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FTIR and DRS — spectroscopy of nanocarbon vibration
states

Bekhterev A.N.
Magnitogorsk State University, 455000 Magnitogorsk, Russia

Phonon’s structure of amorphous and crystal carbons is investigated in detail with the
help of Raman spectroscopy (RS) [1, 2]. However, not all vibration states in view of an
alternative selection rule are active in Raman spectra.

In the given work on the basis of FTIR reflection spectroscopy and the adapted to
absorption media method of the diffuse reflections spectroscopy (DRS) and an original device
for the infrared (IR) spectrometer destined for quantitative studying of vibration states in
nanocrystal carbon, on an example of pyrolitic carbon (PC) and glassy carbon (GC) are
investigated. Research of vibration states in IR-spectra of the condensed carbon is
complicated by intensive not selective absorption of free carriers of a charge. The natural
surface of the samples was investigated at a corner of reflection 20° on IFS-88 (Bruker)
spectrometer in  wide  spectral region  5000-400 cm™  with the  accuracy
2 cm™ and in a regime of accumulation up to hundred scans. According to the theoretical-
group analysis of fragments of crystal structure in GC and PC IR-spectra, the graphite’s atoms
(D/,) or fullerenes structures (") should possess the optical activity of intraplane
asymmetric vibrations [1]. Near central I'- point of Brillouin zone the following vibration
states are active:
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On the basis of the formula offered by the authors which is similar to Kubelka-Munk
relation the influence of initial parameters of samples (concentration, degree of its depressiveness)
on the factor of scattering is investigated. In DRS - spectra of specimen the selective absorption in
the ranges of 1100-700 cm™, 1700-1200 cm™, 3400-1800 cm™ were found that well enough
correlate with the features in a spectrum of function of density phonons states of condensed
carbon with graphite’s, fullerenes and carbon’s chains motives. In DRS -spectra of PC and GC the
wide bands of absorption in the ranges 900-800 cm™ and maxima of absorption on 1510 and 1240
cm”! were registered, and also — the features in the form of curvature in the aria of 1570, 1350,
1020 cm™ were found [2]. In experimental IR-Fourier and DRS spectra of the samples the
selective absorption bands of vibration states £, and 7}, in the range 1600-1300 cem” and 45, —
mode in 900-800 cm™ were registered. Intensity and position of bands considerably change with
the growth of temperature of samples processing and correlates with results of the structural
research of Raman and ATR (attenuated total reflection) spectra on the given objects [2].

[1] Carbon molecules and materials. / Ed. by R. Setton, P. Bernier, S. Lefrant. — L.-N.Y.: Taylor
and Francis. - 2002, 489 p.

[2] Bekhterev A. N. Vibration states in solid state carbon and nanocarbon. - Magnitogorsk: MSU,
2007.
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Photoluminescence of organic semiconductors sensitized
by fullerenes Cg

Dmytrenko O.P., Kulish M.P., Kobus O.S., Olasiuk O., Bilyt M.M., Zabolotnyi
M.A., Prylutskyi Yu.l., Shlapatska V.V .*

Kyiv National Taras Shevchenko University, Faculty of Physics, 03022 Kyiv, Ukraine
*Pysargevskyy Physical Chemistry Institute of NASU, Nauky Prosp, 31, 252650 Kyiv,
Ukraine

Fullerenes Cgy are the m -type—acceptor molecules and have a lot of
interesting effects in different organic compounds. Sensitizing of amorphous
molecular semiconductors as polyvinylcabazole (PVO) and
polyepoxypropylcarbazole (PEPC) by fullerenes Cg leads to appearance of new
photogeneration centres. The centres are intermolecular complexes with charge
transfer (CT), that are formed during accepting by molecule of fullerene few
electrons from different polymer macromolecules and can cause transport of
excitons and charge carriers. The processes can influence the properties of
polymer-fullerene nanocomposites in a different way depending on the
concentration of the sensitizer.

In the work we have investigated photoluminescence of concentration
dependence of Cg, in organic semiconductors PVC and PEPC. We also have
applied irradiation with Cu ions and with electrons in order to study influence on
bonding between Cgy and PVC, PEPC molecules. The samples were prepared by
simultaneous condensation of PVC or PEPC and C4, powders on Si substrate
from 2 sources at different temperatures of the powders evaporation.
Concentration of C4, molecules was controlled by rate of deposition. Thickness
of the films was 100mn. Irradiation of the films was performed with electrons:
energy E.~=1.8 MeV and copper ions Ec=140keV, the fluence
F=4.2-10" jon/cm’.

Photoluminescence in the range of singlet excitons radiative recombination
is characterised by wide spectral band shifted to the UV region. Depending on
the fullerene concentration the band widens and shifts that proves about
complicated processes in the systems.

Photoluminescence changes also under high-energetic electron irradiation
(Ee>1.8 MeV) with absorbance doses of 3.0; 4.0 MGr. That proves about
change of creation mechanisms of CT complexes due to appearance of donor-
acceptor and exchange interaction. During irradiation with Cu ions molecular
complexes Cz'-Cq; undergo to damages that is proved by fall of
photoluminescence intensity. Due to that the systems became characterized by
segregation and destruction of molecules Cg, and that causes decrease of number
of molecular complexes.
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Nanolayers of donor-acceptor systems composed of
fullerene and chromophor

Lewandowska K., Wrobel D., Milczarek G

Faculty of Technical Physics, Institute of Physics, Poznan University of Technology, 60-965
Poznan, Poland

*Institute of Chemistry and Technical Chemisrty, Poznan University of Technology, 60-965
Poznan, Poland

Fullerenes covalently linked to photoactive organic molecules such as e.g.
porphyrin and perylene can be very attractive molecular systems for
investigations of nature and kinetics of intermolecular interactions upon
photoexcitation and can find many applications (e.g. artificial photosynsthesis,
organic photovoltaics, molecular electronics and photonics [1, 2]). These
systems can be used as organic materials in electronic devices where molecular
materials is in direct contact with metallic or/and semiconducting electrodes.

In this contribution we have investigated solutions of and Langmuir-
Blodgett layers of porphyrin, porphyrin-Cg, perylene and perylene-C60 on the
gold, In,O5 and quartz substrates.

Fullerene covalently linked to the chromophore were studied and analyzed
with the use of optical spectroscopy and the measurements were done in the
region of UV-Vis. Photoinduced electron transfer in the donor-acceptor dyads
was investigated with light induced electron spin resonsnce spectroscopy (ESR)
and photocurrents measurements [3, 4].

The results showed that the presence of Cg influences markedly the
spectral parameters of the porphyrin and perylene moieties due to the strong
interaction which leads to charge redistribution in the systems. Occurrence of
intramolecular energy transfer from fullerene to porphyrin and electron transfer
between the dye and the fullerene are shown.

A photoelectrochemical used for light-induced photocurrent. It was showed
that the linkage of chromophors with Cg, effects strongly rise of photocurrent.

The paper was supported by Poznan University of Technology BW-62-207/2009

[1] H. Imabhori et al. J. Photochem. Photobiol. C 4, 51 (2003).

[2] V. Balzani (Ed.), Electron Tansfer in Chemistry 1-5, Wiley-VCH, Winheim, 2001.

[3] H. Manikowski, D. Wrobel, K. Lewandowska, A. Graja. Synth. Met. 157, 363 (2007).
[4] D. Wrobel, A. Graja, H. Manikowski, K.Lewandowska. Chem. Phys. 336, 165 (2007).
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Fullerene Cg as effective luminescence quencher of Yb
(IIT) phenyltetracyanoporphyrazine complexe

Lopatin M.A., Klapshina L.G., Grigoryev I.S., Semenov V.V.

Razuvaev Institute of Organometallic Chemistry RAS, 603950
Nizhny Novgorod, Russia

Novel facile synthetic route to the metal template assembly of a
tetrapyrollic framework from tetracyanoethylene (TCNE) structural units by the
reaction of TCNE with metal n-sandwich complexes had been obtained. The
reactions occur under extremely mild conditions, the porphyrazine macrocycles
being assembled in high yield from TCNE. The formation of a disordered
polynuclear coordination polymer network including a macrocyclic structure
and metal cations bridged through the nitrile nitrogen atoms (I) is proposed. The
complex is readily soluble and is compatible with a variety of polymeric
matrices giving doped polymeric glasses, films and solutions which are highly
luminescent in the biologically relevant optical window covering the visible and
near infrared range.

We investigated luminescent spectra of the toluene solutions of the
complexes (I) using Cg¢ as the quencher of the fluorescence.
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Figure 1. Exitation (1) and emission (2) spectra of the complexe (I) in toluene and quencher of
the emission (2) by the fullerene Cg. lex= 300 nm, Slit 5 nm.

The reason of the quencher is the resonance interaction of the complexe (I)
with the fullerene Cg.

This work was supported by the grant from the President of the Russian
Federation (S.Sc.- 1396.2008.3, State Contract 02.513.11.0002) and programs of
RAS.
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Monte-Carlo model of formation of a swarm of low energy
electrons in fullerite Cq, under electrons in the keV- energy
range

Makarets N.'. Mikoushkin V.M.?

"Taras Shevchenko Kyiv National University, Department of Physics, Viadimirskaya Str., 64,
Kyiv 01033, Ukraine
*[offe Physical-Technical Institute, RAS, 194021 St.-Petersburg, Russia

Knowledge about spatial and energy distributions of secondary electrons
generated in fullerites by electron beams is important in such applications as electron-
beam lithography and coating surfaces by polymeric fullerite films. The Monte-Carlo
model of these processes for primary electrons in the keV energy range was developed
by the authors on the previous stage of the research and applied to description of the
process of fullerite C60 polymerization, in particular for estimation of the number of
electronic excitations needed for formation of one intermolecular bond [1]. The model
describes the behavior of each of the electrons in cascades generated both by the
primary and secondary electrons. Trajectories of all of the electrons are tracked until
their energies exceed the minimal energy of HOMO-LUMO transition (2.7 eV).
Elastic and inelastic collisions including ionization, single and collective excitations
were taken into consideration. The model has been applied to the case of normal
incidence angle of the primary electrons in the energy range 150-1500 eV. The mean
free path of electrons in fullerite was found to be A = 1.4; 0.3; 7 nm correspondingly
for the characteristic energies E = 1500; 50; 4 eV. It was shown that long mean free
path of the extremely low energy electrons results in formation of the swarm of these
electrons with huge radius up to 100 nm. The model shows conversion of primary
electron into a swarm of low energy secondary electrons after approximately several
tens of collisions. At that, the average depth of the penetration of the primary electron
into the bulk exceeds the swarm radius up by several times. Low energy electrons
generated in thick layer move chaotic and get to behave according to the analytic
diffusion model [2]: a part of these electrons can not overpass the surface barrier, are
collected in the near surface area and induce polymerization of fullerite. The computer
model shows strong energy dependence of the number of electrons with the energy E <
50 eV in the studied energy range: from ~20 to several hundreds. It was shown that the
energy dependence of the density of low energy electrons in the near surface area is
also increasing, which correlate with the energy dependence of the polymerization rate
of this area revealed in Ref. [3].

[1] N.V. Makarets, Yul. Prylutskyy et al., Fullerenes, Nanotubes and Carbon
nanostructures 14, N 2-3, 513 (2006).

[2] V.M. Mikoushkin, I.B.Suslova et al., Abstracts of the 7" Biennial International
Workshop “Fullerenes and Atomic Clusters” (IWFAC’2005), p.179 (P116).

[3] V.V.Shnitov, V.M.Mikoushkin et all., Physics of the Solid State 44 (3), 4444 (2002).

207



P8.6 Poster Session 3

CosoHy4, Oxidation in Air
Bazhenov A.V.*, Bashkin [.O.*, Maksimuk M.Yu.*, Fursova T.N.*, Moravskii
AP’

*Institute of Solid State Physics, 142462 Chernogolovka, Russia
" Institute of Problems of Chemical Physics, 142462 Chernogolovka, Russia

We experimentally studied the changes CgH, (36<x<60) undergo when
exposed to atmospheric air. It has been previously known [1] that CgHsg
oxidizes in air changing its colour from white to orange. The oxidation causes
characteristic changes in CgoHj34 vibrational and electronic spectra [1].

We found that higher hydrogenated fullerenes demonstrated similar change
of colour in air. For detailed experimental study we prepared samples with
average formula CgoHy,. Cgo was hydrogenated at 500°C and at a pressure of 50
kbar H, (see [2] for the details).

Fresh white powder samples consisted of microcrystals with a size of a few
um. A change of their colour caused by oxidation could be seen after several
months exposure in air. In [1] the colour changed just after 1 hour. It is the
diffusion of O, into the volume of samples that determines the speed of the
oxidation. Evidently, the diffusion was much slower in our microcrystals than in
CeoHs¢ of [1]. Probably in [1] the particles of CgHszs formed rather porous
conglomerates. The samples kept in distilled water showed the same behaviour
as the samples kept in open air. The oxidation could not be reversed by
annealing in vacuum at 200°C during 2 hours

The fresh and aged samples were characterized by infra-red and visible
spectroscopy and Raman spectroscopy. In aged samples, we detected the
changes in the infra-red and visible regions similar to the changes reported in
[1]: there appear broad bands at about 3400 cm” (OH stretching), 1705 cm’™
(ketonic groups), and 1010 cm” (C-OH bending). However, changes in the
1100-1550 cm™ region (vibrations of the fullerene cage, mostly) in our samples
were much less pronounced than in [1].

We did not find any new lines for aged samples in the region of C-H
stretchings, just original lines substantially broadened.

In aged samples, Raman spectra revealed a strong luminescence under
632.8 uwm irradiation, its intensity increasing with the oxidation. The
luminescence can be easily seen even in slightly oxidized samples which look
perfectly white. It can probably be used as a probe of oxidation degree.

[1] F.Cataldo. Fullerenes, Nanotubes, and Carbon Nanostructures 11,295 (2003).
[2] V.E. Antonov, 1.O. Bashkin, S.S. Khasanov, A.P. Moravsky, Yu.G. Morozov, Yu.M.

Shulga, Yu.A. Ossipyan, and E.G. Ponyatovsky. Journal of Alloys and Compounds 330-
332, 365 (2002).
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High temperature depolymerization of the 2D(R) Cg
polymer studied by Raman spectroscopy

Meletov K.P.', Arvanitidis J.2, Christofilos D.?, Kourouklis G.A.%, Twasa Y.’

!Institute of Solid State Physics RAS, 142432 Chernogolovka, Russia
2Physics Division, School of Technology, Aristotle University, 54124 Thessaloniki, Greece
3 Institute for Materials Research, Tohoku University, 980-8577 Sendai, Japan

Raman spectra of single crystalline two dimensional rhombohedral {2D(R)} Ceo
polymer were measured at ambient conditions after its high temperature treatment (HTT) in
order to study the depolymerization process. The HTT was performed for 30 minutes at
various temperatures up to 300°C using a high temperature cell with a quartz window and
protection against microscope objective overheating. The cell is equipped with a temperature
controller unit that maintains temperatures up to 400°C with an accuracy of +£2°C.

Raman spectra were recorded by means of a triple monochromator DILOR XY system
equipped with a nitrogen cooled CCD detector system. The laser beam of a Ti:sapphire
tunable laser operating at 780 nm was focused on the sample by means of a long working
distance 20x objective in a spot of ~3 um diameter, while the beam intensity on the sample
was less than 0.1 mW in order to prevent sample overheating and/or damage.

Raman spectra were measured at a fixed site of a small piece of the 2D(R) polymer of
Ceo after successive HTT runs up to 300°C. The spectra were measured at 25°C to avoid the
sample damage that was observed within the laser spot for T>150 °C even at laser intensity as
low as 0.005 mW. The typical Raman spectra in
the region of the A,(2) (PP-mode) are shown in
Fig.1. The data obtained show that the 2D(R)
polymer is stable up to ~240°C while at higher
temperature a material transformation takes place.
The Raman spectrum after HTT at 250°C shows
new Raman modes related to the 2D tetragonal
and 1D orthorhombic polymers, as well as to the
Ceo dimers and monomers, that coexist with the
2D(R) PP-mode. The intermediate state of the
partially depolymerized 2D(R) polymer was
observed up to 275°C where the material changes
drastically its composition resulting in the
domination of Cgy monomers with some inclusion
of Cgp dimers {as it follows from the splitting of
the low energy Hy(1) Raman mode (not shown)}.

The support by the Russian Foundation for
Fig.1. Raman spectra at ambient conditions ~ Basic Research, grant Ne 08-02-00890, and the
of the 2D(R) polymer after treatment at  hogpitality of the Aristotle University of
various temperatures for 30 minutes. Thessaloniki (Greece) are greatly acknowledged.
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Correlation of plasmon and Auger energies and its use for
diagnostic of irradiated and degraded fullerite Cg

Mikoushkin V.M., Nikonov S.Yu., Shnitov V.V., Gordeev Yu.S.
loffe Physical-Technical Institute RAS, 194021 St.-Petersburg, Russia

Research and characterization of electron structure and optic properties of fullerite films
modified by electron irradiation seems to be an important task for electron lithography [1], the
problem of natural degradation of fullerite films [2] and other applications in which fullerite
films are used. The technique of characterization of the band gap, density of states, m-plasmon
energy, extent of polymerization and amorphyzation of fullerite under irradiation and in the
course of degradation has been developed earlier on the bases of high resolution electron
energy loss spectroscopy [1]. Unfortunately, this technique is rather complicated and needs
special low dispersion electron gun and high resolution energy analyzer. We present here
much easer approach with the use of ordinary Auger spectroscopy and correlation between
CKVV Auger and n-plasmon energies revealed in this work and shown in Fig.1. Diagnostic of
fullerite film can be performed by measuring CKV'V Auger energy and obtaining m-plasmon
energy shift through which all the information mentioned above can be deduced. The
correlation between Auger and plasmon energies was obtained by their parallel measurements
in the course of irradiation of in situ grown fullerite films by electrons with the energy E, =
1500 eV. Commercial LHS-11 electron spectrometer was used. Dose dependences of Auger
and 7m-plasmon energy shifts were obtained in the range of doses Q ~ 0 + 2 C/em’
corresponding to the polymerization and initial stages of amorphyzation of fullerite where the
modification parameter is I, ~ 0.5 [1]). Fig.1 shows that CKVV Auger energy before the
irradiation was Ear = 273.1 eV (relative to the Fermi level) or Eay = 268.4 eV (relative to the
vacuum level), which evidences for high quality of pristine fullerite film [3]. Auger and -
plasmon energies undergo correlated blue and red shifts under irradiation correspondingly.
The reason of the first one is decreasing the binding energies of occupied states due to
creation of the conductivity electronic states resulting in increasing the relaxation energy. The
n-plasmon red shift seems to be a result of
completely different reasons. Therefore the

60 | practically liner correlation of these shifts
0l looks surprisingly and demands further
el investigation. As a practical result, the large

dynamic diapason of the Auger energy shift
provides for high sensitivity of diagnostics.
or The research was supported by the Russian
Academy of Sciences (Program ‘“Quantum
4T physics of condensed matter”).
732 2736 2740 2744 2748 [1]  V.V.Shnitov, V.M.Mikushkin et al., Phys.
Eoev Solid State 44 (3), 444 (2002).

Figure 1. Relationship between m-plasmon [2] Yu. S.Gordeev, V.V.Bryzgalov et al,
and CKVV Auger energies. Auger energy Abstracts of the 6" IWFAC, p.314 (2003).
scale is counted out of the Fermi level. [3] V.M. Mikushkin, V.V. Shnitov, Phys. Solid

State 39 (1), 164 (1997).
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Electronic structure and radiation
instability of C60F48

Mikoushkin V.M., Bryzgalov V.V.!, Nikonov S.Yu.!, Shnitov V.V.!, Gordeev
Yu.S.!, Boltalina O.>*, L.V. Gol’dt%, Brzhezinskaya M.M.*

'Toffe Physical-Technical Institute RAS, St.-Petersburg, 194021, Russia
2 Chemistry Department, Moscow State University, Moscow, 119899, Russia
I Chemistry Department, Colorado State University, Fort Collins, 80523, USA
4BESSY, German-Russian laboratory

Fluorination is known to be an effective way of manipulation of the electric and optic
properties of fullerenes. The band gap of CgFx rises radically on enlargement of the number
of attached fluorine atoms. Though, the mechanism of the transformation of the valence
electron structure has not been clear. Shift of the highest occupied electron levels (HOMO)
out of the Fermi level was revealed in [1], on the contrary, disappearance of the upper HOMO
levels was observed in [2]. The aim of this work was obtaining the valence band
photoemission spectrum of the highly fluorinated fullerenes CgF4s, its comparison with that
of ordinary fullerenes and clarifying the discussed mechanism of the band gap widening.
Electrostatic charging and possible radiation instability of the CeoFx films was expected to
complicate solving the task. Therefore, conductive organic thing films MnPc were used as a
solid solvent of fluorinated fullerenes CgoF4g to prevent charging of these wide band gap
dielectric molecules. Extremely low radiation stability of CgoFsg molecules was revealed.
Visible shift of Fls line and removal of fluorine atoms were observed after irradiation by
diagnostic x-ray beam during several minutes (Fig. 1). Therefore the photoemission spectra
were recorded during short expositions. The values of the binding energies
Ey (Cls, C-F) = 288.5 ¢V and Ey (Fls) = 687.1 eV corresponding to carbon and fluorine
atoms bound to each other proved to be very close (within 0.2 eV) to the corresponding values
obtained by us earlier for CgoF36 film [3]. The valence band spectrum of CgoF4s molecules was
obtained as a difference between the spectra of the composite film and solvent. It was shown
that the band gap of fullerene becomes
wider in fluorination due to disappearance
of molecular levels starting from the
highest ones, which takes place due to
participation of m-electrons in creation of
C-F bonds. The research was supported by
the bilateral program ‘“Russian-German
Laboratory at BESSY” and by the Russian
Academy of Sciences (Program “Quantum
physics of condensed matter”).
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160 162 164 166 [1] R. Mitsumoto, T. Araki, E. Ito, et al., J.
K Phys. Chem. 4 102, 552 (1998).

[2] V.M.Mikoushkin, V.V.Shnitov et al.,
J.Electr. Spectr. Rel. Phen., 168, 25
(2008).

[3] V.M. Mikoushkin et al., Bulletin of the
BESSY Annual Report, Berlin, 2009.

Fig.1. F1s photoelectron spectra of CgoF43 measured
after 3, 15 and 60 min of irradiation by diagnostic
x-ray beam (hv ~ 850 eV).
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Diffluence of solid Cg film due to high rate surface
diffusion of fullerenes

Mikoushkin V.M., Solonitsina A.P.
loffe Physical-Technical Institute RAS, 194021 St.-Petersburg, Russia

Films of condensed fullerenes (fullerites) and their derivatives are widely used in
different applications. Fullerite films are usually considered to be easily fabricated, stable and
comprehensively studied. Nevertheless, degradation of thin fullerite films depending on time
has been recently revealed in conditions of the absence of oxygen and radiation [1]. The
mechanism of diffusion of fullerenes away of film and enrichment of the near surface layers
of film by defected molecules and polymeric clusters deposed together with normal fullerenes
during the film growth was assumed. To confirm the suggested hypothesis, the experiment
devoted to study of the time dependence of the thickness of fullerite films has been
performed. Thin films of fullerite C¢y with thickness of about several monolayers (ML) were
grown on the atomically clean surface of GaAs directly in the analytic chamber of the electron
spectrometer LHS-11 at high vacuum conditions. Sublimation source was used. Ga LMM
(EA=1064 eV) Auger line of the substrate was controlled together with C K7V line of the film.
Fig.1 shows radical increasing intensity of Ga LMM line during 20 min after the film
deposition. This fact evidences reducing thickness of the film which was estimated by the
formula: h = A*Inl,/I, where I, and I are intensities of Ga LMM line before and after the film
deposition and A ~2.4 nm is the mean free path of Auger electron in fullerite. The effective
thickness of the film decreased at room temperature by approximately 1.5 ML: from ~ 4 to
~2.5 ML. The observed fact can be explained by high rate diffusion of the fullerenes of the
upper layer out of the film. Taking into account the average diffusion length L~2 mm
connected with the sample sizes, the diffusion coefficient can be estimated:
D ~ L Jt = 4%10”° m?/c. Earlier efficient diffusion of fullerenes Ceo was observed at room
temperature in polyimid films [2] and polyimid films heavily irradiated by ions [3].
Comparison of diffusion coefficients reported in these references, D = 10> m’/c and
D = 10" m%/c correspondingly, shows that mobility
of fullerenes drastically increases when internal
transport surfaces arise. Thus the conducted
experiment confirms the high surface mobility of
fullerenes which can result in diffluence of thing
fullerite films and can be accompanied by
enrichment of the film by defected molecules and
polymeric clusters. The research was supported by
the Russian Academy of Sciences (Program
“Quantum physics of condensed matter”).
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intensity of Ga LVV Auger line of of the 6" IWFAC, p.314 (2003_)'
the GaAs substrate and the thickness [2] A.O. Pozdnyakov, B.M. Ginzburg, at al.,

of the fullerite Cg film deposited to Phys. Solid State 46 (7), 1371 (2004).
the substrate. [3] D. Fink, R. Klett, C. Mathis at al., Nucl. Instr.

Met. Phys. Res. B 100, 69 (1995).
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New photovoltaic materials based on composites of
conjugated polymer with tetra-substituted
metallophthalocyanines and [60]fullerene

Nikitenko S.L., Spitsina N.G.., Kaplunov M.G.!, Tomilova L.G.>

!Institute of Problems of Chemical Physics RAS, 142432 Chernogolovka, Moscow region,
Russia
? Institute of Physiologically Active Materials RAS, 142432 Chernogolovka, Moscow region,
Russia

The design and synthesis of the new materials for the organic photovoltaic
(PV) cells based on the composites of a conjugated polymer and fullerene or its
derivatives are intensively investigated nowadays for application. In this work
we present the results of the investigations of the three-component composites
as active layer in PV cells: fullerene, the conjugated polymer MEH-PPV
(poly(2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phenylene  vinylene) or P3HT
(Poly(3-hexylthiophene)) and tetra-substituted metallophthalocyanines (PcM,
where M = Cu, Zn).

We have measured the dependence of polymer photoluminescence in the
composites on the concentration of additives (fullerene and
metallophthalocyanine) in order to evaluate the ability of such additives as the
acceptors in the process of photoinduced electron transfer. We have found that
some of our systems are the effective quenchers of polymer photoluminescence.
We have also studied the photovoltaic properties of the three-component bulk-
heterojunction systems: MEH-PPV:C60:PcM and P3HT:C60:PcM and compare
them with that of polymer:fullerene composites.

The results of the present work show that the three-component bulk-
heterojunction systems based on a conjugated polymer and a fullerene-
phthalocyanine complex may be rather effective materials for photovoltaic
devices. Adding of phthalocyanine into the two-component system
polymer:fullerene may lead to an increase in the acceptor ability of the non-
polymer components and in the higher photovoltaic efficiency of the composite
at the same fullerene contents.
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The FT-IR spectroscopic studies of the destruction of the
fullerites C¢y and C,, under heating in the air

Lad'yanov V.I., Aksyonova V.V., Nikonova R.M..
Physical-Technical Institute, Urals BranchRAS, 426000 Ishevsk, Russia

In the present work the behavior of the powders of the fullerenes Cgy, Crg
and their solvate forms under heating in the temperature range from 200 to
400°C in the air have been studied by the FT-IR spectroscopy.

It has been shown that fullerene Cg, under heating forms the oxides with
single C-O bonds and then subsequent heating results in the destruction of the
carbon cage, with forming double C=0 bonds on the ends of C-C loose bonds.
In under the same conditions, the destruction of the C;, molecule occurs with the
oxidation along double bonds without intermediate formation of the oxides and
dimers.

It has been revealed that oxidation of the solvate form of the Cg
(crystallization from the toluene solution at room temperature) begins at lower
temperature than that of the “non-solvate” form (crystallization in a rotating
evaporator at 96°C, P=10"-10"Torr). In the latter case toluene “seals” between
the microcrystals of fullerite without forming crystal solvates.

It have been established that a solvent evacuates from the crystalline lattice
of the fullerene's solvate forms (both Cgyand C) at the lower temperature than
without any solvate.

The work was supported by the fundamental research program of
Presidium of the Russian Academy of Sciences “Physical-chemical features of
nanocarbon structures and metal-carbon nanocomposite obtained by
mechanosynthesis”.
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“Windows” in 1s shell photoemission from 1D crystalline
structures encapsulated in carbon nanotubes

Pavlychev A.A., Brykalova X.O.
St.-Petersburg State University, 198504 St. Petersburg, Russia

X-ray absorption and inner-shell photoemission studies provide a sensitive
probe of local electronic and atomic structures in matter. In the present work
spectral dependence of inner-shell photoemission from composite systems such
as one-dimensional crystalline structures encapsulated in single-wall-carbon-
nanotubes (1D@SWCNT) is examined and discussed. Strong anisotropy of Is-
shell photoemission in directions perpendicular and parallel to the translation
vector <001> specifies these spectra. Resonance photoemission in directions
perpendicular to the vector attracts our main attention.

The double barrier optical potential approach successfully applied earlier to
X-ray absorption in molecular units in van-der-Waals clusters [1,2] is used. The
internal and external potential barriers describe respectively scattering of
Is-photoelectron on atoms in the crystalline structure and carbon atoms
embodied in the nanotube. Applicability of this approach to 1s photoemission
from 1D@SWCNT is examined.

The perfomed calculations predict appearance of new window-like
resonance features. They in addition to the shape and confined resonances as
well as multielectron excitations dominate in inner-shell photoemission near the
threshold. The predicted ,,windows* are associated with resonance tunneling of
the photoelectron through the composite system in directions <0-11> and
<011>. The computed and experimental data are compared to reveal the
,,windows*.

The link of the ,windows® with electronic and atomic structures of
ID@SWCNT is discussed in more detail.

[1] A.A. Pavlychev, X.0O. Brykalova, R. Flesch, E. Riihl. Phys. Chem. Chem. Phys. 8, 1914
(2006).

[2] A.A. Pavlychev, X.O. Brykalova, D.A. Mistrov, R. Flesch, E. Riihl. J. Electron
Spectrosc. Relat. Phenom. 166-167, 45 (2008).
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Dependence of nanophotonics of fullerene solutions on
molecular structure

Sheka E.F.!, Razbirin B.S.%, Starukhin A.N.%, Nelson D.K %, Degunov M.Yu.?,
Lyubovskaya R.N.?, Troshin P.A.?,
Fazleeva G.M.", Gubskaya V.P.*, Nuretdinov I.A.*

!Peoples’ Friendship University of the Russian Federation, 117198 Moscow, Russia
*Ioffe Physical-Technical Institute RAS, 194021 St.-Petersburg, Russia
3 Institute of Problems of Chemical Physics RAS, 142432 Chernogolovka, Russia
‘Arbuzov Institute of Organic and Physical Chemistry, Kazan Research Center of the Russian
Academy of Sciences, 420088 Kazan, Russia

The fullerene ability to form clusters in diluted solutions causes exciting spectral
properties of these matrices providing an enhancement of both the emission spectra and
nonlinear optical response [1-3]. Hereinafter, “fullerene” is related to both Cgp and its
derivatives. Being common for solutions, the molecule clusterization and, as a consequence, a
potential ability to use the solution as an active nonlinear optical (NLO) matrix depends
crucially from the fullerene molecule chemical structure. When pursuing a goal of a selection
of an NLO matrix with required NLO characteristics, a researcher faces the problem of
sorting a great number of derivatives, both already available and newly to be synthesized.
Obviously, the lack of a priori criteria results in a considerable finance and time expenses.
That is why the availability of a reliable and, even more, a priori testing is of extreme
importance.

The paper presents two ways of the problem solution based on empirical and
computational investigations [1-3]. In the first case, the testing reduces the problem to looking
for an extra blue emission in the visible part of spectra. The intense emission witnesses
reliably good NLO properties of the tested matrix. The second approach is based on quantum-
chemical calculations and can serve as a priori testing which can be followed afterwards by a
synthesis of the fullerene with required properties. The testing is based on the fact that the
formation of stable clusters is fully determined by the energy of pairwise interaction £, of
fullerene molecules (sol-sol clusters) and the fullerene and solvent molecule (sol-solv
clusters). Stable clusters which enable to provide the enhancement of the local electric field of
both incoming and outgoing light are formed if only E_,is negative and large by absolute
value. The latter directly correlates with the efficacy of the NLO response of the matrix
considered. The two approaches are proven by testing a set of matrices with different
derivatives of fullerene Cg, both already available and purposely synthesized for the current
study.

The work is financially supported by the RFBR (grants Ne 07-03-00755 and
08-03-01006).

[1] B.S. Razbirin, E.F. Sheka, A.N. Starukhin, D.K. Nelson, P.A. Troshin,
R.N. Lyubovskaya, JETP Lett. 87, 133 (2008).

[2] E.F. Sheka, B.S. Razbirin, A.N. Starukhin, D.K. Nelson, L.N. Lyubovskaya,
P.A.Troshin, JETP. 135, No.5 (2009).

[3] E.F. Sheka, B.S. Razbirin, A.N. Starukhin, D.K. Nelson, P.A. Troshin,
R.N. Lyubovskaya, N.V. Kamanina, arXiv:0901.3728v1 26 January 2009.
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Shpolskii effect in optical spectra of frozen toluene
solutions of organic Cg-fullerene derivative

Razbirin B.S.*, Sheka E.F.", Starukhin A.N.*, Nelson D.K.*, Degunov M.Yu.*,
Troshin P.A.T, Lyubovskaya R.N."

*loffe Physical-Technical Institute RAS, 194021 St Petersburg, Russia
"Peoples’ Friendship University of the Russian Federation, 117198 Moscow, Russia
"Institute of Problems of Chemical Physics, RAS, 142432 Chernogolovka, Russia

Optical spectra of toluene solution of ethyl ester of the fulleroacetic acid (CqEEAA)
have been studied. This molecule possesses high nonlinear optical parameters and is of great
interest in the view of its potential application. Quantum-chemical analysis show that
CeoEEAA molecules in toluene matrix interact with each other and with toluene molecules
much more actively than that of fullerene C¢ leading to formation of clusters of different size
and composition.

Absorption spectra of CqoEEAA toluene solution at T = 80K exhibit a superposition of
intense structureless background, caused by clusters — charge transfer complexes, and a weak
structure of fullerene molecular absorption. A relatively high intensity of the band
corresponding to molecular pure electron 0-0 transition takes place for Cqo)EEAA, whereas for
Ceo the probability of 0-0 transition is known to be very small. This could be attributed to
lower symmetry of the molecule due to joined molecular group. At
T = 2K the bands in the molecular absorption structure transform into multiplets of narrow
lines with the width of ~5 cm™. The lines in the multiplet correspond to optical excitation of
molecules in different nonequivalent positions in the matrix. The same structure is observed
in luminescence spectra of CqoEEAA at T = 2K and structured absorption and luminescence
spectra exhibit mirror symmetry. The energies of optical transitions and the frequencies of the
corresponding molecular vibrations were determined. The allowed character of
dissymmetrical spectra and total conformity of frequencies that form the spectra give the
evidence in favour of Frank-Condon mechanism of vibronic interaction in the molecule.

Along with vibronic molecular structure the additional bands in the visible region is
observed in the emission spectra. The spectrum in visible region has the components with
short and long decay times. The visible light emission is attributed to emission of clusters
formed of only fullerene and both fullerene and solvent molecules. The origin of this emission
is associated with complicated processes of electromagnetic field enhancement on fullerene
nanoclusters due to excitation of localized charged transfer excitons [1] and attests high
nonlinear optical activity of the solution under study.

The work was supported by the RFBR grant No 07-03-00755-a, the program of
Prezidium RAS ,,Quantum physics of condensed matter and the grant of Federal agency on
science and innovations No 02.513.11.3382 (code 2008-3-1.3-26-04).

[1] B.S. Razbirin, E.F. Sheka, A.N. Starukhin, D.K. Nelson, P.A. Troshin,
R.N. Lyubovskaya. JETP Letters 87, 133 (2008).
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Chemiluminescent test for oxofullerenecarbonyl oxides
generated by fullerenes ozonolysis

Sabirov D.Sh.*", Bulgakov R.G.*, Khursan S.L.™,
Razumovskii S.D.}

*Institute of Petrochemistry and Catalysis RAS, Ufa, Russia
"Bashkir State University, Ufa, Russia
*Institute of Organic Chemistry, USC RAS, Ufa, Russia
SInstitute of Biochemical Physics, RAS, Moscow, Russia

Epoxides, ketones, esters and secondary ozonides are the stable products of Cg
and C;, ozonolysis in solutions. In spite of the great success in identification of the
products of fullerenes ozonolysis, the mechanism of their generation has been poorly
understood. In this work the influence of carbonyl oxide traps ROH (R =Me, Et, Ac)
and pyridine on the chemiluminescence (CL) upon Cg, and C;, ozonolysis in CCly has
been studied to prove the carbonyl oxide nature of the intermediates of fullerene
ozonolysis.

Addition of 0.48 mol dm™> MeOH, EtOH or AcOH into the Cgy+Os5 system leads
to the decrease of CL intensity (/mn.) by about 50, 30 or 20%, respectively. The
dependence of /,,x on [ROH] is characterized with the threshold concentration of ROH
(~0.75 mol dm™). Addition of larger amounts of ROH does not cause the further

: decrease in /. The IR spectra

{* of the products show chemical

OO Q binding between the modified
QO fullerene framework and RO
@ group. These allow wus to
conclude that the CL observed in
Ceo 0zonolysis is generated not
only in bimolecular reactions (1)
and (2) of oxofullerenecarbonyl
oxides (OFCO-60 1) but also in unimolecular processes (3).

In the case of C;y ozonolysis in the presence of ROH, the decrease of I, is
<10% and there no changes in IR spectra of the products, that suggests lower reactivity
of OFCO-70 toward ROH. Quantum-chemical modelling shows that in the case of
OFCO-70, carbonyl group is closer to carbonyl oxide moiety therefore two-centre
coordination of OFCO-70 and ROH which is necessary for their interaction, has an
obstacle. To prove this proposition, fullerene ozonolysis in the presence of pyridine
has been performed. The reaction between OFCOs and pyridine needs one-centre
coordination of reactants and leads to pyridine-N-oxide formation. In both cases of Cg
and Cy, I.x decreases by the same value (~80%) when pyridine is added into the
reaction system.

The work was supported by the Division of Chemistry and Material Sciences of
the Russian Academy of Sciences (programme No. 1).
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Photospectroscopy revealing of interface organization of
fullerol molecule and molecular metal ion complex with
protein amino-acid molecule as novel fullerene derivative
for single molecular biosensor

Sporysh 1%, Frolov V... Gogotsi H.%, Kysil O.%,
Buzaneva E.* Lukashuk L., Penkova L., Ritter U.?, Scharff P.°, Erb T.°, Gobsch
G.°
“National Taras Shevchenko University of Kyiv, 01033 Kyiv, Ukraine

bTechnical University of llmenau, Center for Micro- and Nanotechnologies,
PF 100565, 98684 lImenau, Germany

Qualitative and rapid half-quantitative analysis of the protein amino-acids is one
of great value in the amino-acid studies. Therefore we start to build structural models
for interface of fullerol (immobilized fullerene Cgy), metal ion (Cut) complex and
amino-acid (glycine, alanine, methionine, histidine) molecules taking in account that
donor-acceptor pair formation may increase the photoactivity and the biocompatibility
to this carbon molecule counterpart. The interface designing concept as the base for
fullerol single molecular sensor and molecular ion metal complex sensor development
will be discussed in general terms.

Based on well established rationale of interface organization in biological
macromolecules (nucleic acids, proteins), driven by non-covalent interactions
(hydrogen bonding, hydrophobic effect and electrostatic interaction) in living cells, we
selected biomolecules for non-covalent interaction with a core of fullerol molecule
and a molecule of organic ligand in ion metal complex —amino acids. Then we
revealed molecular interface organization in colloidal solutions by photospectroscopy.

From first experimental results we revealed specific interface formation between
molecule of a ligand in molecular (Cu®":ligand) complex and histidine molecule for
organic specially synthesed ligand with the same coordination nature as amino-acid. A
special structure of a ligand and histidine molecules , when the presence of Nim and
Nan atoms gives more coordination geometry to molecular complexes, determines
specific interface formation at supramolecule. Selective coordination of such
supramolecule in solutions with the 2.7 — 12.91 pH range by histidine molecule was
confirmed by absorbance spectra with the intensive band (600-800nm) and it is
assigned to the d — d transition of Cu®". In the case of CuCl, * 2H,O (0.1 mol/l),
ligand (0.025 mol/l) and histidine (0.1 mol/l) solution maximum position shifted from
753 to 615 nm, depending on pH. Histidine concentration effect was also determined.

The next step is the development of controlled by light excitation interface
between fullerol, ion metal and many protein-acid molecules organization for their
photospectroscopy recognition and single molecular biosensor design.

219



P8.18 Poster Session 3

Design and testing of fullerene photoprobes for ds-, ss-
DNA molecules

KysillO., Spogshll., Buzaneva E.', Erb T.%, Gobsch G.2,
Ritter U.%, Scharff P.?

National Taras Shevchenko University of Kyiv, Ukraine
Institute of Physics, TU of llmenau, Germany

Designed photoprobes are nanofluids, which contain hydrated C
aggregates or hydrated Cgy, derivative aggregates in aqueous suspensions (1,2).
Their photoresponse under UV-vis excitation depends from electronic features
of biomolecular surrounding. These photoprobes, used for ds-,ss-DNA molecule
detection by UV-vis absorption and photoluminescence spectroscopy of fluids,
show features in absorption spectra at (275-380) and (235-290)nm ranges and in
photoluminescence spectra at (490-635) and (525-635)nm ranges, caused by the
absorption and photoluminescence at interface between Cgy, Cgo derivative core
and ds-,ss-DNA molecules, respectively. The analysis of spectra is based on
models of electrostatic and/or hydrophobic interactions of Cg and Cg
derivatives with negatively charged phosphate groups and/or DNA bases of
DNA molecules in aqueous fluids. These models result from our investigations
of the role of electrostatic and hydrophobic interactions between fullerene core
and DNA molecule in aqueous suspensions.

The authors, Olena Kysil and Iryna Sporysh gratefully acknowledge
DAAD for the support of their research at TU Ilmenau. The authors are also
grateful to Norbert Stein, Katrin Risch and Carmen Siegmund for technical
support.

[1] Prilutski Y., Durov S., Bulavin L., Astashkin Y., Yashchuk V., Ogul’Chanski T.,
Buzaneva E., Andrievsky G. Mol.Cryst.Liq.Cryst. 324, 65 (1998).

[2] P. Scharff, C. Siegmund, K. Risch, I.Lysko, O.Lysko, D.Zherebetskyy, A. Ivanisik,
A. Gorchinskiy, E. Buzaneva. Fullerenes, Nanotubes and Carbon Nanostructures 13, 1,
497 (2005)..
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Spin relaxation of fullerene C;y photoexcited triplets in
glassy matrices

Uvarov M.N.*, Kulik L.V.*, Dzuba S.A.*"

*Institut of Chemical Kinetics and Combustion, 630090 Novosibirsk, Russia
"Novosibirsk State University, 630090 Novosibirsk, Russia

The dynamic Yahn-Teller effect for photoexcited fullerenes in triplet state
results in pseudorotations of distorted molecules of fullerenes. The
pseudorotations affect spin relaxation and make triplet fullerenes to be high
sensitive spin probe of surrounding matrix. The photoexcited fullerene C;, in
glassy solutions in this work was investigated by pulse electron paramagnetic
resonance (EPR) spectroscopy.

It was found that longitudal spin relaxation of *Cy, at different organic
glassy matrices is anisotropic while transversal spin relaxation anisotropy is
small. A sharp rise of the transversal relaxation rates of °Cs, in glassy
o-terphenyl, decaline, a-methylnaphthalene and polystyrene with temperature
increase was found at temperatures in the range of 105K+115K.

We suppose that pseudorotations of *C5, molecule along its symmetry axis
is affected by motion processes of surrounding molecules. So the sharp
increasing of relaxation rate may be interpreted as arising from interaction of the
pseudorotation with uniaxial cooperative molecular librations in the matrix,
which may become thermally excited at these temperatures.

[1] Uvarov M.N., Kulik L.V., Bizin M.A., Ivanova V.N., Zaripov R.B. and Dzuba S.A.
Journal of Physical Chemistry A. 112, 2519 (2008).
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Shungite carbon as a material for optical limiting of high
intensity laser radiation in the visible and near infrared
region
Belousova .M., Kislyakov I.M.!, Videnichev D.A.",

Rozhkova N.N., Tupolev A.G.?

ISIC “Vavilov State Optical Institute”, Russia
’Institute of Geology Karelian Research Center RAS, 185910 Petrozavodsk, Russia

The application of shungite carbon (ShC), a natural fossil being mined in
Karelia, for the optical limiting has been examined. Shungite carbon is
considered as a fullerene-like nanostructured material with two-level
organization: a BSU (basic structural unit) — of about 1 nm and a large globular
unit — less than 100 nm. The aqueous dispersion of ShC was prepared by the
sonication procedure and without the use of the surfactants. An average particle
diameter was about 96 nm, measured by DLS (dynamic light scattering). Such
dispersion was found to be stable up to the concentration of 0.1 mg/ml. This
dispersion system was studied in the light transmission experiments. The
samples were exposed to the focused laser radiation of wide energy range up to
25 mJ in nano- and picosecond ranges of pulse duration at wavelength - 532 nm.
In both time scales the samples displayed a nonlinear optical response
comparable to that for an aqueous dispersion system of fullerene. The
transmission of the samples decreased from 50% to 3% in the picosecond range
and to 0.5 % in the nanosecond range, with the energy threshold of nonlinearity
at the 10° J. In addition, experiments were carried out at the wavelength of
1064 nm. In the infrared region ShC dispersion also showed considerable
decrease of the optical transmission up to 3.3 %, with the energy threshold of
nonlinearity at the 10” J. The values of the dynamic range of energy were about
10* for the visible range and 10’ for the infrared range of the wavelengths.
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Nonlinear optical properties of
fullerene-porphyrin complexes

Zakharova I.B.*, Kvyatkovskii O.E.", Ermolaeva G.M.T,
Shilov V.B., Spitsyna N.G.*

"State Polytechnic University, 195251 St. Petersburg, Russia
"loffe Physico-technical Institute, 194021 St. Petersburg, Russia
"SRC "Vavilov State Optical Institute” 199034 St. Petersburg, Russia
? Institute of Problem of Chemical Physics, 142432 Chernogolovka, Russia

We have studied nonlinear optical properties in solutions and thin films of
MTPP and Cg-MTPP complexes (M=Zn, Cu, FeCl; TPP -
tetraphenylporphyrin). Among the fullerene-containing dyads, the ones with
porphyrin display improved nonlinear responses. We have developed the
vacuum deposition technique for producing thin films of these compounds and
shown that the enhancement of optical nonlinearity is not necessarily connected
with the formation of covalent bonds between the components. Our ab initio
calculations have shown that a pair C4oand MTPP forms a stable charge transfer
complex. The linear polarizability and first and second order
hyperpolarizabilities of the both components and Cg-MTPP complex were
calculated using DFT/B3LYP method. It was found that the formation of the
complex gives rise to a giant enhancement of the nonlinear response. We have
measured the absorption profile in the range 2:10-1 J/cm” at the wavelength of
532 nm, which corresponds to slope of the Q-band absorption of porphyrin.
A comparative study is made for toluene solutions of: (i) Cgo with 2:10” mol/1
concentration; (ii) MTPP with 5:10 mol/1 concentration; (iii) joint solution
Cgo-MTPP (1:1); (iiii) Ceo-MTPP complexes with (1-5)-10” mol/1 concentration.
Similar study has been performed for the thin films of pristine components and
the mentioned complexes, which were grown by in the quasiequilibrium
conditions on the CaF, substrates. A large increase of the absorption intensity
(darkening) is found on the formation of the charge transfer complex.

The work is supported by Russian Foundation for Basic Research (Grant Ne
09-02-01008).
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