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ELECTRODES FOR GAOHPC:PCBM/P3HT:PCBM 
BULK HETEROJUNCTION SOLAR CELL.

I.Kaulachs*, I.Muzikante2, L.Gerca2, G.Shlihta1, I.Tale2, G.Rozite1

1Institute of Physical Energetics, Aizkraukles 21, Riga, Latvia; 
2Institute of Solid State Physics, University of Latvia, Kengaraga str.8, Riga, Latvia; 
Corresponding author: kaulacs@edi.lv *

Organic photovoltaic devices have attracted attention and are a promising effective alternative for conver-ting solar 
energy into electrical energy. The bulk heterojunction approach appears to be one of the most promising concepts of 
creating efficient, low cost and easily producible organic solar cells. For this purpose one of the best materials is 
regioregular poly-3-hexylthiophene (P3HT), which is widely used as a donor molecule and a hole transporter, with 
soluble fullerene derivative (PCBM) as acceptor and electron transporter. The main drawback of this highly efficient 
blend is its limited spectral range, covering only 350-650 nm spectral interval[1]. So the main aim of the present work 
was to extend the spectral  range of the cell up to 850 nm by adding second bulk heterojunction layer of complementary 
absorption spectrum to P3HT:PCBM layer. It was recently shown that combining or stacking multiple materials of 
complementary absorption profiles can improve characteristics of organic PV devices without the need for an 
intercellular connection layer [2]. Therefore hydroxygallium phthalocyanine (GaOHPc) and PCBM blend was used as 
additional layer because GaOHPc has strong and wide intermolecular charge transfer (CT) absorption band around 830-
850nm [3]. Thus novel organic bi-layer bulk heterojunction system (GaOHPc:PCBM/P3HT:PCBM) has been built by 
spin coating technique having high charge carrier photogeneration efficiency in 350 – 850 nm spectral range. ITO glass 
was covered by 30nm thick PEDOT:PSS (Clevios 1000) layer followed by GaOHPc:PCBM blend. This bulk 
heterojunction layer was covered by P3HT:PCBM blend from the solution in chlorbenzene or dichlorobenzene. As top 
electrode In or Al or Sm electrodes were evaporated in vacuum 10-6 – 10-5mbar. When In electrode were used a 0,5 –
0,7 thick BaF2 layer was inserted between electrode and an organic layer. Short circuit photocurrent external quantum 
efficiency (EQE) spectral dependences, luxampere and voltampere dependences were measured in vacuum 10-6 mbar. 
The samples were illuminated using grating monochromator by chopper modulated monochromatic light through the 
ITO electrode in the 350 – 1000 nm spectral region with intensity 109 – 1016 phot/(cm2*s). Light modulation period was 
chosen as 6 s long and intensity was controlled with Si photodiode.  Electrode material and sample thermal annealing in 
vacuum influence on short circuit photocurrent EQE values, open circuit voltages (Voc) and fill factors has been 
investigated. The smallest Voc values were obtained for samples with In top electrode and its value was only 0,25V for 
low light intensity at 1012 phot/(cm2*s) and 0,35V for high intensities at 1015 (phot/cm2*s). After inserting thin BaF2
layer Voc value increased to Voc=0,48V. The samples with top Al electrode exhibited higher Voc values ~0,7 - 0,8V, 
but very low fill factors. The highest Voc values were obtained for samples with Sm electrode, where these values 
exceeded 1 Volt. It was found that thermal annealing in vacuum at 100C increases EQE values more than 2 – 3 times, 
and these values reach more than 45%  at P3HT absorption band (520 nm) and 25% at GaOHPc band (850 nm) for low 
light intensities (1012 phot/(cm2*s)) for samples with top BaF2/In electrodes. At higher light intensities EQE values 
diminish probably due to low hole polaron mobilities in GaOHPc:PCBM layer.

[1] Winder C., Sariciftci N.S. J. of Materials Chemistry 14 1077–1085. (2004)
[2] N.M. Bamsey, et al., Sol. Energy Mater. Sol. Cells (2011), doi:10.1016/j.solmat.2011.01.042.
[3] Parra V., et al. Langmuir 23 7 3712–3722. (2007)
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ORGANIC FIELD EFFECT  TRANSISTORS FABRICATED BY 
PLOTTER PRINTING AND SPRAY DEPOSITION OF MATERIALS 

Petro Lutsyk, Marcin Sojka, Krzysztof Janus* and Juliusz Sworakowski 
 

Institute of Physical and Theoretical Chemistry, Wrocµaw University of Technology, Wrocµaw, Poland 
* Corresponding author: krzysztof.janus@pwr.wroc.pl 

 
Organic electronic devices have received extensive attention because of their potential application in flexible 

electronics, large-area displays, radio-frequency identification tags, sensors, etc. The crucial advantage of organic 
electronics rests in a prospect of low cost manufacturing of electronic circuits achievable by deposition of electronic 
components from solution by, e.g., ink-jet printing and spray coating.  

A common challenge in most printing techniques is the limitation in feature size. The linewidth of 20-100 «m is 
achievable with standard ink-jet printers. One may achieve a further decrease of the size of printed features at the price, 
however, of a dramatic increase of the cost of fabrication [1]. A way of overcoming this obstacle is the technique of 
plotter printing, enabling one to draw very smooth lines and thus to achieve short (ca. 5 «m) channel lengths between 
source and drain electrodes. On the other hand, this method is not contactless, thus limiting the choice of materials for 
substrates [2]. Spray deposition of semiconductor/dielectric/metallic layers building an electronic device is less 
sensitive to solution properties (e.g. viscosity) in comparison to ink-jet printing and, contrary to the spin coating 
technique, allows for a successive deposition of several layers using the same solvent. 

The aim of the present study is to test the performance of novel organic field effect transistors (FETs) fabricated by 
plotter printing of electrodes and spray deposition of the semiconductor. Poly(3-hexylthiophene) (P3HT) and Si/SiO2 
substrates were used as organic semiconductor and gate electrode with insulator, respectively. The source-drain 
electrodes of FETs were printed using a PEDOT:PSS aqueous solution, with a piezoelectric-assisted microplotter 
(SONOPLOT). 

 

 
Figure 1. Comparison of output characteristics of FETs with plotted PEDOT:PSS electrodes  and evaporated gold 

electrodes. The channel lengths were ca. 150 «m and 10 «m for PEDOT:PSS and gold, respectively. 
 
The characteristics of FETs with printed electrodes were compared with those of FETs with photolitograpically 

deposited gold electrodes. The mobilities of charge carriers in both types of devices were of the same order (10-3 
cm2/Vs). The threshold voltages in FETs with printed PEDOT:PSS electrodes were significantly lower than those in the 
devices with gold electrodes (-10 V compared to –25 V), evidencing good prospects of the new technique for practical 
application.  
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LIGHT-HARVESTING AND PHOTO-REGULATION IN MOLECULAR 
SYSTEMS BASED ON A HEXAPHENYLBENZENE FRAMEWORK 

G. Kodis*, Y. Terazono, S. D. Straight, P. A. Liddell, T. A. Moore, A. L. Moore, D. Gust 
 

Department of Chemistry and Biochemistry, Center for Bioenergy and Photosynthesis, and Center for Bio-Inspired 
Solar Fuel Production, Arizona State University, Tempe, AZ 85287, USA 
* Corresponding author: gerdenis@asu.edu 

 
Realizing the promise of solar energy requires new technologies to convert solar energy to electrical and chemical 

energy inexpensively, efficiently, and safely [1]. The molecules to be discussed exemplify several of the current themes 
in artificial photosynthesis research. It is clear that it is now possible to create in the laboratory artificial reaction centers 
that convert light energy into electrochemical potential via photoinduced electron transfer [2]. The charge-separated 
states can be formed with quantum yields of essentially unity, can store a significant fraction of the photon energy, and 
have lifetimes that are long enough to consider using the stored energy to make electricity or drive redox catalysts. It is 
also possible to enhance the function of these reaction centers by addition of multichromophoric antenna arrays [3-4] 
that extend the range of wavelengths that the reaction centers can use effectively. Finally, photoregulatory function can 
also be incorporated [5-6], and may ultimately be necessary to prevent photodamage to these organic systems. The 
unusual triode tube or transistor-like photoregulatory ability to modulate intense, shorter-wavelength fluorescence with 
longer-wavelength light is demonstrated in one of the presented molecular systems as well [7]. 

 

 
 

Figure 1. Light-harvesting heptad showing singlet excitation energy (solid arrows) and electron (dotted arrows) 
transfer pathways. 

 
We have chosen examples based on a single organic framework – hexaphenylbenzene – as an organizing unit for 

the various chromophores, donors and acceptors. Hexaphenylbenzene (Figure 1) is a useful choice because it has points 
of attachment for a large number of peripheral substituents on the six phenyl rings surrounding the central benzene ring, 
is constrained to a rigid conformation in which the six peripheral rings are nearly perpendicular to the central ring, and 
can be readily synthesized with a number of well-defined substitution patterns. 
 

[1] G. Ciamician, Science, 36, 385 (1912) 
[2] V. Garg, G. Kodis, M. Chachisvilis, M. Hambourger, A.L. Moore, T.A. Moore, D. Gust, J. Am. Chem. Soc., 133, 
2944 (2011) 
[3] G. Kodis, Y. Terazono, P.A. Liddell, J. Andréasson, V. Garg, M. Hambourger, T.A. Moore, A.L. Moore, D. Gust, J. 
Am. Chem. Soc., 128, 1818 (2006) 
[4] Y. Terazono, G. Kodis, P.A. Liddell, V. Garg, T.A. Moore, A.L. Moore, D. Gust, J. Phys. Chem. B, 113, 7147 
(2009) 
[5] S.D. Straight, G. Kodis, Y. Terazono, M. Hambourger, T.A. Moore, A.L. Moore, D. Gust, Nat. Nanotechnol., 3, 280 
(2008) 
[6] Y. Terazono, G. Kodis, K. Bhushan, J. Zaks, Ch. Madden, A.L. Moore, T.A. Moore, G.R. Fleming, D. Gust, J. Am. 
Chem. Soc., 133, 2916 (2011) 
[7] A.E. Keirstead, J.B. Bridgewater, Y. Terazono, G. Kodis, S. Straight, P.A. Liddell, A.L. Moore, T.A. Moore, D. 
Gust, J. Am. Chem. Soc., 132, 6588 (2010) 
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ELECTRIC CURRENT FLOW THROUGH ORGANIC 
HETEROJUNCTION IN THE PRESENCE OF IMAGE FORCE 

Malgorzata Makowska*, Jan Godlewski, Justyna Szostak, Ryszard Signerski 
 

Department of Physics of Electronic Phenomena, Gdansk University of Technology, Poland 
* Corresponding author: mmakowska@mif.pg.gda.pl 

 
Organic junctions are used in rectifying and electroluminescent diodes, photovoltaic cells, transistors and others. 

Electrical conduction is an important property of organic junctions for operation of many organic electronic devices. 
Electric current flow through an organic junction depends on the HOMO and LUMO levels and work functions of the 
employed electrodes [1]. Image interactions, occurring  at the interface between two organic layers, can also strongly 
affect the electric current flowing through the junction, since they bend HOMO and LUMO levels. 

Image forces depend on the relation between dielectric constants of materials of the junction ( 1 and 2). According 
to papers [2, 3] the change of potential energy of a charge carrier in the first layer, resulting from the image force 
created close to the interface, may be expressed as follows: 
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where x is a distance of the charge carrier from the interface between dielectrics, are the relative permittivities 

and indexes 1, 2 correspond to first and second layer. With respect to values of 1 and 2, we can distinguish three 
different types of junctions of two organic materials: a-type: 1 = 2, b-type: 1 > 2 and c-type: 1 < 2 (fig. 1).  

 

 
Figure 1. Energy level diagrams of the heterojunction of two different organic insulators, where a and b are the 

thicknesses of organic layers. a) - image forces can be neglected ( 1 = 2); b) – energy levels bending due to the image 
force for 1 > 2; c) - energy levels bending due to the image force for 1 < 2. 

 
In case of  the a-type junction, image force doesn’t occur, whereas in the cases b and c potential energy of a charge 

carrier at the junction can be either increased or lowered due to image potential. It means that this carrier can be 
repelled or attracted by the interface. 

We have analysed the significance of dielectric constants of materials forming the junction for its electrical 
properties. We have calculated the change of the height of potential barrier at the junction due to image interaction and 
the ratio of current density obtained regarding image potential and current density obtained when image forces were 
neglected.  

Selected experimental results for junctions composed of  layers with big differences of dielectric constants  will be 
presented. 

 
 
[1] R. Signerski, J. Godlewski, H. Sodolski, Physica status solidi. A, Applied research, 147 177-185 (1995) 
[2] M. Kleefstra, G. C. Herman, Journal of Applied Physics, 51 4923-4926 (1980) 
[3] R. Williams, Journal of Applied Physics, 451239-1242 (1974) 
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RESONANCE ENERGY TRANSFER IN CHARGE-TRANSFER DYES: 
THE ROLE OF DARK STATES IN AN ESSENTIAL-STATE PICTURE 

C. Sissa1*, A. K. Manna2, F. Terenziani1, S. K. Pati2, A. Painelli1

1 Dipartimento di Chimica GIAF, Parma University and INSTM UdR-Parma, Parco Area delle Scienze 17/A, 43124 
Parma Italy 
2 Theoretical Science Unit, JNCASR, Jakkur, Bangalore-560 064, India   
* Corresponding author: cristina.sissa@unipr.it 

 Resonance Energy Transfer (RET) involves the transfer of a virtual photon from an excited molecule, the energy 
donor, to a different molecule, the energy acceptor. The growing interest in this phenomenon is related to the possibility 
to exploit RET in the hot fields of organic light emitting diodes, photovoltaics and artificial light harvesting. 

In the late forties, F rster developed a very efficient approach, based on the dipolar approximation, to relate the 
RET rate to experimentally accessible quantities, namely the intensity of emission and absorption of the energy donor 
and acceptor, respectively [1]. The F rster theory was successfully applied to several systems that satisfy the 
requirements of the dipolar approximation, i.e. systems where the distances between chromophores are larger than their 
dimensions. According to the F rster model, only one-photon allowed states (i.e. “bright” states) can take an active part 
in RET.    

In this contribution, we address the role of dark states (i.e. of states with vanishing transition dipole moment from 
the ground state) in RET processes involving charge-transfer (CT) dyes. CT dyes are constituted by electron donor and 
electron acceptor groups linked through ¶-conjugated bridges, and their low-energy physics is governed by CT 
resonances. This class of chromophores is interesting for several applications, ranging from nonlinear optics to 
molecular electronics. CT chromophores are fairly large molecules and the presence of dark states in multibranched CT 
chromophores makes these systems particularly interesting to investigate the limitations of F rster theory.  

CT dyes are accurately described by essential-state models [2], i.e. by accounting for a minimal set of electronic 
states, corresponding to the resonating structures of the chromophores. Essential-state models have already been 
exploited to describe linear and nonlinear optical properties of dipolar and multipolar CT chromophores, leading to a 
deep insight of complex and interesting phenomena, such as bistability or symmetry breaking. Moreover, essential-state 
models account quite naturally for electrostatic interactions, allowing the investigation of multichromophoric systems 
[3] and aggregates [4]. Here we adopt the same approach to evaluate interaction energies relevant to RET processes [5]. 
Our results demonstrate that dark states can take an active role in RET, with interaction energies that, depending on the 
relative orientation of the chromophores, can be even larger that those relevant to bright states for intermolecular 
distances in the 4-10  range. Essential-state models, whose predictions are quantitatively confirmed by TDDFT 
results, provide a physical explanation of the origin and relevance of dark states in RET processes and allow to relate 
RET interaction energies towards bright and dark states to the supramolecular symmetry of the RET-pair, offering 
reliable design strategies to optimize RET-interactions. 

Figure 1. Molecular structures and schematic description of essential-state models for polar (left) and quadrupolar 
(right) CT dyes.  

[1] Th. F rster, Ann. Phys., 2, 55 (1948)  
[2] F. Terenziani, G. D’Avino, A. Painelli, ChemPhysChem, 8, 775 (2007) 
[3] C. Sissa, F. Terenziani, A. Painelli, A. Abbotto, L. Bellotto, C. Marinzi, E. Garbin, C. Ferrante, R. Bozio, J. Phys. 
Chem. B, 114, 882 (2010) 
[4] G. D’Avino, F. Terenziani, A. Painelli, J. Phys. Chem. B, 110, 25590 (2006) 
[5] C. Sissa, A.K. Manna, F. Terenziani, S.K. Pati, A. Painelli, submitted to Phys. Chem. Chem. Phys. 
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IMPACT OF THE GAUSSIAN DISTRIBUTION OF TRAPPING STATES ON 
THERMALLY STIMULATED CURRENT SPECTRA IN MDMO-PPV  

M. Pranaitis*, V. Kažukauskas 
 

Semiconductor Physics Department and Institute of Applied Research of Vilnius University, 
Saul tekio al. 9, bldg. 3, LT-10222 Vilnius, Lithuania  
* Corresponding author: mindaugas.pranaitis@gmail.com 

 
Carrier trapping was investigated in [poly-(2-methoxyl, 5-(3,77dimethyloctyloxy)] para phenylenevinylene 

(MDMO-PPV) by the thermally stimulated current spectroscopy depending on the excitation wavelength and applied 
electrical field. Excitation below and above the band-gap by the light passed through the long-pass colour filters with 
cut-off energies ranging from 1.77 eV up to 3.1 eV was used to assure selective excitation of the defect states. The 
thermally stimulated current spectra had demonstrated distinctive differences depending on the excitation energy and 
applied voltage. The numerical modelling of the experimental curves revealed that the full TSC is a superposition of 
several peaks resulting from the Gaussian site-energy distribution of the localized states. Two traps with the Gaussian 
distribution of the states having the effective mean activation energies of about 0.22 eV and 0.40 eV were prevailing. 
The standard deviations of the distributions were evaluated to be 70-100 meV. The trap filling and charge generation 
processes were shown to be dependent on the excitation wavelength and applied electric field. By changing excitation 
spectral range the thermal activation energy values varied due to different filling of distributed in energy scale energy 
states. The increasing electric field used to reduce carrier activation energy because of the lowering potential barrier 
heights. The results are direct indication by the photo-thermo-electrical methods of the distributed in energy trapping 
states. 
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OPTICAL AND ELECTRICAL PROPERTIES OF NEW DIKETO-
PYRROLO-PYRROLES FOR ORGANIC ELECTRONICS 

M. Vala1*, M. Weiter1, S. Lu´ák2, J. Vy´uchal3 
 

1 Faculty of chemistry, Brno University of Technology, Purky´ova 464/118, CZ-612 00 Brno, Czech Republic 
2 Faculty of Chemical Technology, University of Pardubice, Studentská 95, CZ-530 09 Pardubice, Czech Republic 
2 Research Institute of Organic Syntheses, Rybitví 296, CZ-533 54 Rybitví, Czech Republic. 
* Corresponding author: vala@fch.vutbr.cz 

 
Derivatives of 3,6-diphenyl-2,5-dihydro-pyrrolo[3,4-c]pyrrole-1,4-dione, commonly referred to as DPPs, constitute 

recent industrially important class of high-performance pigments [1]. They are endowed with brilliant shades (ranging 
from yellow-orange to red-violet) and exhibit exceptional chemical, heat, light, and weather fastness. It has been shown 
that DPP units introduced into various materials e.g. polymers, dendrimers, polymer-surfactant complexes, and 
oligomers results in deeply coloured, highly photoluminescent and electroluminescent materials. In order to tune the 
DPPs properties, we modified the basic structure by introduction of electron donating and/or withdrawing groups. 
Furthermore, solubilising groups were attached to enable solution based depostition techniques, see Figure 1.  

Introduction of electron-donating groups increased the molar absorption coefficient (�) and was accompanied with 
strong bathochromic shift. This behaviour implies that charge separation occurs via electron delocalization leading to 
creation of permanent dipole moment. Blurring of vibration structure in absorption spectra of mono substituted 
derrivatives imply interaction with polar dimethylsulfoxide and shows polar character of the mono substituted DPPs. 
Introduction of the N-alkylation led to the decrease of the � and hypsochromic shift and loss of vibrational structure. We 
proposed the same mechanism as for the N-alkylated only derivatives [2]: the N-alkylation causes rotation of the 
phenyls (see the angles � and � in Figure 1) and consequently breaks the molecule symmetry. This causes decrease of 
the effective conjugation and increases the polarity. 

To test the derivatives performance in electronic devices, thin films were prepared by spin-coating and by vacuum 
evaporation. The key impact on the morphology of thin layers was found to be based on the N-substitution of central 
DPP unit by alkyl side chains. The main role plays the type of substitution: the unsymmetrical or symmetrical. The 
symmetrically substituted derivatives form planar large crystallites, whereas the asymmetrically substituted derivatives 
form highly rough fiber crystallites. On the basis of the findings described above symmetrically substituted derivatives 
resulted as suitable for electrical characterization. The prepared organic diode like devices from the phenyl di-
piperidino substituted N,N-alkylated DPP (strucute VIII) showed reasonable electroluminiscence signal (the turn-on 
voltage for this diode was ~3V). The derivative III showed increased current flow under illumination by white light, 
indicating charge carrier photogeneration. Charge carrier mobilities were determined using organic field effect 
transitors. The obtained values were in the range 10-7 to 10-6 cm2s-1V-1. 

R1

O

O

NN

R3

R4

R2

�

�

      
Figure 1. The basic structure of 3,6-diphenyl-2,5-dihydropyrrolo[3,4-c]pyrrole-1,4 dione, also known as DPP 

(structure I) and the prepared derrivatives. 
 
This work was supported by the project "Centre for Materials Research at FCH BUT" No. CZ.1.05/2.1.00/01.0012 

from ERDF, Ministry of Industry and Trade of the Czech Republic project No FR-TI1/144 and Grant Agency of the 
Czech Republic project No. P205/10/2280. 
 

[1] A.C. Rochat, L. Cassar, A. Iqbal EP 94911; 1983, A. Iqbal, J. Pfenninger, A.C. Rochat, F. Babler EP 181290; 1989, 
J. Pfenninger, A. Iqbal, A.C. Rochat, O. Wallquist USP 4778899; 1986, W. Surber, A. Iqbal, C. Stern EP 302018; 1989 
[2] M. Vala, M. Weiter, J. Vynuchal, P. Toman, S. Lu´ák, Journal of Fluorescence, 18(6), 1181 (2008) 
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ON SMALL SIGNAL CAPACITANCE SPECTRA  
OF ORGANIC PLANAR SYSTEMS 

G. Jarosz 

Department of Applied Physics and Mathematics, Gdansk University of Technology, 
ul. G. Narutowicza 11/12, 80-233 Gdansk, Poland 
 e-mail: zofia@mif.pg.gda.pl 

An energy diagram (ED) of materials forming an organic device provides essential information about levels 
transporting charge carriers and about possible barriers at interfaces. Ordinarily, electrical characteristics of organic 
devices are analyzed with reference to their ED. On the other hand as electric current flows through an organic system 
various processes can take place at interfaces and sometimes it is hardly to assume their occurrence referring only to 
ED. For instance, Au with its work function equal to 5.1 eV could be treated as an ohmic contact for copper 
phthalocyanine (CuPc), since its ionization energy is also 5.1 eV. However, ultraviolet photoemission spectroscopy of 
Au/CuPc interface [1] as well as our research on Au/CuPc/Au system performed with the use of small signal technique 
[2,3] did not confirm this assumption. Analysis of small signal capacitance spectra (SSCS) led us to the conclusion that 
electric current in Au/CuPc/Au system is limited by emission of charge carriers from electrodes and not by space charge 
in the bulk of CuPc. 

In general, analysis of SSCS can provide essential information, about charge-carrier transport through organic 
devices, which is not easy to get from other measurements. The main advantage of small signal technique is the fact that 
it is applied directly to the device which is in focus of interest. We should merely keep in mind that in contradiction to 
inorganic semiconductor systems the presence of depletion region is unnecessary to obtain interesting SSCS. 

This presentation will deal with SSCS of selected planar systems with single organic layer, with organic-organic or 
organic-inorganic bilayer. The subject of our analysis will be small signal spectra of complex capacitance obtained at 
different values of bias. We will limit ourselves to general conclusions about charge carrier transport through the 
systems without ad hoc assumptions, for instance, about the presence of depletion region at any interfaces. 
Relationships between SSCS and direct current  voltage curves will be discussed. 

This work has been supported by the National Center of Science-Poland. 

[1] H. Peisert, M. Knupfer, T. Schwieger, J. M. Auerthammer, M. S. Golden, J. Fink, J. Appl. Phys., 91 (8), 4872 
(2002) 

[2] G. Jarosz, R. Signerski, L. Brehmer, Thin Solid Films, 514, 287  (2006) 
[3] G. Jarosz, J. Non-Cryst. Solids, 352, 4264 (2006) 
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PHOTOVOLTAIC PROPERTIES OF CdTe/PERYLENE DYE
THIN FILM HETEROJUNCTION 

R. Signerski, G. Jarosz*, J. Godlewski 

Department of Applied Physics and Mathematics, Gdansk University of Technology, 
ul. G. Narutowicza 11/12, 80-233 Gdansk, Poland 
 *Corresponding author: zofia@mif.pg.gda.pl 

Results of researches on photovoltaic effect in the system based on cadmium telluride/N-N’-dimethylperylene-
3,4,9,10-dicarboximide (CdTe/MePTCDI) heterojunction will be presented. It is an example of a hybrid organic-
inorganic heterojunction. The systems with such type of heterojunction have recently attracted a great deal of attention 
due to their likely application in solar cells [1,2].  Cadmium-telluride is a good absorber of sunlight and it is used in 
inorganic thin-layer photovoltaic cells [3]. MePTCDI is an organic dye with strong light absorption within the 400  
600 nm range and relatively high electron mobility.

Investigations have been performed on two types of systems thermally evaporated in vacuum, namely on 
ITO/CdTe/MePTCDI/BCP/Ag and on Au/CdTe/MePTCDI/Al. The BCP (bathocuproine) layer acts as a carrier 
blocking layer and prevents the organic material from damage during Ag deposition. 

Measurements of dark current and photocurrent-voltage curves as well as of spectral and light-intensity 
dependences of short-circuit current and open-circuit voltage have been performed. In the dark  a current-rectification 
effect was observed: the rectification ration yielded 10÷150. The illumination of the system resulted in photovoltaic 
effect caused by carrier generation in CdTe layer and exciton dissociation at the CdTe/MePTCDI interface. The results 
obtained will be compared with the results carried out on the system with F16ZnPc layer [4]. 

This work has been supported by the National Center of Science-Poland. 

[1] S-S Sun, N. C. Sariciftci (Eds.), Organic Photovoltaics (Taylor&Francis, 2004). 
[2] S. G nes, N. S. Sariciftci, Inorg. Chimica Acta 361,  581 (2008)  
[3] A. Luque, S. Hegedus (Eds.), Handbook of Pfotovoltaic Science and Engineering (John Wiley & Sons Ltd, 2003). 
[4] R. Signerski, G. Jarosz, B. Ko£cielska, J. Non-Cryst. Solids 355, 1405 (2009)  
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ELECTRICAL CONDUCTIVITY AND OPTICAL TRANSMITTANCE  
OF SINGLE-WALL CARBON NANOTUBES FILMS 

V. Ksenevich1*, M. Shuba2, A. Paddubskaya2, P. Kuzhir2, S. Maksimenko2, P. Buka1,
T. Veselova1, G. Dovbeshko3, O. Fesenko3, O. Gnatyuk3, K.Yakovkin3

1 Department of Physics, Belarus State University, Nezalezhnastsi ave., 4, 220030 Minsk, Belarus 
2 Research Institute for Nuclear Problems, Belarus State University, Bobruiskaya str., 11, 220030 Minsk, Belarus 
3 Institute of Physics of National Academy of Sciences of Ukraine, Prospect Nauki, 46, 03028 Kyiv, Ukraine 
* Corresponding author: ksenevich@bsu.by 

Due to their unique electrical and optical properties carbon nanotubes arrays are known as promising materials for a 
numerous applications in opto- and nanoelectronics. Processing of nanotubes on macroscopic scale and investigation of 
their synergetic properties is a most important task for realistic application of these materials. Both electrical and optical 
properties of carbon nanotubes arrays depend not only on the chirality and diameter but on the length of individual 
nanotubes as well.  

We report here results of experimental investigations of conductivity and optical transmittance in far infrared range 
of carbon nanotubes films fabricated from short single-wall carbon nanotubes (SWCNTs) with length and diameter of 
individual tubes of 2-5 µm and 1.2-1.5 nm, respectively. The samples were prepared by spraying of the N,N-
dimethylformamide-SWCNTs suspension onto a clean silicon or polycrystalline Al2O3 substrates for further testing of 
optical transmittance and electrical conductivity, respectively. The substrates were heated during spraying to rapidly 
evaporate the N,N-dimethylformamide at temperature 180 0C. Homogeneous SWCNTs dispersions were prepared by 
sonication in N,N-dimethylformamide of bundled single-wall carbon nanotubes produced by arc-discharge method.  

In order to determine charge transport mechanisms, temperature dependencies of the resistance R(T) were measured 
in the temperature range 2-300 K in close-cycled refrigerator Cryogenics. We used different models (variable range 
hopping (VRH), weak localization (WL), and fluctuation induced tunneling) for approximation of experimental results 
as far as different charge transport mechanisms can be observed in the arrays of nanotubes [1]. We found that in high 
temperature range R(T) dependencies follows WL behavior. At the temperatures below 15 K VRH and fluctuation 
induced tunneling are supposed to coexist in SWCNT films. 

In order to study optical density of SWCNT film, Bruker IFS-66 instrument was used for the registration of Fourier 
transmittance infrared (FTIR) spectra. The spectra has broad peak with center at wave length of about 50 µm. This peak 
is supposed to be due to finite length effect in CNT [2].    

[1] V. Ksenevich, J. Galibert, and V.Samuilov. Charge transport in carbon nanotubes films and fibers. In: Carbon 
nanotubes (INTECH publisher, 2010). 
[2] M. V. Shuba, S. A. Maksimenko and G. Ya. Slepyan, J. Comput. Theor. Nanoscience, 6(9), 2016 (2009). 
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PHOTOGENERATION OF FREE CHARGE CARRIERS IN �-
CONJUGATED POLYMERS WITH BULKY SIDE GROUPS 
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UNUSUAL FEATURES OF CHARGE CARRIER TRAPS ENERGY 
SPECTRA IN SILICON ORGANIC POLYMERS 

A.Gumenyuk1, N. Ostapenko1*, O.Kerita1, S.Suto2

1Institute of Physics of NASU, pr. Nauky 46, Kiev 03028, Ukraine 
2 Departments of Physics, Tohoku University, 980-8578 Sendai, Japan 
*Corresponding author: nina.ostapenko@gmail.com 

Silicon organic polymers are of considerable research interest because of their unusual optical and electrical 
properties and because they may serve as a possible model for the charge carrier transport in disordered 
photoconductors. It is commonly accepted that the charge carrier transport in these polymers is controlled by charge 
hopping through intrinsic states derived from domain-like segments of the silicon chains. The low-temperature 
thermally stimulated luminescence (TSL) method is directly related to the detrapping processes providing thus an 
adequate function of the distribution of trapped charge carriers. 

In the present work, the peculiarities of charge carrier traps energy spectra in silicon organic polymers are studied 
by the enhanced fractional TSL. This technique has allowed obtaining a large number of fractional curves and thus 
considerably increasing the energy resolution of the method. Moreover, correction of the real TSL signal was performed 
for each fraction as the existence of the essential dependence of the background glow on temperature has been proven. 
The results were compared with the data obtained by traditional TSL [1]. 

The study has revealed for the first time that:  
1. Discrete dependence of the activation energy of the traps on temperature is observed in the films of the silicon 
organic polymers which distinctly differ from the results of earlier studies for which linear dependence of the activation 
energy on temperature was typical [1]. 
2. Integral TSL curves have considerable width exceeding by much the width of the calculated elementary curves. This 
is due not to the continuity of the energy spectrum for traps but rather to the dispersion of   the frequency factor 
determined by the level of transparency of the barriers between potential wells,  first of which corresponds to the state 
of a polaron localized on a trap and the second is formed by temperature fluctuations.   It is shown that for the traps of 
the same depth the frequency factors may differ as much as by four orders of magnitude.  
3. The values of the activation energy correlate with the frequencies of the fully symmetrical Ag- modes (0.0463 and 
0.0334 eV) of the silicon chain in the Raman spectrum, which confirms the hypothesis that the traps for holes in silicon 
organic polymers are the segments of the backbone chain confined by the conformational defects. Obtained results are 
evidence of the direct manifestation of the polaron nature of the traps in the studied polymers.  

The validity of the interpretation of the TSL spectra in terms of the energetic relaxation of photogenerated charge 
carriers within a manifold of the states of Gaussian distributions is yet being discussed. 

________________________________________________________________________________
[1] A.Kadashchuk, N.Ostapenko, V.Zaika, S. Nespurek, 234, 285 (1998). 
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POLING OF EO POLYMERS - CORONA DISCHARGE PROCESS 
OPTIMIZATION. 
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STUDIES OF CHARGE CARRIER TRANSPORT IN THIN FILMS OF 
BAY SUBSTITUTED PERYLENE BISIMIDES 

K.Pudzs1*, I.Muzikante1, M.Rutkis1, J.V.Grazulevicius2, R.Reghu2

1 Institute of Solid State Physics of University of Latvia, Latvia  
2Department of Organic Technology of Kaunas University of Technology, Lithuania 
*Kaspars Pudzs: kaspars.pudzs@cfi.lu.lv 

Perylene bisimide derivatives are well-known organic semiconductors. They widely employed in organic 
electronics and optoelectronics [1]. Extensive study of charge carrier transport has significant importance in these 
applications. Since perylene bisimides are proven electron-transporting materials whereas derivatives of carbazole are 
appealing hole-transporting molecules, it is interesting to examine the electrical-transport properties of covalently 
linked derivatives of these two moieties [1, 2].  

In this work, we have studied electrical properties of two bay carbazolyl substituted perylene bisimide derivatives 
(see Figure 1) with different electrodes. “Sandwich” type samples consisting of perylene derivatives 1 or 2 as an active 
layer sandwiched between different metals as top contacts and gold as bottom contact were prepared. The electrodes 
(Au, Pd, Al, and Cu) were chosen in order to inject electrons or holes into the thin films. It is known that Au, Pd, Cu 
electrodes can inject holes into the organic layer, however Al can inject electrons. Values of threshold energies Eth from 
spectral dependences of photoconductivity were obtained. The work functions of metal layers and surface potential of 
thin film of perylene derivatives were obtained by Kelvin probe technique. The organic film thickness was of the order 
of 1 m. It allows applying space charge limited current method [3]. The thermal dependencies of electrical 
conductivity were investigated in space charge limited current regime [4]. The dependence of activation energy Ea on 
voltage allows characterizing energetical structure of local trapping states in thin film. Charge carrier mobility is 
determined by charge extraction in a linearly increasing voltage method [5]. 
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Figure 1. Molecular structure 

The values of oxidation and reduction potentials were measured by voltammperomety and  the values of Uredox were 
obtained. Highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) levels were 
calculated by RHF ab initio calculations. Calculated energy gap values are comparable with the experimentally 
determined ones.  

This work is supported by the ERAF Project Nr. 2DP/2.1.1.2.0/10/APIA/VIAA/010 and Latvian-Lithuanian-
Taiwan project „Design, Synthesis and Studies of New Effective Materials for Organic Optoelectronics”. The research 
work of R. Reghu was supported by FP-7 PEOPLE PROGRAMME, Marie Curie Actions  ITN Grant No. 215884. 

[1] S.Vajiravelu, R.Lygaitis, J.V.Grazulevicius, V.Gaidelis, V.Jankauskas and S.Valiyaveettil, J. Mater. Chem., 19,
4268(2009) 

[2] J.F. Morin, M. Leclerc, D. Ades and A. Siove, Macromol. Rapid Commun., 26,761(2005) 
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NOOLANDI-HONG VERSUS ONSAGER MODELLING 
OF CHARGE PHOTOGENERATION IN ORGANIC SOLIDS 

K. Falkowski, W. Stampor*, P. Grygiel and W. Tomaszewicz  
 

Department of Electronic Phenomena, Gda sk University of  Technology, 80-233 Gda sk, Poland 
* Corresponding author: waldek@mif.pg.gda.pl 

 
Absorption of light in organic solids leads to creation of excited states (excitons) which may dissociate to form free 

charge carriers. Taking into account a large coulombic interaction radius (rC > 10 nm) in these low mobility materials 
the charge photogeneration is commonly assumed to proceed through an intermediate stage of bound electron-hole pairs 
(geminate e-h pairs). The classical treatment of e-h separation process by Onsager [1,2] and Noolandi-Hong [3], based 
on solving the Smoluchowski equation, refers to the diffusion motion of an e-h pair in the continuous medium in the 
presence of combined mutual and applied electric field. 

In this paper we have studied the electric field dependence of the escape probability ( ) for various radial 
distribution functions (Dirac delta, Gaussian, exponential) of the e-h pairs in the framework of Noolandi-Hong (NH) 
model. In the NH model the final geminate recombination step proceeds on a sphere of finite radius (a) with a finite 
velocity ( ). We show that the commonly used Onsager theory based on his paper [1] (Onsager 1938) is a special case 
of a more general NH treatment for  and 0a . In turn the earlier Onsager theory [2] (Onsager 1934) can be 
derived from the Onsager 1938 model if radial distribution function of initial e-h pairs approaches Dirac delta function, 
(r-r0), and . 00r

 
Figure 1. A comparison of the EML experimental data (circles) with theoretical curves based on the NH model with 
Dirac delta radii distribution for three different values of capture velocity . The EML data for vacuum evaporated 
layers of Alq3 (a) and Ir(ppy)3 (b) are taken from refs. [4] and [5], respectively. 

 
We compared theoretical results with the experimental data taken from electromodulation of photoluminescence 

(EML) for two archetypical organic photoconductors, Alq3 and Ir(ppy)3, commonly used as emitters in organic LEDs 
(Fig. 1). In EML experiments electric field-induced increase in charge separation translates into photoluminescence 
(PL) quenching measured usually by modulation technique at the second harmonic (2 ) of fundamental frequency ( ) 
of applied electric field, F0 sin( t). The relevant quantity is (2 )EML signal defined as I2 /I0  where In  stands for 
n-Fourier component (n = 0, 2) of PL intensity. From analysis of our results we infer the lower limit of surface 
recombination velocity,  = 1 cm/s, in vacuum evaporated layers of Alq3 and Ir(ppy)3 which agrees well with an 
evaluation of that quantity in amorphous solids made in ref. [6].  
 
[1] L. Onsager, Phys. Rev., 54, 554 (1938). 
[2] L. Onsager, J. Chem. Phys., 2, 599 (1934). 
[3] K.M. Hong and J. Noolandi, J. Chem. Phys., 68, 5163 (1978). 
[4] W. Stampor, J. Kalinowski, P. Di Marco and V. Fattori, Appl. Phys. Lett., 70, 1935 (1997). 
[5] W. Stampor and J. M yk, Chem. Phys., 337, 151 (2007). 
[6] J.C. Scott and G. Malliaras, Chem. Phys. Lett., 299, 115 (1999). 
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EXCITATION ENERGY TRANSFER AND QUENCHING IN THE 
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The life evolved on Earth strongly depends on the light harvesting taking place by photosynthetic organisms. The 

photosynthetic apparatus in general consists of the light-harvesting antenna and reaction centers. In green plants the 
light-induced water splitting reaction is fulfilled by photosystem II, which is also responsible for the regulation ability 
and system adaptation to the different level of the light conditions. Because of the existence of the rapid excitation 
energy density control in photosystem II, termed as the non-photochemical quenching (NPQ), plant photosynthesis can 
function efficiently under very different light conditions up to very high intensities. This regulatory process occurs in 
the light-harvesting complexes, LHCII, with involvement of carotenoid molecules, as shown by recent studies using the 
time-resolved spectroscopy [1, 2]. It is commonly agreed that the increasing intensity of the sunlight causes some 
configurational changes within the LHCII which lead to the generation of additional excitation trapping centers 
(probably related to the carotinoid molecules) converting the excess excitation energy to heat. However, despite recent 
extensive studies in this field and several suggested models, a common consensus about the origin of the NPQ-traps has 
not been achieved so far. 

Since experimentally observable excitation decay kinetics in the LHCII aggregates under NPQ conditions are 
mostly bi-exponential, there are two principle ways to qualitatively describe such results [3]. In the ‘migration-limited’ 
case the excitation slowly migrates through the antenna until it reaches the NPQ-trap, and then quickly relaxes (the so-
called slow/fast (SF) regime). In the converse ‘trap-limited’ regime the excitation lifetime is dominated by the trapping 
in the NPQ-center, whereas the migration can be assumed to be relatively fast (the so-called fast/slow (FS) regime). 

In order to determine the key parameters defining the excitation 
kinetics and thus to get an insight into the origin of the NPQ, the 
excitation energy transfer and quenching in LHCII aggregates was 
considered in terms of a coarse-grained model [4], in which only the 
transfer of excitons between separate pigment–protein subunits is 
treated explicitly, with all intra-monomer kinetics ‘integrated out’ of 
the calculation (Fig. 1).  

As follows from the calculations, this model can be well-fitted to 
the experimental kinetics assuming different values for the excitation 
hopping rate between different LHCII monomers. However, certain 
problems are encountered while assuming FS regime: the LHCII 
aggregate should be rather small, and excitation will be mainly 
localized on the NPQ-trap. Moreover, if considering NPQ excitation 
dynamics at higher excitation conditions when singlet–singlet 
annihilation starts to dominate, in the FS regime the excitation kinetics 
of the aggregate are almost insensitive to the initial excitation density. 
Conversely, the excitation kinetics in the SF regime display strong 
sensitivity to the changes in excitation density. Since the 
experimentally observed kinetics reveal a similar dependence, it can 
be concluded that the SF regime is a more appropriate description for 
the physical origin of the NPQ-trap: the excitation dynamics is mainly 
determined by the excitation migration within antenna, whereas the 
relaxation in the NPQ-center takes just several ps. Such conclusion is 
also supported by the calculations according to another approach 
considering the excitation diffusion in the continuum medium with 
randomly distributed static traps. 

 

[1] N.E. Holt, D. Zigmantas, L. Valkunas, X.P. Li, K.K. Niyogi, G.R. Fleming, Science 307, 433–436 (2005). 
[2] A.V. Ruban, R. Berera, C. Ilioaia, I.H.M. van Stokkum, J.T.M. Kennis, A.A. Pascal, H. van Amerongen, B. Robert, 
P. Horton, R. van Grondelle, Nature 450, 575--578 (2007). 
[3] M.G. Müller, P. Lambrev, M. Reus, E. Wientjes, R. Croce, A.R Holzwarth, ChemPhysChem 11, 1289–1296 (2010). 
[4] L. Valkunas, G. Trinkunas, J. Chmeliov, A.V. Ruban, Phys. Chem. Chem. Phys. 11, 7576–7584 (2009).  

Figure 1. Coarse-grained model for the 
LHCII aggregate with a NPQ-trap in one of 
LHCII monomers (represented by hexagon; 
circles stand for Chl molecules; thick bars 
depict possible excitation transfer paths 
between different LHCII monomers). While
modelling, only excitation transfer between 
different LHCII is taken into account 
whereas their internal structure is neglected. 
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ON THE TRUE MEANING OF THE FLAT PLATEAUS ON THE TIME-OF-
FLIGHT CURVES IN MOLECULARLY DOPED POLYMERS 

A. Tyutnev*, R. Ikhsanov, V. Saenko, E. Pozhidaev 

 Department of Information Technologies, Moscow State Institute of Electronics and Mathematics, Russia 
* Corresponding author: aptyutnev@yandex.ru  

Flat plateaus on the time-of-flight (TOF) curves feature regularly in the studies of the carrier transport in 
molecularly doped polymers (MDPs). Technically, this observation facilitates the determination of the transit time and 
the mobility itself. However, the true physical meaning of the plateau still remains controversial. It is not a true 
quasiequilibrium as the Einstein relation between the mobility  and the diffusivity  grossly fails [1]. An accepted 
point of view is that of only partial equilibrium with 

D
 getting constant while  increasing in time. The Gaussian 

disorder model (GDM) of Bässler serves to explain this sort of the TOF current behavior (see [2]). 
D

We consistently argued that such an approach suffers from one fundamental drawback. Existing Monte-Carlo 
simulations of the GDM show that as the slope of the plateau ( tdjd log/log ) becomes smaller and smaller 
approaching zero, the slope of the post transit current decay gets larger and larger ( >> 1.0). This qualitative 
prediction of theory contradicts experimental data. Even for flat plateaus, the post transit current slope may be as low as 
2.0-2.5 [3]. 

In this situation, we performed numerical calculations of the TOF transients featuring ideally flat plateaus using 
multiple trapping (MT) model with a Gaussian trap distribution. The GDM and MT are thought to be equivalent at low 
fields for proper model parameters obtained by the standard GDM approach [4, 5]. Numerical calculations show that for 
the total disorder  in MDPs exceeding 0.085 eV the plateaus should have 0.15 at room temperature compared to 
experimental values  0.01 (Figure 1). Thus, to reconcile theory with experiment one needs introducing some 
extraneous mechanism as in [6] (two-layer MT model for universal current transients in MDPs).  

Figure 1. Computed (1) and experimental (2) TOF transients in linear and logarithmic (inset) scale. The 
experimental curve features flat plateau while the computed one lacks it. Note that  (1.1 ms) is close to the transit 
time on the inset. Curve 2 is taken from [5] (see Fig. 1c). Both curves refer to 205 K, the electric field was 64 V/

1/2t
m

and the sample thickness was 10 m. 

It should be remembered that both the GDM and MT models fail to describe the Poole-Frenkel (PF) type of the 
mobility field dependence. In this context, the dipolar glass model [7] deserves special attention as it seems to predict 
flat plateaus for  0.13 eV with post transit current slopes about 2.2 at room temperature [8] while explaining PF 
effect. But this model does not allow MT computations and requires Monte-Carlo simulations (unlike the GDM it deals 
with the Gaussian spatially correlated energy distribution of hopping centers).  

[1] H. Bässler, Physica Status Solidi B, 175, 15 (1993) 
[2] V.R. Nikitenko, H.von Seggern, H. Bässler, J. Phys. Condens. Matter, 19, 136210 (2007) 
[3] A.P. Tyutnev, V.S. Saenko, E.D. Pozhidaev, R.Sh. Ikhsanov, J. Phys. Condens. Matter, 20, 215219 (2008) 
[4] L. Pautmeier, R. Richert, H. Bässler, Phil. Mag. Lett., 59, 325 (1989) 
[5] P.M. Borsenberger, W.T. Gruenbaum, E.H. Magin, L.J. Sorriero, Chem. Phys., 195, 435 (1995) 
[6] D.H. Dunlap, L.B. Schein, A.P. Tyutnev, V.S. Saenko, E.D. Pozhidaev, P.E. Parris, D.S. Weiss, J. Phys. Chem.C, 
114, 9076 (2010) 
[7] S.V. Novikov, A.V. Vannikov, J. Phys. Chem.C, 113, 2532 (2009) 
[8] S. Novikov, J. Imaging Sci. Technol., 43, 444 (1999) 
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TRANSIENT CURRENTS ACROSS POLYMER THIN FILMS   
CONSISTING OF SINGLE, DUAL AND TRIPLE LAYERS 

A. Tameev1*, A. Yusupov2, A. Lachinov2, A. Vannikov1 
 

1 A.N. Frumkin Institute of Physical Chemistry and Electrochemistry, RAS, Russia 
2 Department of Physics, Bashkir State Pedagogical University, Russia 
* Corresponding author: tameev@elchem.ac.ru 

 
Poly(diphenylenephthalide) (PDP) is known to exhibit ambipolar conductivity and related unique properties [1,2]. 

In particularly, a discrete interface between two successive layers of PDP has abnormal high longitudinal conductivity 
while the bulk layers remain in dielectric state [3]. 

In this work, an influence of the interface between the PDP layers on the electron transport in the normal to the film 
plane direction was investigated. The study was carried out with specimens of the structure shown in Fig. 1 by the use 
of a conventional time-of-flight (TOF) technique in small signal regime [2]. The polymer films consisted of single 
through triple layers. The first layer was deposited by spin coating a solution of PDP in cyclohexanone onto ITO glass 
substrate and the second one – onto the top surface of the first one and so on. The polymer/polymer interface was 
discrete because no intermixing between the layers at such interfaces was detected [3]. A charge generating layer (CGL 
- Se, CuPc) was 0.2 m in thickness. 

 

 
 

Figure 1. PDP structure (left) and cells for the TOF measurements (right). 
 
All the TOF transients of the electron transport showed dispersive characteristic. In the log current vs log time plot, 

the intersection of the asymptotes of the two linear regimes was considered as a transit time tT of electrons. The time tT 
was equal to 5 ms, 4.5 ms and 3 ms in a 2.4 m thick single-layer sample, 5.4 m thick dual-layer sample and 7.5 m 
thick triple-layers sample, respectively, at electric field of 1.6×105 V/cm.  

It is well known from experimental evidences and theoretical models that transit time increases with the thickness 
of polymer single layer films [4, 5]. This appears to be not the case for the PDP films incorporating discrete interfaces 
between successive layers. We suggest a qualitative mechanism to describe the experimental finding. The PDP/PDP 
interface can be considered as a reservoir of electron-hole pairs which can dissociate easily. The assumption is based on 
the experimental data on anomalous high conductivity and charge mobility along the PDP/PDP interface [3] and the 
nature of the PDP polymer [1, 6]. In the TOF experiment, for instance in the case of a dual layer sample, as soon as a 
sheet of electrons is injected from CGL into the PDP layer a similar sheet of electrons is injected from the PDP/PDP 
interface into the second PDP layer and move toward the counter electrode. Holes can either remain at the PDP/PDP 
interface or drift toward the first sheet of electrons. Such behavior of the charge carriers in the dual-layer sample gives 
TOF transients similar to those in a single-layer sample provided the layers are equal in thickness.  

In summary, it is established experimentally that electron transient currents across the PDP film consisting of a few 
PDP layers is significantly influenced by the interface between the layers, a possible mechanism of the influence is 
discussed. 
Acknowledgments. The study was supported by the RFBR (projects no. 09-03-00616, 11-02-01445 and 11-03-00260). 
 
[1] A.N. Lachinov and N.V. Vorob’eva, Phys. Usp., 49, 1223 (2006) 
[2] A.R. Tameev, R.G. Rakhmeev, V.R. Nikitenko, R.B. Salikhov, A.A. Bunakov, A.N. Lachinov, and A.V. Vannikov, 

Phys. Solid State, 53, 195 (2011). 
[3] R.M. Gadiev, A.N. Lachinov, R.B. Salikhov, V.M. Kornilov, R.G. Rakhmeev, and A.R. Yusupov, JETP Lett., 90, 

821 (2009) 
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PHOTOELECTRICAL PROPERTIES OF THIN FILMS OF DMABI 
DERIVATIVES 

R.Grzibovskis1*, M.Indrikova1, J.Latvels1, I.Muzikante1, B.Turovska2, P.J.Pastors3, V.Kampars3

1Laboratory of Organic Materials, Institute of Solid State Physics, University of Latvia, Latvia 
2Latvian Institute of Organic Synthesis, Latvia 
3Riga Technical University, Latvia 
* Corresponding author: raitis1898@gmail.com 

Among organic semiconductors, group of indandiones with their electrical properties, thermal and chemical 
stability are good candidates for use in design of novel molecular electronic devices and organic photovoltaics. To 
achieve higher efficiency, it is necessary to study photoelectrical properties of organic compounds in thin films. The 
spectral dependence of photoconductivity and the value of the quantum efficiency are important data to characterize 
novel materials. Better results in efficiency of the solar cells are expected when the spectral dependence of the 
photoconductivity is close to the Sun spectrum. Besides fundamental part of design effective solar cells is 
knowledge of energetic characteristics of a material. Photoelectrical properties, particularly the spectral dependence 
of quantum efficiency of photoconductivity and optical absorption spectra, characterize adiabatic and optical energy 
gaps of organic molecules in thin film. The energy gap directly affects such important electronic processes as charge 
carrier generation and transport.  

The aim of the work is studying of the influence of molecular structure on photoelectrical properties and the 
energy gap values of polar indandione type molecules in thin vacuum evaporated films. Dimetilaminobenzylidene-
1,3-indandione (DMABI) is known as good photoconductive material [1]. In this work four novel DMABI 
derivatives are chosen. In three of these derivatives the N,N-dimethyl amino electron donor part of the DMABI 
molecule are substituted by N,N-diphenyl amino group. In one of the derivatives carbon atom is substituted with 
nitrogen atom in the electron acceptor part of the molecule (N-DMABI-dPh). As fourth compound we have chosen 
DMABI-JU. 
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   Fig.1. DMABI molecule and its derivatives 

We have investigated photoconductivity quantum efficiency and its spectral dependence of all these DMABI 
derivatives. Values of the threshold energy Eth from spectral dependence of quantum efficiency of photoconductivity 
are obtained. These results are good agreement with the results following from optical and voltamperometric 
experiments. The quantum efficiency of photoconductivity of DMABI and its derivatives are of the order 10-3

el./phot. The threshold value of photoconductivity of DMABI derivatives reduces from 1,95eV for DMABI thin 
films to 1,75eV for DMABI-JU thin films. 

This work is supported by the ERAF Project No. 2010/0252/2DP/2.1.1.1.0/10/APIA/ VIAA/009 

[1] E.A.Silinsh in Photoactive Organic Materials; Science and Applications, NATO ASI Series, 3.High Technology, 
Vol. 9, Kluwer Academic Publishers, Dordrecht, Boston, London,  pp.375-392. (1996) 
[2] I.Kaulach, E. A. Silinsh, Latvian Journal of Physical and Technical Sciences, No.3, 3-11, (1997) 
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SPECTRAL DEPENDENCES OF PHOTOCURRENT IN POLYTHIOPHENE 
DOPED WITH SILVER NANOPARTICLES 

J. Szeremeta*, M. Nyk, A. Chyla, M. Samoc  
 

 Institute of Physical and Theoretical Chemistry, Wroclaw University of Technology, Poland  
* Corresponding author: janusz.szeremeta@pwr.wroc.pl  

 
In last few years a lot of attention has been given to organic photovoltaic devices. Polymer solar cells have a great 

potential to become cheap renewable energy sources. There are several different concepts of how to improve the 
efficiency of organic solar cells in order to make it economically viable. Recent studies shows significant enhancement 
of photoconversion efficiency through addition of metal nanoparticles (MNPs) to the active polymer layer [1], but the 
mechanisms of the enhancement are not fully clear yet.  

 In a previous work we showed that the photocurrent in poly(3-hexylthiophene) (P3HT) films can be significantly 
increased by addition of copper nanoparticles [2]. Copper nanoparticles appeared, however, to be unstable over 
extended time and easily oxidized.  Therefore we chose more stable silver particles for further examination of MNPs 
photocurrent enhancement. We investigated impact of doping with silver nanoparticles on optical and electrical 
properties of P3HT, which is commonly used as the donor material in photovoltaic devices. We obtained colloidal 
solution of Ag nanoparticles in chloroform by a simple one-step synthesis which is a modification of a method 
described by Seo et al. [3]. Characterization of optical properties of polymer with nanoparticles in solution and film was 
performed. For more detailed examination of influence of MNPs on photocurrent in polymer thin layer, spectrally 
dependent measurements of the photocurrent-voltage characteristics were conducted. Figure 1 is an example plot 
showing how the photocurrent measured for P3HT film doped with Ag nanoparticles correlates with the absorption 
spectrum. The results obtained so far appear to indicate that the enhancement of the photocurrent by the MNPs results 
from increase in the exciton diissociation rate rather than from enhanced light harvesting. 

 
Figure 1. Photocurrent of P3HT film doped with Ag NPs and absorbance spectrum of prepared film. Photocurrent 
was measured under illumination with xenon lamp light passed through monochromator, with 5V bias applied. 
 
 

 
 

[1] W.J. Yoon, K.Y. Jung, J. Liu, T. Duraisamy, R. Revur, F.L. Teixeira, S. Sengupta, P.R. Berger, Sol. Energy Mater. 
Sol. Cells 94, 128–132 (2010) 
[2] J. Szeremeta, M. Nyk, A. Chyla, W. Str¼k, M. Samoc, Opt. Mat. in press, doi: 10.1016/j.optmat.2011.02.032 
[3] D. Seo, W. Yoon, S. Park, J. Kim, J. Kim, Coll. Surf. A 313–314, 158–161(2008) 
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CHARGE CARRIER PHOTOGENERATION AND RECOMBINATION IN 
POLYMER/FULLERENE BULK HETEROJUNCTION FILMS 

G. Sliaužys1*, V. Gulbinas1, K. Arlauskas2 
 

1 Center for Physical Sciences and Technology, Vilnius, Lithuania  
2 Department of solid state electronics, Vilnius University, Vilnius, Lithuania 
* Corresponding author: gytis.sliauzys@ff.vu.lt 

 
Photogeneration and recombination of charge pairs and free charge carriers in poly-3 (hexylthiophene) (P3HT) and 

[6,6]-Phenyl C61 butyric acid methyl ester (PCBM) bulk heterojunction has been studied at different PCBM 
concentrations by means of fluorescence spectroscopy, time-of-flight (ToF) and extraction of photogenerated charge 
carriers by a linearly increasing voltage (photo CELIV) techniques. Quenching of P3HT fluorescence by PCBM, has 
been used for the evaluation of the exciton dissociation efficiency.  The quantum efficiency of free carrier generation 
has been evaluated from ToF current transients at different electric fields. The free charge carrier recombination 
properties have been estimated from photo-CELIV current transients at different delay times between laser ant voltage 
pulses. Obtained results shows better carrier photogeneration quantum efficiency, and lower geminate recombination 
rate in samples with higher PCBM concentration. 
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HIGH MOBILITY HOLE TRANSPORTING DIPHENYLETHENYL 
SUBSTITUTED TRIPHENYLAMINES

T. Malinauskas1*, G. Bubniene1, M. Daskeviciene1, V. Gaidelis2, V. Jankauskas2, G. Juska2,
K. Arlauskas2, V. Getautis1

1 Department of Organic Chemistry, Kaunas University of Technology, Radvilenu pl. 19, LT-50270 Kaunas, Lithuania 
2 Department of Solid State Electronics, Vilnius University, Sauletekio 9, LT-10222 Vilnius, Lithuania 
* Corresponding author: tadas.malinauskas@ktu.lt 

Electronic and optoelectronic devices using organic materials as active elements, for example, organic light-
emitting diodes (OLED), organic photovoltaic devices (OPV), organic field-effect transistors (OFET), organic 
photorefractive devices, and so forth, have received a great deal of attention from the standpoint of potential 
technological applications as well as fundamental science[1-3]. All the devices described above involve charge 
transport as an essential operation process and hence, require charge-transporting materials. Therefore, development of 
high-performance, charge-transporting materials is a key issue for the fabrication of high-performance devices. 

Realization of organic electronics potential for simple processing requires the ability to form devices by solution 
deposition methods, preferably using simple, inexpensive, easily purified materials. 

Figure 1. Mobility of the investigated star-shaped charge transporting material. 

Herein we present the star-shaped charge transporting materials with a triphenylamine core and varying number of 
diphenylethenyl sidearms. These hole transporting organic semiconductors are obtained in one step synthesis procedure 
from commercially available and relatively inexpensive starting materials. Tris(4-(2,2-diphenylethenyl)phenyl)amine is 
an especially promising candidate because it can be handled in air, requires no high temperature annealing steps, can be 
solution deposited, possesses comparatively high mobility (up to 0.017 cm2 V –1 s–1), and could be synthesized in one 
step from commercially available and cheap triphenylamine. 

[1] S. R. Forrest, Nature 428, 911 (2004). 
[2] H. Spanggaard, F. C. Krebs, Solar Energy Mater. Solar Cells 83, 125 (2004). 
[3] C. D. Dimitrakopoulos, P. R. L. Malenfant, Adv. Mater. 14, 99 (2002). 
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PHYSICOCHEMICAL PROPERTIES OF A NEW PHOTOCHROMIC 
LIQUID CRYSTAL 

L. Mazur1,4*, K.Matczyszyn1, S-J Yoon2, S.Y. Park2, J-L Fave3, F. Mathevet4, A-J  Attias4,
M.Samo½1

1 Institute of Physical and Theoretical Chemistry, Wroclaw University of Technology, Poland 
2 Department of Materials Science and Engineering, Seoul National University, Korea 
3 Institut de NanoScience de Paris,  Universit  Pierre et Marie Curie, France 
4 Laboratoire des Chimie des Polym res, Universit  Pierre et Marie Curie, France 

* Corresponding author leszek.mazur@pwr.wroc.pl 

Charge transport and the solid state photochromic properties in an interesting new compound exhibiting AIEE 
(Aggregation Induced Enhancement of Emission) [1] were investigated.  

Basic thermal analysis (DSC) experiments showed the liquid crystal behavior, which was further examined by 
Polarized Optical Microscopy (POM) measurements, which proved the existence of a Smectic C phase. Since the 
compound possesses a delocalized system of π electrons, its charge transport properties were checked by the Time-of-
Flight method vs. temperature (Fig.1). In the liquid crystal state at 140oC the transient photocurrent curves show clearly 
two shoulders corresponding to a fast and a slow mobility. These transit times, associate to the electronic and ionic 
mobilities, and are typical for this kind of mesophase and are of the order of 10-4 and 10-6 cm2/V¿s for the holes and for 
the ions, respectively. 

As we observed a slow evolution of TOF curves and organic film aspect during the electrical measurements and 
more particulary during the charge photogeneration (UV ns pulsed laser), we conducted the studies of the kinetics of 
absorption spectra in solution and in the solid state in order to have a better understanding of the compound 
photochromic properties. It can be noticed that such behavior is rather exceptional, because the photochromism and 
fluorescence can be considered two competing mechanisms of the deactivation of excitations. 
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Figure 1. A transient photocurrent curve obtained for the bias of 150 V applied to the cell containing the liquid 
crystalline sample. 

[1] S.-J. Yoon, J. W. Chung, J. Gierschner, K. S. Kim, M.-G. Choi, D. Kim, S. Y. Park, J. Am. Chem. Soc. 132, 13675
13683 (2010)
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FROM ALLYLBITHIOPHENE TO NEW CONDUCTING 
POLYTHIOPHENES CONTAINING ISOXAZOLE MOIETIES  

M. Filapek1, I. Grudzka,  M. Krompiec1, C. Pietraszuk2, S. Krompiec1*, W. Danikiewicz3
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3 Institute of Organic Chemistry, Polish Academy of Sciences, Kasprzaka 44/52, 01-224 Warszawa 42, P.O.B. 58, 
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* Corresponding author: stanislaw.krompiec@us.edu.pl 
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5-Allyl-2,2’-bitiophene 2 was obtained in the allylation reaction of 5-lithio-2,2’-bithiophene by allyl bromide. 
Then, 2 was quant. isomerized to 3 in the presence of [RuClH(CO)(PPh3)3]) and, subsequently, 3 subjected to self-
metathesis (on 2nd generation Grubbs’ catalyst) yielding 4. Dipolar cycloaddition of appropriate nitrile oxides to 3 (BT-
CNO and 1,4-(ONC)2C6H4) and 4 (2,6-Cl2C6H3 and 2,4,6-Me3C6H2) led to the formation of dihydroisoxazoles, which 
were oxidatively dehydrogenated (with DDQ) to isoxazoles 5, 6 and 7.

Electrochemical properties of the isoxazoles were investigated using cyclic voltammetry on Pt and ITO electrodes. 
New redox-stable conjugated polymers (8, 9, 10), containing isoxazole moieties in the main chain, were obtained via 
electropolymerization. Thin films of the polymers were studied using cyclic voltammetry and UV-Vis 
spectroelectrochemistry.  

The metathesis product 4 and the dihydroisoxazole intermediates were also subjected to electropolymerization, but 
their redox stability and charge transport properties were inferior, most likely due to disturbed bond alternation 
(poly(dihydroisoxazoles)) or redox instability of the CH=CH- linkage (poly(4)).
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ROTAXANES – MATERIALS FOR ADVANCED POLYMER BLENDS: 
MULITCOLOUR ASE AND ULTRA-BROAD OPTICAL GAIN  

M. M. Mroz1*, S. Brovelli2, T. Virgili3, G. Sforazzini4, A. Paleari5, H. L. Anderson4, F. Cacialli2

and G. Lanzani1,6

1Dipartimento di Fisica, Politecnico di Milano, Piazza L. Da Vinci 32, Milano 20133, Italy 
2 LCN and Department of Physics and Astronomy, University College London, United Kingdom  
3 IFN-CNR c/o Politecnico di Milano, Dipartimento di Fisica, Piazza L. Da Vinci 32, Milan 20133,Italy  
4 Department of Chemistry, University of Oxford, Chemistry Research Laboratory, Oxford, United Kingdom.
5 Dipartimento di Scienza dei Materiali, Universit  di Milano-Bicocca, via Cozzi 53, 20125 Milano, Italy  
6 Center for Nano Science and Technology IIT@Polimi, Via Pascoli 70/3, Milan, Italy 
* Corresponding author: marta.mroz@polimi.it

Here, we show properties of conjugated polyrotaxanes combine into photonic application: ultra-broad band optical gain 
in a binary polymer blend that can be further exploited for two-colour lasing. We study the optical properties of two blends 
of polyfluorene and polyrotaxane (supramoleculary insolated chain) by means various spectroscopy techniques. 

The ability to produce semiconducting polymer blends with white emission spectra, large emission cross sections and 
broad optical gain is critical to their application in white PLEDs, lasers and broadband amplifiers. Cyclodextrin-
encapsulation is an effective means of suppressing detrimental intermolecular interactions, and energy transfer (ET) 
channels in polymer blends, thus enabling fabrication of white-emitting devices. We show that all such properties combine 
into a high impact photonic application: ultra-broad optical gain and two-colour amplified spontaneous emission (ASE) in a 
binary polyrotaxane blend. We study the photophysics of a blend of a conventional and an encapsulated polyfluorene by 
means of steady state and ultrafast spectroscopy techniques (pump-probe and ASE experiments). The morphology of the 
blend is investigated by �-ÀRaman imaging and confocal fluorescence microscopy. We ascribe the ultra-broad optical gain 
(>850 meV) and the simultaneous ASE from both constituents to the dual effect of reduced polaron formation and 
suppressed ET in the polyrotaxane binary blend.  

Our results demonstrate that polyrotaxanes could realistically represent the building blocks for advanced polymer 
blends with highly controlled optical properties. The composite material investigated here represents only the first proof of 
principle of strategy and we expect the optical properties can be improved by blending encapsulated compounds only. These 
polymeric composite materials have highly controlled optical properties and could lead to disrupting technologies such as 
single broadband optical amplifiers covering the entire visible region, to be applied for data transmission by wavelength 
division multiplexing in plastic optical fibres, for applications in solid state lightning, lasers and photovoltaic technologies. 

Figure 1. (a) Molecular structures of the investigated polymers. Absorption and steady-state PL spectra of spin-cast 
films of (b) neat polymers and (c) their relative 1:1 (wt%) blends. 

[1] A. Petrozza, S. Brovelli, J. J. Michels, H. L. Anderson, R. H. Friend, C. Silva, and F. Cacialli, Adv. Mater. 20 (17), 
3218-3223 (2008). 
[2] M. M. Mr z, T. Virgili, S. O. M. Donnell, M. J. Frampton, H. L. Anderson, and G. Lanzani, Phys. Rev. B 80 (4), 
045111, (2009). 
[3] S. Brovelli, T. Virgili, M.M. Mr z, G. Sforazzini, A. Paleari, H.L. Anderson, G. Lanzani and F. Cacialli, Adv. Mater. 
22, 3690-3694 (2010) 
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MODIFICATION OF CHITOSAN BY AZO MONOMERS VIA RAFT 
POLYMERIZATION 

Sebastian Zawalski*, Ewelina Ortyl, Stanisµaw Kucharski  
 

Department of Polymer Engineering and Technology, Wroclaw University of Technology, Poland 
* Corresponding author: sebastian.zawalski@pwr.wroc.pl 

 
 
The controlled grafting modification of chitosan has been achieved by RAFT polymerization using chitosan-RAFT 

agent. The chitosan was first modified with S-Dodecyl-SÁ-(®,®Á-dimethyl-®ÁÁ-acetic acid)trithiocarbonate to prepare 
RAFT agent, and then the controlled grafting polymerization of two acrylic monomers using RAFT procedure followed 
by azo coupling reaction between modified chitosan and the diazonium salt of 4-aminobenzonitrile and 4-nitroaniline 
(Fig. 1) [1].  

The azo polymers were characterized by spectroscopic methods and GPC measurements. The results showed that 
the graft polymers were successfully synthesized with narrow molecular weights distribution in the range of PDI = 1.19 
[2].  

The polymers were deposited as films onto glass plates by spin coating technique and the photochromic properties 
were measured. The side chain azobenzene moieties showed the ability to reversible trans-cis isomerization by 
illumination with light. The maximum absorption band of the film were observed at 434 nm for polymer containing 
nitrile and 455 nm for polymer containing nitro group in the said chain. The obtained films were illuminated during 
ellipsometric measurements and the result was a change in refractive index. The change of real part of the refractive 
index after 5 minutes illumination was in the range of 0.0177 – 0.0206 [3]. 
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Figure 1. The Synthetic routes for preparing azo modified chitosan. 
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THE AMPLIFIED SPONTANEOUS EMISSION FROM POLYMERIC FILMS 
DOPED WITH 3-(1,1-DICYANOETHENYL1)-1PHENYL-4,5DIHYDRO-1H-

PYRAZOLE  
L. Sznitko*, J. Mysliwiec, K. Parafiniuk, K. Palewska, A. Miniewicz, S. Bartkiewicz   

1 Department of Chemistry, Wroclaw University of Technology, Wroclaw, Poland  
* Corresponding author: lech.sznitko@pwr.wroc.pl  

The (DCNP) crystal has been synthesized by S. Allen in 1988 as a novel organic material for applications in 
nonlinear optics [1]. In DCNP crystal the photoluminescence can also occur when excited with light from green to UV 
spectral region [2]. 

 The authors presents results of studies realized on polymeric systems doped with the DCNP organic molecules, 
which served as the luminescent chromophores. We compare four types of polymeric systems like PMMA, PC, PVK 
and DNA-CTMA doped with 2 % w/w of DCNP.  To excite the luminescence second and third harmonic of 
fundamental frequency line coming from nanosecond pulse Nd:YAG laser was used. The signal of luminescence was 
collected with “Ocean Optics” fiber spectrometer coupled with PC for data acquisition. In every system amplified 
spontaneous emission (ASE) was observed.  The normalized spectra of ASE excited by light with  
λ = 532 nm and energy density ρ = 80 mJ/cm2, for each sample are presented in Figure. 1. The threshold energy 
densities, gain coefficients and temporal stability were estimated for all systems.
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Figure 1. ASE spectra of DCNP molecules dispersed in different matrices. The excitation wavelength was 
 λ = 532 nm and the energy density was ρ = 80 mJ/cm2.

The lowest threshold energy density was obtained for PVK:DCNP system and it was around 4.5 mJ/cm2, the best 
temporal stability was found for PMMA:DCNP system and  was estimated to around 30 000 pulses. The highest gain 
coefficient was estimated to 15 cm-1 and it was reported for DNA-CTMA matrix.  
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THE DYNAMICS OF THE NO2 GROUP IN THE SOLID - CONSEQUENCES 
FOR ITS THERMODYNAMIC STABILITY AND PROPERTIES  

G. M. Wójcik 
 

Institute of Physical and Theoretical Chemistry,  Wroc aw University of Technology, 50-370 Wroc aw, Poland 
Corresponding author: grazyna.m.wojcik@pwr.wroc.pl 

 
Nitroaromatics are known to exhibit properties that are interesting for application. They can be found among 

pharmaceuticals, explosives, dyes and pigments and materials potentially useful in optoelectronics. They often crystallize in 
polymorphic forms. For industrial purposes it is extremely important to control the polymorphism as polymorphic forms of 
a compound differ in their properties.  Crystal structures and molecular packings of substituted nitrobenzenes with 
substituents able to form strong hydrogen bonds (i.e. hydroxyl, amino and carboxyl groups) and substituents not able to 
form strong hydrogen bonds (e.g. nitro groups, halogen atoms and others) have been studied. The experimental as well as 
theoretical methods of the investigations have been used: multi-temperature X-ray crystal structure analysis including the 
rigid body analysis of anisotropic displacement parameters, quantum chemical calculations at different levels of theory, 
computer crystal structure prediction and crystal structure retrieval from the CSD. The results are consistent about the 
occurrence of attractive intermolecular interactions between nitro groups. The interactions even seem to compete with 
hydrogen bonding in the crystals of the ortho isomers of nitroanilines and nitrophenols, i.e. hydrogen bonds between nitro 
oxygen atoms and amino or hydroxyl groups. Especially in the crystals of nitroanilines the hydrogen bonds are relatively 
weak, though their impact on the crystal architecture is crucial1. 

Large amplitude torsional vibrations of nitro group’s oxygen atoms constitute another aspect of the interactions. The 
vibrations seem to be a driving force of polymorphic transformation in nitrophenols and  nitrobenzoic acids. The transitions 
occur at temperatures above ambient and preserve intermolecular hydrogen bonds. The vibrations are responsible for large 
thermal expansion along the direction of the oxygen atoms’ displacements. The vibrations lie in the frequency range of 
lattice vibrations and they can couple along the direction of close intermolecular contacts and have an impact on crystal 
properties2. 

The problem has been studied in the case of 1,3-dinitrobenzene, an optically nonlinear material. The crystal’s nonlinear 
optical susceptibility results from high hyperpolarizability of 1,3-dinitrobenzene molecule. The quantum chemical 
calculations at different levels of theory proved that the vibrational contribution to the  molecular hyperpolarizability is 
predominant as compared with the electronic counterpart. The calculations also showed that the normal mode connected 
with torsional vibrations of two nitro groups has the main contribution to the vibrational part of the molecular 
hyperpolarizability. The calculated mechanical and electrical anharmonicity corrections to the vibrational 
hyperpolarizability have been found to be substantially larger than lowest-order harmonic terms and correspond to the 
direction of the largest thermal expansion in the crystal. The interactions between nitro groups seem to be the most relevant 
for material properties of 1,3-dinitrobenzene3. 

 
 

 
[1] T. Panunto, Z. Urba czyk-Lipkowska, R. Johnson, M. C.Etter, J. Am. Chem. Soc., 109, 7786 (1987). 
[2] G. Wójcik, I. Mossakowska, J. Holland, W. Bartkowiak, Acta Cryst., B58, 998  (2002). 
[3] R. Zale ny, G. Wójcik, I. Mossakowska, W. Bartkowiak, A. Avramopoulos, M. G. Papadopoulos, J. Mol. Struct. 
(THEOCHEM) 907, 46 (2009). 
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COVALENTLY COUPLED MULTI-DMABI HROMOPHORES: 
SYNTHESIS, LINEAR AND NONLINEAR OPTICAL PROPERTIES 

J. Kreicberga1, J. Sirotkina1, V. Kampars1, I. Mihailovs1,2,*, M. Rutkis2, A. Jurgis2

1Institute of Applied Chemistry, Riga Technical University, Latvia 
2Institute of Solid State Physics, University of Latvia, Riga, Latvia 
* Corresponding author: igors.mihailovs0@gmail.com 

Over last two decades there is a stable interest to make use of organic molecular materials in a wide variety of 
nonlinear optical (NLO) applications [1]. Typically search for such material is based on development of chromophore 
with large first hyperpolarizability Ä. At the same time extent of material overall NLO efficiency is very much 
dependent on spatial arrangement of chromophores - they should be acentrically aligned and number density of them 
should be as high as possible. Unfortunately these two prerequisites are contradicting - molecules with large Ä possess a 
high dipole moment and tend to aggregate in cetrosymetrical, NLO inactive, structures. The DMABI chromophore (see 
figure), which possesses remarkably high NLO activity [2] and all optical poling capability [3] is in a scope of our 
research for many years. In spite of moderate dipole moment aggregation of DMABI strongly influence linear and 
nonlinear optical properties of host / guest polymer films [2,4]. To increase number density of active chromophores one 
could try to covalently bind them together in such a way that centrosymmetrical aggregation of individual 
chromophores are ruled out. Forming of such multiple chromophores could yield in formation of dipolar, octupolar or 
mixed NLO active molecular structures. Within this investigation multi-DMABI chromophore molecules (see figure) 
have been synthesized and studied by means of quantum chemical calculations, absorbance and fluorescence 
spectroscopy and hyper Rayleigh scattering (HRS) techniques.  
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Figure 1. Structures of investigated compaunds 

[1] L. R. Dalton, J. Phys.: Condens. Matter 15, R897 R934, (2003) 
[2]  M.A.Rutkis, A.Vembris, V.Zauls, A.Tokmakovs, E.Fonavs, SPIE Proceedings, Vol, 6192, 6192Q, 2006 
[3] A.Vembris, A.Apostoluk, M.Rutkis, A.Tokmakov, I.Muzikante, S.Dabos-Seignon, J-M.Nunzi, SPIE Proceedings, 
Vol. 5946, 2005 
 [4] S.Jursenas, N.Kurilcik, R.Karpicz, V.Gulbinas, L.Valkunas, M.Rutkis, I.Muzikante, Thin Solid Films, 2007, 
doi:10.1016/j.tsf.2007.11.066 
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LINEAR AND NONLINEAR OPTICAL PROPERTIES OF BINUCLEAR 
RUTHENIUM (II) COORDINATION COMPLEX DNA PROBES  

P. Ha_czyc1,2*, M. Samo½2 , P. Lincoln1, B. Norden1

1 Department of Physical Chemistry, Chalmers University of Technology, Gothenburg, Sweden  
2 Institute of Physical and Theoretical Chemistry, Wroclaw University of Technology, Wroclaw, Poland 
* Corresponding author: piotr.hanczyc@pwr.wroc.pl 

Third-order nonlinear optical properties of some binuclear coordination complexes of ruthenium (II) (Fig. 1) and 
their interaction with oligonucleotides of specified sequence composition are reported. DNA in stretched films when 
equilibrated at 75% or 100% relative humidity (r. h.) adopts either A  or B type conformation.  [1]. Transition dipole 
moments of homochiral ÅÅ- and ΛΛ-Ru when interacting with DNA revealed differences in binding angles with 
respect to humidity conditions. Large differences are also detected when guanine/cytosine (GC) or adenine/thymine 
(AT) ratio is varied in oligonucleotides. Thus, selectivity of ÅÅ-Ru and ÆÆ-Ru towards specific DNA regions may 
serve as a model for designing sequence-selective DNA-binding drugs [2]. The investigated Ru complexes provide the 
possibility of performing in vivo research on cancer treatment through two-photon absorption in the infrared (IR) region 
where cells and tissues are not damaged by long light irradiation [3]. To evaluate the suitability of these ruthenium(II) 
complexes their nonlinear optical properties were investigated using an amplified femtosecond tunable laser setup (a 
Quantronix Integra regenerative amplifier and a Quantronix Palitra optical parametric amplifier). Z-scan measurements 
performed on solutions of the complexes revealed large values of the two-photon absorption cross section in both intra-
ligand charge transfer (ILCT) and ligand to metal (MLCT) charge transfer regions. This makes the investigated 
ruthenium (II)-based compounds excellent candidates for further analysis in the context of potential utility in biology 
and medicine.   

Figure 1.Structure of the ruthenium complex [ -bidppz(phen)4Ru2]4

[1] Y. Matsuoka, B. Norden, Biopol., 22, 1731, (1983) 
[2] J. Andersson, M. Li, P. Lincoln, Chem. Eur. J., 16, 11037, (2010) 
[3] G. Lemercier, A. Bonne, M. Four, L. M. Lawson-Daku,  C. R. Chimie, 11, 709, (2008) 
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MODELLING OF PHOTOCHROMIC PROPERTIES OF BENZOXAZINE 
COMPOUND BY MEANS OF QUANTUM CHEMICAL METHODS 

S. Toliautas1*, J. Šulskus1, M. Ma ernis1,  M. Vengris1, L. Valk nas1,2 

 
1 Department of Theoretical Physics, Vilnius University, Saul tekio 9-III, LT-10222 Vilnius, Lithuania 
2 Institute of Physics, Center for Physical Sciences and Technology, Savanori  231, LT-02300 Vilnius, Lithuania 
* Corresponding author: stepas.toliautas@ff.stud.vu.lt 

Photochromic compounds are light-sensitive molecular systems which exhibit changes of absorption properties  
during photoinduced processes. Changes in absorption spectrum indicate energy transfer and structural transformations 
of the system [1], which are reversible (by thermal dissipation or by photoexcitation of a different wavelength) in most 
cases. Possible applications of such compounds include molecular-scale electronics and high density data storage [2]. 

Here are presented the results of quantum chemical calculations of structural and electronic properties of 
photochromic indolo[2,1-b][1,3]benzoxazine compound. Spectral measurements upon the excitation of this compound 
show the presence of two distinct chromophoric groups in the system, which are created by breaking C-O bond of the 
oxazine ring in the initial complex [3]. Within few hundred nanoseconds system reverts back to the ground state. 
Molecular structure and excitation properties of the complex and its subgroups are determined using several quantum 
chemical methods. The calculations were performed using Gaussian03 and GAMESS-US programs. 

Structure optimization of benzoxazine compound was performed using density functional theory (DFT) with 
B3LYP functional and two different basis sets (6-31G(d) and 6-311G(2d,p)). In addition to the optimal ground state 
geometry three local minima (representing variants of broken-up structure, see Fig. 1) were located, as well as transition 
points in the ground state potential surface. Geometric structure of molecular subgroups in the system – 3H-indolium 
and 4-nitrophenolate anion – was optimized using the same method and basis sets. Electron-energy states for all 
compounds were obtained using several methods, including time dependent DFT (TD-DFT), GUGA-CIS and ZINDO. 
Calculation results in vacuum and using polarization continuum solvent model (PCM), with acetonitrile acting as 
solvent, were also compared. Theoretical absorption spectra of the initial compound and its subgroups in ground state, 
based on TD-DFT calculations, agree fairly well with experimental observations. 

Optimal geometry of benzoxazine compound in lowest active excited state was calculated using CIS method and 
6-311++(2d,p) basis set; it was found to be similar to the geometric structure of the complex in first local ground state 
energy minimum. Changes to absorption spectrum caused by the deformation of the complex approaching the excited 
state energy minimum were shown to be in correspondence with experiment results in time range of 200 fs to 725 fs.  

  

 
Figure 1. Structure of  indolo[2,1-b][1,3]benzoxazine compound with open oxazine ring 

 
 

[1] T. Hugel, N. B. Holland, H. E. Gaub, Science, 296, 1103 (2002) 
[2] M. Irie, Chem. Rev., 100, 1683 (2000) 
[3] M. Barkauskas, V. Martynaitis, M. Vengris, Lith. J. Phys., 48, 231 (2008) 
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TEMPERATURE IMPACT ON PHOTOISOMERISATION OF CARBOXYL 
GROUP AZOBENZENE MOLECULES  

E.Laizane1*, D.Gustina2, I.Muzikante1, M.Narels1

1 Institute of Solid State Physics, University of Latvia, Latvia 
2 Latvian Institute of Organic Synthesis, Latvia 
* Elina Laizane: elina.laizane@gmail.com 

Azobenzene molecules are used in different optical fields, for example, photoinduced switches and holographic 
recording of refractive or surface relief grating [1,2]. In these cases the process may be arisen by photoisomerization 
mechanism of azobenzene molecules. At the same time photoorientation process may take place. Temperature could 
play important role in understanding of the photoinduced processes in host – guest films [3].  

Our investigation is dedicated to thermal impact of photoisomerisation of carboxyl group containing azobenzene 
molecules A-45 (see. Fig.1) in thin films. Polymer films with 1, 3, 5, 10, 15 and 20 wt% A-45 molecule concentration 
were made by spin – coating method. Polymethilmetacrylate (PMMA) was used as a polymer and chloroform as a 
solvent. Film thickness was between 0,5 and 3 m. Maximum of optical density of trans isomer at 360nm was recorded 
as a function of time by irradiating the sample with 360 nm (absorption band of trans isomer) and 450 nm (absorption 
band of cis isomer) wavelengths at different temperatures. The dependence of response time and changes of optical 
density and temperature of host – guest films with different concentration of azobenzene derivative will be analyzed in 
the work. 

N
N

HOOC(CH2)5O
SO2N

Figure 1. (6-[4-(4-Dicyclohexylsulfamoyl-phenylazo)-phenoxy]-hexanoic acid) 

This work has been supported by the European Social Fund within the project «Support for Doctoral Studies at 
University of Latvia».  

[1] D.Gustina, E.Markava, E.Laizane, I.Muzikante, Latv. J. Chemistry, (2011) (in press) 
[2] E.Laizane, D.Gustina, K.Kundzins, I.Muzikante, J.Teteris, Latv. J. Phys. Techn. Sciences, 47 (4), 51-58, (2010) 
[3] Z.Sekkat, W Knoll, Photoreactive Organic Thin Films, (Academic Press an imprint of Elsevier Science (USA), 
2002) 
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NONLINEAR OPTICAL PROPERTIES AND HUMIDITY EFFECT IN 
BACTERIORHODOPSIN FILMS FOR HOLOGRAPHIC RECORDING 

E. Korchemskaya1,2*, N. Burykin2, D. Stepanchikov3, A. Savchuk1,2, S. Balashov4 
 

1 Institute of Physics, Kiev Ukraine 
2 International Center “Institute of Applied Optics”, Kiev Ukraine 
3 Zhytomir State University, Zhytomir Ukraine 
4 University of California, Irvine USA 
* Corresponding author: elkorch@iop.kiev.ua 

 
Bacteriorhodopsin (BR), a light-driven proton pump and photoreceptor protein from Halobacterium salinarum is an 

outstanding photonic material for optical applications due to its multifunctional properties [1-3]. Upon absorption of 
visual light, BR molecule undergoes reversible light-induced transitions through a series of photocycle intermediates (K, 
L, M, N, O). These intermediates in turn are photoactive. The initial state of BR has an absorption peak at 570 nm, and 
the long-lived intermediate M is strongly blue-shifted, it has an absorption peak at 412 nm [4]. This large shift, 
photoreversibility of reactions, photoanisotropic response [1, 3] and accompanying refractive index changes constitute a 
basis for application of BR as a recording holographic material. It is known that humidity strongly affects the 
photoreactions of BR. We proposed the humidity-holography method in which a small cell for humidity variations 
containing a BR film was mounted inside the holographic set up [5].  

In this work, we studied the effects of light intensity and humidity on nonlinear optical properties and dynamic 
holography recording in BR films. We found that humidity exerts a dramatic influence on the holographic parameters of 
BR films from its effects on yield and lifetime of the M intermediate. In light-adapted BR films, the highest value of the 
diffraction efficiency is observed at the humidity values of 96-99%. Both the peak and steady-state values of the 
diffraction efficiency kinetics are reduced with decreasing humidity. This is particularly pronounced at 96-99% 
humidity where the peak and steady state values of the diffraction efficiency are greatly reduced upon incubation in the 
dark. We suggested that illumination of the BR film at this humidity resulted in increased water content in the film. The 
holographic parameters are more stable in the dark in the 90-93% range of humidity.  

The average decay time of the photobleached intermediate M depends on the intensity of actinic 632 nm light 
which does not excite M. We have shown that M decay time, ¼, decreases with increasing the He-Ne laser recording 
intensity, I. It might be connected with the light-induced hydration of BR film since the M decay time is faster at 
humidity values of 96-99% than at lower humidity. The existence of ¼(I) results that ¼ is modulated in space for the 
intensity grating (only light intensity is modulated in space), whereas the spatial modulation of � is practically absent for 
the polarization grating (only light polarization is modulated in space). A comparison of the experimental ratio of the 
diffraction efficiencies of intensity and polarization gratings as a function of the recording intensity with calculated one 
is very sensitive technique to study the intensity-dependent decay (recovery) time not only in BR but in other optical 
material too. We propose to control a data storage time in optical memory systems with BR by varying the light 
intensity of recording beams and humidity.  

We revealed that nonlinear optical properties of BR film which emerge only in Raman-Nath thin holographic 
grating allowed the real-time selection based on the object motion velocity. It is possible to select a particular motion 
velocity by choosing the recording beam intensity or humidity value in the tiny cell containing the BR film. We show 
that certain modifications and mutation (E204Q) enhance useful features of BR films.  

 
 

 
[1] E. Korchemskaya, D. Stepanchikov, S. Bugaychuk, N. Burykin, From Cells to Proteins: Imaging Nature across 
Dimensions (Springer, 2005). 
[2] N. Hampp, Chem. Rev., 100, 1755 (2000). 
[3] D. Stepanchikov, N. Burykin, T. Dyukova, T.G. Ebrey, S.P. Balashov, E. Korchemskaya, Functional Materials, 13, 
669 (2006). 
[4] S.P. Balashov, J.K. Lanyi, Microbial Bionanotechnology (Horizon Press, 2006). 
[5] E. Korchemskaya, N. Burykin, S. Bugaychuk, O. Maksymova, T. Ebrey, S. Balashov, Photochemistry and 
Photobiology, 83, 403 (2007). 
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• Optical tables
• Pneumatic Vibration Isolation
• Bases and Rails
• Optical mounts
• Optical positioners
• Motorised Positioners, Controllers
• Opto-mechanics, Optics, Filters
• Translation, Rotation stages, Goniometers
• Micrometers and Fine adjustment screws
• Sub-nanosecond DPSS micro lasers

Standa Ltd.

P.O.Box 377

LT 03012 Vilnius

Phone:+370-5-2651474

Fax:+370-5-2651483

E-mail: sales@standa.lt

LITHUANIA

Manufacturer of Opto-Mechanical equipment for research, industry and education

www.standa.lt

O P T O - M E C H A N I C A L P R O D U C T S
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Áèðæåâàÿ ëèíèÿ 16/207, 199034 Ñ-ò. Ïåòåðáóðã, òåë. (812)3317242, email: vicon@postal.spb.ru
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