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OP-1
5-DIMENSION OPTICAL RECORDING WITH ULTRASHORT LIGHT PULSES

M. Geceviius, M. BeresnaP.G.Kazansky

Optoelectronics Research Centre, University of Southampton, Southampton SO17 1BJ, United Kingdom
mg2el0@orc.soton.ac.uk

The information hunger fuels the race for continuous advances in data storage. More than
a decade ago, a potential of ultrafast laser writing of isotropic modification fordhmemsional
optical memory was demonstrated [1]. Later it was found that Itheshiort laser pulses could
also induce anisotropic modifications related to-asfembled nanogratings formation [2]. This
anisotropy can be characterized by two independent parameters: retardance and slow axis
orientation, which can be rewritten witbcgessive pulse sequences. Recently, it was suggested
using these parameters to extend optical recording beyond the three dimensidssa[8¢sult,
femtosecond laser induced safsembled nanostructures can be employed as a rewritable five
dimensionaloptical memory. Here we explore in depth this technology and demengsa

actual implementation for multidimensional optical recording and reading.
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Fig. 1. Retardance dependences on pulse energy (a), with 1000 pulses exposed per single dot, and
exposure (b), where the dashed lines indicate exponentialépption of experimental data.

Retardance and slow axis orientation can be independently controlledribenof pulses
and azimuth oirradiated lightpolarization. Recording ahformationis performed with a mode
locked regeneratively amplified femtosecond laser system PHAROS (Light Conversion Ltd.)
operating ab=1030nm and delivering pulses of 279 at 200kHz repetition rate. Laser beam
is focused with a highNA lens into the bulk of &used silica sample mounted on a theal
motion platform controlled with the SCA software (Altechna Ltd.). A successive reading of the
recorded information is performed with a quantitative birefringence measurement system
(Abrio,Cri Inc.) based on aaventional optical microscope Olympus BX51.

The optimization of the birefringent optical memory performance was achieveddiya

experiments. First, the retardance dependence on the number of laser pulses was measured. It



OP-1
was found that this depend@ncan be approximated by a saturated exponential growth (Fig. 1).

Next, the birefringence strength was investigated as a function of the pulse duration. Finally, as
demonstration, we recorded the portraits of two great scientists, Maxwell and Nevdaqieae

of silica glass by continuously controlling exposure and polarization during the writing process
(Fig.2). The Maxwell portrait was encoded \
one by varying the slowaxis orientation. Later, usinge Abrio system, we managed to decouple
both images, clearly demonstrating the potential of the proposed information recording
technique.

(@)

Fig. 2. Maxwell and Newtoare recorded in one image (a, in pseudo colors), however, they can be easily
decoupled as Maxwell is recorded in strength of retardance (b) and Newton in azimuth of the slow axis
(c). Sizeis 1.51 2 mm.

In summary, by exploiting the ability ofemtosecond lasers to create anisotropic
modifications inside silica glass, a frdgmensional optical recording and reading has been
demonstrated. The described memory multiplexing technique by polarization encoding can be
successfully applied for high pacity data storag@stimated capacity00 Gbitcm?®).

[1] E. N. Glezer, M. Milosavljevic, L. Huang, R. J. Finlay,-H. Her, J. P. Callan, and E. Mazur, Three
dimensional optical storage inside transparent materials, Opt. Lett. 21200331996).

[2] E. Bricdhi, B. G. Klappauf, and P. G. Kazansky, Form birefringence and negative index change created by
femtosecond direct writing in transparent materials, Opt. Lett. 2912192004).

[3] Y. Shimotsuma, M. Sakakura, P. G. Kazansky, M. Beredn®iu, K. Miura, and K. Hirao, Ultrafast
Manipulation of SeHAssembled Form Birefringence in Glass, Adv. Mat. 22, 4@843 (2010).
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PHOTOCHROMISM DYNAMICS OF INDOLO -BENZOXAZINE -TYPE
COMPOUNDS: NEW LIGHT -GATED FUNCTIONAL MOLECULES

M. Vengris, L. Kontenis, K. Redecka’ V. Martynaiti, R.St epongand AGd |td&u s

! Laser Research Center, DepartmenQufantum Electronics, Vilnius Universi§a ul 4t eki o Ave.
LT-10223 Vilnius, Lithuania A
2|nstitute of Synthetic Chemistry, Kaunas University of TechnpRgyd v i | a nLD51%70 Kaurb® |,
Lithuania

lukas.kontenis@fstud.vu.lt

Future moleculascale devices and active mediums for holographic memories will rely on
the level of fundamental understanding of the various molecularifighted processes and the
availability of subtle organic synthesis strategies, tioald provide systems with the necessary
physical properties. Photochromic (featuring changes in absorption due to irradiation by light)
compounds, are among the best candidates for the aforementioned applications. Recently, a new
class of such compoundshbased on the light induced reversible opening of the
indolo-benzoxazine heterocycle, was discovefied] and investigated thoroughly. They exhibit
excellent fatigue resistance, baoénversion lifetimes of tens of nanoseconds and have shown to
support vaious structural modifications, that enable engineering of various electronic, chemical

and optical properties.
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Fig. 1. A proposed energy level diagram that would explain the observed intense broadband VIS emission
of only the ringopened (top righinolecule) but not the ringlosed (top left molecule) form of the
investigated compound. The solid black arrows represent the photochromic reaction between the two
forms. The cycles of the molecules are shaded to emphasise the different conjugated$yseem®
different forms.
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Here, we present an interesting group of molecules from the Hbdolpoxazine family,
that develop absorbance in the visible region when exposed to UV lightlYFibwo of them
can be used as a shtivied (tens of nanosecosplightgated efficient fluorophores. After the
UV light induced bond breaking of the oxazine cycle and the subsequent structural
rearrangement, the conjugated systems of a benzoindole and a bromobenzene (or a nitrobenzr
groups become connected by a hevormed double bond in the indole moiety. This
ring-opened form of the molecule feature an increased fluorescence quantum yield compared t
the ringclosed form. Thus, for ca. 3G any subsequent excitation of the molecule will result in
a broadband VISemission. In the presented investigation this property is experimentally
observed due to relatively long duration ai$of the 35%im wavelength excitation pul$ethe
same pulse forms and excites the +opgened form (see Fid).

It was also found, #it a simple superposition model explaining the nature of the induced
visible absorption spectrum, can only be applied to certain limited group of the
indolo-benzoxazine compound family and in our case cannot account for one of the observec
absorption peaksat all. More advanced techniques are thus required to gain a deeper
understanding of the lighhduced processes observed and few experimental directions to be

taken next are suggested.

[1] A. Gal Ru . Deguti s andthesis &d study df 6amfiydro-12lrindslg[2,1-S y n
b][1,3]-benzoxazines, Chemistry of heterocyclic compo2iSs), pp. 562565 (1989).

[2] M. Tomasulo, S. Sortino, A.J.P. White and F.M. Raymo, Fast and stable photochromic oxazines, Journal of
Organic Chemistry0, pp. 818068189 (2005).
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DIRECT LASER WRITING OF MICROSTRUCTURED POLYMER SCAFFOLDS FOR
TISSUE ENGINEERING APPLICATIONS

P. Danil ebv.i |BaahdMi Malinauskas

!Laser Research Center, DepartmenQufantum Electronics, Vilnius University Saul 4t eki o Ave.
LT-10223 Vilnius, Lithuania
2\livarium,| nsti tute of Bi ochemi st rl3LT-08662|VimiuglLishuabiaa i ver si ty

mangirdas.malinauskas @#ft.It

Multi-Photon PolymerizationMPP) is a promising dlect laser writing techniquehich
has progressed rapidly during the past decatleis technique is dsed on tightly focused
ultrashort pulsemitiating radical polymerizatin reaction ira spatially confined region of a pre
polymer material By selective exposure one can creatdesirable form polymeric structure
which isinsoluble inorganicdeveloper The MPP technique allowdabrication oftrue three
dimensional 8D) structureswith no geometrical restrictiorfd], as well as to reaatg the sub
diffraction resolution up to tens of nanometer$2]. Due to these reasonshe MPP is
distinguishedamong the other high spatial resolution fabrication techniques such 3] dkd
electron beani4] lithographies, selbrganization[5], ink-jet printing [6]. MPP has already

established its applications in photon|@$, microoptics[8] and microfluidics[9] as well as

biological[10] applications.

Fig. 1.a) Scanning electromicroscope imaged&Dar t i fi ci al scaffold with pore
out of photopolymeB22080b) Optical microscope image of histological section of tissue surrounding
SZ2080and surgical suture after 3 weeks of implantation.

In this work we pesent latest results diPP application for biomedicineby fabrication
of microstructured artificiaBD scaffolds for stem cell proliferation. Biocompatibility of ron
microstructured polymers and scaffolds fabricated out of them by tMEP has been
expermentally ested. Adult myogenic stem cedtoliferation tests show polymers as well as
artificial 3D scaffolds fabricated from acrylate baséfKRE hybrid organienorganic

12
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ORMOCORMBb59andSZ2080materials as well as biodegradaBIlEG DA-258 photopolymer to
be apficable for biomedical practiceAll these materials have been found todbdeast as

biocompatible as glass or polystyrene surfaces for steminelisro and as a surgical suture
judging by results of histological examinationtssues surrounding polymer implarms vivo
Laboratory animals were rats and rabbits and implantation period was up to 3 weeks. Adhesiol
of cells was also investigated and obtained results proved the photostructurable polymers to b
promising for future works for production of biocompatibl8D scaffolds. Additional
functionalization of structure surfaces is possible by covering or doping the materials with
biological agents, drugs or nanoparticles. Within the limitation of our study, we conclude that the
proposed direct laser writing technique offers rapid and flexible fabrication of biomedical
components with required shape, pore size and general porosity. The applications could targe
biostableand biodegradable implants applied for bone or tissue repteat as well as drug

delivery or release agents.

[1] S. Juodkazis, V. Mizeikis, H. Misawa, Thr®émensional Structuring of Resists and Resins by Direct
Laser Writing and Holographic Recording, Adv. Polym. Sci. 213; 27 (2008).

[2] F. Qi, Y. Li, D. Tan, H. ¥ang, Q. Gong, Polymerized nanotips via {plmton Photopolymerization, Opt.
Express 15(3), 97976 (2007).

[3] P. P. Naulleau, C. N. Anderson, J. Chiu, et al-n@2haltpitch extreme ultraviolet node development at
the sematech berkeley microfield exposw@,tMicroelectron. Eng. 86¢8), 448455 (2009).

[4] G.R. Sunne, Electron beam lithography for nanofabrication, PhD thesis, University of Barcelona (2008).

[5] S. Rousset and E. Ortega, Selfjanized nanostructures, J. Phys. Condens. Matter 18(13), (2006).

[6] M. Walther, A. Ortner, H. Meier, U. Loffelmann, P. J. Smith, and J. G. Korvink, Terahertz metamaterials
fabricated by inkjet printing. Appl. Phys. Lett. 95(25), 251252103 (2009).

[7] Q. Sun et al., Freestanding and movable photonic microstructures fabriggiddtbpolymerization with
femtosecond laser pulses, J. Micromech. Microeng. 20(3), 035004 (2010).

[8] M. Malinauskaset al.,, A femtosecond laser induced #plwoton photopolymerization technique for
structuring microlenses, J. Opt. 12(835204 (2010).

[9] D. Wu, Q. D. Chen, H. B. Sun at al., Femtosecond laser rapid prototyping of nanoshells and suspending
components towards micro fluidic devices, Lab Chip 9(16), ZZ84 (2009).

[10] A. Ovsianikov, S. Schlie, A. Ngezahayo, A. Haverich, B. N.icGkov, Twophoton
polymerization technique for microfabrication of edelsigned 3d scaffolds from commercially available
photosensitive materials. J. Tiss. Eng. Regen. Med. 1(6)44432007).

13



OP-4

LIGHT TWISTING WITH MICRO -SPHERES PRODUCED BY ULTRASHORT LIGHT
PULSES

M. BeresnaM. Gec e v i ahdPiGsKazansky

Optoelectronics Research Centre, University of Southamfmrthampton SO17 1BJ, United Kingdom
mxb@orc.soton.ac.uk

Recentlya property ofight beamsto carry angular momentum hatiracted considerable
attention due to numerous applications ranging from quantum bpticmicroscopy and
micromanipulatiod Orbital angular momentum (OAM) is fourid light beams with phase
singularities which posses a nonzero azimuthal energy flow. Commuzelg methods for
generating beams with OAM are based the exchange of orbital angular momentum with
mattef. However, recently an efficient coupling ahgular momentum carried by circular
polarizaton with OAM was demonstrated in systems with the radial symmetry: second harmonic
generation in laser induced plasthdiquid crystal droplets® and radially variant birefringent
waveplate® !, Additionally, it was demonstrated that radial polarizer can introduce orbital
angular momentum into the be¥niThe advantage of thiype process is that the heliciof the
output wave front can be controlled by th@ndednessf incident light polarization. However,
suchsystems could not be straightforwardly downsized, preventing from widespread application

in integrated optics.

(@) (b)

Fig. 1.(a) Optical vortex generation from an isotropic sphere. Incident circularly polarized light with
plane front (= 0) after refractioron spherical surface is partially converted into optical vortex with
orbital angular momentuin= 2. (b, ¢) Modelled using Jones matrix formalism wéeat profiles of
incident and transmitted electric field.

The system which could provide desirable cootgarm and also possess radial symmetry is a
bubble or void. If the voids or bubblesnbedded in glass have relatively high refractive index
contrast they exhibit edge birefringentlerelated to differential transmission &f and p-
polarizations.In this letter, we propose and demonstrate radial polarizer based @motropic

transparent sphere. As a resulafjular momentum c@ervation, spherical interface leads also

14
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to optical vortex generation, which is directly observedmaroscopic bubbles prodad inside

the glass by femtosecond laser

measured modelled

X - — “N o ’

3| - N coo | @
Fig. 2.Optical setups for optical vortex observatiori. polarizer,Ci condenser,  sample, O

objective. Vortex patterns (measured and modelled), observed under left and rightgwadeations,
showmirror symmetry indicating reverse of orbital momentum sign.

U‘ ; .

We anticipate that the observed type of angular momentum interaction, localized in severa
microns and sensitive to the handedness of circular polarization, will open new opportunities in

guantumoptics, optical trapping and manipulation.

[1] K. Melcher, L-M. Ng, E. Zhou et al., A gatlatchlock mechanism for hormone signaling by abscisic acid
receptors, Nature 462, 6@&D8 (1990).

[2] A. Mair, A. Vaziri, G. Weihs and A. Zeilinger, Entanglement of thiital angular momentum states of
photons, Nature 412, 343816 (2001).

[3] O. G. Rodrigueterrera, D. Lara, K. Y. Bliokh, et al., Optical nanoprobing via spinit interaction of
light, Phys. Rev. Lett. 104, 253601 (2010).

[4] D. G. Grier, A revolution in optal manipulation, Nature 424, 8816 (2003).

[5] L. Allen, M. W. Beijersbergen, R. J. C. Spreeuw and J. P. Woerdman, Orbital angular momentum of light
and the transformation of Laguei@aussian laser modes, Phys. Rev. A 45, 883 (1992).

[6] L. Marrucci, C. Manzo and D. Paparo, Optical sfisrorbital angular momentum conversion in
inhomogeneous anisotropic media, Phys. Rev. Lett. 96, 163905 (2006).

[7] J. A. Ferrari, W. Dultz, H. Schmitzer and E. Frins, Achromatic wavefront forming with -saaicant
polarizersapplications to phase singularities and light focusing, Phys. Rev. A. 76, 053815 (2007).

[8] E. Brasselet, N. Murazawa, H. Misawa and S. Juodkazis, Optical vortices from liquid crystal droplets,
Phys. Rev. Lett. 103, 103903 (2009).

[9] M. Beresna P. G. Kazansky, Y. Svirko, M. Barkauskas and R. Danieliligh average power second
harmonic generation in air, Appl. Phys. Lett. 95, 121502 (2009).
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3D PHOTONIC CRYSTAL AS A SPATIAL LIGHT FILTER

M.Rutkauskas L. WM.iPeckut’a K. S tardIMi Matinauskds

! Laser Research Center, DepartmenQuiantum Electronics, VilniudniversitySa ul 4t eki o Ave.
LT-10223 Vilnius, Lithuania
|CREA, Departament de Fisica i Enginyeria Nuclear, Universitat Politecnica de Catalunya,
Colom 11, E08222 TerrassaBarcelona, Spain

mangirdas.malinauskas@ff.vu.lt

Photonic Crystals (PhC) hawgeneratedigh interestas light flow manipulation elements
due to possibilityof forming photonic bandgaps iwave frequency domains][1Lately, it has
been found out that the spatial dispersion is also modified irs P2ICOne example of spatial
manigpulation of light isa selfcollimation of the beanmdue to theappearance of flat segments on
the spatial dispersion curve3, 4. In addition, to effects occurring inside tR&@Cs, crystalsvith
particular dispelige properties show supéensing effect§5]. However, to produce PhCs with
appropriate parameters is rather a complex task. A Laser-Rhuition Polymerization (UPP)
is thebest means of fabrication of 3ihotonic éements of elaborate woodpile geometrj; [6

Here we present a light collimatioty BD PhCs, which were made by a LMPP technique.
LMPP is a direct laser writing technique based on dicalized polymerization reaction
initiated by nonlinear absorption of short pulsed light in the tiny volume of the photosensitive
material. Moving thesample relatively to the fixed focus spot one can point by point modify the
material along the scanning trace with subdiffractional resol{ifion

The produced PhGsere investigated usingustom madebservation setuffig. 1 c). The
sample containing®C was set behind the focal planeb82 nm wavelengtlaser beanfocused
by 10x microscopeobjective lens llluminaton of PhC lead to appearance wéll-collimated
beam in the far field areand thefour first order diffraction maximgFig.1 d). Measured
diffraction anglesbetweenthe central and the first maxum were 31 deg and this result
correlates well withtransverse period of then. The beam remains well collimated even over

long distances behind the sample.
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Fig.1. a), b)Scanning electron microscope imageshe PhC fabricated viaNlPP techniquea) Side
view of the crystal showing longitudinal period, b) PhC view from above demonstrating transversal
period.c) Observatiorof well-collimated beam behintthe PhC using laséream. d) Transmitted intensity
distribution, which $ observed on the remote screen 9 cm away from the crystal, when laser beam is
propagating through the PhC. Thisage indicates an appearance of the narrow spot otcalilinated
beam and the four fir®rder diffraction maxima.

[1] E.Yablonovitch, Inhibited Spontaneous Emission in S8lidte Physics and Electronics, Phys. Rev. Lett.
58, 20592062 (1987).

[2] K. St al i unas -Mancdlo, Spatial Jiltering Iiglat hyeclzirped photonic crystalRhys. Rev.
A 79, 053807 (2009).

[3] H. Kosaka, T. Kawashima, A. Tomita, M. Notomi, T. Tamamura, T. Sato, and S. Kawakami, Self
collimating phenomena in photonic crystals, Appl. Phys. Lett. 74,-1212 (1999).

[4] K. Staliunas and R. Herrero, Subdiffractive bamttye solitons in BosEinstein condensates in periodic
potentials, Phys. Rev. E 73, 016601 (2006).

[5] E. Cubukcu, K. Aydin, E. Ozbay, S. Foteinopoulou, C. M. Soukulis, Subwavelength resolution in a two
dimensional photonicrystatbased superlens, Phys. Reett. 91, 207401 (2003).

[6] J. Serbin, A. Ovsianikov and B. Chichkov, Fabrication of woodpile structures byptaton
polymerization and investigation of their optical properties, Opt. Express 12-52281(2004).

[7] M. MalinauskasH. Gi | bergs, V. Purl ys, And RGGakomassFemtasecond.
Laserlnduced TwePhoton Photopolymerization for Structuring of Micro Optical and Photonic Devices,
Proc. SPIE 7366, 736622 (2009).
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INTERFERENCE PATTERNS OF LASER-DRESSED STATES IN A SUPERSONIC
ATOMIC/MOLECULAR BEAM

M. Bruvelis', J.Ulmanis, K. Miculis®, N.N. BezugloV, C. Andreevd, and A.Ekers

! Molecular beam laboratory, Laser Centre, University of Latk\;1002, Riga, Latvia
% Faculty of Physics, St. Petersburg State University, 198904 St. Petersburg, Russia
3 |nstitute of Electronics, Bulgarian AcademfySciences, Sofia 1784, Bulgaria

martins.bruvelis@gmail.com

Interference of lasedressed states can be observed whertiightced crossings of energy
levels enable the population to split between distinct excitation pathways that recombine
afterwards. ih this talk we present observation and interpretation of such interference patterns
obtained in a Ramsdype experiment in a supersonic NagN@omic/molecular beam[1]. The
excitation pathways are generated by applying two laser fields in an open thekédiler
system ge-f as seen in Fig. 1. In the experiment, the dressed states are spatially Vattyeng
two lasers are cw and cross a supersonic sodium beam, coupling-fHadgler. The lasers are
focused in such a way that a strong and shortt(§idgbcused) pump laser couples the two lower
levels g and e , and weak and long (less tightly focused) probe laser couples the intermediate
level e and the upper level f. The energy difference between the dressed states is determined by
the pump field Ralbfrequency and its detuning off from resonance. This particular arrangement
produces the excitation spectra of level f consisting of oscillatory patterns with distinct maxima
and minima that are characteristic to interference patterns. Detailed nuroalecgdtions based
on the dressedtate picture show that this particular arrangement of dressing fields can be used
to vary the spatial distribution of highly excited atoms, which can be precisely controlled by

varying the frequencies and intensities oftblaser fields.

corelates to stath
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Fig. 1. Excitation in an open three level ladder systesi.dAt t; population can evolve through two
pathways. Atiphase dependent interference can happen when pathways cross for the second time.

[1] N. N. Bezuglov, .GarciaFernandezA. Ekers K. Miculis, L. P. Yatsenko and KBergmann,
Consequences of optical pumping and interference for excitation spectra in a coherently driven molecular
ladder system, Phys. Rev. A 78, 05380 (2008).
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SPECTROSCOPIC STUDY OF WATER-SOLUBLE QUANTUM DOTS AND CHLORIN
e COMPLEX FORMATION AND STABILITY IN THE PRESENCE OF ALBUMIN

A. Skripka? J.V a | a n | 'j ahdR&Rbtanskis

'nstitute of Oncol ogy, LV-085660 Viiss, Lithogniser si ty, San
2Vilnius University, Physics facult a u | &t e Kl Ld-10222¢/ilnius9 Lithuania

Artiom.Skripka@ff.stud.vu.lt

Quantum dots (QD), luminescent semiconductor nanoparticles, have received considerable
interest due to their potential application in vasadbiological and biomedical fieldSeveral
years ago it was suggested that QDs could also be used in the photodynamic therapy (PDT) of
cancer to enhance the efficiency of PDT by using them as energy donors for conventional
porphyrintype photosensitize®S) [1]. Although there are numerous studies on different QD
PS systems in organic and aqueous solutions reported until now [2], little is still known about the
QD-PS complex formation and stability in biological medium.

Our earlier research with comno&lly available CdSe/ZnS QDs and a secgederation
photosensitizer chloring€Ce;) showed that upon the formation of €% complex the QD PL
band intensity decreased and the intensity of the fluorescence band soid@eased
simultaneously. Moreover,in the presence of QDs, the fluorescence ofs Ghifted
bathochromically from 660 nm to 670 nm. The fluorescence excitation spectrum -&feQD
compl ex r g®6@80nd ehdwedathe significant contribution of QD to the fluorescence
of bound Cg Theseresults indicated that the energy transfer from QD tgpi€ehe QDCe;
complex occured. [3].

In this work we present the spectral study on the formation and stability of complex
between CdSe/Zr8mino(PEG) (545 nm) QDs and e the presence of proteibpvine serum
albumin (BSA).

The emission spectra of QD, £and QDCe; solutions in the absence and presence of
BSA are shown in Fig. 1. The excitation wavelength at 465nm was used for the emission spectra
measurements so that only QDs but nof ¢oeilld beexcited. The peak of the PL spectrum of
QD was at 545 nm. Addition of BSA changed neither the intensity nor the position of the QD PL
band. Meanwhile, in the presence of BSA, the fluorescence band ofXperienced a
bathochromic shift from 660 nm to 670n the same as observed with QDs. The addition of
BSA to QD-Ce; solution caused the decrease in the intensity gfflGerescence by 14% while
the intensity of QD PL band increased by 13%. Such changes indicate that-the; @nplex
was not disrupted anhcould further undergo the energy transfer in the presence of BSA. Similar
results were obtained by changing the sequence of compound mixing. The fluorescence
excitation s pekHBA mmeithee adding EeodD-BIA sadution or QD to
Ce-BSA solution showed the spectrum £en the intensive slope of QD spectrum. The
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intensities of 545 nm and 670 nm bands in the emission spectrum were similar to those as in th
case of adding BSA to already formed @®; complex solution. Obtained fluorescenc
emission and excitation spectra indicates that@@complex still forms in the presence of

BSA and can successfully undergo energy transfer.
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Fig. 1. Emission s p(ekx.ty@M)oCGa(@EBECehiblar tatio @:M0) solutiGns
in PBS and in the presence of BSA (QD:BSA 1:20;E®A 1:2, QD:CgBSA 1:10:20). Measurements
were carrtr i,®8nmut with o

We conclude that the photosensitizers@an form a stable complex with CdSe/ZnS
amino(PEG) quantu dots in the presence protein at studied concentrations. The energy transfer

from QD to bound Gemolecules occur in the presence of BSA, however with lower efficiency.

Acknowledgments.This work was supported by the Lithuanian Science Council Student

Research Fellowship Awa(@.S).
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REACTIVE OXYGEN SPECIES PRODUCTION IN MITOCHONDRIA OF HUMAN
LARYNX CARCINOMA CELLS

E.N. GolubevaG.G.Martinovich I.V. Martinovich and S.NCherenkevich

Belarusian State University, Minsk, Republic of Belarus
golubeva.In.87@gmail.com

Apoptosis, or programmed cell death, is a physiological cell process essential for normal
tissues. It is associated with mitochondrial membrane depolarization and the loss of the
electrochemical gradient on the inner mitochondrial membrane. Excessivencaidlux is
supposed to be a typical cell death stimulus where mitochondrial membrane depolarization
precedes the cytochrome c release. It has been also observed that the inner mitochondrial
membrane may undergo a transient hyperpolarization and rapict alkalinization in response
to various stimuli during apoptosis. Eventually hyperpolarization and matrix alkalinization are
followed by mitochondrial membrane depolarization and equilibration of mitochondrial and
cytosolic pH,leading to mitochondrial grmeability transition pore openir{d]. Cytoplasmic
acidification is required for prapoptotic proteins caspases to function properly [2].
Furthermore, the loss of the mitochondrial membrane potential results in the production of
reactive oxygen speci€®OS) [3]. Most anticancer drugs kill their target cells at least in part
through the generation of elevated amounts of intracellular ROS. It is worth mentioning that
cytosolic pH values in tumors are above normal levels, which is likely to be due witiatian
of one of the major cytosolic pH regulator Wa" exchanger (NHE) in cancer cells. Activation
of NHE may lead to inhibition of apoptosis and provide cancer cells survival [2]. Recent findings
indicate that either the presence of excessive ROS$hercollapse of the mitochondrial
membrane potential opens the mitochondrial permeability transition pore, which is accompanied
by the release of prapoptotic molecules such as cytochrome c¢ into the cytoplasm.
Understanding the molecular basis of electramsport chain functioning in tumors will lead to
the investigation of novel cancer cell death activation mechanisms by apoptotic signalling
pathways controlled by mitochondria and will favour the development of more effective
therapies that selectivekjll cancer cells with little or no harm to normal cells.

In our investigations the production of reactive oxygen species in human larynx carcinoma
cells HEp2 was observed. In order to reveal possible sources of ROS (HADPH oxidase or
mitochondria) the infience of external pH and [€&on the ROS production in HED cells was
investigated. External calcium and pH did not appear to change the ROS production revealing
that HADPH oxidase was unlikely to be a source of the Rp@8uction in HEg2 cells. The
major sites of superoxide formation within the mitochondrial respiratory chain are linked to

respiratory complexes | and Il [4]. In our experiments both rotenone (complex | inhibitor) and
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antimycin A (complex Il inhibitor) were ascertained to enhanceR0& production in HER

cells. Superoxide production by complex | is supposed to occur during the reverse electror
transport (RET) from succinate to NARnd during the forward electron transport (FET), the
former being faster than the latter. Recent itigaions have led to the conclusion that rotenone
enhances the ROS formation during the forward electron transport and inhibits it during the
reverse electron transport [4]. Moreover, RET-induced ROS production is regulated by the
amplitude ofthe mitochondrial electrical membrane potential so that a 10% decrease in the
membrane potentiahhibits the ROS production by 90%. The inhibition of electron transport by
antimycin A causes a collapse of the proton gradient across the mitochondrial inner megmbra
thereby breaking down the mitochondrial membrane poterjab(it leading to the ROS

formation even after rotenone treatment (Fig.1).
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The facts mentioned above indicate that the major source of ROS i2 HEfs is
mitochondria and the ROS formation is not connected with the reverse electron transport in
complex I. Cytosolic pH values in cancer cells are above cytosolic pH valuesmal cells.

This shift in the cytosolic pH value in cancer cells may lead to a decreased electrochemica
gradient on the inner mitochondrial membrane in ¥Epells. This, in turn, may result in

constant ROS production in HEpcells mitochondria.

[1] S. Matsuyama, JC. Reed, Mitochondriglependent apoptosis and cellular pH regulation, Cell Death and
Differentiation 7, 11551165 (2000).

[2] D. Konstantinidis et al., Inhibition of the Na&H+ exchanger isoforml and extracellular signaégulated
kinase induce apoptosis: a time course of events, Cell. Physiol. Biochem. 1&221([2006).

[3] Y.-H. Han et al., Antimycin A as a mitochondrial electron transport inhibitor prevents the growth of human
lung cancer A549 cells, Oncology Reports 20,-683 (2008).

[4] G. Leraz, M-L. Genova, Structure and organization of mitochondrial respiratory complexes: a new
understanding of an old subject, Antioxid. Redox. Signal. 12;198B (2010).
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INTEGRATION OF SELF -ASSEMBLY AND LASER TECHNOLOGIES IN
FABRICATION OF TEMPLATES FOR CELL ARRAYS
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Structured monolayers of organic molecules can be a useful tool in lésshttell growth
and adhesion experiments. Genome and proteome analysis is another area where such
microarrays can based. Naturally occang chemical gradients are important for cell growth,
adhesion and other biological processes. To study them at a lab, one needs to credexlcontro
chemical gradients [1]. Most of the methods that have beeliedto date have dislvantages
which prevent efficient manufacturing of complex structures that maintain the function of the
biomolecules. D. Rhinow and N.A. Hampp [2] proposedethod of submerged laser ablation
which allows fabrication of complex multimolecular safsemi®d monolayer (SAM) structures
on gold surfaces from various molecules with suHselective thiol groups. The aim of this
work was to investigate the effect of laser radiation on thiol monolayers and to fabricate
structures made up of selésembled monayers terminated wittifferentfunctional groups.

In our experiments, a SAM (for instance, §-EG;-OH) is grown from solution on a
gold-covered silicon chips. Initially, the experiments were performed with the specimen put into
a small Petri dish fidd with ethanolic H&C,,-EGs-biotin solution and covered with gia Later,

a special fluid cell was designedniakes it possibléo change the solutions without moving the
specimen, so structures from different molecules-Q@4SEG;-biotin and HSC;5-COOH) or
different concentrations of the same molecule-E$SEGs-biotin) could be formed witlgreater
precision.Pulsedlaser NL 640 (Ekspla) was used irradiation sourcévavelengthof 532 nm,
with an impulse durationof approximately 10 ns The kser beam was directed using
galvanometric scanner, focused usaat-field lens (100nm). After sampleirradiation, the
obtained microstructures were visualized using streptavimbnjugated quantum dots which
selectively bind to biotin group3hei COOH aeas were visualized vigonspecific bindingof
the same quantum dan epifluorescence microscope Olympus BX&4s usell

Whenthe HS-C11-EG3s-OH SAM s irradiated, the goldulfur bonds are brokemolecules
(HS-C11-EGs-biotin or HSC;15-COOH) adsorbfrom the solutionand form a newmonolayer.
Quantumdot-conjugate revealed thaHS-C;;-EGs-biotin and HSC;5-COOH molecules form

fluorescentspotswhose radii depend on the doseiro&diation and laserfluence (Fig. 1a, b).
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Using the fluid cell, the faned structurekada more regular circular shape thénose fabricated
usingaPetri dish.

To checkwhether, in principle, it is possible to form gradient SAM structures using this
method, we performed experiments with-8§-EG;-OH SAM in ethanolic HSC,;-EGs-biotin /
HS-C11-EG;3-OH solutions of different molar ratios. We found that0mol% HSC,1-EGs-biotin
solution produces more intense fluoresescence of the formed structures than 10mGi% HS

EGs-biotin solution, which suggests higher concentratiod $iC;1-EGs-biotin (Fig. 1c, d).

a) b) c) d)

Fig. 1. Fluorescence microscopy images-EG{$SEG;-OH SAMs with fabricated microstructures from: a)
HS-C,1-EGs-biotin; b) HSC,;5-COOH; ¢) 10%mol HEC,;-EGs-biotin; d) 70%mol HSC,;-EGs-biotin.
Laser power was changed for scanning lines from top to bottom: 0,06W, 0,07W, 0,08W, 0,09W. Scale
bars are 5@m.

In conclusion, wéhave confirmedhat by irradiating selassembled thiol monolayer on a
gold surface we can form monolayer structurem different molecules. Our experiments show
that pulsd laser technologies and SAM chemistry can be integrated to produce biological
microarrays In particular,SAM gradientscan be obtainetbr use in cell growth and adhesion

experiments.

[1] S. Morgenthler, C. Zink, N. D. Spencer, Surfackemical andmorphological gradients, Soft Matter, 4,
419434 (2008).

[2] D. Rhinow, N.A. Hampp, Soli$upported Multicomponent Patterned Monolayers, Advanced Materials 19,
19671972 (2007).
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SURFACE MODIFICATION OF SEMICONDUCTOR NANOPARTICLES FOR LIVE
CELL BIOIMAGING
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Colloidal semiconductor nanocrystals, oftenrefeed t o as 00 g havent um
attracted considerable interest aell labelling due to their unique sizéependent optical
properties and high emission stability against bleachihgse unique propies allow them to
be used in many applications such as molecular biology, hybrid nanobiosensors and drug
delivery systems. Tuneable emission wavelength, broad absorption and sharp emission spectra,
high quantum yield (QY), resistance to chemical degranlaversatility in surface modification
makesQD very promising fluorescent markers. Howev@D synthesized in organic solvents
are insoluble in water which is a necessity for biological application tand further
modification is required.

QD solubilisation requires replacing hydrophobic trioctylphosphine oxide (TOPO) surface
with a hydrophilic coatingln this work CdSe(ZnSTOPOQD surface wasnodified using thiol
group bifunctional ligands:-ghercaptopropionic acid (MPA), mercaptoacetatic acid (T&AJ
cysteamine (CYS). Then the effects on optical properties of QD were observed using
spectroscopic methods. Differences in absorption and PL spectra after modification are presented
in Fig.1A,B respectively. The desase of absorbance at the intenaging from 400 up to
630nm was detected in baJD-MPA andQD-CYS solutiongFig.1A).
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Fig. 1. (CdSe)ZnD (c=100nM)after modification with MPATGA and CYSAbsorption spectré)
and PL spectra (B). PL spectra is normalised at excitation wavelength (405 nm) due to different
absorption.

QD-MPA and QDTGA photoluminescence (PL) intensity increased in comparison with QD
TOPO (control) while the PL intensity for QDGA slightly decreasedFig.1B). Also a red shift

wasvisible for QDCYS in PL spectra. QD PL spectral position depends on nanoparticle size,
26
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thereforethe red shift ofQD-CYS might becaused by particle aggregatiorhe increased Qb
CYS PL intensity compared with QDOPO implies thathe surface coatingf QD with CYS

moleculeghe quantum yield of Phut reduceshe stability.

/VE]CIeS e . d

i

Membranes

Nucleus \ /

10 pm

QD aggregates

Fig. 2. Fluorescence imaging of NIH3T3 cells taladfter 24 hincubation withdifferent functional groups
coating QDat 40nM concentran. AT QD-MPA, BT QD-TGA, Ci QD-CYS. NIH3T3 cell
endoplasmic reticulum and membranes were marked using DI 6chle bar-1 0 € m.

From confocal microscopy experiments was observed, that different ligands on QD surface
could determine these nanopelds uptake and localisation in cells (Fig. 2). QD coated with
MPA access the cells and accumulate in vesicles, which after 24 h. of incubation fuse each othe
into multivesicular bodies. QIDGA do not pass cellplasmamembraneand stuck within also
marking membrane structures. €I¥S aggregates in cell media and do not internalize into
cells.

All facts considered,it can be stated that QD properties highly depend on surface
chemistry and coating quality. Using surface coatiggnds with different functional groups
greatly alters both photophysical and biological QD properties. This understanding opens a patl
for better QD functionalization which allows controlling their localization in cells. In this
manner, a new powerfulabfor cell probing and biomedicine application could be created.

[1] Karabanovas, V.; Rotomskis, R.; Beganskiene, A.;Kareiva, A.; Bagdonas, S.; Grigaravicius, P.;
Greulich,; Degradation related cytotoxicity of quantum dots HREENO 2009. 454 457

[2] Pong B,; Trout B.L., Modified ligangxchange for efficient solubilization of CdSe/ZnS Quantum Dots in
Water: A Procedure Guided by Computational Studies; Langmuir 2008, 2452760
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CHEMICAL ASPECTS OF THE PROCESS OF BIOMASS GASIFICATION

M. Sosnowskj K. Kwiatkowsk?, K. Bajef

Warsaw University of Technology, Faculty of Chemical and Process Engineering
ZUniversity of Warsaw, Faculty of Physidsstitute of Geophysics

m.j.sosnowska@gmail.com

The lack of appropriate waste management is currently one of the major environmental
concerns of the world. An average citizen of a developed country produces annually 300 kg of
waste that is mostly disposem landfills. The population is growing and so is the amount of
produced wastes. It is therefore crucial to shift from waste disposal to more sustainable waste
management methods. By means of the recent directive on waste (2006/12/EC) the European
Council encourages the Member States to reduce the waste production by developing clean
technologies and to enhance changes in current waste management, especially by introducing
Athe recovery of wa s-tuse orleglamatioraon any ather paesewittyac | i n g,
view to extracting secondary raw materials or

One of the methods of dealing with organic waste is to convert it into a flammable gas by
means of anaerobic digestion or thermal gasification. THegasification is a complicated
physicochemical process that takes place in reducing (oxdgfeient) environment and
requires heat. The object of this paper is to present the process taking place idraft aip
gasifier and briefly discuss its cheral aspects.

The process consists of four distinct phases, which are: drying, pyrolysis, combustion and
reduction (actual gasification). Though there is a considerable overlap between those phases, it
can be assumed for the purpose of modelling that eatttem occupies a separate zone of the
gasifier, where fundamentally different chemical reactions take place [2]. The final product of
the process is a flammable gas consisting essentially, ?1I]NCO, CH.

In the first zone the biomass dries. Wood, whis the most common substrate for the
process, usually consists of abouti180 % water. The following process is pyrolysis which is a
thermal decomposition of the organic compounds in absence of oxygen. At common gasifiers the
process takes place intpre r at ures from 500 to 700AC and is
during the combustion of the previous load of biomass. The chemistry of the process is not well
understood [4]. The products of the decomposition are in three phases: solid (char), liduid (ta
gaseous at the process conditions, 4HHaeudi d afte
CHy).

The third phase is combustion when the char is partially oxidized according to the formulas
(1) and (2), releasing energy:

C + 02 = COZ+ 393 MJ/kgmole) (2)
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2H2 + O2 = H2 O ( 242 MJ/kg mole) (2)
Finally the gasous products of the previous processes and the hot char react in the reductic
phase according to the formulas (3), (4), (5), (6) and (7):

C + CO2 =2C0+164.9 MJ/kg mole) (3)

C + H20 =CO + H2 ¢ 122.6 MJ/kg mole) 4)
CO + H20 = CO + H2 (+ 42 MJ/kg mole) (5)
C + 2H2 = CH4 (+ 75 MJ/kg mole) (6)
CO2 + H2 = CO + H20-(42.3 MJ/kg mole) (7)

The spacial configuration of the above described phases in-drafigasfier is presented in the
figure 1 [3].
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dry
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CO + H0 22, co, + H,
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CeH, +2Hy0 22 CO + H,
* C.H, +2C0, 2%, 0o +H,
y AC+2NO, £29, 4 CO+N,
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C+0, Egzotermic o
2C+0, =222, ¢o |
2H, + 0, 275 9H,0

AIR INLET

Fig. 1. Diagram of an ulraft air gasifier.
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GAS SENSING PROPERTIES OF HETEROPHASE NANOCOMPOSITES ON THE
BASIS OF DOPED TITANIUM DIOXIDE
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Permanent monitoring and control of under explosive concentrations of burning gases, such
as methane, hydrogen, hydrogen sulfide, carbon monoxide, petrol vapemgiee and diesel
fuel vapor demanddevelopment of new stable and selective gas sensing materials.
Semiconductoand thermocatalytic chemical gas sensorgasenisingdevices for this effect as
their main advantages are small size, simplicity in desitecture, high sensitivityrobust
performanceand low price. Moreover sensitivity and selectivity of sensors can be changed by
gas sensitive layer materiahriation The operating principleof these devices is based on the
measurement of sensor outpugral, which is affected by the oxide film areramics
electroconductivitychange under the influence of tgaseousatmosphere. The main scientific
aspect of works in this area is revelation of the ways of chemical gas sensor sensitivity and
selectivity regulation by investigation of the mechanisms of the detecting gas molecules
interaction with gas sensing materiarstace and the processes of
generation.

In our research heterophase nanocomposites on the basis of doped titanium dioxide were
established to be perspective materials for gas sensing layer fornsaiitive elements of gas
sensorswere fabricated in monoelectrode variant as hollow cylinders-g&lolmethod

comprising colloidal solution hydroxidegepositionon platinum wire with twelve coils (wire

di amet ewasapplieddim) h subsequent thermal G&hasydrati o

sensing properties of the sensors were measursteauystate conditiondy applying flow
through technique. All measurements were performed in a tempestabikzed sealed chamber

at 20 AcC under controll ed h wani cdrried yout byl ect r i

voLT-amperometric technique. The sensor eut put
voltage change on the sensor under atmosphere composition change. Sensors on the basis of
TiO,-Ga03; and TiQ-In,O; were established to operate asrmhecatalytic detectors under
hydrogenrair and hydrogemethaneair atmosphere, and as semiconducting detectors under
methaneair atmosphere. Sensors on the basis of individual oxides @@ GaO; are
unresponsive to methane under investigated conditibmsas shown that minimal response of

the nanocomposites on the basis of J@&%0; and TiG-In,O; to methane and their high
sensitivity to hydrogen allow considering them as perspective systems for fabrication of selective

to hydrogen gas sensors in naikhydrogenair medium. It was shown that the value of the
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output signal of multioxide based sensors depends on kind of the doping oxide and on its
guantity. The optimal content of gallium oxide in FiQG&a0; system, which provides the best
operating chiacteristics of the sensor, is 10mol.%. In Fi@,0O3; system the value of the output
signal rises with molar ratio #3/TiO, increase in the explored range of the doping oxide
concentration.

According to the data obtained with the employment of XRD aisalyilsermal analysis,
IR-spectroscopy, scanning electron microscopy and transmission electron microscopy
improvement of gas sensing characteristics of titanium dioxide correlates with structural
chemical changes which take place with multioxide system&tom It was established that the
dominant phase in TiEGa0; system is titanium dioxide, however, its crystal lattice distortion
IS possible Formation of crystal phase of gallium oxide in the multioxide system was not
observed. Improvement of gasnsing characteristics of titanium dioxide under the hydragen
atmosphere after its doping with indium oxide is possibly specified £i(g crystal phase
formation after heat treatment and by the absence of individual indium oxide crystal phase.
Investigation of individual and multioxide sols by methods of differential thermogravimetry and
differential scanning calorimetry makes it possible to assert that the defectiveness of the structur
increases, which in turn affects electrical properties of shstem, i.e. its gas sensing
characteristics. Using multihydroxide sols for sensors formation allows obtaining highly
developed surface of sensing elements for gas molecules adsorption and catalytic reactio
passing. Changes in structural characteristicth® materials were fixed by IBpectroscopy.

The shift of T+tO vibration bands and appearance of new bands after titanium dioxide doping

reveals TiQ crystal structure distortion and multioxide phase formation.
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Zinc oxide (ZnO) is a promising material for modern optoelectronics. Recently interest in
investigation of ZnO and Zn®ased structures increased essentially due to achievemment
growing technology of high quality of quantusize structures along with unique electrical,
optical and crystal structure properties of ZnO itself. It is important not only for industry,
medicine and other industries, including novel optoelectronigcee, but for fundamental
investigation, tooThe oneness of ZnO among other semiconductors is due to large direct energy
gap, which ranges from.484 to 338 eV in temperature interval from 0 to 300d6adunusually
large (60 meV) exciton binding energyThese properties make ZnO a promising material for
optoelectronics and are almost ideal for LE&®l laser diodesperating in the blue and near
ultraviolet spectra region.

In this paper, various interactions of excitons responsible for optical propsrtesterial
are taken into consideration. Usuallgglastic interactions of excitons are very important for
optical properties including luminescence mechanisnsghly excited crystalwhencolliding
excitons annihilate eradiating photoasd break dow into pairs of electrons and holes, or
moves to higher kinetic energy dadhigher excited states. The various possible interactions
determine the properties of different fluorescent lines: different peak position and shape of
distribution of luminescere spectra. In order to correctly determine the nature of the
luminescence all kinds ahteraction between exciterhave been taken into accaunt

The excitonicluminescencentensitiesmaxima areshifted from ground state of free
excitonto lowerenergyside by Ey, IJ B, | B andOE, respectivelyfor thesdnteractions (Fig. 1):

a) (E1, Eis* ) Y (k ¥eh), b) (EisS, Exs2p ) Y (k ¥eh), ) (EusS, Eis) ¥ (k ¥Ezs2p ) and
d) (Eis, E1sc) Y (k ¥Eis" ).

At low temperatures, interactionsf excitons form narrow luminescence lines, but
increase of temperature leads to broadening of these lineshdhadf their maxima, except for
interaction (&<, Eis’) Y (K, E

We suggest e newminescencemechanismof exciton collisions, nankg interaction
between free and localized excitotrsteraction of localized exciton with a free exciton at low

temperatures forms a narrow line, which broadens rapidly when the temperature is increased
(Fig. 2).
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Fig. 1 Luminescence spectra formed by different exciton interactions in ZnO crystal.

Fig. 2 Luminescence spectra formed by free and localized exciton interactions in ZnO crystal
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