an unidentified product of the photochemical
degradation of tryptophan. Electron transfer occurs from the singlet estatedof amino acid by a
tunneling mechanism. Similar photophysical processes and photochemical reactions occur upon
irradiation of tryptophaftontaining proteins in solution and in membranes in the presence of HOC.

The free radicals of orelectron reduedn of HOC are highly reactive to various biological
substrates. When tryptophaontaining proteins, such as enzymes, are irradiated in solutions in the
presence of HOC, their inactivation is observed. The presence of HOC in suspensions of isolated
membraes under irradiation lead to significant enhancement of peroxidation of membrane lipids
due to formation of HOC radicals involving excited tryptophan residues of membrane proteins.

The products of photodegradation of tryptophan and tryptophan residygsteins, which are
formed in the presence of HOC, are able to generate singlet oxygen while absorbing UVA radiation
(315400 nm). Thus, these products may act as sensitizers of photodynamic damage of biological
molecules and membranes under the effesptaEr UV radiation in real environmental conditions.

The possible significance of the observed phenomena for human health and environment under
increased exposure to UV radiation in the presence of technogenic HOC pollutants is discussed.
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LIGHT INTERACTI ON WITH NUCLEIC ACID S AND ORIGIN OF LIFE .
TIGHTLY BONDED STACK ING AGGREGATES OF NUCLEIC BASES i
THE FIRST LIFE SYSTEMS

V.L. Rapoport

V.A. Fock Institute of PhysicS{-Petersburg State University, Russia
victor.rapoport@paloma.spbru

The results of the series of work of author anehvaokers,devoted to the study of luminescerafe
dinucleosides, dinucleotides, polynucleotides and stacking aggregates of nucleic bases in water are
discussedin these works has been shown the exise of tightly bonded densely packed stacked
dimers of nucleic bases and other stable at high temperatures stacking aggregates. These dimers anc
aggregates are stable at temperatures up to
excitation spectraare similar to the same spectra, observed for their dinucleosides and
polynucleotides. For example, for adenosine dimers spectra is practically the same, as for ApA and
poly-A: luminescence maximum at 40800 nm and excitation with exciton splitting 400@°t[2].

The same results were observed for adenine, uracil and thymine [3].

These stable at high temperatures dimers and aggregates of nucleic bases could be precursors of
RNA in the role of first genetic matrix [1]. It was supposed that they could rfeulhjpmixed water
solutions of complementary nucleic bases during the cyclic growing and falls of temperatures (from
1i2 ACiTACYH.

Here discussed the results, which support this idea. In mixed adenine and uracil (thymine) solutions
(10°f , w1 ®*. Wbswernwed stacking aggregates for mat
time about 0.5 h, it can be forced by the heating) and little duplexes from stacked dimers and
aggregates, bonded with monomers, other dimers and aggregates bidahdd-dDumg the cyclic

heating (up to 57 Ay) and ci@db)npf (ttchel mi xture the in
aggregates concentration (up to 15% durirg) & cles) is observed. This increasing are caused by

the selfassembling of the new stacking dimers (ah@r aggregates) from the monomers (and less
aggregates) on the initial matrix. Now the proposed schema of stacking dimers (aggregates)
multiplication are supported by these results.

It should be pointed out, that stable at high temperatures stackingsdimggregates) are instable at
UV irradiation at 300320 nm, there these dimers absorb light, but monomeaos.

Here discussed the properties stble at high temperatures stacking aggregates, similar to the

properties of the living systems:

. ability to matrix multiplication with errors;

.dense packingi nt er pl an &3 dji s(tfarncam eéx 2i.t9%on spl itting

. high stabilization energy in gas phase 0.5 eV (I.V. Krauklis, quantum chemistry);

. adaptivity (a plenty of different conformers);

. the exchange of nier and energy with external (water) environment (reproduction and
luminescence quenching);

. ability to absorb and emit 2 photorsfftons = biofotors);

. evolutionlike growth of the stacking aggregates size with an increase in numbers of heating
cooling gscle.

b wWNPEF

~N O

The possibility of life based on other chemistry (for example, aromatic amino acids), is discussed.

lLiofsftstels 1. [ . d Hte. [ tSCdZOHT ¢SO06 di3dd dzOEzZC, 2006,
2t o0fsfstels 1 . . d Ht. 1 €Cdz : ltetsq’fr] BMHJUdmtSJGtGpd}dp’tSdl'
ltesetcOBBBT "~ 18 ltejLdHdEdBRO 61 . 1V / toj HN1IGDEZ®OH. ¢ . [ .
3.Ramport V.L., et all. Biophysics, 2012, 57 (1), ppl13.
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ULTRATHIN FILMS OF T HE BACTERIORHODOPSIN
AS PROMISING PHOTOSENSITIVE NANOBIOMATER IALS

D.O. SolovyevaS.Yu. Zaitsev

Laboratory of NaneBioengineeringMoscow Engineering Physics InstituRussia
d.solovieva@mail.ru

Preparationand application of the membrafike systems based on photosensitive membrane
protein- bacteriorhodopsin (bR) is an interesting field at the interface of materials and ¢éifeesi

[1-3]. Purple membranes (PMs) are the fragments of membranes of the bbletiet@cterium
salinarum in which bR is the main protein component. They are the most typical and well
described examples of such membréke systems. It is known that bR transforming physical

energy (light quanta) into chemical energy of macroergic compounds (e.g., ATP) or mechanical
energy (e.g., flagellar movement in bacteria). It should be emphasized that bR and PMs possesses
unique physicochemical properties andfifslthree main molecular functions that are crucial in
terms of fundamental studies and technological applications: photoelectric, photochromic, and
protontransporting [25].

The fabrication of ultrathin and highly oriented bR films is one of the kskstdor prospective
applications of bioinspired hybrid materials and devices. One of the most promising methods is the
preparation of bR monolayers at the liquid/air or solid/air interfaces by Larnigdhodigett,
Langmuiii Schaefer or selissembly method4] 2].

In the first experiments on obtaining bR monolayers, bR patches were applied to the liquid/gas
interface from an organic solvent (hexane) or a mixture of bR and soybean lecithin dispersed in
hexane [6]. More than 85% of bR were found to be oriemigd their cytoplasmic (inner) side

facing the water subphase [6]. When PM monolayers were transferred onto glass, the same
percentage of PMs was adsorbed with their cytoplasmic side facing the glass substrate surface [6].
Later, a number of studies demumased that PMs were partly denatured when organic solvents
were mixed with the water subphase [7], which could be related to either disruption of hydrophobic
interactions within the protein or exclusion of lipid molecules from its tdiseensional strucire.

In most cases, to apply bR from water dispersions is the best method for obtaining their monolayers
[7]. In our experiments the area per bR molecule in a monolayer (upon extrapolation to a zero
pressure) on the surface of a 100 mM KCI solution has bstmated to be 8 rfrfl], which agrees

with the Xray data on the protein structure in the membrane obtained by Henderson et al. using
el ementary cell 2.5 1 3.5 I 4.5 nm in size |
versus area per pratemolecule and a high monolayer collapse pressure (higher than 45 mN/m)
indicate the formation of sufficiently strong bR monolayers on concentrated salt subphases. In
addition, these structures have been found to have a high photopotential when illditfiraugh a
filter with a bandpass of 570 N ar® considered &u c h
promising nanebiomaterials for photovoltaic, biosensing, and development of optoelectronic
devices [2, 5].

This study was partly supported by thenMiry of Higher Education and Science of the Russian Federation
(grant no. 11.G34.31.0050) and RFBR-®00711).
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NON-PHOTOCHEMICAL FLUORE SCENCE QUENCHING
OF PHYCOBILISOMES IS A NEW PHOTOBIOLOGICA L EFFECT
FOUND IN CYANOBACTER IA

[.N. Stadnichuk

A.N. Bakh Institute of BiochemistRAS Moscow, Russia
stadnichuk@mail.ru

Phycobilisome (PBS) are giant phycobiliprotein complexes with the molecular mass of about 3
million Daltons that play the role of photosynthetic antenna in the cyanobacterial pigment
apparatus. Light energy absorbed by PBS is transferred to photosynthetic readeos wéh 95

100% efficiency [1]. It has long been assumed that cyanobacteria do not have the possibility of
dissipating excess energy as heat at the antennal level although the overexcitation of PBS which
includes hundreds of pigment molecules can rasultamage of the antenna itself or the reaction
centers. In these photosynthetic prokaryotes, an effect of a blue light on the variability of
chlorophyll and the PBS fluorescence emission was mentioned in 2001 [2] but the corresponding
shortterm light adatation process of PBS quenching (fmtochemical fluorescence quenching)

was found later, in 2004 [3]. According to a current report this mechanism is evolutionarily rather
old [4]. lllumination of the cyanobacteriu®ynechocystisp. with strong blugreen light led to

about 4080% diminishing of PBSluorescence emission. The action spectrum of this quenching
with three characteristic bands in the region of -850 nm indicated that the phenomenon is
triggered by an unidentified carotenoid [3]. In 2006 was shown that it is a ketocarotenoid,
hydroxyechinenone, present as a single chromophore molecule in thesolatde orange
carotenoid protein (OCP) [5]. OCP was demonstrated to exist in two forms: inactivadigted

OCP orange form and inducég strong bluegreen light metastable active OCP red form with the
phototransformed ketocarotenoid molecule [6]. Effective docking of OCP red form to isolated PBS,
using anin vitro reconstituted system and corresponding fluorescence methods, provided dire
evidence that OCP is not only a photosensor in this process, but acts also as an effector [7,8]. To
localize the primary site of quenching, we have analyzed the role of all chromophorylated
polypeptides within the PBS using an in vitro isolated PBS aorapts. The data suggest that the
long-wavelength ky-polypetide besides a key structural function in the PBS and the central role in
excitation energy transfer is the site of photoprotective excitation quenching influenced by OCP.
Various other chromophglated components of the PBS are not directly subjected to quenching.
According to the StrerVolmer theory the quenching ofcl has a static character, while the
corresponding secondary quenching of assembled PBS is of a dynamic type. A model-Hog\OCP
interaction within the PBS is proposed based on the 3D structures of the corresponding proteins.
The distance between the phycocyanobilin chromophore &f &nd the ketocarotenoid
chromophore of OCP is estimated asabout15b ei ng avail abl e for qguenc
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PHOTOPHYSICAL PROPERTIES OF OLIGOMERIC C HAINS
WITH PYRENE -MODIFIED NUCLEOTIDES

A.S. StasheuskiV.A. Galievsky
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Binding of nucleotides with polyaromatic labels provides easy way for D#ARNA-associated
processes visualization and may be applied for nucleic sequences analyses. For example, pyrene
based probes maprm excimers and exciplexes with fluorescent band shifted up to 100nm from
the monomeric band. Due to their utilization wide group of hybridization probes have been
originated and based on luminescence wavelength switching after binding with targetidacle
sequence. Incorporation of label into the probe may be realized in different ways, among them the
most prominent is replacement of natural bases bynuaieoside pyrefased units.

In present work photophysical properties of oligonucleotide matlifig pyrene building blocks

were investigated. Influence of molecular structure of using pyrene label and adjacent nucleic bases
on rising and decay of monomeric and excimeric luminescence is studied by methods of laser
kinetics spectroscopy. Charactegstiof new building blocks in model singland dublestranded
sequences are described.

Oligonucleotide hybridization brings two pyrene molecules to each other and leads to red shift of
pyrene band in absorption spectra. Also intensity of absorption ixedduhese features are
because of ppi interaction of pyrene molecule in ground state.

Kinetic data were treated by maximum entropy and global analysis methods (figure 1).

f[log(t)] AGC TCG GTC AC GAG AGT GCA —e— monomer decay

f[log(t)] AGC TCG GTC AiC GAG AGT GCA —e— monomer deca; : o
[log(x)] : 4 TCGAGC CAG BG CTC TCACGT — excimer rising

4 TCG AGC CAG TG CTC TCA CGT ——— excimer rising

M excimer decay 3 excimer decay
0 / : . M . - 0
5 00 05 10 15 20 25 30

-0 - 05 00 05 10 15 20 25 30
log(x) log(x)

Figure 1i Lifetime distributions fqr monomeiat 400nm)and excimer gt 5491m) luminescence. Capital
lettersi nucleotidesUandb i 1,6- and 1,8bistriazolylpyrenelUin ns
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Multiple bands in the distributions indicate about several physical processes affecting the luminescence.
Excimer rising part is overlapped with monomerca In the studiedsystemsare implementedtwo
pathways for excimer formation: from the coupling of monomers in the excited and ground states and
from the direct photoexcitation of a ground state dimer.

Label incorporation inside of nucleic chain isolategbstantially excited pyrene molecules from
interaction with water environment and oxygen quenching. Previously siagte doublestranded
oligonucleotide based on carboxyamidpyrene building blocks were studied [1]. For buffer solutions in
presence of oxgen excimer fluorescence quantum yields were up to 26%. In new substances with
bistriazolylpyrens andbisbutynylpyrens excimer fluorescence quantum yields are more than 50%.
Lifetime of dominant component from excimer decay is more than 60ns, and almeostder higher

than monomer luminescence lifetime. Therefore during experiments in vivo excimeric luminescence
may be surely separated from obstructing autofluorescence by spectral and kinetic techniques.

Obtained photophysical characteristics of nuitess with pyrene building blocks enable to utilize such
supramolecular structure as frameworks for construction of new highly sensitive fluorescence probes.

Referencesl. Galievsky V.A. et alPhotochem. Photobiol. ScR009, 8, 1448
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STUDY OF PHOTONICS OF POLYMETHINE DYES
IN COMPLEXES WITH BIOMACROMOLECULES
FOR DEVELOPMENT OF NEW SPECTRAL -FLUORESCENT PROBES
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The method of spectrflluorescent probes is a powerfulol for studying biological systems. As we
showed earliermesesubstituted polymethine dyes are promising as such probes. To develop new
probes for biomolecules, we studied speefitarescent properties and photochemistry of carbocyanine
dyes, bothmesesubstituted and, for comparison, withoutn@esesubstituent, in complexes with
biomacromolecules.

3, 3to6r,i9met hyl t hi acar bdcypanhpkt fiCgaar 29 ¢y dethghdoe ( C
9-methylthiacarbocyanine (DMTC) were shown to formabigegates on hyaluronic acid (HA)
molecules, which is reflected in the appearance of a-glerélength absorption band with a maximum

at 440450 nm in the presence of HA (the initial monomeric dye has an absorption maximum at 535
nm). By the tendency to ddggregation in the presence of HA, the dyes can be arranged in the series
Cyan 2 > Cyan 45 > D Mde@ylthacaibdcganing)DSirncCe theddggré8gat&sd
formed are nonfluorescent, fluorescence does not appear. The aggregation number forw@agan 2
determinedn = 3. Since noticeable changes in the absorption spectrum of Cyan 2 are observed even at a
sufficiently low concentration of HA (aboutd0 ’ mol I'Y), we suggested this dye as a spectral probe to
detect HA in biological objects and successfully used it in detection of HA in the vitreous body of the
eye.

Despite the fact that HA and chondroifinsulfate (C4S) have similar structures oéithmonomeric

units, the interaction of Cyan 2 with these biopolymers is completely different: its binding to HA results
in a longwavelength shift of the absorption spectrum and a fluorescence growth. From the
mathematical modeling of the fluorescenceldup, we obtained the association constdhtd Cyan 2

with C4S at different pHK = 540 i 1 &P M'* andn = 70 230 ( is the number of C4S monomeric

units in the complex). The dependence of the fluorescence quantum yield of Cyan 2 in the complex with
C4S on pH is unusual: it reaches a minimum (0.24) at pH 7 and maximums0@%4at lav (pH 4.5)

and high (pH 9.0) pH values. This is explained by changing the biopolymer charge and conformation
upon changing pH. Therefore, Cyan 2 can serve as a probe for conformational changes in such
biopolymers.

To determine peculiarities of the interact of polymethine dyes with DNA, we studied electronic
excitation energy transfer (EEET) between donor and acceptor dye molecules, both noncovalently
bound to DNA. Oxacarbocyanine dyes were used as donors and DTC as an acceptor dye. Along with
steadystae fluorescent measurements, we measured fluorescence decay kinetics of the donors in the
presence of different acceptor concentrations. To describe the EEET process, two alternative models
were used: the stoichiometric complex model and the microphased(pdease) model. We showed

that the microphase model, which assumes concentrating of donor and acceptor dye molecules close to
DNA molecules, adequately explains the experimental data. The deviation of the fluorescence decay
kinetic curves from exponentglas explained by distribution of the distances in dicawreptor pairs

upon EEET. The results show that the dye molecules in complexes with DNA have sufficient rotational
freedom to provide the random orientation fac¢2/3).

Using the method of flasphotolysis, the photochemical processes of polymethine dyes in complexes
with biomacromolecules were studied. Along with generation of the dye triplet states, we found an
unusual effect: enhancement of photoisomerization of the dyes stimulated by blewldde effect

was considered with relation to potential energy curves for isomerization.

This work was supported by the Russian Foundation for Basic Research (project0800647).
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LIGHT -DEPENDENT SYNTHESIS OF ATP FROM ADP
ON PROTEINOID -SILICATE M ATRIX: A MODEL OF AB IOTIC PROCESS

T.A. Teleging M.P. Kolesnikoy A.A. Buglak Yu.L. VechtomovaM.S. Kritsky
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In organismghere exist mechanisntonvertinglight energy intoenergyof macroergicbondsof
adenosine triphosphatATP). In photosynthetic phosphorylation ligahergyis convertednto the
electronic excition energy othe photoreceptothen,to the electrochemicaénergy andfurther,
to mechanochemicanergythat provides theperation ofATP synthaseandformation of ATP.

We have developed a model in which the conversion of photon energy into thgy eie
macroergic bonds of ATP is performed by abiogenic pigments which are the products of thermal
condensation of amino acids mixture (Glu, Gly, Lys). The pigments are conjugated with amino acid
polymer molecules (proteinoids) also formed in procest@fmolysis. Twedimensional scanning

of excitation and emission fluorescence spectra of pigment material revealed the presence of two
groups of pigments flavins and pteridinesSubstitutionin mixture of glycineto alanineresultedn

a prevailing formaibn of pteridine, nofflavin. Consequentlythe long wavelength maximuof the
photophosphorylation action spectrum shifted fd®0 nmto 350nm.

These proteinoidbound pigmentsensitizedefficient phosphorylation o ADP to ATP only when
stayingin compkx with the colloidal silicate particles. Electron dongssedin experiments was
Nax-EDTA and the kectron acceptowas atmospheric oxygen

The analysis of photophosphorylatishowed that flavirconjugated proteinoidsvere more
effective as photoreceptotisan pterinconjugated proteinoids (the yield of ATP wag2@nd 9%,
respectively) We performed quntum chemical calculations of basic photochemical propegies (S

T, energy gap, electron affinity of;and ionization potential of ;) of pteridine and isalloxazine
containing structures. The obtained values allowed us to compare ability of investigated pigments to
transport electron from donor (EDTA) to accepta)(@lavin molecules when excited were shown

to have a higher electron affinity than ptering.(4 eV andi 3.56 eV, respectively). This difference
correlates with a higher activity of flavins in photophosphorylation process that involves electron
transfer.

The studied model of abiotic photophosphorylation can be regarded as a functional prototype
biological photophosphorylation. We believe thdtet presenceon the primitive Earth of
photactivated supramoleculamatrices was an important prerequisitéor the developmentof
variousprocessesf prebiologicalevolution dependent on the formatiohATP.

Spported by the Program of Basic Research
Sciences and Russian Foundation for Basic Rese@cnt 11-04-01007Q
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NANOBIOHYBRID STRUCT URES BASED ON ORGANIZED FILMS
OF THE PHOTOSENSITIV E MEMBRANE PROTEINS

S.Yu. Zaitsey D.O. Solovyeva

Laboratory of NaneBioengineering, Moscow Engineering Physics InstjtRigssia
s.y.zaitsev@mail.ru

The development and study of hybrid nanostructures and biomaterials engineered from
photosensitive membrane proteins (the key functional elements of various biomembranes) and
nanoheterostructures (inorganic nanoparticles, transparent electrodes and films, quantum dots, etc.)
is a rapidly growing field at the interface of materials afel diciences, with potential implications

for nanotechnology and biomedicine-3]. The energy harvesting in plants has a maximum
efficiency of 5%, whereas bacteriorhodopsin (bR), in the absence of a specifibdrghkisting

system, allows bacteria to utié only 0.10.5% of the solar light. Recent nabmengineering
approaches employing coll@tisemiconductor and metal nanoparticles conjugated with biosystems
permit the enhancement of the ligidrvesting capacity of photosensitive proteins, thus pnoyid

strong impetus to proteibased device optimisation [1].

The main achievements in this field is connected with the organized films prepared from purple
membranes (PMs) and bR, reaction center proteins of some bacteria and plants (RCs), etb. [2]. Suc
ultrathin and highly oriented PMs, bR or RC films can be considered as prototypes of
photosensitive hybrid naAmomaterials with photovoltaic, energy transfer and optical switching
properties. Comparison of the techniques for obtaining thin films anddtiuctural and functional
characteristics leads to the conclusion that the homogeneity and orderliness of PMs, bR or RCs in
these films depend on the method of their fabrication and increase in the following order:
electrophoretic sedimentation < Langimi Blodgett (Schaefer) method < sal$ésembly and layer
by-layer methods [2]. Techniques of preparation of nRbiehybrid structures which were
composed of PMs, bR or RC films and semiconductor fluorescent quantum dots or plasmonic
nanoparticles and demstnated advanced photovoltaic properties have been analysed [3].

It should be emphasised that the future work on optimisation of hybrid material efficiency should
include development of highly oriented hybrid films with enhanced light harvesting, energy
transfer, photovoltaic, and optical switching properties. In these films, the internal filter effect
should be decreased and higher efficiency should be achieved at a highd¢o-banmaterial

ratios. In addition, hybrid materials can be further optimisgdising QDs or metal nanoparticles

with stronger absorptions or by forming hybrid materials from biological systems and nanowires or
nanorods, whose absorption is typically much greater than that of spherical nanoparticles of the
same diameter [1, 3]. Biechnological approaches, such as-gitected mutagenesis, permit fine
adjustment of some parameters of biological functions, e.g., the sensitivity of bR to electric field
and pH, or photochromic characteristics. Spatially and optically controlled nigindif
functionalized nanomaterials with the selected molecular groups of various photosensitive proteins
followed by preparation of oriented homogeneous films will permit the development of materials
with considerably improved biological functions usefod industrial applications.

This study was partly supported by the Ministry of Higher Education and Science of the Russian
Federation (grant no. 11.G34.31.0050) and RFBR@B30711).

1. Nabiev I, Sukhanova A, Artemyev M, Oleinikov V. In Elaissari A (@di}f Colloidal
Nanoparticles in Biotechnology. Wiley&Sons Inc; 2008.

2. Zaitsev SYu: Supramolecular Nanodimensional Systems at the Interfaces: Concepts and
Prospects for Bionanotechnology. Mosbbbibrocom; 2010.

3. Nabiev I, Rakovich A, Sukhanova A, Lukes E, Zagidullin V, Pachenko V, Rakovich Y,
Donegan JF, Rubin AB, Govorov AO, Angewandte Chemie Intl Ed, 2010; 49:7217.
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SECTION 6. PHOTONICS OF MOLECULAR NANO -SYSTEMS

PHOTONICS OF UNSATURATED AND MACROCYCLIC COMPOUNDS.
FROM MOLECULES TO NA NOSIZED SUPRAMOLECULAR SYSTEMS

S.P. GromoY, A.l. VedernikoV, E.N. Ushakof, L.G. Kuzmin&, M.V. Alfimov?

17 Photochemistry Center RAS, Mosdaussia
27 Institute of Problems of Chemical Physics RAS, Chernogal®ikssia
37 N.S. Kurnakov Institute of General and Inorganic Chemistry RAS, Mo&umsgia
spgromov@mail.ru

A new trend isbeing currently formed i n nanotechnopo@gy ndimelt y ,0om
narophotonics

We propose a new unique class of polyfunctioligit-sensitivecompounds: crowstontaining
unsaturated dyes functioning as photochromes, fluorophamedsionophoresA large body of
research has been performed for their synthdgterminatio of their spatial structurestudy of

selfassembly featurds give supramolecular systepand also study dfuorescent photochemical
and complexing properties

Resulting from the research, we elaborated for the first time universal molecular medtamiog

one to accomplish buildingp, with usinga limited numberof complementary compounds, light
sensitive and lighemissive nanosized supramolecular systems of varied architecture with adjusted
properties. Withirthe sameclassof compoundsnecan constructin solution, solid and at the air
water interface new types of molecular switches, photocontrolled molecular machines,
photosensitive monolayers and monocryssalsceptible to all of the key photoprocesses.

displacement
hv
hv Mn+

oy OEmO

cucurbituril

molecular devices .
molecular machines

The high practical valueof the® studies deserves attention. They provide a new strategy for the
design of materials fonanghotonics, which was demonstratddst of all, by the creation of
practicallyimportantsensoand photochromimaterials

This work was supported by the Paisim and the Division of the RAS, the Ministry of Science and

Education, the Russian Foundation for Basic Research, the Moscow Government, the INTAS, the
CRDF and International Science Foundation (ISF), the DFG, and the Royal Society.
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LUMINESCENCE QUENCH ING OF CDSE/ZNS QUANTUM DOTS
EMBEDDED IN POROUS GLASS BY AMMONIA VAPO R

Yu. A. Gromova A.O. Orlova V.G. Masloy A.V. Baranoy O.V. Andreeva

Nationd Research University of Information Technologies, Mechanics and Optics, St. Petersburg, Russia
yulia.a.gromova@gmail.com

The problem of volatile compound vapor detection is extremely important in the modern world.
One of the detection methods is the sggition of luminescence intensity changing when
luminescent particle react with target compound. Colloidal semiconductor quantum dots (QDs)
have a number of unique properties: optical characteristics depending on core size, a high
luminescence quantum Yik the extended absorption spectrum, high photostability. So, QDs are
widely used as luminescent markers and sensory elements in ecological monitoring and medicine.
In particulars, in case of semiconductor CdSe/ZnS guantum dots the interaction with efpors
nitrogen containing compounds was observed by QDs luminescence quenching and the degree of
quenching correlated with concentration of detected agent vapor [1].

In this work hydrophobic semiconductor CdSe/ZnS QDs was embedded in borosilicate porous
glass. The dependence of photophysical properties on presents of ammonia vapor is investigated.

Investigation of optical properties QDs embedded in porous glass demonstrated, that absorption and
luminescence spectra are the same as that in solution in drloro$imultaneously, an average

time of luminescence decay became is one and a half time longer. Such a significant average time
decay growing in the sample (from 22 ns in solution to 30 ns in porous glass) is an evidence of
partial passivation QDs surfac&he reason of passivation is the nanocrystal adsorption on the
sample inner pore surfaces. Also, decay time QDs luminescence does not depend on luminescence
registration wavelength. These data indicate that QDs embedded in porous glass from chloroform
sdution is isolated and do not interac with each other.

For reseach of the interaction of the porous glass with1,0{ &

. . - <t>[<t >
embedded QDs with ammonia vapor our sample V\@ﬁo,& ¢ o

placed into the hermetic box (of 20 ml volume) containiri/g 0.6 L o o
5 mkl of 1% water solution of ammonia on its bottom. ¥ ¢
should be noted that the sample did not contact W'\ﬂho"" n—e

ammonia solution. As it is clearly seen from the Figure, 0.2]
increasing the time which the sample interacts with 0,0
ammonia vapors leads to a successive symbattesimg

decay time and luminescence intensity in the sample. The
observed changing of QDs photophysical properties gives an evidence of ammonia interaction with
the QDs surface that is the reason of partial quenching of QDs luminescence. The physical
mechanism of QDs luminescence quenching is not clear yet, it is a goal of the following researches.
It was found, that degassing the sample having no luminescent signal after interaction with
ammonia vapor results in recovering QDs time decay and luminesaaeosiiy to the previous

level.

[ J
0 5 10 15 20
Time, min

Present data confirm remarkable perspective of using porous glass with embedded semiconductor
QDs as high sensitive luminescent sensory elements for detection of vapor of nitrogen containing
compounds.

1. Nazzal A. Y., Qu L.Peng X., Xi M., Photoactivated CdSe Nanocrystals as Nanosensors for
Gases//Nano Lett., Vol. 3, No. 6, 2003 P. 812
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PHOTONICS OF MOLECUL AR CLUSTERS
IN RESTRICTED GEOMET RY SYSTEMS

N.Kh. Ibrayev D.A. Afanasyev

E.A. Buketov State University, Institute of Molecular Nanophotonics, Karaganda, Kazakhstan
niazibraev@mail.ru

This paper presents the results of a research of the magnetic field effect and temperaijpiet-on
triplet annihilation (TTA)in solid Langmuir-Blodgett(LB) films of amphiphilic coumarin dyd.B

films of coumarin dye is observed anisotropy of light absorption. This is evidence of the dominating
spatial molecules orientation in the monolaydixed thin films obtained by the LB technology,
consisting of molecules of palmitic acid and amphiphilic coumarin (Kelecyloxy3 (4-
ethoxyphenylhcoumarir) have been used as the research objects.

When the coumarin dye LB films was excited by laser pulses at T = 10tk delayed
luminescencé @x=460 nm)andp h 0 s p h 0 r g.,s=&30 mm)were(observedecay kinetics
of annihilation delayed fluorescence (ADF) of LB film has a-eaponential form. In the chosen
temperature range the initial part of kinetic curves (t <0.5 ms) is approximatedponential
function, and the longermi by the exponent.

Our results demonstrate that TTA process is the one way of deactivatigreefit€rs in Langmusr
Blodgett films of the coumarin dy&TA is the intralayer and intedayer process. The existing of

the inhomogeneity of the films leads to the existence two types of structures with different values of
the inhomogeneous broadening of triplet energy levels. TTA process realized in these structures
with different thermal activation energy.

Modulation ofthe TTA rate constant by the external magnetic field at T = 100 K for multilayer
films shows the dependence as for crystals. Monolayers shows only the negative magnetic effect.
The large magnitude of the positive magnetic effect shows a higher ordeursrfor the 10 layer

film compared to the two layer film. The absence of a positive magnetic effect for the monolayer
films shows that structure is present in the largest disorder.

Changing the magnetic effect occurs with increasing temperature for thidayeun films. The
dependence of g(B) from the time of registration ADF signal was observed. When the signal was
recorded up to 0.5 ms, the magnetic effect remains positive but decreases in magnitude. At the time
of registration of more than 0.5 ms thespiive part of the magnetic effect is absent. It becomes
completely negative.

The resulting time dependence of the magnetic effect indicates that the coumarin dye LB films
consist of clusters of ordered and chaotic distribution of molecules. In clustdrsomiered
molecules TTA triplet annihilation is similar to triplet annihilation in crystalline environments. The
triplet annihilation in these clusters gives the largest contribution to the intensity of the ADF at the
initial moments after excitation). Bhdominant contribution to the kinetics of ADF give clusters
with a disordered distribution of moleculeswhgg® 0. 5 ms .

The temperature dependence of g(B) correlates with the temperature dependence of the ADF
intensity. This fact is additional evidence of the important role of thermal activation of triplet
excitons migration in the clusters with the orderly ahdatic distribution of molecules.

TTA kinetics of aromatic molecules was studied in nanoporous silicate glasses. Thus two types of
clusters of aromatic molecules form in porous glasses. Clusters with the crystal structure dominate
in the ADF decay kinetice the initial period of time (a fraction of a millisecond) after excitation.
Amorphous clusters determine the form of fluorescence decay in the millisecond range. The
increase in the pore size and concentration of the adsorbate lead to the dominagstalihe
components.
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PHOTONICS OF METAL A LKANOATE NANOCOMPOSI TES
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17 Institute of Physic8lAS Kyiv, Ukraine
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The class of metal alkanoates possesses a set of advantage properties [1]. They can form ionic lyotropic and
thermotropic liquid crystals, anisotropic glasses based on a pure metal alkanoate or thexsjsgrve as
universal matrices for organic aimbrganic impurities, and also for semiconductor or metal nanoparticles.
Because of this, cells with photoelectrochromic properties and highly effective luminescent and nonlinear
optical characteristics nébe created on the base of metal alkanoates.

In the present work spectral and nonlinear optical properties of photoelectrochromic cells on the base of
lyotropic liquid crystals of potassium caprylate with viologen impurities (1), photosensitive cetis base

of homologous series of cobalt alkanoate anisotropic glasses (2) are researched. Cells of cadmium alkanoate
composites with semiconductor nanoparticles (3) demonstrate quantum size effects in absorption and
luminescence spectra of CdS nanoctistavhich are also considered in this work.

By the methods of small angle-rdy scattering we found out, that lyotropic liquid crystalls (LLC) of
potassium caprylate form mesophase, namely a smectic A, and viologeng{ght %) imbedded naturally

into electrostatic layers of ionic liquid crystalline matrix. Photoelectric composite cells (1) demonstrate
colouring in different ranges of spectrum in dependence of the value of applied direct electric field. By the
absorption spectra one can monitor elsaitiemical reduction processes of viologen molecules in liotropic a

l i quid crystal matrix. Under the action=588nm aser
of Nd:YAP impulse laser) a dynamic holographic grating is recorded in the cdaegp(l) and (2) [2]. We
propose the mechanism of the dynamic grating recording in the composites (1) that lies in a reversible
photoconversion between dimers and radical cations, which are the reduction products of the viologen
molecules, in LLC.

Thermotopic liquid crystal phase of cobalt alkanoates can be easily supercooled and form anisotropic
glasses with a smectic A structure at room temperature, that was proved byrakieméthod. Cobalt
alkanoate homologues with different alkanoate chain lengthseisas binary and ternary mixtures of
different metal alkanoates containing a cobalt alkanoate absorb light in the visible range of spectrum. The
mechanism of absorption is due to excitation -@flettrons of cobalt ions that form octahedron coordination
with alkanoate ligands. We found out that a nonlinear process of the dynamical grating recording in the
anisotropic glasses of the coordination complexes of the cobalt alcanoates (2) is characterized by cubic
electronic susceptibility and high coefficiendf the nonlinear refraction. High value of the
hyperpolarizability of the absorption centers is connected with the delocalizatioele€tdbns of cobalt

ions, which are located in the electrostatic layers of the matrices and linked by the coordmadi®mvibh

the ligands

Quantum size effects that are observed in absorption and luminescence spectra of CdS nanocrystals, being
synthesized in ionic liquid crystals of cadmium alkanoates (3) [3], are discussed in the work. It is shown that
CdS nanocrystalin the new matrices have small dispersion of sizes, their shapes are close to spherical, and
they are stable in time. Average sizes of CdS nanocryt&isi@ nm) in the new matrices are determined by

the methods of transmission electronic microscdpythe Xray methods and by absorption spectra.

The received results of researches of the new materials present a great scientific and practical interest. New
composite materials can be used as an element base for devices-spdedghphotonics, holagphy,

nonlinear optical information processing, optical switches, light modulators, photoelectrochromic filters and
Sensors.

References
1. T.A. Mimaya. S.V. Volkov,in: R.D. RogersK.R. Seddon, S.V. Volkov(Eds.), Green industrial applications of iotiguids,
Kluwer Academic Publishers, London, 2002, pp45®.
2. Nonlinear optics of electrochromic and photosensitive cells of ionic liquid crystals and mesomorphic gldskesisBeva, Yr.
Garbovskiy, SBugaychuk, A.Tolochko, D.Melnik, |. Tokmenkqg and T.Mirnaya, Mol.Cryst.Liq.Crystvol.541: pp. 142/380
151/389, 2011
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HYBRID NANOSTRUCTURE S ON THE BASIS
OF WATER SOLUBL E FULLERENE DERIVATI VES AND DYES
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It is known that [60]fullerene exhibits exciting photophysical and electronic properties due to its
unigue threedimensional structure. Pristine lielene and its derivatives are efficient electron
donors in photoexcited state and rather strong electron acceptors in the ground state. They generate
efficiently singlet oxygen[, under light excitation. The fulleredmased systems generate
superoxiderd i ¢ al Jamdiothen actfve radical species in the presence of electron donors and
depending on the solvent polarity. Recently, many papers have been published on a photodynamic
effect of fullerenes and their derivatives resulting in the damage of,[PkbAeins and membranes,

as well as a suppression of tumor cells, viruses and bacteria growth. Unfortunately, the application
of fullerenes and their derivatives for photodynamic therapy in clinical practice is strongly limited
by a weak absorption of figrenes at long wavelengths in the visible and near infrared spectral
ranges. The short wavelength absorptions characteristic for fullerenes are hardly suitable for the
photodynamic therapy since they do not penetrate deep in the living tissues. Effiofetiey
photodynamic action of fullerenes can be greatly enhanced by using hybrid nanostructures (HNS)
composed of the fullerene derivatives bearing appended dye molecules absorbing the light in the
VIS and NIR spectral ranges.

A novel type of photoactivarchitectures has been successfully designed by two methods: by
creation of complex between cationic fullerene derivative and anionic chromophore (xanthene or
phthalocianine dye) and by covalent conjugating the other chromoplreoricancer anthracycline
antibiotic ruboxyl with the water soluble fullerene derivatives. Both type of nanostructures create
the associates in water solution, investigated by fluorescence quenching and by dynamic light
scattering. The dynamic light scattering experiments haverrstibat the synthesized conjugates
undergo association in the aqueous solutions with the formation of supramolecular nanostructures
with the characteristic hydrodynamic sizes of 85 and 98 nm. The photophysical properties and the
photodynamic action of diéfrent nanostructures: complexes of cationic fullerene derivative with
eosine, anionic derivative of phthalocianine and the rubbxigrene covalent conjugat were
extensively investigated. It has been shown unambiguously that all chromophores: theg/diibrac
chromophore of the ruboxyl (having no photodynamic activity), eosine or phthalocianine derivative
behave as an efficient photosensitizers for the fullerene core opevéitige energy and/or the
electron transfer pathways. The presented appropehs up wide opportunities for the design of
various fullereneébased doneacceptor systems with photodynamic properties for biomedicinal
applications.

This work was supported by the RFBR (grantOBE0687), the President Science Foundation
(MK-4916.201.3) and the Presidium of Russian Academy of Sciences (Research program No 24
AFundamental research in the field of nanotecl
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ENERGY TRANSFER NEAR METALLIC NANOPARTICL E
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It is well known that the magnetic field can have an effect onsglective molecular processes. As

an example of this influence the magnetic modulation of excited electron states tripietet

annihile t i on rat e. 1owever, t he magnetic sensiti
participation of singlet electronic states of molecules if the electronic excitations energy
transformation is carried out in special conditions. Thus, in the dgliptde energy transfer
between electronic excitation molecules near a metal nanopatrticle the reaction between molecules
depends on whether the conductor plasma magnetized or not?

In this case radiationless energy transfer thte presented by three terms

U~lpo T a +oT (6)0(@) T,) B +2Ref( opteh) (P €(B) ®) (1) JF. (1)

The first term corresponds to the usual Forster didgdele direct energy transfer. The second term
represents itself the energy transfer by means the metal nanoparticle and the third term is the

interference between these trarsthannels. Vectorp,,p, are transient electric dipole moments
of donor and acceptor moleculesy) =T(j)=r *(n, -4,) is the configuration tensor of the dipele
dipole electronic interaction on the distamce

The polarizability of te metal nanoparticle is determined by the dielectric permeability of the
corresponding bulk conductor. Dielectric permeability of the magnetized plasma differs from the
permeability of plasma in the absence of the magnetic fiel. the frequencgependen
polarizabilitytensorU(¥ )of the anisotropic spherical particles can write

Uo) =] O@)-¢® JLO®)+2:° | R )

All non-zero dielectric permeability twmnk tensor U’ (») components are accepted as
corresponding values of the Ginzburg plasma theory

ws(a)+i}/) a),f i a)FZ,QL
Eg = Eyy=1— —— 5, £, =l ————, &, =—€,=10, §= .
ol(o+iy)”-Q[] (o +iy) ol(o+iy)” - Q]

3)

Parametersy,, :4/47re2rg/ m and Q,_=eB/(mq in (3) are Langwir and Larmor frequencies of

electrons; 2 is the electrons collision frequend®;i magnetic field induction. Tensdr™ in (2) is

the inverse tensor to:LL =1 . Conducted calculations gave the presentation on the magnetic
field dependence for the energy transfer ta(®). It was obtained a complicated behavior of the
rate U (B) in different relative orientations op,,p ,vectors. 110% increasing of the magnetic
field dependence of the rat®(B) was observed for ones geometrical configuration as well as an
expressing fall of this dependericéor others relative directions.

This work was supported by the Russian Foundation for Basic Resba ( pr o] e02-8602h o . )
r_ural _0) and the Mini s ttheyRussidh Featatian dunderoassigranerd noS c i ¢

1.3.06)
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Analysis of photoelectric, photorefractive, and nonlinear optical ptiggeshowed that introduction

of a cyanine dye with high electron affinity (low reduction potential) into the composite of
polyvinyl carbazole (PVC) and closed single_walled carbon nanotubes (PVC/SWCNT) composite
results in a twefold increase in amplifidéon factorgy and therefore in an increase in the theam
guantum efficiency
nearly 14fold. These effects are related to the dye trapping electrons in photogeneratedielectron
hole pairs ofiAPVChA&ESWENT eases
PVC+AéSWANY PVC +lea8ivg@Ni increase in the number of free holes in PVC.
Besides, electron trapping by the dye decreases the electron track length, which results in an
increase in phase shift

amplification factor . Her ewi t h,

fivefold decrease in bulk susceptibility.

Thetwobeam ampl i ficat.

deep hole traps and increase in the hole rackhefpipase shify )
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Fig. Dependences of quantum efficiency ¢ on external
field £ in (/) the PVC/SWCNT 0.26 wt %/Dye 1 0.3 wt %
composite and (2) in the absence of any dye.
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factor
accordingly, with fieldf o = 200 V/mm and(0); = 1(0), =0.24 W/cri. Preillumination (exposure
the laser (633 nm) at the dye absorption band before measurement of photorefractive properties)
leads in a further, nearly twiold increase in the amplification factor, probably, due to the filling of

before trapping.
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SPECTRAL AND PHOTOCH EMICAL PROPERTIES
OF SEMICONDUCTOR QUANTUM DOTS
IN SELF-ORGANIZED STRUCTURES
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Semiconductor quantum dots (QDs) are intensively investigated during last years, owing to their
unigue photophysical properties and wide sphere of potential or real practical applications. Self
organized structures of QDs are of special interest becausargatfization is considered as one of
main ways of creation of supramolecular structuresthia work the spectral, luminescent and
photochemical properties of salfganized structures obtained by evaporation of colloid solution of
semiconductor quantum dots (QDs) have been investigated. The main morphological types of
structures are considere@dn the basis of direct measurement of absorption spectra it is shown that
in dendritelike structures the QDs occupy no more than 20% of the structure volume. Such
structures thus should be considered being formed by supplementary components of colloid
solutions (solubilizers, stabilizers etc.), where QDs are incorporated as into matrix.

It is shown that the spectral properties of QDs in-egffanized structures, in particular the position

of the luminescence band maximum is mainly determined by tworfadfl) QD size separation

under incorporation into the structure and (2) the spectral changes caused by QD photodestruction.
The latter factor is absent for QDs with shells or in absence of illumination.

The main peculiarities and spectral appearancevoftypes of photochemical processes of QDs
within selforganized structures are considered: (i) QD photodestruction and (ii) photoinduced
change of luminescence quantum yield (PCLQY) of QD. On the example cfesteelvater soluble

CdTe QDs it is showrhat in selforganized structures the QD photodestruction leads to irreversible
blue shift of the QD luminescence maximum to a certain limit position. Such a shift may reach 50
nm or even more and is evidently caused by decreasing the effective QD sire r@sult of
photooxidation of surface layers of the QD matter. It was also found that this process is
accompanied by the appearance of very long component (tens of ns) in luminescence decay
Kinetics, that is evidently caused by passivation of QD surfadckéophotodestruction products.

The processes of QD PCLQY in contrast to QD photodestruction are partially or completely
reversible ones, and are not accompanied by any luminescence spectral shifts. We considered two
main cases when the QD PCLQY could bbserved without any complications caused by
simultaneously occurring photodestruction: (1) when the photodestruction reached the limit and
further luminescence band shift does not take place and (2) in the case of shelled QDs, for which
the blue luminesgee spectrum shift under illumination does not take place. Evidently, the effects

of photoinduced QD luminescence quantum yield change are caused by the processes of reversible
recharging of QD surface local states under illumination.
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of National Research University of Information Technologies, Mechanics and Optics, St.Petersburg, Russia
Tsekoms@mail.ru

We have investigated th¢-raysinteraction withgold and silver nanoparticles (NAh inorganic
glassesln the studiedjlassessshape oNP 6 s i s ¢ | oasdtheit szesi® poh exceed® a |
nm. This allowsthe analysisof absorption spectrly quaststatic approximation ofMie theory,
according to which theosition of the maximunof surfaceplasmonresonance §PR) does not
dependo n t h e .NKtRhe samestimethe spectraidth of SPRis determined by he NP&és s
and can be usddr evaluation1].

It is shownthat the effect oX-raysat roomtemperature lead® an increase dhe NP6 s and z e
the appearance &iiminescencdn the case of the glass with Athesizeof AuNP &6 s i mugr eas
to~ 2%.This behavioroNP 6 s at  hof edebtrordhaenpairsd explainedy quastatomic
structure oN P 6 s . A toenoderd conegts[2] the freeconduction electrons aistributed in
shellsls, 1p, 1d, 2s, 1f, 2p, .and below thezacuum levethey may bepartially filled, and empty.
At high densityelectrorhole pairs produceth the matrixduring X-ray irradiation electronscan be
capturedn theseshells. Naturally, theseadditionalelectrons exceedingositivecharge othe core,
shouldleadto a series okinetic effectdnthe matrixand hange t he si ze of NPO

It is shownthat heat treatmendf the glasseduces thdNP 6 s s i z e a nluminelseence e a s e
The negative chargen theN P @wring heat treatmemian be compensated the thermakmission

of electronsas well as thapproachto suchparticles ofmobile ionsAg®, Na', Li*. Silver ionsare
reducedonthere gati vel y @hegr gwidh Nd@®@fdheNaOasdLi™ drew off the
electrons(the decreaseof N P a Biteraction betweemMa” and Li*™ with the negatively charged
particlesexplains catalytic effect ofhe N P ¢ which leads tdocal inhomogeneityof glass and
precipitationof crystalline phases. Particularly interestiisgthe interaction ofLi* ions with the
negatively chargedl P 6L&" ions having ahigher coefficient ofiffusion thanAg®, surrounds the
NP6s and m@appeackihsiver iorts ites resultan the preservatioof the luminescence

in lithium-containingglassesipto4 0 0 AC .

1. Kreibig U., Vollmer M. Optical Properties of Metal Clusters (Springer Series in Materials
Science) SpringeYerlag, p. 532, 1995.
2. Alonco J.A. Struetre and properties of atomic nanoclusters, Imperial College Press, p.410, 2005.
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HOW THE BINDING TYPE
AFFECTS THE PHOTOPHY SICAL PROPERTIES
OF THE COMPLEXES OF QUANTUM DOTS WITH TE TRAPYRROLES

A.O. Orlova M.S. Gubanoval.V. Martynenkq V.G. Masloy A.V. Baranoy A.V. Fedorov

National Research University of Information Technologies, Mechanics and Optics, S. Petersburg, Russia
a.o.orlova@gmail.com

The idea of creating complexes where tetrapyrroles can enhance the generation of the singlet oxygen
due to the effective energy transfer from the donor energy to the tetrapyrrole molecules seems very
attractive. This explains a greattemtion to such complexes during last decade [1]. Colloidal
semiconductor quantum dots (QDs) have interesting properties: the optical characteristics of QDs
depend on their core size; they have broad absorption spectrum with high extinction, a higlmquantu
yield of luminescence (QY) and a high photostability. Today the synthesis and solubilization of the
guantum dots allow obtaining watsoluble QDs with charged group on their surface. So, quantum dots

are perfect for the role of the energy donor in caxes with the tetrapyrroles. The simplest way to
enable the energy transfer from QDs to molecules in complexes consists in pravedoogditions for
realization of the effective dipolé i pol e F°r ster Resonance Energy Tr

Here we hve analyzed the photophysical properties of complexes of the CdSe/ZnS and CdTe quantum
dots with three different tetrapyrroles: chlorine €6, metd porphyrin mestetra(p
trimethylaminophenyl)porphine (TAPP) and-#trasulphophtalocyanine (AISPc).It has been found

that binding the tetrapyrroles in complexes with QDs via their charged group leads to change of the
spectral form of the tetrapyrrole molecules in all our complexes. This is accompanied by the reduction
of the luminescence quantum yieldthe tetrapyrroles. So, in our complexes tetrapyrroles have QY
which amounts 30%, 20% and 4% from that of free chlorine €6, TAPP an8mR¢ correspondingly.

The FRET conditions: the distance from QDs to molecules and overlap of the absorption spectra of
tetrapyrroles with luminescence spectra of QDs were practically the same in our complexes. However, it
has been found that if we use charged group of tetrapyrroles for binding to QDs, the FRET efficiency
depends on a concentration of tetrapyrroles iotsm and can change over a wide range (from 1% up

to 50%). Thus the increase of concentration ofTAPc in solution leads to formation of
nonluminescent pthalocyanine aggregates on the QDs surface. These aggregates create the competitive
channel of theQD exited state deactivation and at the same time they can quench the luminescence of
the other AITSPc molecules bound to the same QD.

In the case of AITSPc we have another principal way to create complex. It is possible to coordinate the
carboxyl groupof the solubilasier of the QDs to the Al atom of theTAPc. For such complexes, we
should use QDs with the charge of the same sign as that-6SRt. Due to Coulomb interaction
between similarly charged particles in solution this leads to incompledénigiin complexes QDs with
molecules. Our research has shown that in such complexESFAd does not change its spectral form or
QY. The experimental efficiency of the energy transfer from QDs to phtalocyanine in these complexes
is equal to 80% that is@$e to theoretical FRET efficiency (97%).

Our data clearly evidence that the binding type of the tetrapyrroles with QDs in complexes affects the
photophysical properties of these complexes. It is apparent that using charged groups of the tetrapyrroles
canbring to zero all the advantages of the effective FRET in thet&@@pyrrole complex. It seems a
promising to create complexes of QDs with the tetrapyrrole molecules without the involvement of
charged groups of the tetrapyrroles.

1. MaslovV., Orlova A Bar anov A. , AfPhotosensitisers in m
T. Nyokong, V. Ahsen, Ed®art Il, Chapter 3//Springé&ferlag. 1st Edition. 2011. 699 p.
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CONTROL OF PHOTOCHEM ICAL PROPERTIES OF ULTRATHIN FILMS
OF AMPHIPHILIC CROWN -SUBSTITUTED HEMI CYANINE DYES

S.L. Selektat, D.A. Silantyevd, P. Batat, G. Jonusausk3sV.V. Arslanov

17 A.N.Frumkin Institute of Physical Chemistry and &lechemistry RAS, Moscow, Russia
21 Chemistry department, Koc University, Istanbul, Turkey
d3iLaboratoire Ondes et Matiere dOAquitaine, Bc
sofs@list.ru

The control of structure and structedependent photophisycal propertiek wtrathin films is
largely demanded for the implementing of the advantages of planar supramolecular systems as basic
elements of nanoscale information devices.

In the present study, we investigated structure and optical properties of Langmuir monofayers
amphiphilic chromoionophores Chl and Chll containing cratimer moieties by fibeoptic
spectrophotometry in situ directly during the process of formation of monolayer. The possibility to
control the degree and the type of molecular aggregation imtrelayer and in the Langmuir
Blodgett films (LBF) was proven, as well as the influence of monolayer structure on the processes
of the cations recognition was revealed.

0
Chi ) SR [ (\ 5/\
C.‘H;(_CHQ)Q]—_N/_\ & o)

It was shown that the fluescence signal is highly sensitive to different types of aggregation of the
organized planar system. It was established that the introduction of alkali andealithlications

into the subphase inhibits-&ggregation of crowsasubstituted dyes and results a significant
enhancement of fluorescence signal of the monolayer.

We found a reversible formation of excimers under cyclic monolayer compresgyansion,
characterized by a 100 nm rsHifted emission band relative to that of monomer (700 anch600
correspondingly) in monolayers of Chl on water subphase containing metal cations. The optical
characteristics of monolayers are maintained after their transfer onto solid support.

The dependences of fluorescence intensity of excimers on concentfatiod d®2 +, & 02 + , M
in water subphase were obtained. It was shown that efficiency of dye excimer formation in the
monolayer depends on cation charge, its radius and binding constant with-etfe@wvmmoiety. At

the same time, the -Kay photoelectron sp&oscopy proved that cations promoting excimer
formation are not contained in LBFs transferred on solid supports. It was found that interaction
between cations and crovather groups of dyes takes place in the presence of chloroform upon
spreading dye solion over the catioitontaing subphase surface at the initial stage of monolayer
formation. Apparently these interactions determine the structure of monolayer and the efficiency of
excimer formation in it.

Thus, the possibilities of control of structur@daphotophysical characteristics of Langmuir
monolayers of amphiphilic crowsubstituted hemicyanine dyes by changing the subphase
composition are demonstrated in this study.

This work has been done with the support of Russian Foundation for Basic Rese@arp r 0 j-e c t
0393118 A1 RJ ©) and the Program 7(5) of Presidiu
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SECTION 7. PHOTOCHROMISM OF ORGANIC COMPOUNDS

HYBRID PHOTOCHROMIC SYSTEMS:
INSIGHTS INTO STRUCT URE AND MECHANISM

O.A. Fedorova D.V. Berdnikova, A.N. Sergeevi P.A. PanchenKp
Yu. V. Fedorov, V. Lokshirf, S. Delbaere

17 A.N. Nesmeyanov Institute of Organoelement commsRAG, Moscow, Russia
27 CNRS UPR 3118, Interdisciplinary Center of Nanoscience CINaM, Marseille, France
37T CNRS UMR 8518) n i v elLillesNiortt & France, Lille, France
fedorova@ineos.ac.ru

In the last few years, naphthopyrans have evolved as a fasgirfamily of commerciallyused
photochromic molecules because of their synthetic availability, ease of modification, durable
persistency and addressable bleaching kinefit® hybrid biphotochromic systems involving
naphthopyran species have generatdlostntial research interest because they allow a possible
sequential control of electronic properties thus leading to potential applications as new generation
of smart materials, such as higbnsity data storage systems or the optical equivalent ofdfédt
transistors and logical gateSherefore, a better understanding of photochemical pathways,
including identification of stable intermediates, is critical for learning how to construct and
manipulate these synthetic hybrid biphotochromic systems.this context, the hybrid
biphotochromic systenconsisting of a styryl, stylbene or naphthlimide unit tethered to a
naphthopyramwas prepared and studied.

Fluorescent Naphthopyran

naphthalimide  Ph
) p
Ph
© Ph
| NN
< |
a4

Stylbene

Ph Ph
Styryl dye
NMe, NMe,

The resulting crossalidation of the data obtained by UV/Vis abg using multinuclear NMR
monitoring technique gave a highly reliable and comprehensive picture of the thermodynamic
stability and photochemical behavior of this hybrid system in acetonitrile solution.

Acknowledgment® RFBR program (103-93105),themt er nat i onal Research
and French CNRS for financial support
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FLUORESCENCE SWITCHI NG
OF DYADS AND SILICA NANOPARTICLES
BASED ON PHOTOCHROME -FLUOROPHORE COMBINAT ION

K. Ouhenid, R. Metivier', S. Masonneuvg A. Jacquatt
J. Xié', A. Leaustié, P. YU, K. Nakatarf

17 PPSM, ENS Cachan, Chemistry department, Cachan, France
271 LCI, ICMMO, CNRSUN i v e r s-Sud RariR Erande s
karima.ouhenia@ppsm.ewachan.fr

Molecular systems based on photochrome entities are sought for their switching stimulated by light.
These molecules have the functionality of switch and memory. Each moleocupotentially be a

"bit". However, in the objective of miniaturization, it is necessary to couple, to these photochromic
molecules, entities with properties detectable at small scales, for example fluore§tpne.
synthesized multichromophoric molecsland nanoparticles containing both photochromic (P) and
fluorescent (F) moieties, and studied the interactions in these multifunctional systems.

The presentation focuses on the fabrication and study of:

- Photochromédluorophore dyads. The fluorescence Fofcan be switched upon UV and visible
irradiation, while P shuttles between its open form (OF) and closed form (CF). We demonstrated
that this phenomenon is based on the quenchir
transfer (FRET) from F to,Rvhen P is in its CF. No such effect is observed when P is in the OF
state. Interestingly, ®F is also fluorescent, and a reverse FRET from P to F is detectable when P

is in its OF.

- Photochrome and fluorophore moieties grafted on silica nanopart&i&&). In addition to the
fluorescence switching observed in the dyads, the confinement of the chromophoredi®n Si
enables the quenching of the fluorescence of several F moieties by a single P moiety in its CF form.
This leads to a nonlinear relatiomshbetween the OEF conversion extent and the fluorescence
intensity.

\\ CN
N 7NV
e Ky
s N » o
NN = o 5
‘ g s ‘, P O// f_,N/\/N\ l'i 4 ‘l‘
, N=N % Photochrome  Fluorophore

Figure 1 : Photochrome-fluorophore dyad (left) and silica nanoparticle (right)

1. J . Piar d, R . M®t i vi er , M. Giraud, P . Yu, K.
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THE AMBIGUOUS ROLE O F WEAK IRREVERSIBLE CHANNEL
IN A SYSTEM OF REVERSIBLE PHOTOCONV ERSIONS:
PROVITAMIN D PHOTOIS OMERIZATION

I.P. Terenetskaya

Institute of Physics NAS, Kiev, Ukraine
teren@iop.kiev.ua

The synthesis of vitally important vitamingh skin induced by solar ultraviolet (UV) irradiation is
a two-stage process which begins with the production of previtamirol fhe steroidal precursor
7-dehydrocholesterol (DHC). Then vitamin B itself is formed upon reversible thermal
rearrangement of the previtamin D via [Esimatropic hydrogen migration.

In solutions, the photosynthesis of previtamin D is a complerd@d network of isomerization
reactions, with conformationally flexible molecule of previtamin D occupying the central position.
A dynamic equilibrium between the four principal photoisomerghotostationary state, is
established after some time of Ulradiation, and its composition strongly depends on the
irradiation spectrum applied. This wédhown wavelength effect is caused mainly by the different
absorbances of the photoisomers involved in the reaction network.

In commercial production of vitaim D the maximization of the yield is achieved by control of the
irradiation wavelength and the extent of the irradiation. So, monochromaticity of laser radiation was
of prime interest to the investigators. Using tunable laser irradiation withirB@98m another,

more complicated, wavelength effect in previtamin D photochemistry has been revealed by Dauben:
a sudden increase in the efficiency of ring closure into lumisterol at the wavelengths between 302
and 305nm. One of the most logical explanations liread selective excitation of different
previtamin D conformers possessing different absorption spectra and photoreactivity. However,
sudden change within narrow spectral range around 300nm was not fully understood.

Despite it is generally accepted that edanentioned reversible photoreactions of previtamin D
play a determining role in the photoreaction kinetics, there are also irreversible photoconversions
into sacalled ovefirradiation products toxisterols. Nevertheless, it is usually assumed that due to
the low quantum yield toxisterols accumulate on prolonged exposure after complete conversion of
the initial provitamin D. Therefore, as a rule the irreversible channel does not appear on the reaction
scheme, and the presence of toxisterols is disregardedhe total concentration of the four main
photoisomers is taken as 100%.

In this presentation based on our studies [1] on laser initiation of provitamin D photoisomerization
we will show the limitations of the photostationary approximation and expienlittle-known
wavelength dependence of the irreversible channel efficiency with a using both the simplified
model and computer simulations of the photoreaction kinefibe data on the photoreaction
kinetics initiated with UV lasers will illustrate ¢himportance of the wavelength effect revealed.
Particular attention will be given to original spectrophotometric analysis of the multicomponent
mixture of the vitamin D photoisomers which does take into account irreversible degradation of the
photoisomermixture andhas most relevant applications in ensitu monitoring of biologically

active antirachitic solar UV radiation Char acteri zation of the 0Vi
described in detail with focus on the difference betweerntheso and tkein vitro action spectra of
vitamin D synthesis.

In summarydisregard of the irreversible channel with low quantum yield in a system of reversible
photochemical reactionsis not always justified over a wide spectral range.

1. |. Terenetskaya, Photochenistry: UV/ VIS spectroscopy, Photochemical Reactions and
Photosynthesis, Nov@&ciencePublisherdnc., 2011, chapter 6, p.23370.
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PHOTOPROCESSES IN NO/EL HYBRID COMPOUND INDUCED
BY PHOTOEXCITATION W ITH LIGHT OF DIFFERE NT WAVELENGTHS

N.L. Zaichenkd, P.P. Levif, A.S. TatikoloV, A.l. Shienok, L.S. Koltsova,
|.R. Mardaleishvilt, L.D. PopoV, S.I. Levchenko¥, A.A. Berlin*

17 N.N. Semenov Institute of Chemical PhyBi&s§ Moscow, Russia
21 N.M. Emanuel Institute of Biochemical PhydiR&S Moscow, Russia
31 Southern Federal University, RostowDon, Russia
zaina@polymer.chph.ras.ru

Novel hybrid compound (HC), which molecule contains three photochromic fragments of different
nature, was investigated by the microsecond pulse photolysis techniques using excitation with UV
and visible light in methanoln the HC molecule the photochromic spironaphthoxazine fragment,
capable to form a colored merocyanine form, is linked to the hydroxynaphthylmethylenimine (NA)
fragment, in which intramolecular proton transfer can occur in the ground and excited (ESIPT)
states of the molecule. The NA fragment contains a phenylazo substituent proa@stois
photoisomerization. This HC was synthesized according to the sequence of chemical reactions:

Me e

5{“( @ SNENS lo_N/_: o
C& w CX( w

Spectralkinetic characteristicsf@hotoproducts were studied. A significant effect of the excitation
light wavelength on the relative yield of the photoproducts of different nature was found.

O BKtrans 650 nm

VISIBLE

BEtrans C&w N BEtrans 600 nm

600 nm AF trans 450 nm

E
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This work was financially supported by the Russian Acadéi@giences (Presidium Program No. 8).
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SECTION 8. APPLIED MOLECULAR PHOTONICS

CYCLOMETALATED PLATI NUM(Il) COMPLEXES CO NTAINING
PYRAZOLONATE LIGANDS AS HIGHLY LUMINESCEN T EMITTERS
FOR ORGANIC LIGHT -EMITTING DIODES (OLE DS)

Yu. E. Begantsova..N. Bochkarey V.A. llichev

G.A. Razuvaeyv Institute of Organometallic ChemiB#S Nizhny Novgorod, Russia
begantsova@mail.ru

Last decade square planar Pt(ll) compounds have attracted erarid@ attention due to their
efficient electroluminescent properties [1]. In the present work a seriaswvel phenylpyridine
Pt(ll) complexes with isopropyl('Pr) and norbornenydubstituted (NBE) pyrazolonate ancillary
ligands were synthesized:

Compoundsl and 2 were used as emissive materials in OLED devices with the structure of
ITO/TPDA or 2/BATH/Yb (TPD 1 N, Mi&(3methylphenyBN , MNigphenyl)benzidine).
Electroluminescence (EL) of orange color was observed and assigned to eximer emission of
platinum complexes. The maximum of brightness of 5300 Tatmil current efficiency of 16.47

cd/A wee reached. When complexésand2 were doped into poi-vinylcarbozole (PVK) (310

%) color of EL were found to depend on the dopant concentration and changed from green to
yellow to white.

Complexes3 and4 were copolymerized with carbazole functionaizZNBE monomers using third
generation Grubbs’ catalyst. Pt{pntainingcopolymers with different ratio of monomer units
were obtained. OLED with configuration of ITO/Pt(Il)copolymer/BATH/&Mb (ITO - indium tin

oxide, BATH1 bathophenanthroline, Adg tris(8-hydroxyquinolinato)aluminiumyvere fabricated.

The emission colors of the copolyresised devices changed from yellowish green to white to
yellow depending on the ratio of carbaza@d Pt(Il}containing units. The maximum brightness of
400 cd/nf and current efficiency of 3.90 cd/A were observed.

Photoluminescent properties of synthesized Pt(ll) complexes and polymeric materials will be
discussed also.

[1] J. Kalinowski, V. Fattori, M. Cocchi, J.A.G. Williams, Coord. Chem. Rev. 255 (2011) 2401.

This work was supported by the Russian Foundation for Basic Research (Project -N8. 12
00250_a)
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