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5-DIMENSION OPTICAL RECORDING WITH ULTRASHORT LIGHT PULSES  

OP-1 

M. Geceviļius, M. Beresna, P.G. Kazansky 

Optoelectronics Research Centre, University of Southampton, Southampton SO17 1BJ, United Kingdom 

mg2e10@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 for three-dimensional 

optical memory was demonstrated [1]. Later it was found that the ultrashort laser pulses could 

also induce anisotropic modifications related to self-assembled nanogratings formation [2]. This 

anisotropy can be characterized by two independent parameters: retardance and slow axis 

orientation, which can be rewritten with successive pulse sequences. Recently, it was suggested 

using these parameters to extend optical recording beyond the three dimensions [3]. As a result, 

femtosecond laser induced self-assembled nanostructures can be employed as a rewritable five-

dimensional optical memory. Here we explore in depth this technology and demonstrate its 

actual implementation for multidimensional optical recording and reading. 

 

 

 

 

 

 

 

 

Fig. 1. Retardance dependences on pulse energy (a), with 1000 pulses exposed per single dot, and 

exposure (b), where the dashed lines indicate exponential approximation of experimental data. 

Retardance and slow axis orientation can be independently controlled by number of pulses 

and azimuth of irradiated light polarization. Recording of information is performed with a mode-

locked regeneratively amplified femtosecond laser system PHAROS (Light Conversion Ltd.) 

operating at ɚ = 1030 nm and delivering pulses of 270 fs at 200 kHz repetition rate. Laser beam 

is focused with a high-NA lens into the bulk of a fused silica sample mounted on a three-axial 

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 a conventional optical microscope Olympus BX51.  

The optimization of the birefringent optical memory performance was achieved by a set of 

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

(

a) 

(

b) 
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was found that this dependence can be approximated by a saturated exponential growth (Fig. 1). 

Next, the birefringence strength was investigated as a function of the pulse duration. Finally, as a 

demonstration, we recorded the portraits of two great scientists, Maxwell and Newton, in a piece 

of silica glass by continuously controlling exposure and polarization during the writing process 

(Fig.2). The Maxwell portrait was encoded with varying strength of birefringence and Newtonôs 

one by varying the slow-axis orientation. Later, using the Abrio system, we managed to decouple 

both images, clearly demonstrating the potential of the proposed information recording 

technique. 

   

Fig. 2. Maxwell and Newton are 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). Size is 1.5 Ĭ 2 mm.  

In summary, by exploiting the ability of femtosecond lasers to create anisotropic 

modifications inside silica glass, a five-dimensional optical recording and reading has been 

demonstrated. The described memory multiplexing technique by polarization encoding can be 

successfully applied for high capacity data storage (estimated capacity 300 Gbit/cm
3
). 

 

[1] E. N. Glezer, M. Milosavljevic, L. Huang, R. J. Finlay, T.-H. Her, J. P. Callan, and E. Mazur, Three-

dimensional optical storage inside transparent materials, Opt. Lett. 21, 2023-2025 (1996). 

[2] E. Bricchi, B. G. Klappauf, and P. G. Kazansky, Form birefringence and negative index change created by 

femtosecond direct writing in transparent materials, Opt. Lett. 29, 119-121 (2004). 

[3] Y. Shimotsuma, M. Sakakura, P. G. Kazansky, M. Beresna, J. Qiu, K. Miura, and K. Hirao, Ultrafast 

Manipulation of Self-Assembled Form Birefringence in Glass, Adv. Mat. 22, 4039ï4043 (2010). 

  

(

a) 

(

b) 

(

c) 

(a) (b) (c) 
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PHOTOCHROMISM DYNAMICS OF INDOLO -BENZOXAZINE -TYPE 

COMPOUNDS: NEW LIGHT -GATED FUNCTIONAL MOLECULES  

OP-2 

M. Vengris
1
, L. Kontenis

1
, K. Redeckas

1
, V. Martynaitis

2
, R. SteponaviļiȊtǟ

2
, and A. Ġaļkus

2
 

1 
Laser Research Center, Department of Quantum Electronics, Vilnius University, Saulǟtekio Ave. 10, 

LT-10223 Vilnius, Lithuania 
2 
Institute of Synthetic Chemistry, Kaunas University of Technology, RadvilǟnȎ Rd. 19, LT-51270 Kaunas, 

Lithuania 

lukas.kontenis@ff.stud.vu.lt 

Future molecular-scale devices and active mediums for holographic memories will rely on  

the level of fundamental understanding of the various molecular light-induced processes and the 

availability of subtle organic synthesis strategies, that could 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 compounds, based on the light induced reversible opening of the 

indolo-benzoxazine heterocycle, was discovered [1;2] and investigated thoroughly. They exhibit 

excellent fatigue resistance, back-conversion lifetimes of tens of nanoseconds and have shown to 

support various structural modifications, that enable engineering of various electronic, chemical 

and optical properties. 

 

Fig. 1. A proposed energy level diagram that would explain the observed intense broadband VIS emission 

of only the ring-opened (top right molecule) but not the ring-closed (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 systems of the two 

different forms. 
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Here, we present an interesting group of molecules from the indolo-benzoxazine family, 

that develop absorbance in the visible region when exposed to UV light (Fig. 1). Two of them 

can be used as a short-lived (tens of nanoseconds) light-gated 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 nitrobenzne) 

groups become connected by a newly formed double bond in the indole moiety. This 

ring-opened form of the molecule feature an increased fluorescence quantum yield compared to 

the ring-closed form. Thus, for ca. 30 ns any subsequent excitation of the molecule will result in 

a broadband VIS emission. In the presented investigation this property is experimentally 

observed due to relatively long duration of 5 ns of the 355 nm wavelength excitation pulse ï the 

same pulse forms and excites the ring-opened form (see Fig. 1). 

It was also found, that 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 observed 

absorption peaks at all. More advanced techniques are thus required to gain a deeper 

understanding of the light-induced processes observed and few experimental directions to be 

taken next are suggested. 

 

[1] A. Ġaļkus, Y.A. Degutis and A.G. Urbonaviļius, Synthesis and study of 5a,6-dihydro-12h-indolo[2,1-

b][1,3]-benzoxazines, Chemistry of heterocyclic compounds 25(5), pp. 562-565 (1989). 

[2] M. Tomasulo, S. Sortino, A.J.P. White and F.M. Raymo, Fast and stable photochromic oxazines, Journal of 

Organic Chemistry 70, pp. 8180-8189 (2005). 
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DIRECT LASER WRITING OF MICROSTRUCTURED POLYMER SCAFFOLDS  FOR 

TISSUE ENGINEERING APPLICATIONS  

OP-3 

P. Danileviļius
1
, E. BalļiȊnas

2
, and M. Malinauskas

1
 

1 
Laser Research Center, Department of Quantum Electronics, Vilnius University, Saulǟtekio Ave. 10, 

LT-10223 Vilnius, Lithuania 
2 
Vivarium, Institute of Biochemistry, Vilnius University, MokslininkȎ 12, LT-08662 Vilnius, Lithuania 

mangirdas.malinauskas@ff.vu.lt 

Multi-Photon Polymerization (MPP) is a promising direct laser writing technique which 

has progressed rapidly during the past decade. This technique is based on tightly focused 

ultrashort pulses initiating radical polymerization reaction in a spatially confined region of a pre-

polymer material. By selective exposure one can create a desirable form polymeric structure 

which is insoluble in organic developer. The MPP technique allows fabrication of true three-

dimensional (3D) structures with no geometrical restrictions [1], as well as to reaching the sub-

diffraction resolution up to tens of nanometers [2]. Due to these reasons, the MPP is 

distinguished among the other high spatial resolution fabrication techniques such as UV [3] and 

electron beam [4] lithographies, self-organization [5], ink-jet printing [6]. MPP has already 

established its applications in photonics [7], microoptics [8] and microfluidics [9] as well as 

biological [10] applications. 

 

 

Fig. 1. a) Scanning electron microscope image of 3D artificial scaffold with pore sizes ~25 Õm fabricated 

out of photopolymer SZ2080. b) Optical microscope image of histological section of tissue surrounding 

SZ2080 and surgical suture after 3 weeks of implantation. 

In this work we present latest results on MPP application for biomedicine, by fabrication 

of microstructured artificial 3D scaffolds for stem cell proliferation. Biocompatibility of non-

microstructured polymers and scaffolds fabricated out of them by the MPP has been 

experimentally tested. Adult myogenic stem cell proliferation tests show polymers as well as 

artificial 3D scaffolds fabricated from acrylate based AKRE, hybrid organic-inorganic 
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ORMOCORE b59 and SZ2080 materials as well as biodegradable PEG-DA-258 photopolymer to 

be applicable for biomedical practice. All these materials have been found to be at least as 

biocompatible as glass or polystyrene surfaces for stem cells in vitro and as a surgical suture 

judging by results of histological examination of tissues surrounding polymer implants ex vivo. 

Laboratory animals were rats and rabbits and implantation period was up to 3 weeks. Adhesion 

of cells was also investigated and obtained results proved the photostructurable polymers to be 

promising for future works for production of biocompatible 3D 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 target 

biostable and biodegradable implants applied for bone or tissue replacement as well as drug 

delivery or release agents. 

 

[1] S. Juodkazis, V. Mizeikis, H. Misawa, Three-Dimensional Structuring of Resists and Resins by Direct 

Laser Writing and Holographic Recording, Adv. Polym. Sci. 213, 157-206 (2008). 

[2] F. Qi, Y. Li, D. Tan, H. Yang, Q. Gong, Polymerized nanotips via two-photon Photopolymerization, Opt. 

Express 15(3), 971-976 (2007). 

[3] P. P. Naulleau, C. N. Anderson, J. Chiu, et al., 22-nm half-pitch extreme ultraviolet node development at 

the sematech berkeley microfield exposure tool, Microelectron. Eng. 86(4-6), 448-455 (2009). 

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

[5] S. Rousset and E. Ortega, Self-organized 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), 251107-251103 (2009). 

[7] Q. Sun et al., Freestanding and movable photonic microstructures fabricated by photopolymerization with 

femtosecond laser pulses, J. Micromech. Microeng. 20(3), 035004 (2010). 

[8] M. Malinauskas et al., A femtosecond laser induced two-photon photopolymerization technique for 

structuring microlenses, J. Opt. 12(3), 035204 (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), 2391-2394 (2009). 

[10] A. Ovsianikov, S. Schlie, A. Ngezahayo, A. Haverich, B. N. Chichkov, Two-photon 

polymerization technique for microfabrication of cad-designed 3d scaffolds from commercially available 

photosensitive materials. J. Tiss. Eng. Regen. Med. 1(6), 443-449 (2007). 
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LIGHT TWISTING WITH MICRO -SPHERES PRODUCED BY ULTRASHORT LIGHT 

PULSES 

OP-4 

M. Beresna, M. Geceviļius and P.G. Kazansky 

Optoelectronics Research Centre, University of Southampton, Southampton SO17 1BJ, United Kingdom  

mxb@orc.soton.ac.uk 

Recently a property of light beams to carry angular momentum has attracted considerable 

attention due to numerous applications ranging from quantum optics
1
 to microscopy

2
 and 

micromanipulation
3
. Orbital angular momentum (OAM) is found in light beams with phase 

singularities which posses a nonzero azimuthal energy flow. Commonly used methods for 

generating beams with OAM are based on the exchange of orbital angular momentum with 

matter
4
. However, recently an efficient coupling of angular momentum carried by circular 

polarization with OAM was demonstrated in systems with the radial symmetry: second harmonic 

generation in laser induced plasma
14

, liquid crystal droplets
13

 and radially variant birefringent 

waveplates
10, 11

. Additionally, it was demonstrated that radial polarizer can introduce orbital 

angular momentum into the beam
12

. The advantage of this type process is that the helicity of the 

output wave front can be controlled by the handedness of incident light polarization. However, 

such systems could not be straightforwardly downsized, preventing from widespread application 

in integrated optics. 

 

Fig. 1. (a) Optical vortex generation from an isotropic sphere. Incident circularly polarized light with 

plane front (l = 0) after refraction on spherical surface is partially converted into optical vortex with 

orbital angular momentum l = 2. (b, c) Modelled using Jones matrix formalism wave-front profiles of 

incident and transmitted electric field. 

The system which could provide desirable compact form and also possess radial symmetry is a 

bubble or void. If the voids or bubbles embedded in glass have relatively high refractive index 

contrast, they exhibit edge birefringence
17

 related to differential transmission of s and p-

polarizations. In this letter, we propose and demonstrate radial polarizer based on a isotropic 

transparent sphere. As a result of angular momentum conservation, spherical interface leads also 
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to optical vortex generation, which is directly observed on microscopic bubbles produced inside 

the glass by femtosecond laser.  

 

Fig. 2. Optical setups for optical vortex observation. P ï polarizer, C ï condenser, S ï sample, O ï

 objective. Vortex patterns (measured and modelled), observed under left and right handed polarizations, 

show mirror symmetry indicating reverse of orbital momentum sign. 

We anticipate that the observed type of angular momentum interaction, localized in several 

microns and sensitive to the handedness of circular polarization, will open new opportunities in 

quantum optics, optical trapping and manipulation. 

 

[1] K. Melcher, L.-M. Ng, E. Zhou et al., A gate-latch-lock mechanism for hormone signaling by abscisic acid 

receptors, Nature 462, 602-608 (1990). 

[2] A. Mair, A. Vaziri, G. Weihs and A. Zeilinger, Entanglement of the orbital angular momentum states of 

photons, Nature 412, 313-316 (2001). 

[3] O. G. Rodriguez-Herrera, D. Lara, K. Y. Bliokh, et al., Optical nanoprobing via spin-orbit interaction of 

light, Phys. Rev. Lett. 104, 253601 (2010). 

[4] D. G. Grier, A revolution in optical manipulation, Nature 424, 810-816 (2003). 

[5] L. Allen, M. W. Beijersbergen, R. J. C. Spreeuw and J. P. Woerdman, Orbital angular momentum of light 

and the transformation of Laguerre-Gaussian laser modes, Phys. Rev. A 45, 8185-8189 (1992). 

[6] L. Marrucci, C. Manzo and D. Paparo, Optical spin-to-orbital 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 space-variant 

polarizers: applications 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. Danielius, High 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  
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Photonic Crystals (PhC) have generated high interest as light flow manipulation elements 

due to possibility of forming photonic bandgaps in wave frequency domains [1]. Lately, it has 

been found out that the spatial dispersion is also modified in PhCs [2]. One example of spatial 

manipulation of light is a self-collimation of the beam due to the appearance of flat segments on 

the spatial dispersion curves [3,4]. In addition, to effects occurring inside the PhCs, crystals with 

particular dispersive properties show super-lensing effects [5]. However, to produce PhCs with 

appropriate parameters is rather a complex task. A Laser Multi-Photon Polymerization (LMPP) 

is the best means of fabrication of 3D photonic elements of elaborate woodpile geometry [6]. 

Here we present a light collimation by 3D PhCs, which were made by a LMPP technique. 

LMPP is a direct laser writing technique based on ultra-localized polymerization reaction 

initiated by nonlinear absorption of short pulsed light in the tiny volume of the photosensitive 

material. Moving the sample relatively to the fixed focus spot one can point by point modify the 

material along the scanning trace with subdiffractional resolution [7].  

The produced PhCs were investigated using custom made observation setup (Fig. 1 c). The 

sample containing PhC was set behind the focal plane of 532 nm wavelength laser beam focused 

by 10x microscope objective lens. Illumination of PhC lead to appearance of well-collimated 

beam in the far field area and the four first order diffraction maxima (Fig.1 d). Measured 

diffraction angles between the central and the first maximum were 31 deg and this result 

correlates well with transverse period of the PhC. The beam remains well collimated even over 

long distances behind the sample.  
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Fig.1. a), b) Scanning electron microscope images of the PhC fabricated via LMPP technique. a) Side-

view of the crystal showing longitudinal period, b) PhC view from above demonstrating transversal 

period. c) Observation of well-collimated beam behind the PhC using laser beam. d) Transmitted intensity 

distribution, which is observed on the remote screen 9 cm away from the crystal, when laser beam is 

propagating through the PhC. This image indicates an appearance of the narrow spot of well-collimated 

beam and the four first order diffraction maxima.  

 

[1] E.Yablonovitch, Inhibited Spontaneous Emission in Solid-State Physics and Electronics, Phys. Rev. Lett. 

58, 2059-2062 (1987). 

[2] K. Staliunas and V. J. S§nchez-Morcillo, Spatial filtering of light by chirped photonic crystals, Phys. 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, 1212-1214 (1999).  

[4] K. Staliunas and R. Herrero, Subdiffractive band-edge solitons in Bose-Einstein condensates in periodic 

potentials, Phys. Rev. E 73, 016601 (2006).  
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Interference of laser-dressed states can be observed when light-induced crossings of energy 

levels enable the population to split between distinct excitation pathways that recombine 

afterwards. In this talk we present observation and interpretation of such interference patterns 

obtained in a Ramsey-type experiment in a supersonic Na/Na2 atomic/molecular beam[1]. The 

excitation pathways are generated by applying two laser fields in an open three level ladder 

system g-e-f as seen in Fig. 1. In the experiment, the dressed states are spatially varying ï the 

two lasers are cw and cross a supersonic sodium beam, coupling the g-e-f ladder. The lasers are 

focused in such a way that a strong and short (tightly focused) 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 Rabi frequency 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 numerical calculations based 

on the dressed-state 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 of both laser fields. 

 
Fig. 1. Excitation in an open three level ladder system g-e-f. At t1 population can evolve through two 

pathways. At t2 phase dependent interference can happen when pathways cross for the second time. 

[1] N. N. Bezuglov, . Garcia-Fernandez, A. Ekers, K. Miculis, L. P. Yatsenko and K. Bergmann, 

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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Quantum dots (QD), luminescent semiconductor nanoparticles, have received considerable 

interest due to their potential application in various biological and biomedical fields. Several 

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 

porphyrin-type photosensitizers (PS) [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 commercially available CdSe/ZnS QDs and a second-generation 

photosensitizer chlorin e6 (Ce6) showed that upon the formation of QD-Ce6 complex the QD PL 

band intensity decreased and the intensity of the fluorescence band of Ce6 increased 

simultaneously. Moreover, in the presence of QDs, the fluorescence of Ce6 shifted 

bathochromically from 660 nm to 670 nm. The fluorescence excitation spectrum of QD-Ce6 

complex recorded at ɚem=670nm showed the significant contribution of QD to the fluorescence 

of bound Ce6. These results indicated that the energy transfer from QD to Ce6 in the QD-Ce6 

complex occured. [3]. 

In this work we present the spectral study on the formation and stability of complex 

between CdSe/ZnS-amino(PEG) (545 nm) QDs and Ce6 in the presence of protein, bovine serum 

albumin (BSA). 

The emission spectra of QD, Ce6 and QD-Ce6 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 not Ce6 could be excited. 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 of Ce6 experienced a 

bathochromic shift from 660 nm to 670 nm the same as observed with QDs. The addition of 

BSA to QD-Ce6 solution caused the decrease in the intensity of Ce6 fluorescence by 14% while 

the intensity of QD PL band increased by 13%. Such changes indicate that the QD-Ce6 complex 

was not disrupted and could further undergo the energy transfer in the presence of BSA. Similar 

results were obtained by changing the sequence of compound mixing. The fluorescence 

excitation spectrum recorded at ɚem=670 nm either adding Ce6 to QD-BSA solution or QD to 

Ce6-BSA solution, showed the spectrum Ce6 on 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 the 

case of adding BSA to already formed QD-Ce6 complex solution. Obtained fluorescence 

emission and excitation spectra indicates that QD-Ce6 complex still forms in the presence of 

BSA and can successfully undergo energy transfer. 

 

Fig. 1. Emission spectra of QD (0.05ÕM), Ce6 (0.5ÕM) and QD-Ce6 (QD-Ce6 molar ratio 1:10) solutions 

in PBS and in the presence of BSA (QD:BSA 1:20, Ce6:BSA 1:2, QD:Ce6:BSA 1:10:20). Measurements 

were carried out with ɚex=465 nm. 

We conclude that the photosensitizer Ce6 can form a stable complex with CdSe/ZnS-

amino(PEG) quantum dots in the presence protein at studied concentrations. The energy transfer 

from QD to bound Ce6 molecules occur in the presence of BSA, however with lower efficiency. 

 

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

Research Fellowship Award (A.S). 
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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. Excessive calcium influx 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 rapid matrix 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 permeability transition pore opening [1]. Cytoplasmic 

acidification is required for pro-apoptotic proteins caspases to function properly [2]. 

Furthermore, the loss of the mitochondrial membrane potential results in the production of 

reactive oxygen species (ROS) [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 to the activation 

of one of the major cytosolic pH regulator Na
+
/H

+
 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 or the collapse of the mitochondrial 

membrane potential opens the mitochondrial permeability transition pore, which is accompanied 

by the release of pro-apoptotic molecules such as cytochrome c into the cytoplasm. 

Understanding the molecular basis of electron transport 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 selectively kill cancer cells with little or no harm to normal cells. 

In our investigations the production of reactive oxygen species in human larynx carcinoma 

cells HEp-2 was observed. In order to reveal possible sources of ROS (HADPH oxidase or 

mitochondria) the influence of external pH and [Ca
2+

] on the ROS production in HEp-2 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 ROS production in HEp-2 cells. The 

major sites of superoxide formation within the mitochondrial respiratory chain are linked to 

respiratory complexes I and III [4]. In our experiments both rotenone (complex I inhibitor) and 
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antimycin A (complex III inhibitor) were ascertained to enhance the ROS production in HEp-2 

cells. Superoxide production by complex I is supposed to occur during the reverse electron 

transport (RET) from succinate to NAD
+
 and during the forward electron transport (FET), the 

former being faster than the latter. Recent investigations 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, the RET-induced ROS production is regulated by the 

amplitude of the mitochondrial electrical membrane potential so that a 10% decrease in the 

membrane potential inhibits the ROS production by 90%. The inhibition of electron transport by 

antimycin A causes a collapse of the proton gradient across the mitochondrial inner membrane, 

thereby breaking down the mitochondrial membrane potential [3] but leading to the ROS 

formation even after rotenone treatment (Fig.1). 
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Fig. 1. DCF fluorescence in HEp-2 cells. Concentrations: rotenone ï 50 ɛM, antimycin A ï 10 ɛM. 

The facts mentioned above indicate that the major source of ROS in HEp-2 cells 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 values in normal cells. 

This shift in the cytosolic pH value in cancer cells may lead to a decreased electrochemical 

gradient on the inner mitochondrial membrane in HEp-2 cells. This, in turn, may result in 

constant ROS production in HEp-2 cells mitochondria. 
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Structured monolayers of organic molecules can be a useful tool in controlled cell growth 

and adhesion experiments. Genome and proteome analysis is another area where such 

microarrays can be used. Naturally occurring chemical gradients are important for cell growth, 

adhesion and other biological processes. To study them at a lab, one needs to create controlled 

chemical gradients [1]. Most of the methods that have been applied to date have disadvantages 

which prevent efficient manufacturing of complex structures that maintain the function of the 

biomolecules. D. Rhinow and N.A. Hampp [2] proposed a method of submerged laser ablation 

which allows fabrication of complex multimolecular self-assembled monolayer (SAM) structures 

on gold surfaces from various molecules with surface-selective 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 self-assembled monolayers terminated with different functional groups.  

In our experiments, a SAM (for instance, HS-C11-EG3-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 filled with ethanolic HS-C11-EG3-biotin solution and covered with glass. Later, 

a special fluid cell was designed. It makes it possible to change the solutions without moving the 

specimen, so structures from different molecules (HS-C11-EG3-biotin and HS-C15-COOH) or 

different concentrations of the same molecule (HS-C11-EG3-biotin) could be formed with greater 

precision. Pulsed laser NL 640 (Ekspla) was used as irradiation source (wavelength of 532 nm, 

with an impulse duration of approximately 10 ns). The laser beam was directed using 

galvanometric scanner, focused using a flat-field lens (100 mm). After sample irradiation, the 

obtained microstructures were visualized using streptavidin-conjugated quantum dots which 

selectively bind to biotin groups. The ïCOOH areas were visualized via non-specific binding of 

the same quantum dots (an epifluorescence microscope Olympus BX51 was used). 

When the HS-C11-EG3-OH SAM is irradiated, the gold-sulfur bonds are broken, molecules 

(HS-C11-EG3-biotin or HS-C15-COOH) adsorb from the solution and form a new monolayer. 

Quantum-dot-conjugates revealed that HS-C11-EG3-biotin and HS-C15-COOH molecules form 

fluorescent spots whose radii depend on the dose of irradiation and laser fluence (Fig. 1 a, b). 
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Using the fluid cell, the formed structures had a more regular circular shape than those fabricated 

using a Petri dish. 

To check whether, in principle, it is possible to form gradient SAM structures using this 

method, we performed experiments with HS-C11-EG3-OH SAM in ethanolic HS-C11-EG3-biotin / 

HS-C11-EG3-OH solutions of different molar ratios. We found that a 70mol% HS-C11-EG3-biotin 

solution produces more intense fluoresescence of the formed structures than 10mol% HS-C11-

EG3-biotin solution, which suggests higher concentration of HS-C11-EG3-biotin (Fig. 1 c, d). 

 

a) 

 

b) 

 

c) 

 

d) 

Fig. 1. Fluorescence microscopy images. HS-C11-EG3-OH SAMs with fabricated microstructures from: a) 

HS-C11-EG3-biotin; b) HS-C15-COOH; c) 10%mol  HS-C11-EG3-biotin; d) 70%mol  HS-C11-EG3-biotin. 

Laser power was changed for scanning lines from top to bottom: 0,06W, 0,07W, 0,08W, 0,09W. Scale 

bars are 50 ɛm. 

In conclusion, we have confirmed that by irradiating self-assembled thiol monolayer on a 

gold surface we can form monolayer structures from different molecules. Our experiments show 

that pulsed laser technologies and SAM chemistry can be integrated to produce biological 

microarrays. In particular, SAM gradients can be obtained for use in cell growth and adhesion 

experiments. 

 

[1] S. Morgenthaler, C. Zink, N. D. Spencer, Surface-chemical and -morphological gradients, Soft Matter, 4, 

419-434 (2008). 

[2] D. Rhinow, N.A. Hampp, Solid-Supported Multicomponent Patterned Monolayers, Advanced Materials 19, 

1967-1972 (2007). 
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Colloidal semiconductor nanocrystals, often referred to as óóquantum dotsôô (QD), have 

attracted considerable interest in cell labelling due to their unique size-dependent optical 

properties and high emission stability against bleaching. These unique properties 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 degradation, versatility in surface modification 

makes QD very promising fluorescent markers. However, QD synthesized in organic solvents 

are insoluble in water which is a necessity for biological application and thus further 

modification is required. 

QD solubilisation requires replacing hydrophobic trioctylphosphine oxide (TOPO) surface  

with a hydrophilic coating. In this work CdSe(ZnS)-TOPO QD surface was modified using thiol 

group bifunctional ligands: 2-mercaptopropionic acid (MPA), mercaptoacetatic acid (TGA) and 

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 decrease of absorbance at the interval ranging from 400 up to 

630nm was detected in both QD-MPA and QD-CYS solutions (Fig.1A).  

                                        

                                        

                                        

                                        

                                        

                                        

400 450 500 550 600 650
0

0,02

0,04

0,06 405 nm

A  Control

 CYS

 MPA

 TGA

 

 

O
D

 (
o

.d
.u

.)

l (nm)

                                        

                                        

                                        

                                        

                                        

                                        

560 580 600 620 640

0,2

0,4

0,6

0,8

1,0

1,2

1,4

595

600

596,02

595

B
 Control

 CYS

 MPA

 TGA

P
L
 i
n

te
n

s
it
y
 (

a
.u

.)

l (nm)

 

Fig. 1. (CdSe)ZnS QD (c=100nM) after modification with MPA, TGA and CYS. Absorption spectra (A) 

and PL spectra (B). PL spectra is normalised at excitation wavelength (405 nm) due to different 

absorption.  

QD-MPA and QD-TGA photoluminescence (PL) intensity increased in comparison with QD-

TOPO (control) while the PL intensity for QD-TGA slightly decreased (Fig.1B). Also a red shift 

was visible for QD-CYS in PL spectra. QD PL spectral position depends on nanoparticle size, 
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therefore the red shift of QD-CYS might be caused by particle aggregation. The increased QD-

CYS PL intensity compared with QD-TOPO implies that the surface coating of QD with CYS 

molecules the quantum yield of PL but reduces the stability.  

     

Fig. 2. Fluorescence imaging of NIH3T3 cells taken after 24 h incubation with different functional groups 

coating QD at 40nM concentration. A ï QD-MPA, B ï QD-TGA, C ï QD-CYS. NIH3T3 cell 

endoplasmic reticulum and membranes were marked using DIOC6 dye. Scale bar  - 10 ɛm. 

From confocal microscopy experiments was observed, that different ligands on QD surface 

could determine these nanoparticles 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 other 

into multivesicular bodies. QD-TGA do not pass cells plasma membrane and stuck within also 

marking membrane structures. QD-CYS 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 coating ligands with different functional groups 

greatly alters both photophysical and biological QD properties. This understanding opens a path 

for better QD functionalization which allows controlling their localization in cells. In this 

manner, a new powerful tool for 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 IEEE-NANO 2009. 454 ï 457 

[2] Pong B,; Trout B.L., Modified ligand-exchange for efficient solubilization of CdSe/ZnS Quantum Dots in 

Water: A Procedure Guided by Computational Studies; Langmuir 2008, 24, 5270-5276 
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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 disposed on 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 

ñthe recovery of waste by means of recycling, re-use or reclamation or any other process with a 

view to extracting secondary raw materials or to make use of waste as a source of energyò [1]. 

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. Thermal gasification is a complicated 

physicochemical process that takes place in reducing (oxygen-deficient) environment and 

requires heat. The object of this paper is to present the process taking place in an up-draft air 

gasifier and briefly discuss its chemical 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 each of them 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 of N2, H2, CO, CH4. 

In the first zone the biomass dries. Wood, which is the most common substrate for the 

process, usually consists of about 10 ï 60 % 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 in temperatures from 500 to 700ÁC and is driven by the energy released 

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), liquid (tar ï 

gaseous at the process conditions, liquid after cooling to 25ÁC) and gaseous (CO, CO2, H2 and 

CH4). 

The third phase is combustion when the char is partially oxidized according to the formulas 

(1) and (2), releasing energy:  

 C + O2 = CO2 (+ 393 MJ/kg mole) (1) 
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 2H2 + O2 = 2H2 O (- 242 MJ/kg mole) (2) 

Finally the gasous products of the previous processes and the hot char react in the reduction 

phase according to the formulas (3), (4), (5), (6) and (7): 

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

 C + H2O = CO + H2 (- 122.6 MJ/kg mole) (4) 

 CO + H2O = CO + H2 (+ 42 MJ/kg mole) (5) 

 C + 2H2 = CH4 (+ 75 MJ/kg mole) (6) 

 CO2 + H2 = CO + H2O (- 42.3 MJ/kg mole) (7) 

The spacial configuration of the above described phases in an up-draft gasfier is presented in the 

figure 1 [3]. 

 

Fig. 1. Diagram of an up-draft air gasifier. 
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Permanent monitoring and control of under explosive concentrations of burning gases, such 

as methane, hydrogen, hydrogen sulfide, carbon monoxide, petrol vapor, jet engine and diesel 

fuel vapor demand development of new stable and selective gas sensing materials. 

Semiconductor and thermocatalytic chemical gas sensors are promising devices for this effect as 

their main advantages are small size, simplicity in device structure, high sensitivity, robust 

performance and low price. Moreover sensitivity and selectivity of sensors can be changed by 

gas sensitive layer material variation. The operating principle of these devices is based on the 

measurement of sensor output signal, which is affected by the oxide film or ceramics 

electroconductivity change under the influence of the gaseous atmosphere. 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 material surface and the processes of sensorsô output signal 

generation. 

In our research heterophase nanocomposites on the basis of doped titanium dioxide were 

established to be perspective materials for gas sensing layer formation. Sensitive elements of gas 

sensors were fabricated in monoelectrode variant as hollow cylinders. Sol-gel method 

comprising colloidal solution hydroxides deposition on platinum wire with twelve coils (wire 

diameter 20 Õm) was applied with subsequent thermal dehydration and treatment at 800 ÁC. Gas-

sensing properties of the sensors were measured in steady-state conditions by applying flow-

through technique. All measurements were performed in a temperature-stabilized sealed chamber 

at 20 ÁC under controlled humidity. Electrical characterization was carried out by 

voLT-amperometric technique. The sensor output signal (ȹU) was controlled, where ȹU - 

voltage change on the sensor under atmosphere composition change. Sensors on the basis of 

TiO2-Ga2O3 and TiO2-In2O3 were established to operate as thermocatalytic detectors under 

hydrogen-air and hydrogen-methane-air atmosphere, and as semiconducting detectors under 

methane-air atmosphere. Sensors on the basis of individual oxides TiO2 and Ga2O3 are 

unresponsive to methane under investigated conditions. It was shown that minimal response of 

the nanocomposites on the basis of TiO2-Ga2O3 and TiO2-In2O3 to methane and their high 

sensitivity to hydrogen allow considering them as perspective systems for fabrication of selective 

to hydrogen gas sensors in methane-hydrogen-air 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 

quantity. The optimal content of gallium oxide in  TiO2-Ga2O3 system, which provides the best 

operating characteristics of the sensor, is 10mol.%. In TiO2-In2O3 system the value of the output 

signal rises with molar ratio In2O3/TiO2 increase in the explored range of the doping oxide 

concentration. 

According to the data obtained with the employment of XRD analysis, thermal 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 formation. It was established that the 

dominant phase in TiO2-Ga2O3 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 gas sensing characteristics of titanium dioxide under the hydrogen-air 

atmosphere after its doping with indium oxide is possibly specified by In2TiO5 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 structure 

increases, which in turn affects electrical properties of the system, 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 reaction 

passing. Changes in structural characteristics of the materials were fixed by IR-spectroscopy. 

The shift of Ti-O vibration bands and appearance of new bands after titanium dioxide doping 

reveals TiO2 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 ZnO-based structures increased essentially due to achievements in 

growing technology of high quality of quantum-size 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 optoelectronic devices, but for fundamental 

investigation, too. The oneness of ZnO among other semiconductors is due to large direct energy 

gap, which ranges from 3.44 to 3.38 eV in temperature interval from 0 to 300 K, and unusually 

large (60 meV) exciton binding energy. These properties make ZnO a promising material for 

optoelectronics and are almost ideal for LEDs and laser diodes operating in the blue and near 

ultraviolet spectra region. 

In this paper, various interactions of excitons responsible for optical properties of material 

are taken into consideration. Usually, inelastic interactions of excitons are very important for 

optical properties including luminescence mechanisms in highly excited crystal, when colliding 

excitons annihilate eradiating photons and break down into pairs of electrons and holes, or 

moves to higher kinetic energy and/or higher excited states. The various possible interactions 

determine the properties of different fluorescent lines: different peak position and shape of 

distribution of luminescence spectra. In order to correctly determine the nature of the 

luminescence all kinds of  interaction between excitons have been taken into account. 

The excitonic luminescence intensities maxima are shifted from ground state of free 

exciton to lower energy side by Eb, ĲEb, İEb and 0Eb respectively for these interactions (Fig. 1): 

a) (E1s
K
, E1s

K
 
'
) Ÿ (ǩɤ, e-h), b) (E1s

K
, E2s, 2P

K '
) Ÿ (ǩɤ, e-h), c) (E1s

K
, E1s

K'
) Ÿ (ǩɤ, E2s, 2P

K''
) and 

d) (E1s
K
, E1sK') Ÿ (ǩɤ, E1s

K''
). 

At low temperatures, interactions of excitons  form narrow luminescence lines, but 

increase of temperature leads to broadening of these lines and shift of their maxima, except for 

interaction (E1s
K
, E1s

K'
) Ÿ (ǩɤ, E1s

K''
). 

We suggest e new luminescence mechanism of exciton collisions, namely interaction 

between free and localized excitons. Interaction 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  


