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Stable Pure-blue Hyperfluorescence Organic Light-

emitting Diodes with High-efficiency and Narrow 

Emission 
 

Chihaya Adachi 

Center for Organic Photonics and Electronics Research (OPERA), Kyushu University 

744 Motooka, Nishi, Fukuoka 819-0395, Japan 

 

 

Organic light-emitting diodes (OLEDs) are a promising light-source 

technology for future generations of display. Despite great progress in the field, there 

is an ongoing challenge to realize blue OLEDs with sufficient color purity, lifetime 

and efficiency for applications. Here we report pure-blue (CIE x, y color coordinates 

of [0.13, 0.16]) OLEDs with high-efficiency (external quantum efficiency of 32 % at 

1000 cd m–2), narrow-emission (full-width half maximum of 19 nm), and good 

stability (LT95 of 18 hours at an initial luminance of 1000 cd m–2). The design is based 

on a two-unit stacked tandem hyperfluorescence OLED with an improved singlet-

excited energy transfer process from a sky-blue TADF assistant dopant (HDT-1) to a 

pure-blue emitter (v-DABNA). We will discuss the detailed working mechanism 

including fast upconversion and efficient FRET processes. With stricter control of 

device fabrication and procedures it is expected that device lifetimes will further 

improve to rival commercial fluorescent blue OLEDs. 

 

Reference: 

[1] Chin-Yiu Chan; Masaki Tanaka; Yi-Ting Lee; Yiu-Wing Wong; Hajime 

Nakanotani; Takuji Hatakeyama; Chihaya Adachi, Stable pure-blue 

hyperfluorescence organic light-emitting diodes with high-efficiency and narrow 

emission, Nature Photonics, 15, 203, (2021). 
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Nanomaterials for Biophotonics 

– Challenges and Opportunity 

Ken-Tye Yong 

Faculty of Engineering, School of Biomedical Engineering, 
The University of Sydney  

 
During the last 20 years, different nanomaterials have been applied in healthcare 

applications such as cancer imaging, lymph node mapping and brain diseases therapy. 

These nanomaterials can be engineered to serve as a platform for challenges in highly 

sensitive optical diagnostic tools, biosensors, and guided imaging and therapy. 

 Nanomaterials surface can be decorated with functional biomolecules to selectively target 

specific sites in vitro and in vivo. Importantly, they possess unique tunable spectral and 

optoelectronic properties, which have significant advantages for various biological 

applications such as tumor growth monitoring, single biomolecule detection, targeted drug 

delivery therapy, and control release of gene silencing materials. The flexibility and 

versatility of nanomaterials may provide the keys to answer important biological questions 

and ultimately improve diagnostics and therapy of human diseases. 

A synergistic combination of nanomaterials with biophotonics provides unprecedented 

opportunities to address many current challenges in disease diagnosis and therapy. For 

example, quantum dots, gold nanoparticles, gold nanorods, gold nanoshells, upconversion 

nanocrystals, iron oxide nanoparticles, carbon nanotubes, carbon dots, silica nanoparticles, 

aggregation-induced emission (AIE)-based nanoparticles, etc. are among the commonly 

investigated nanomaterials in biophotonics. The flexibility in optical and electronic tuning 

allows these nanomaterials to emit or scatter from visible to near-infrared (NIR) region, 

an essential characteristic for tailoring specific needs in biophotonic applications. 

In this talk, we will highlight the use of nanomaterials with different sizes, compositions, 

and shapes for biophotonic and nanomedicine applications (e.g. guided bioimaging, 

multimodal imaging, sensing, in vivo surgery, gene delivery, etc). Also, we will discuss 

important factors on designing bioconjugated nanomaterials for biophotonic applications 

as well as the future trend of using nanomaterials in the biophotonic and nanomedicine 

field. Certainly, the in vitro and in vivo nanotoxicity of nanomaterials will be one of the 

main challenges to be overcome if we would like/want to pursue in vivo biophotonic or 

nanomedicine technologies with nanomaterials. 

The toxicity assessment of nanomaterials in cell culture and animal models will be 

presented. This talk is intended to promote the awareness of past and present developments 

of nanomaterials in biomedical fields, the potential toxicity of nanomaterials, and the 

approaches to engineer new types of safe nanomaterials, whereby encouraging researchers 

to think about exciting and promising biophotonic and nanomedicine applications with 

nanomaterials in the near future. 
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Light-powered motors and reconfigurable low-

symmetry fluids in nematic dispersions of discs 

Ivan I. Smalyukh  
Department of Physics, University of Colorado, Boulder, CO 80309, USA 

Soft Materials Research Center and Materials Science and Engineering Program, Department of Electrical, 

Computer, and Energy Engineering, University of Colorado, Boulder, CO 80309, USA 

Renewable and Sustainable Energy Institute, National Renewable Energy Laboratory and University of 
Colorado, Boulder, CO 80309, USA 

E-mail address: ivan.smalyukh@colorado.edu  

 

Biological motors are marvels of nature that inspire creation of their synthetic counterparts 

with high efficiency, spontaneous self-assembly and diverse functions. We describe 

colloidal motors with a repetitive light-driven rotation of thin discs immersed in a liquid 

crystal and powered by a continuous exposure to unstructured ~1 nW light [1]. Dispersing 

many charged colloidal discs in a nematic host provides a platform for observing many 

low-symmetry equilibrium liquid crystalline phases and out-of-equilibrium dynamic 

states. Depending on temperature, concentration and surface charge of the discs, we find 

nematic, smectic and columnar organizations with symmetries ranging from uniaxial to 

orthorhombic and to monoclinic [2]. Most importantly, we demonstrate the possibility of 

thermal, optical and magnetic control of low-symmetry self-assembly and the monoclinic 

colloidal nematic order. We characterize this pseudo-polar monoclinic orientational order, 

along with the phase diagrams, orientational distribution functions and order parameters, 

as well as their dynamic evolution under out-of-equilibrium conditions. Our findings may 

lead to opto-mechanical devices and colloidal machines compatible with liquid crystal 

display technology, as well as low-symmetry active and driven soft matter. 

 

 

 

 

References: 
[1] Y. Yuan, Q. Liu, B. Senyuk and I.I. Smalyukh. Elastic colloidal monopoles and out of equilibrium 

interactions in liquid crystals. Nature 570, 214–218 (2019). 

[2] H. Mundoor, J.-S. Wu, H. Wensink and I.I. Smalyukh. Monoclinic liquid crystals from discs and rods. 
Nature 590, 268-274 (2021). 
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How to introduce fluorescent nanoparticles  

into a biological system? 
 

Katarzyna C. Nawrot, Marcin Nyk 
Advanced Materials Engineering and Modeling Group, Wroclaw University of Science and Technology 

E-mail address: katarzyna.nawrot@pwr.edu.pl 

 

Due to quantum confinement effect and – connected to this phenomenon – advantageous 

absorption and fluorescence, including nonlinear optical properties, nanomaterials are 

considered as excellent candidates for bioimaging. However, their frequent 

hydrophobicity and negative or unknow impact on leaving cells are barriers for 

bioapplications. Here, we present chosen strategies leading to more cell-friendly 

nanomaterials as well as several approaches to introduce the material to the exact desired 

place in the diagnosed body. 

 

Despite encapsulation, optical properties of fluorescent nanomaterials do not need to be 

weeker than in case of raw nanomaterials. [1] Moreover, even if the final material is 

designed to have multiple functions, the preparation may be a simple one-step approach. 

[2] 

 

 

 

 

 

 

 

 

 

 

 

 

 

Research funded by National Science Centre, Poland under Grant no.  

UMO-2018/29/B/ST4/02172 

 

 

References: 
[1] Nawrot KC, Zareba JK, Toporkiewicz M, Chodaczek G, Wawrzynczyk D, Kulbacka J, Bazylinska U, Nyk 

M. Polymeric Nanocarriers with Luminescent Colloidal Nanoplatelets as Hydrophilic and Non-Toxic Two-
Photon Bioimaging Agents. International Journal of Nanomedicine. In Press 2021 

[2] Fahmi M.Z. et al., Simple and fast design of folic acid-based carbon dots as theranostic agent and its drug 

release aspect. Materials Chemistry and Physics, 2021, 267, 124597 
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Co-encapsulated CdSe QDs and Fe3O4 NPs for 

Two-photon and Hyperthermia Applications 
 

Magda A. AntoniakMarcin Nyk 
 

Advanced Materials Engineering and Modelling Group, Faculty of Chemistry, Wrocław University of Science 

and Technology, Wybrzeże Wyspiańskiego 27, 50-370 Wrocław, Poland 
 

E-mail address: magda.antoniak@pwr.edu.pl 

 

 
 

Fig. Representative spectrum of two-photon excited emission under 850 nm fs laser excitation (a), 
wavelength dependence of the two-photon absorption cross-section σ2 (black dots) for co-encapsulated CdSe 

QDs and Fe3O4 NPs (b); taken per single nanocapsule. Line connecting the experimental points is meant to 

guide the eyes. 

 

Ferrite nanoparticles (NPs), especially magnetite (Fe3O4), exhibit superior magnetic 

properties and show a great potential in bio-related applications including their 

exploitation in so-called heat-triggered or thermo-stimulated processes.[1] 

Simultaneously, colloidal quantum dots (QDs) are interesting candidates for bioimaging 

because of large one- and two-photon absorption cross-sections.[2] 

In order to merge magnetic and optical properties in a single material, we obtained 

hybrid nanostructures consisting of Fe3O4 NPs and CdSe QDs co-encapsulated in 

polymeric nanocapsules (NCs). To characterize the morphology of NCs, transmission 

electron microscopy (TEM), energy dispersive X-ray analysis (EDX) and X-ray scattering 

technique were used. We studied linear and nonlinear optical properties (the two-photon 

absorption cross-section σ2) and investigated individual NCs using scanning confocal 

fluorescence microscope. Moreover, temperature effects on NCs were measured using 

alternating magnetic field (AMF) and/or near-infrared laser (808 nm) stimulation. In 

conclusion, we have shown that CdSe/Fe3O4 co-loaded NCs can be potentially used as 

multifunctional nano-platform for bioimaging and thermo-stimulated applications. 

 

Acknowledgements: MA & MN acknowledge support from the National Science Centre, Poland under 

Grant no. UMO- 2018/30/E/ST5/00718. 

 

References: 
[1] Mura, S., Nicolas, J. & Couvreur, P., Stimuli-responsive nanocarriers for drug delivery. Nature 

Material 12, 991–1003, 2013. 

[2] Antoniak M.A., Grzyb J., Nyk M., Preserved two-photon optical properties of hydrophilic proteins-
conjugated quantum dots. Journal of Luminescence 209, 57-60, 2019. 
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XPS/AES analysis of Cu:Zn ratio in  

CuO/ZnO and Cu3N/ZnO nanocomposites 
 

1P. Sędzicki2R. Szczęsny, 3M.Trzcinski, 1B. Derkowska-Zielińska,  
1Institute of Physics, Faculty of Physics, Astronomy and Informatics, 

Nicolaus Copernicus University in Torun, Grudziadzka 5, 87-100 Torun, Poland 
2Faculty of Chemistry, Nicolaus Copernicus University, Gagarina 7, 87-100 Torun, Poland 

3Institute of Mathematics and Physics, 

UTP University of Science and Technology, S. Kaliskieg 7, 85-796 Bydgoszcz, Poland 
 

E-mail address: sedzicki@doktorant.umk.pl 

Stoichiometric, binary copper (I) nitride (Cu3N) is non-toxic material with many potential 

applications, including new memory chips, high-capacitance batteries or isolative-layer in 

magnetic tunnel junctions [1]. Zinc oxide (ZnO) is conductive oxide used in optoelectronic 

devices. It should be mentioned that ZnO was used as an additive to Cu3N due to thermal 

stability and ease of parallel synthesis in a single batch. Initially, Cu/Zn nitrates reacted 

with NaHCO3 in the aquatic solution of PVP. The reaction products were deposited on 

silicon, sequentially annealed in the: air and (later) ammonia. We showed the synthesis of 

two nanocomposites: (CuO/ZnO) and (Cu3N/ZnO). X-ray photoelectron spectroscopy 

(XPS) and Auger electrons spectroscopy (AES) were used for composition verification. 

The Cu:Zn ratio in nanocrystalline films was calculated without emission or absorption 

coefficients from any XPS/AES databases. In the case of elements heavier (Cu, Zn) than 

complementary ones (O, N, C), XPS/AES peaks, shown in Fig. 1. can be treated simply 

as pathways of relaxation for X-ray-excited samples. Integration of areas under Cu/Zn 

peaks, performed after removal of background and deconvolution of AES peaks, showed 

that Cu:Zn ratio can be calculated from combined XPS/AES spectra. 

 
 Fig. 1. XPS/AES spectra of (CuO/ZnO) and (Cu3N/ZnO) nanocomposites. 

[1] Ścigała A., Szłyk E., Dobrzańska L., Gregory D. H., & Szczęsny R., (2021), From binary to multinary copper 

based nitrides–Unlocking the potential of new applications. Coordination Chemistry Reviews 436, 213791.  
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Nanodimensional copper nitride – synthesis of 

nanowire arrays 
 

Aleksandra Ścigała, Edward Szłyk, Robert Szczęsny  

Faculty of Chemistry, Nicolaus Copernicus University in Toruń, Gagarina 7, 87-100 Toruń, Poland 

a.scigala@doktorant.umk.pl 

 

Metal nitrides are one of the most stable group of compounds and have long been 

known for their unique, versatile physicochemical properties. Among them, copper nitride 

(Cu3N) has attracted considerable interest in recent years due to its application potential 

in fields, such as optical data storage, catalysis and energy conversion. It is a metastable 

semiconductor with a specific cubic anti-ReO3 crystal structure. Although it has been 

studied extensively for a long time, there are still significant gaps in the knowledge of its 

properties and methods of synthesis. Cu3N has been mostly fabricated by physical 

deposition techniques until the beginning of 21st century, when significant increase in the 

number of Cu3N chemical synthesis methods has been observed [1-2]. 

 It is well known, that the properties of the compound may vary depending on its 

morphology and dimensions. In our study, the challenge to develop a simple procedure to 

synthesize copper nitride nanowire arrays was taken up, combining the advantages of both 

chemical and physical methods. The synthesis in principle includes two steps: (i) a 

solution growth of CuO/Cu(OH)2 structures on Cu surface with thermal decomposition to 

pure CuO, and (ii) ammonolysis reaction of CuO precursor to Cu3N. The as-obtained 

specimens were studied using scanning electron microscopy (SEM), transmission electron 

microscopy (TEM), X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), 

UV-Vis spectroscopy and ellipsometry [3]. It was found that the shape, size and 

composition of the structures were affected by deposition technique of initial Cu surface 

as well as the solution growth conditions. In contrast, the annealing and ammonolysis 

processes had no impact on the final morphology and size of the nanowires.  

The results indicate that the ammonolysis reaction is a good choice for the 

controllable synthesis of well-defined Cu3N nanostructures starting from various copper-

based precursors. The large surface area of the nanowires could be considered as being 

particularly important for potential applications in the field of catalysis. Moreover, the 

obtained films can constitute a basis for more complex hybrid or composite materials, e.g. 

by the addition of polymer or subsequent deposition of another material [3].  

 

 

 

References: 

[1] Greenwood Norman N., Earnshaw Alan, Chemistry of the Elements, Butterworth-Heinemann, 1997. 
[2] Ścigała Aleksandra, Szłyk Edward, Dobrzańska Liliana, Gregory Duncan H., Szczęsny Robert, From 

binary to multinary copper based nitrides – Unlocking the potential of new applications, Coordination 

Chemistry Reviews, 436, 213791, 2021. 
[3] Scigala Aleksandra, Szłyk Edward, Rerek Tomasz, Wiśniewski Marek, Skowronski Lukasz, Trzcinski 

Marek,  Szczesny Robert, Copper Nitride Nanowire Arrays – Comparison of Synthetic Approaches, 14, 603, 

2021.  
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CLOU properties of Fe-Mn-Zr oxide system 

 examined in TGA 

Rafal LYSOWSKI Magdalena GAWLAS, Ewelina KSEPKO 

Author affiliations: Wroclaw University of Science and Technology, Poland 

E-mail address: rafal.lysowski@pwr.edu.pl 

 
 

Chemical Looping Combustion is a combustion technology where oxygen is provided 

to a fuel by some substance called oxygen carrier (OC).  OC is releasing oxygen when it 

is reacting directly with substrate (fuel). 

Process of oxidation of OC and combustion of fuel occurs in two separate reactors, which 

is  preventing direct contact of air and combusting material.  That approach is making 

purifying fumes easier by  preventing formation of nitrogen oxides and eliminating the 

necessity of separating carbon dioxides from combustion products.    
Chemical Looping Combustion with Oxygen Uncoupling (CLOU) is a novel approach 

to CLC technology that uses properties of some materials to bind oxygen in some range 

of temperatures then releasing it in another, usually higher.  CLOU technology is similar 

to CLC and has all advantages of combustion in pure oxygen without necessity of using 

energy consuming oxygen separators, also, in comparison to CLC, is having better 

performance with combustion of solid fuels. All CLOU materials also have some CLC 

capabilities.  

Typical materials that are used as CLC/CLOU are metal oxides or their derivatives like 

perovskites or spinels, both synthetic and natural in origin. 

Oxygen carrier that is used in the process, besides of high oxygen transport capacity, 

should be characterized also by low price, ability to maintain its stability during numerous 

cycles of reduction/oxidation and its safety to the environment.  

Promising materials that fulfill these conditions are mixed OCs composed with Fe-

Mn-Zr oxides. While iron oxides are showing some CLC properties by themselves, an 

addition of manganese oxides make it possible to obtain low cost materials with CLOU 

properties. While, zirconium oxide is used in this work as a stabilizing agent for improving 

its mechanical strength. CLOU properties obtained were tested using Thermogravimetric 

analysis (TGA). TGA is one of the best ways to examine CLOU/CLC properties in the 

laboratory scale, due to the possibility of competitive conditions that  can occur in 

regeneration reactors in various temperatures and number of cycles. 

During the research, four OC  mixed oxygen materials from the Fe-Mn-Zr family were 

tested. Applied Fe/Mn mass ratios (wt%) were: 50:30 (F50M30), 55:25 (F55M25), 60:20 

(F60M20) and finally 65:15 (F65M15) all with addition of 20wt% of ZrO2  as a stabilizing 

agent. Those OCs were compared to the control material composed of Fe oxide with ZrO2 

addition. 

All materials were tested in a range of temperatures 800-1200°C to choose the most 

optimal chemical OCs composition and to define the  optimal working condition for each 

sample. 
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Gold nanoclusters with dimensions comparable to the Fermi wavelength of electrons in 

gold are novel group of nanomaterials with molecular-like and size-dependent optical 

properties arising from discrete electronic level transitions. Remarkable control over their 

chemical formation is attracting an ever-growing attention, especially in terms of bio-

imaging1. In our work we present the supramolecular approach for the gold nanoclusters 

formation. We synthesized amphiphilic and luminescent (with emission band maxima 

located in the NIR range of the wavelength spectra) nanomaterials for misfolded protein 

aggregates – amyloids2 - staining. Crown ether used as capping-agent in our studies 

possess host-guest functionality being prone to interact with small cations4,5. Upon ligand 

complexation we observed efficient modulation of gold nanoclusters hydrophobicity (fig. 

1), which is of great importance for various biological systems. Our fluorescent and cation 

sensitive material was applied for amyloid fibrils staining for both: electron- and light- 

based microscopy techniques.  

 

 
Fig. 1. Gold nanoclusters phase transfer (from aqueous to organic) efficiency dependence on cation 

concentration. 
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Rich energy level structure, the unique feature of lanthanide ions, provides the opportunity 

to manipulate the ratio of excitation to emission photons with a high degree of precision. 

For that very matter, such optical processes as up-conversion or quantum cutting  

are possible to realize in rare-earth-bearing materials via 4fN → 4fN electronic transitions, 

thus they are widely exploited for optical and photonic applications. [1]  

 

It is often observed in lanthanide-doped materials that emission intensity is not consistent 

with the simple prediction, i.e. the emission intensity is not always linear function  

of doping ions concentration. Concentration quenching and parasitic energy migration 

processes are the most frequent causes of decreased emission intensity values. Therefore 

numerous attempts to eradicate such hindrances are undertaken, e.g. additional element 

incorporated into host matrix. [2] 

 

In this work the results of optical experiments performed on synthesized Y2SiO5 ceramics 

co-doped with Pr3+ and Li+ ions are presented. The materials were obtained  

from corresponding nitrate salts and TEOS in ethanol, followed by drying in a muffle 

furnace and calcination at 1000oC for 3h. The Stokes emission intensity for Y2SiO5:Pr, Li 

after 213 nm pulsed laser excitation shows fifteenfold increase, compared to Y2SiO5:Pr. 

The anti-Stokes process of up-conversion also occurs after 447 nm diode laser irradiation. 

The emission peak in UV-C region is 1.5 times stronger than for Pr3+ only doped ceramics.  

 

The results gathered in this study are of great importance for enhancing UV-C  

up-conversion in materials bearing both Pr3+ and Li+ ions, not only at macroscale, but also 

at nanoscale.  
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In recent years, luminescent carbon-based dots (CDs) have been extensively studied in 

many fields, as promising alternative candidates for semiconductor nanoparticles. 

Prepared by low-cost fabrication routes and highly biocompatible, they can be used as 

luminescent probes in biochemical and pharmaceutical assays with globular proteins, such 

as human and bovine serum albumins (HSA and BSA). So far, fluorescence studies on 

interactions between such albumins and luminescent species (e.g. semiconducting 

nanostructures or organic dyes) relied on fluorescence quenching: (i) either the ultraviolet-

excited emission of albumins decreased in the presence of quenching agents, or (ii) 

albumins reduced the intensities of some fluorescence properties (e.g. two-photon excited 

photoluminescence, TPE-PL) of the new species.[1] Moreover, many of the fluorescent 

probes suffer from low chemical and photostability, and unknown toxicity. 

 

Here we present a new, facile, and low-cost method of fabrication of acetone-derived 

polymer carbon dots (PDs) (alkali-assisted aldol reaction mechanism), and analyze 

structural and optical properties of pure PDs and PDs-albumins composites.[2,3] As-

prepared amorphous-like PDs reveal a narrow distribution of sizes, great chemical 

stability, and are rich in polar moieties. Upon one-photon (OPE, from ultraviolet to blue 

color region) and two-photon (TPE) excitation they show long lasting blue and green 

photoluminescence (PL). Two-photon absorption spectra (TPA) fully cover the red and 

near-infrared regions (λmax. = 760 nm). Unexpectedly, the OPE and TPE-PL strongly 

increase in the proteinous environments: the emission becomes more intense and stable, 

and TPA cross-sections are enhanced. Conformational changes in protein structure and 

the binding parameters indicate strong PDs-albumins interactions due to efficient 

complexation in simulated physiological conditions and their chemical resistance.  

 

Therefore, PDs-albumins complexes seem to be promising candidates to use in 

biochemical assays, or in other domains requiring the use of OPE and TPE luminescent 

materials (f. ex., in the analysis of biopolymer matrixes). 
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A mixture of Al-sulfophthalocyanine (Al-Pc) molecules with various sulfonation 

degrees is the main component of Photosens, a drug used for photodynamic therapy. This 

treatment method involves the use of a special drug (photosensitizer) and an external light 

source. By themselves, these components are not active, but their combined use, i.e., local 

excitation of the drug by light leads to a number of chemical reactions that result in cell 

death. Unfortunately, there is a risk that the photosensitizer will be activated by sunlight 

or room lighting, which will cause damage to healthy tissues. This side effect can be 

reduced by increasing the selectivity of photosensitizer accumulation in cancer. It can be 

achieved by conjugating the molecule to nanoparticles (NP). The creation of such 

conjugates provides an opportunity to concentrate the molecules on the NPs surface and 

increase the efficiency of their delivery to the cells (for example, by attaching specific 

antibodies to the NPs). Based on these concepts, the idea of creating conjugates of Al-Pc 

with positively charged NPs was proposed. 
In this work, conjugates with two types of NPs were formed: nanoparticles of porous 

silicon dioxide (Si) and nanoparticles of silicon dioxide doped with AgInS2 quantum dots 

(Si-AIS). The use of the latter provided an opportunity to study the conjugate properties 

in more detail by analyzing the fluorescence resonance energy transfer (FRET) from the 

NPs to the molecules. The conjugates were formed due to the electrostatic interaction of 

negatively charged sulfo groups of the Al-Pc and positively charged amino groups on the 

NP surface. According to the results of centrifugation, the efficiency of the conjugate 

formation in water reached 95%. The analysis of the spectral characteristics of aqueous 

solutions revealed the aggregation of Al-Pcs in the conjugates. However, it is expected 

that the activity of the photosensitizer inside the cells will not be suppressed, since several 

studies [1] state the monomerization of Al-Pcs within the cells.  
A frequent phase of the drug studies is research on cell lines, so the conjugate 

behaviour in the cell culture media was considered. When the conjugates were transferred 

to the culture media, a significant change in their properties was discovered: signs of Al-

Pc monomerization were observed. Analysis of the magnetic circular dichroism spectra 

showed that the transfer of conjugates to the culture medium promotes the 

monomerization of Al-Pc but does not lead to the complete decomposition of their 

aggregates. The decrease in the FRET efficiency from AIS-Si to Al-Pc also indicated a 

partial conjugate decomposition in the culture medium. A strong influence of the relative 

concentration of the components on the properties of the conjugates, especially on the Al-

Pc aggregation degree, was revealed. 
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Antimicrobial photodynamic therapy (APDT) poses an alternative for antibiotics in 

case of bacterial infections with high clinical potential. It based on photoinactivation of 

undesired cells consisted of three elements: photosensitizer, light source and oxygen 

available in the environment of pathogens. In the results, reactive oxygen species (ROS) 

are produced and considered as a main antimicrobial agent1. 

For over five years World Health Organization has been alerting about the worldwide 

danger of the spreading antibiotic resistance2. Unfortunately, this problem is still growing 

and greatly threatens public health. Antibiotic resistance spread fast among health-care-

associated pathogens and endanger ipso facto already weakened part of society – patients 

of hospitals. Significant groups of pathogens are Staphylococcus ssp. where the most 

common is Staphylococcus aureus and its multiple antibiotic resistance strains including 

MRSA and VRSA3,4. For the above reasons, we investigate photoinactivation of 

Staphylococcus spp. isolated from clinical specimens as an alternative to infection 

treatment. 

The assessment of the photoinactivation efficiency in the fight with Staphylococcus 

ssp. was investigated with the use of ten clinical strains of staphylococci isolated from 

diabetic patients. The experiments were performed with the use of methylene blue as a 

photosensitizer (proven effectiveness; medically approved). An organic light-emitting 

diode (OLED) was used as a light source providing a homogeneous area of illumination. 

All isolated Staphylococcus strains were effectively killed via photoinactivation with 

a reduction equal at least to  99%, showing that antimicrobial photodynamic therapy poses 

an attractive alternative to fight staphylococci. Nevertheless, the reduction level differed 

depending on the bacterial strain which may be correlated with the cell wall and cell 

membrane composition. 
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Amyloid fibrils are filamentous supramolecular nanostructures that are associated with 

some dysfunctions including Alzheimer’s disease. Their common feature is the presence 

of β-sheet structure running along the fibril axis.[1] A crucial role is played by H-bonding 

network, which not only stabilizes their structure, but also provides the driving forces for 

aggregation.[2, 3] The fibrillar structures possess intrinsic fluorescence properties.[4, 5, 

6] Recently, it has been reported that differences in H-bonding pattern impact on the 

position of autofluorescence spectra.[6]  

 We have synthesized Aβ(35-42) and depsiAβ(35-42) in which an ester-bond 

moiety was incorporated between 35th and 36th. amino acid residues. We have also 

synthesized L- and D-transthyretin (TTR) (105-115)-fragment peptide sequences. AFM 

imaging was performed in order to control the ongoing morphology changes. The samples 

were analyzed using ATR-FTIR and fluorescence spectroscopy approaches. 

 Obtained results evidence the role of H-bonds on the optical properties and 

morphology of investigated samples. The disruption of H-bonding network caused by the 

presence of an ester bond in depsiAβ(35-42) slows down fibrillogenesis. Furthermore, it 

has an impact on emission band position. A different arrangement of β-sheets in 

enantiomers and racemate of TTR(105-115) also determines the position of fluorescence 

emission band. The outcomes evidence the critical role of H-bonding network on 

autofluorescence properties of amyloid fibrils.  
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 Early detection of Alzheimer and Parkinson diseases is a pressing matter in 

rapidly aging community of XXI century. Key issue is detecting and fully understanding 

amyloid fibrils - protein aggregates connected with neurodegenerative diseases which 

exhibit characteristic autofluorescence from energy levels unavailable to protein 

monomers.[1] However, some amyloids also exhibit two-photon excited autofluorescence 

which we reported for amyloid spherulites earlier this year, and which could be used for 

their label-free detection.[2] 

During our research we have observed that amyloid fibrils autofluorescence is 

redshifted comparing to one-photon spectra. To find out the origin of autofluorescence 

redshift we built a system being able to measure two-photon excited lifetimes using 

standard TCSPC and pulse picker combined with Ti:Sapphire Chameleon femtosecond 

laser. Using the system we have measured dyes, such as fluorescein, and different types 

of lysozyme amyloids to determine which factors influence their two-photon excited 

autofluorescence. 

Our measurements have shown that two-photon excited autofluorescence 

lifetimes of amyloids are highly dependent on the wavelengths used for excitation. (Fig. 

1a) Moreover, they are different from one-photon excited autofluorescence lifetimes 

leading to conclusion that two-photon excited autofluorescence originates from different 

energy levels than one-photon fluorescence. (Fig. 1b) 
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Plasmonic nanoparticles, especially gold ones, have gained raising interest thanks to the 

Localized Surface Plasmon Resonance (LSPR) phenomenon [1]. They are widely applied 

to chemical and biological sensing notably [2]. The most common optical phenomenon 

employed is colorimetry, where an LSPR peak shift is used for instance toxic metal 

detection [3]. However, applying nonlinear optical phenomena may augment the sensing 

sensitivity. In the present work, we have investigated Second Harmonic Generation in gold 

nanoparticles with respect to the surrounding medium change. Different amounts of 

glycerol were added to an aqueous solution to change the refractive index of the solution. 

In order to explain the nature of the processes, simulations were performed. SHG emerges 

as a true candidate to improve the sensing performance in comparison to the colorimetric 

method. 
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Many biologically relevant entities show a unique ability to create liquid 

crystalline arrangement. The examples of mesophases are observed in complex biological 

systems, for instance in the cell membrane and myelin sheath [1]. The combination 

of luminescent nanostructures with the biological component, such as phospholipids [2], 

gains considerable attention due to its potential application in bioimaging. The important 

advantage of the hybrid material made of a single type of biomacromolecules is obtaining 

a simplified model of the biological system.  

 

Presented studies focus on the formation and analysis of lyotropic myelin figures (MFs) 

consisted of phospholipids and doped with triangular carbon nanodots (CNDs). Polarized 

light microscopy and confocal microscopy techniques were used to investigate the 

morphology of multi-layered structures. Moreover, we determined the possibility to use 

of two-photon fluorescence microscopy to examine MFs. 

 

 

Fig. 1. The fluorescent image of myelin figures doped with CNDs.  
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Atomically-precise nanoclusters (NCs) are promising group of luminescent 

nanomaterials possessing firmly established absorption bands arising from discrete 

electronic energy levels structure. Despite well-defined geometrics, composition and 

molecular-like behavior of magic-sized nanoclusters, the relation between structure and 

spectroscopic transitions still remains unclear. Moreover, the nonlinear third-order optical 

processes observed in silver, gold and silver-gold nanoclusters are still poorly understood. 

Nevertheless, broadly studied nanoclusters gain much attention since reported two-photon 

absorption cross-section of NCs reveals giant values varying from 102 to 104 GM. Great 

potential beyond these results refers mainly to single wavelength excitation providing 

outstanding but very limited third-order nonlinear optical information. [1, 2] 

In our work we present the influence of gold dopant on two-photon absorption and 

two-photon photoluminescence of silver nanoclusters. We examined 

[Ag25(DMBT)18][(PPh4)], [Ag24Au1(DMBT)18][(PPh4)], [Ag25-xAux(DMBT)18][(PPh4)], 

nanoclusters in comparison to [Au25(PET)18][TOAB] nanoclusters. Herein, we present 

high two-photon absorption cross sections for the broad two-photon excitation 1050-

1550nm wavelength range. Comparing gold-doped nanoalloys to Ag25 nanoclusters we 

report strong enhancement of nonlinear response upon replacing single gold atoms in the 

cluster core.  

Strong nonlinear response of fluorescent nanoclusters at the near infrared biological 

window opens up wide range of applications in multiphoton bio-imaging and bio-sensing. 

In addition, better understanding the influence of the ligand and metallic core composition 

on NCs linear and nonlinear optical properties is crucial for these applications where high 

power laser illumination is needed. [3] 

 

 

References: 

 
[1] Ramakrishna G, Varnavski O, Kim J, Lee D, Goodson T. Quantum-Sized Gold Clusters as Efficient Two-

Photon Absorbers. Journal of the American Chemical Society. 2008;130(15):5032-3. 
[2] Olesiak-Banska J, Waszkielewicz M, Obstarczyk P, Samoc M. Two-photon absorption and 

photoluminescence of colloidal gold nanoparticles and nanoclusters. Chemical Society Reviews. 

2019;48(15):4087-117. 
[3] Waszkielewicz M, Olesiak–Banska J, Grzelczak M, Sánchez–Iglesias A, Pniakowska A, Samoc M. 

Enhanced one-photon and two-photon excited luminescence of polymer-stabilized AuAg nanoclusters 

aggregates. Journal of Luminescence. 2020;221:116994. 
 

 

mailto:anna.pniakowska@pwr.edu.pl


 

34  
 

New palladium(II) complexes with perfluorinated 

amidinates as precursors in vapor deposition 

methods 

Aleksandra Butrymowicz [1], Iwona B. Szymańska [1]  
Faculty of Chemistry, Nicolaus Copernicus University in Toruń [1] 

E-mail addresses: aleksandra.butrymowicz@doktorant.umk.pl  
pola@umk.pl   

 

The vapor deposition methods: CVD – Chemical Vapor Deposition and 

FEBID/FIBID – Focused Electron/Ion Beam Induced Deposition enables to obtain 2D or 

3D deposits, which are attractive due to the possibility of using them in nanoelectronics, 

biological diagnostics and detection of substances using surface-enhanced Raman 

spectroscopy (SERS) [1]. A significant advantage of the latter is the possibility of 

obtaining nanostructures of a specific shape and size because of the ability to control the 

electron/ion beam. Coordination compounds of metals are used in the above methods of 

obtaining nanomaterials as precursors being a metal source [2], [3]. 

 

The synthesis of new palladium(II) complexes with perfluorinated amidinates was 

developed. Based on the IR and EI MS spectra analysis, the ligand bridging coordination 

was confirmed and also, the tri-nuclear structure of compounds was proposed 

[Pd3((NH)2CRf)6], where Rf= CF3, C2F5. Based on the results obtained with the use of  

VT IR – Variable Temperature Infrared Spectroscopy, TGA, EI MS the parameters of the 

CVD process were chosen, and palladium deposits were obtained for both precursors.  

The EI MS, ESD – Electron Stimulated Desorption, and SEM/EDX studies were carried 

out to determine the interaction of the compounds with low and high energy electrons. The 

EI MS spectra analysis results indicate interaction with electrons of the order of 70eV in 

the gas phase. The following fragments containing palladium: [Pd2((NH)2CRf)2]+•, 

[Pd3((NH)2CRf))6]+•, [Pd3]+ were detected. On the other hand, in the solid phase, results of 

the ESD experiment showed practically no interaction of the complex [Pd3((NH)2CC2F5)6] 

with low-energy electrons (100eV). However, based on the results of SEM/EDX, the 

interaction with high-energy electrons (energy 30keV) was observed.  

 

 
Figure 2 a) Structure of [Pd3((NH)2CC2F5)6], b) CVD deposit: TV=240°C, TD= 340°C,  p=10-1 mbar. 
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It is commonly known that Cu and Ag complexes with non-fluorinated amidinates are a 

good source of volatile metal carriers and proposed as precursors in vapour deposition 

methods such as ALD (Atomic Layer Deposition) and CVD [1–3]. Perfluorinated ligands 

exhibit increased volatility compared to non-fluorinated analogues, favourably affecting 

the reactions' efficiency in vapour deposition methods [4]. In the available literature, only 

silver(I) and mercury(II) compounds with perfluorinated amidinates are known: 

[Ag2((NH)2CCF3)2], [Ag2((NH)2CC2F5)2], [Hg((NH)2CC2F5)2], which however, have not 

been tested for use in vapor deposition methods [5]. 

 

Here we report on our volatility studies of user-friendly copper amidinate and 

imidoylamidinate complexes: [Cu2(µ–(NH)2CC2F5)2] and 

[Cu{NHC(C2F5)NC(CH3)NH}2] (Figure 3). 

 

 
Figure 3 Single crystal X-ray structure of [Cu(NHC(C2F5)NC(CH3)NH)2]. 

The sublimation experiment exhibited that they go into the gas phase at only 100oC 

without decomposition. Moreover, thermal analysis, EI MS spectrometry, and variable 

temperature infrared spectroscopy were carried out to determine the volatility of 

compounds and the decomposition mechanism. CVD deposition was also performed using 

these new Cu compounds as precursors. 
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Photocatalytic effect of gold nanoparticles has been studied since 1981, when the 

theoretical background for the process was described for the first time. [1] We presented 

our insight into the topic of plasmon-assisted photocatalysis during PANIC 2019 

Conference. We reported the use of AuPd bimetallic nanoparticles immobilized on the 

cellulose fibers in the bio-inspired process of cofactor (NAD+) regeneration. [2] 

 

However, as it has been shown for the Z-E isomerization of azobenzene [3-5], gold 

nanoparticles can also catalyse reactions in the dark. Studies report the increase in the rate 

constant values of the thermal recovery of photochromic molecules due to the presence of 

gold nanoparticles. [3] The proposed mechanism postulates the electron transfer from the 

photochromic molecule to the nanoparticle and formation of radical cation intermediate 

able to undergo Z-E isomerization. This reaction is subsequently followed by the electron 

transfer from the surface of the nanocatalyst back to the photochromic molecule. [3, 5] 

Moreover, it has been proven that the catalytic effect is more pronounced for para-

substituted azobenzenes. [3] 

 

However, to the best of our knowledge, literature reports only the use of spherical gold 

nanoparticles as catalysts for thermal Z-E isomerization of azobenzene. Hence in our 

research, we have focused on the investigation of the influence of anisotropic rod-like gold 

nanostructures on the same reaction monitored for a model azobenzene molecule. 
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2D materials show significant advantages for optoelectronic devices due to 

unique optical and electronic properties. First, their optical responses cover most of the 

electromagnetic (EM) wavelengths, ranging from ultraviolet to terahertz, and even the 

microwave region [1]. As a result, atomically thin layered 2D materials can integrated 

with many other materials and structures. Vertical stacking of atomically thin layered 

materials opens new possibilities for the fabrication of heterostructures with favorable 

optoelectronic properties. The combination of graphene, hexagonal boron nitride and 

semiconducting transition metal dichalcogenides (TMDs) allows fabrication of 

electroluminescence (LEDs) devices, which are compatible with a wide range of 

substrates. 

In most cases, LED consist from protective layer on top, transparent electrodes 

(graphene), active layer, optical cavity and hybrid platform (fig.1). As protective layer was 

chosen sol-gel coating. Active layer represented as heterostructure h-BN/TMDs/h-BN. 

Graphene used as transparent electrodes due to high thermal conductivity and stability.  

 

 
 

Fig. 1. Principal scheme of  LED on the basis on 2D materials (Graphene, h-BN, TMDs) 

 

Moreover, combining optical elements of large band-gap, high-index 3D 

semiconductors (such as GaN, AlGaN or Si3N4) with 2D TMDCs would present an 

effective approach in design LEDs [1]. Such semiconductors are promising materials for 

optoelectronics because of their direct band gap and high electron mobility.  
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Streptomyces are Gram-positive, aerobic soil bacteria, which are characterized by 

complex fungal-like morphological differentiation. They produce more than 70% of 

commercially available antibiotics. Many species of Streptomyces are capable of 

producing more than 20 secondary metabolites and the production process itself is 

extremely sensitive to growth conditions and is associated with the accumulation of 

signaling molecules such as γ-butyrolactones [1,2].  

Eight γ-butyrolactones produced by Streptomyces coelicolor A3(2) have been 

determined so far and described as SCB 1-8. The most common is butanolide 1 (SCB1) 

[3,4]. SCBs have been shown to activate the polyketide synthase cpk gene cluster, which 

contains the key SCB biosynthetic gene - scbA [5,6]. This cluster's products are detected 

as a yellow pigment excreted to the medium (yCPK) also known as coelimycin P1 and P2 

[7].  

Here we present a simple test to detect γ-butyrolactones in the culture medium, based 

on the relationship between γ-butyrolactone occurrence and the production of coelimycin. 
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The soil-dwelling, gram-positive bacteria from the genus Streptomyces are prolific 

producers of secondary metabolites, many of which are beneficial to humans. One of such 

metabolites of the model organism Streptomyces coelicolor A3(2) is the yellow polyketide 

coelimycin, the role of which is still unclear in biological terms. Genes necessary 

for its biosynthesis are clustered together in a silent biosynthetic gene cluster (BGC) cpk. 

Its expression occurs only when certain environmental conditions are met and 

is dependent on quorum sensing – a bacterial communication mechanism utilizing 

gamma-butyrolactones as signaling molecules [1,2,3]. Studying the regulation of BGC 

transcription may aid in unlocking the silenced biosynthetic potential of Actinobacteria 

spp. [4]. 

The luciferase-based reporter assay is an established utility to measure gene 

transcription in Streptomyces coelicolor A3(2) in vivo [5]. The chosen promoters 

are cloned upstream of lux genes and their transcriptional activity can be measured 

automatically in a UV/VIS plate reader/incubator. We measured cpk promoter activities 

in S. coelicolor A3(2) mutant lacking the cpk cluster-encoded histidine kinase orfB gene, 

to reveal its role in regulating the cpk cluster. We were able to detect shifts in promoter 

activity profiles between the mutant and the wild type strain M145, which suggests that 

OrfB histidine kinase may influence cpk gene transcription by modulating the action 

of cpk cluster activatory protein CpkO. Harnessing luciferase activity reporter assays 

allows for detailed gene transcription profiling over the whole Streptomyces life-cycle 

in an easy-to-read, small-scale experiments in 96-well plates. 
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Side effect of luciferase enzymatic reaction is spontaneous emission of 490 nm light. 

Light intensity is proportional to promoter activity of a DNA fragment cloned in luciferase 

reporter plasmid [1]. 

Streptomyces are gram-positive bacteria living in the soil. They have an important 

ecological role in biogenic elements turnover [2] and produce a multitude of antibiotics 

and many other bioactive molecules useful to human health [3]. 

Final product of the S. coelicolor A3(2)  polyketide synthase encoded in the cpk gene 

cluster is a yellow pigment (yCPK) - coelimycin P1 and P2 [4, 5]. Its colorless 

intermediate(s) (abCPK) demonstrate weak antibiotic activity against Bacillus subtilis, 

Micrococcus luteus and Escherichia coli. Deletion of scF gene caused inhibition of the 

yCPK synthesis, while abCPK was retained [4]. The physiological and regulatory 

functions of the CPK compounds are still unclear [5]. 

In this work luciferase reporter system was used to check the  activity of the cpk cluster 

promoters. The selected promoters regions were cloned upstream of the lux operon and 

the promoter activity was measured by luminescence detection in wild type strain and scF 

deletion strain (ΔscF). Result analysis showed bigger activity of the majority of promoters 

in ΔscF strain, than in the wild type. This suggests that a compound generated in this 

biosynthetic pathway between abCPK and yCPK has a negative effect on the cpk cluster 

expression. 

 

 
References: 

[1] Craney A, Hohenauer T, Xu Y, Navani NK, Li Y, Nodwell J. A synthetic luxCDABE gene cluster 
optimized for expression in high-GC bacteria. Nucleic Acids Res. 2007;35(6):e46. doi: 10.1093/nar/gkm086. 

Epub 2007 Mar 1. PMID: 17337439; PMCID: PMC1874620. 

[2] R.F. Seipke, M. Kaltenpoth, M.I. Hutchings, Streptomyces as symbionts: an emerging and widespread 
theme?, FEMS Microbiol Rev. 36 (2011) 862–876. 

[3] D.A. Hopwood, Streptomyces in Nature and Medicine. The Antibiotic Makers, Oxford University Press, 

New York, NY, 2007 
[4] Gottelt M, Kol S, Gomez-Escribano JP, Bibb M, Takano E. Deletion of a regulatory gene within the cpk 

gene cluster reveals novel antibacterial activity in Streptomyces coelicolor A3(2). Microbiology (Reading). 

2010 Aug;156(Pt 8):2343-2353. doi: 10.1099/mic.0.038281-0. Epub 2010 May 6. PMID: 20447997. 
[5] Bednarz, B., Kotowska, M. & Pawlik, K.J. Multi-level regulation of coelimycin synthesis in Streptomyces 

coelicolor A3(2). Appl Microbiol Biotechnol 103, 6423–6434 (2019). 

 

 

 

 

P3 



 

42  
 

The effect of antimicrobial photodynamic therapy 

on Pseudomonas aeruginosa using red light  

and 5-aminolevulinic acid  
 

EwelinaWanarska1, Irena Maliszewska1 
1Department of Organic and Medicinal Chemistry, Wrocław University of Science and Technology  

ewelina.wanarska@pwr.edu.pl, irena.helena.maliszewska@pwr.edu.pl 
 

Nowadays drug resistance of microorganisms is a widely-spread, global issue. The 

solution of this problem may be antimicrobial photodynamic therapy (aPDT) which can 

be the alternative or supplement to conventional antibiotic treatment. This therapy targets 

lipids, proteins and nucleic acids, causing  major damage in microbial cells [1]. This form 

of treatment, using three component- visible light, photosensitizer (non-toxic dye) and 

oxygen- can successfully "fight" with bacterial infections. A photosensitizer activated by 

light with appropriate wavelength is transitioning from a low-energy ground state to a 

singlet excited state. Thereafter, the photosensitizer may decay back to its ground state 

with fluorescence emission, or it may go into a higher energy triplet state. The triplet state 

photosensitizer can react with biomolecules in two different ways. 

Electron can be transferred to the biomolecules with generation of reactive oxygen 

species (ROS) (Type I of mechanism) or energy can be directly transferred to the oxygen 

with formation of singlet oxygen (Type II of mechanism). During these interactions, 

highly reactive oxygen species are produced which are detrimental to the integrity of the 

cell membrane, causing irreversible damage to the cell [2]. 

It is described that microorganisms own endogenous metabolites, which excited by light 

behave like photosensitizers. The mostly known is protoporphyrin IX (Pp IX), naturally 

synthesized by cells from 5-aminolevulinic acid, a component of the heme formation 

pathway. Excitation of Pp IX with light can cause effective cell photo-destruction. Another 

approach to the problem is cell photosensitization with exogenous component 5-ALA. 

This compound, participating in the heme biosynthesis pathway, is a natural precursor of 

Pp IX [3]. This pro-drug cannot generate reactive oxygen species, but when added 

exogenously, it is converted into protoporphyrin IX [4]. 

In this study the effect of red laser light (635 nm) alone and with 5-aminolevulinic acid 

(2.5 mM) in time on Pseudomonas aeruginosa was tested. Light exposure only caused 

77.1% reduction in P. aeruginosa cells. The photodynamic therapy process using 5-ALA 

caused up to 99.88% mortality of tested bacteria. 
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Plasma is commonly referred to as the fourth state of matter in which an increase in 

the energy level of a material converts its state from solid to liquid to gas and ultimately 

to an ionized gas state [1]. Due to the complex physical and chemical processes taking 

place in low-temperature plasma, it acquires unique properties. Depending on parameters 

such as gas composition, flow rate, humidity, temperature and excitation properties, many 

different biologically active agents are produced. These agents are radicals and chemical 

products, e.g. NxOy, atomic oxygen (O), ozone (O3), hydroxyl (OH), reactive oxygen 

(ROS) and nitrogen species (RNS), high energy UV radiation, radiation in the visible and 

infrared spectral range, charged particles, alternating electric fields, heat as well as 

physical and chemicaletch processes. Especially the combination of different factors 

makes plasma attractive because it is almost impossible for pathogens to develop 

resistance to these different types of plasma stressors [2].  

In recent years, low-temperature plasma sterilization has become more common in 

various fields such as materials science, medicine, as well as in preservation of foods. It 

is widely believed that low-temperature plasma can overcome many of the limitations of 

traditional sterilization techniques and is considered one of the most promising 

sterilization methods. Plasma sterilization is characterized by a number of advantages, 

including safety and efficacy, cost effectiveness, shorter sterilization time, low processing 

temperature, and use in both living and nonliving materials [3], [4]. 

The effect of low-temperature plasma on phytopathogenic fungi was investigated. It 

was shown that low-temperature plasma is highly effective in inactivating microbial 

pathogens on solid and porous surfaces in a short time.  

These study suggest that the use of low-temperature plasma is a highly effective 

disinfection method and can be successfully used to inactivate pathogenic microorganisms 

from various surfaces. 
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Streptomyces are gram-positive bacteria that produce various secondary metabolites, 

natural substances often exhibiting medical importance, for instance, antibiotics; 

immunosuppressants; antihelminthics. The genes responsible for the biosynthesis of those 

substances usually form large gene clusters. These clusters are often precisely controlled 

by a plethora of different factors including external signal molecules as well as numerous 

protein transcription factors [1]. 

Streptomyces venezuelae is model organism known also for the production of 

chloramphenicol. Regulation of gene expression of chloramphenicol biosynthetic gene 

cluster (Cml-BGC) is still not well understood.  For a long time, it was assumed that the 

Cml-BGC did not have its own specific transcriptional regulators, which could control the 

core biosynthetic genes and chloramphenicol production [2]. 

The AdpA transcriptional regulator is relatively well studied due to its important role 

in controlling biosynthesis of antibiotics, e.g. undecyloprodigiosin and actinorhodin, and 

morphological differentiation in Streptomyces [3]. Preliminary results suggest, that in S. 

venezuelae AdpA is able to bind several gene promoters within  Cml-BGC. In this study, 

presumed AdpA-controlled gene promoters were fluorescently labeled and tested for 

interaction with recombinant AdpA protein using electrophoretic mobility shift assay 

(EMSA). Presumably in most Streptomyces AdpA regulates its own gene expression. In 

order to study if this is the case in S. venezuelae interaction of AdpASv with its native 

promoter region was investigated. In addition, to examine whether AdpA proteins can 

cross-interact with adpA promoters of orthologues Streptomyces, AdpAs of S. venezuelae 

and S. coelicolor were tested against their native and heterologous promoter regions.  

In this study, we confirm that AdpASv can specifically interact with several gene 

promoters (sven_p0915, sven_p0916 and sven_p0925) within Cml-BGC. In addition, it 

turned out that AdpASc can cross-interact with the same gene promoters of Cml-BGC 

suggesting that both AdpASv and AdpASc recognize the same DNA sequences. 

What is more, both AdpA protein orthologs were found to interact similarly with adpA 

gene promoters derived from native and heterologous Streptomyces species. The influence 

of AdpASv on the regulation of gene expression within Cml-BGC is currently further 

investigated. 
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According to data provided by WHO around 422 million people worldwide have 

diabetes and most of them suffer for type 2 (T2D).[1] Mainly adults get T2D, it occurs 

when the body becomes resistant to insulin or doesn't make enough insulin. It has been 

proven that many factors influence the development of diabetes, but not all processes have 

been thoroughly studied, mainly due to the inconclusive results and complexity of the 

processes occurring in the body. In the progress of T2D and in the degenerative process 

of β-cells aggregation of amylin takes part.[2,3] Another known symptom of T2D is zinc 

deficiency. What is worth mentioning - amylin and zinc are both stored in β-cell granules 

and together released into the bloodstream.[3] The interactions of zinc ions with amylin 

may have an impact on the development of the T2D. To better understand the effect of the 

ion, studies on amylin analogues that differ by several amino acid residues should be 

considered.[4] 

 

The goal of the study was to investigate influence of the Zn2+ on amylin analogues like 

pramlintide, acetylated pramlintide, rat amylin and fragment 1-19 of human amylin. 

During the study, the morphology of the resulting structures was checked at different time 

points. The research technique used was AFM. Based on the research, the differences in 

the morphology (e.g length, diameter) of fibers and oligomers were detected. Only 

pramlintide aggregated while other polypeptides not. For pramlintide zinc ions showed 

catalytic properties, but interestingly for acetylated pramlintide, no fiber formation was 

observed with or without ions. Since pramlintide is administered intravenously in form of 

acetate salt as a drug, we expected its solubility.[5] The fact that the non-acetylated form 

aggregated under the influence of ions but acetylated no, shows how many factors affect 

the formation of amyloid. For rat amylin and a fragment of human amylin amorphous 

aggregates were observed with no distinct tendency.The research allows to approximate 

the influence of zinc ions as one of the factors during  amyloid formation process. 
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1. Introduction 

A sensor is a device that transforms chemical information into an interpretable signal.  

In an electrochemical system, a reaction between the analyte and modified electrode 

results in an electrical signal. If the recognition reaction involves biomolecules, the system 

is considered a biosensor. Introduction of nanomaterials, such as nanofibers,  

into the construction of (bio)sensors improves the performance of detection platforms 

thanks to their specific properties, the most important being nanoscale size, porosity,  

and large surface area to volume ratio [1-3]. 

 

2. Results 

Various drugs could be detected with nanofiber-based electrochemical sensors. Salandari-

Jolge et al. fabricated a voltammetric sensor for the detection of an anticancer drug, 

methotrexate, based on CuCr2O4/CuO, with the detection limit (LOD) of 25 nM [4]. 

Bahrami et al. developed a platform for morphine detection using magnetic nanofibers and 

achieved the LOD of 1.9 nM [5]. Using carbon nanofibers, tramadol (an opioid pain 

medication) was detected with the detection limit of 0.016 nM by Jahromi et al. [6]. 

Modified carbon nanofibers were also applied to detect an antibiotic – metronidazole, 

using differential pulse voltammetry. Obtained sensor exhibited the LOD of 0.13 nM [7]. 

 

3. Conclusions 

Monitoring of drugs presence and concentration is essential for proper patient care.  

The use of nanomaterial-based sensing platforms allows the detection of even trace 

amounts of various medically relevant molecules, enabling good healthcare, as well as 

control of the quality of products that may potentially contain such substances. 

 
References: 

[1] Hulanicki A, Głąb S, Ingman F, Chemical sensors: definitions and classification, Pure and Applied 

Chemistry 63(9), 1247-1250 (1991)  

[2] Hammond JL, Formisano N, Estrela P, Carrara S, Tkac J, Electrochemical biosensors and nanobiosensors, 
Essays in Biochemistry 60, 69–80 (2016) 

[3] Rezaei B, Ghani M, Shoushtari AM, Rabiee M, Electrochemical biosensors based on nanofibres for cardiac 

biomarker detection: A comprehensive review, Biosensors and Bioelectronics 78, 513-523 (2016) 
[4] Salandari-Jolge N, Ensafi AA, Rezaei B, A novel three-dimensional network of CuCr2O4/CuO nanofibers 

for voltammetric determination of anticancer drug methotrexate, Analytical and Bioanalytical Chemistry 412,  

2443–2453 (2020) 
[5] Bahrami G, Ehzari H, Mirzabeigy S, Mohammadi B, Arkan E, Fabrication of a sensitive electrochemical 

sensor based on electrospun magnetic nanofibers for morphine analysis in biological samples, Materials 

Science and Engineering C 106, 110183 (2020) 
[6] Jahromi Z, Mirzaei E, Savardashtaki A, Afzali M, Afzali Z, A rapid and selective electrochemical sensor 

based on electrospun carbon nanofibers for tramadol detection, Microchemical Journal 157, 104942 (2020)  

[7] Vilian A.T.E., K.S. Ranjith, S.J. Lee, R. Umapathi, S.K. Hwang, C.W. Oh, Y.S. Huh, Y.K. Han, 
Hierarchical dense Ni−Co layered double hydroxide supported carbon nanofibers for the electrochemical 

determination of metronidazole in biological samples, Electrochim. Acta. 354 (2020) 136723 

 

P8 



 

47  
 

Self-assembled bilosomes as a co-delivery system 

of multifunctional therapeutic agents 
 

Ewelina Waglewska, Agata Pucek-Kaczmarek, Urszula Bazylińska 
Department of Physical and Quantum Chemistry, Faculty of Chemistry, Wroclaw University of Science  

and Technology, Wybrzeze Wyspianskiego 27, 50-370 Wroclaw, Poland 

E-mail address: ewelina.waglewska@pwr.edu.pl 

 

Bilosomes are defined as the novel generation of "soft" lipid vesicular nanocarriers. 

These spontaneously formed structures are considered highly biocompatible, 

biodegradable, and non-toxic. Embedding bile salts into the phospholipid bilayer may 

increase the colloidal stability of the system and improve the bioavailability of poorly 

soluble therapeutics. For this reason, bilosomes are extensively explored as promising 

alternatives for conventional liposomes, which may be applied as interesting bioinspired 

nanoplatform for therapeutic and diagnostic applications [1]. 

The main goal of our research was to design a new colloidal drug delivery 

nanoplatform and characterize its physicochemical properties. The influence of the 

preparation method was analyzed on the mean particle size (dynamic light scattering), 

surface charge (electrophoretic light scattering), shape, and morphology (transmission 

electron microscopy). The turbidimetric method, which is based on the multiple light 

scattering technique, was used to evaluate the kinetic stability of the optimized 

nanosystem. Finally, to check the encapsulation efficiency (UV-Vis spectroscopy) in the 

optimized vesicles, two anticancer compounds (i.e., hydrophilic methylene blue and 

hydrophobic curcumin) were used as model active agents [2].  

As a result, our phosphatidylcholine/cholesterol-based vesicular system modified 

by bile salt-sodium cholate hydrate and additionally functionalized with a biocompatible 

triblock copolymer – Pluronic P123 exhibits the nanometric size (DH < 150 nm), negative 

surface charge (ζ ~ −35 mV), and very high kinetic stability. Most importantly, the high 

encapsulation efficiency of the hybrid model compounds with different hydrophobicity 

demonstrated that a promising nanoplatform for drug delivery, diagnostics, and anticancer 

therapy was obtained [2].  

 

 
Figure 1. Schematic structure (A) and TEM image (B) of the surface-modified bilosomes. 
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The thermotropic myelin structure is a self-assembled lamellar structure formed by 

smectic-A liquid crystalline phase in an aqueous surfactant solution. Rodlike molecules 

assemble to form a bilayer chain, where there is a defect line forming in the core 

simultaneously. The myelin structure is birefringent, which can be visualized and 

characterized by the polarized light microscope.  

 

In this study, we analyze myelin structures formed by 4’-n-octyl-4-cyanobiphenyl (8CB) 

in aqueous CTAB solutions with different concentrations at a certain temperature. 

Moreover, we investigated myelin structures with a compensator and stained them with 

different dyes to observe them under fluorescence microscope.  

 
Figure1. The polarized light microscope image of myelin structures formed by 8CB in 10wt.% CTAB 

aqueous solution at 25℃. 
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An excellent example of how light-matter interaction can result in an advantageous 

outcome is photodynamic therapy (PDT). This type of therapy has been studied especially 

for non-invasive treatments of dermatological and oncological disorders as well as for 

drug-resistant microbial infections (antimicrobial photodynamic therapy, aPDT) [1]. With 

the growing interest in light-induced processes, there is a natural demand for performing 

such experiments in Transmission Electron Microscope in-situ. Observations of many 

dynamic processes require their natural environment, which is a liquid solution of the 

photosensitizer. It is possible to prepare such specimens for Transmission Electron 

Microscopy (TEM) by creating so-called liquid cells [2]. The profound understanding of 

processes occurring during aPDT observed on a microscopic level could help to explain 

the unknown course of the first stages of therapy and optimize the operation of new 

photosensitizers. 

With a specially designed light illumination system in TEM [3] combined with liquid cell 

fabrication, it became possible to perform in-situ observations of interactions of bacteria 

encapsulated with a photosensitizer.  In this research, the effect of methylene blue on 

Staphylococcus aureus upon 660 nm light illumination was studied. First changes in 

bacteria were observed after just 1 minute of intensive irradiation. Control of electron dose 

is very important for any observations in liquid. Therefore, an additional experiment of 

the damaging effect of different electron doses on bacteria was performed to distinguish 

it from the interaction with a photosensitizer. The results showed noticeable changes in 

bacteria outer membranes after applying light, which was the incontestable effect of 

interaction with an excited methylene blue.  

 

 

 

References: 
[1] Lian C., Piksa M., Yoshida K., Persheyev S., Pawlik K.J., Matczyszyn K, Samuel I.D.W., Flexible 

organic light-emitting diodes for antimicrobial photodynamic therapy, Npj Flex. Electron. 3 (2019) 

1–6.  
[2]  Textor M., De Jonge N., Strategies for Preparing Graphene Liquid Cells for Transmission Electron 

Microscopy, Nano Lett. 18 (2018) 3313–3321. 

[3] Żak A,  The method of illuminating the sample in the transmission electron microscope and the 
assembly for illuminating the sample in a transmission electron microscope,. Patent Application 

P.433650, Polish Patent Office, (2020). 

 
 

 

 
 

P11 



 

50  
 

 

 

 

 

 

 

Poster session II 

 
  



 

51  
 

Crystal phases determining properties of Fe-Mn-Zr 

oxide based oxygen carriers 
 

 Magdalena GAWLAS, Rafal LYSOWSKI, Ewelina KSEPKO 

Author affiliations: Wroclaw University of Science and Technology, Poland 

E-mail address: 234200@student.pwr.edu.pl 
ewelina.ksepko@pwr.edu.pl 

 

Some chemical compounds have an ability to give away oxygen when heated to 

high temperature. These materials are called oxygen carriers and the property is known as 

'Chemical-Looping with Oxygen Uncoupling' (CLOU) which might be practically used 

for power generation application in “green technologies”. A good example of such CLOU 

materials are various simple oxides e.g. manganese, cobalt and copper. Also, there are 

known more complex CLOU materials, such as perovskites and spinels having specific 

crystal structure.  

These advanced CLOU materials were synthesized in this work from simple 

oxides such as MnO2, Fe2O3   and ZrO2 with use of mechanical mixing and final high 

temperature calcination. Various Fe:Mn ratios have been used to compare synthesized 

products in terms of their crystal structure and phase composition. As part of this paper, 

synthesized materials were analysed using X-ray powder diffraction method - XRD. This 

allowed the both oxides spinel and perovskite phases of  iron and manganese to be formed. 

In those mixtures zirconium oxide addition was applied since it is an important ingredient. 

The reason for that is being an inert material improving mechanical properties of CLOU 

materials. Furthermore, thermogravimetric analysis – TGA,  allowed us to confirm that 

synthesized materials evolved an oxygen from their structure under high temperature and 

are successfully able to regenerate later. Additionally, it was concluded that among tested 

samples, high manganese content correlated fine with good CLOU properties.  
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Chemical Looping Combustion with Oxygen Uncoupling (CLOU) may be attractive and 

practically applied as a highly promising fuel combustion method. It is valuable since it 

enables carbon capture and storage purposes without additional expenses. In this method 

combustion air and fuel are never mixed up. For this reason practically it may improve the 

environment protection from the power generation sector. The harmful for human beings 

emissions from gaseous and fossil fuels combustion are in this technology expressively 

reduced.  

A special attention can be paid to both gaseous and fossil fuels utilization for the power 

sector, however it can be only applied when specific material of given functionality is 

produced. Such a material is called an oxygen carrier, due its basic function which is 

transportation of oxygen to a fuel.  

In this paper a specific low cost, fine powdered oxygen carrier made of zirconia, iron and 

finally manganese were tested with a thermogravimetric analyzer (TGA). The aim was to 

find the right temperature CLOU window in which the  obtained materials may operate in 

a reversible manner. Dynamic thermal analysis was carried both at first the oxidizing  (air) 

and the inert (N2) conditions up to 1200°C. The obtained data showed that the TGA 

analysis can be a valuable instrument for reactivity and potential application evaluation as 

a fast and reliable tool. 
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The effect of electron irradiation with energy of 2.5 MeV on the temperature 

dependences of the resistivity ρ(T) of an optimally doped YBa2Cu3O7-δ single crystal has 

been studied. Based on this information, the corresponding temperature dependences of 

both fluctuation conductivity, σ΄(T), and the pseudogap, Δ*(T), have been calculated 

within the local pair model. It is shown that with an increase in the irradiation dose φ, the 

value of ρ(300 K) increases linearly, while critical temperature Tc decreases linearly. At 

the same time, the value of ρ(100 K) increases nonlinearly, demonstrating a feature for φ = 

4.3 ∙ 1018 e/cm2, which is also observed on the number of other dose dependent parameters. 

Regardless of the irradiation dose, in the temperature range from Tc up to T01, σ΄(T) obeys 

the classical fluctuation theories of Aslamazov - Larkin (3D-AL) and Maki-Thompson 

(2D-MT), demonstrating 3D-2D crossover with increasing temperature. The crossover 

temperature Т0 makes it possible to determine the coherence length along the с-axis, ξс(0), 

which increases by ~ 2.6 times under irradiation. Furthermore, the range of 

superconducting fluctuations above Tc also noticeably increases.  

At φ = 0, a "classical" dependence of Δ*(T) is observed with a maximum at BEC-BSC 

crossover temperature Tpair ~ 120 K and a clear minimum at T = T01. It was found for the 

first time that at φ = 4.3 ∙ 1018 e/cm2 the shape of Δ*(T) changes strongly and becomes the 

same as in optimally doped YBCO single crystals with defects, which is accompanied by 

a sharp decrease in Tpair and the pseudogap opening temperature T*, while at Tc(φ) there 

are no singularities. With an increase in the irradiation dose up to φ = 8.8 ∙ 1018 e/cm2, the 

shape of Δ*(T) is restored and becomes the same as in well-structured YBCO films. 

Moreover, in this case, Tpair and Т* increase noticeably. The comparison of the 

experimental results with the Peters-Bauer theory shows that at φ = 0 the density of local 

pairs near Tc is <n↑n↓> ≈ 0.3, which is a typical value for HTSCs. At low radiation doses, 

<n↑n↓> rapidly increases to <n↑n↓> ≈ 0.35 at φ = 1.4 ∙ 1018 e/cm2, and then decreases 

linearly to <n↑n↓> ≈ 0.25 at φ = 8.8 ∙ 1018 e/cm2. 

 

References: 
[1] R. V. Vovk, A. L. Solovjov, Electric transport and pseudogap in high-temperature superconducting 

compounds of system 1-2-3 under conditions of all-round compression. Low Temp. Phys. 44, 111–153 (2018). 

[2] A. L. Solovjov et al. Specific temperature dependence of pseudogap in YBa2Cu3O7-δnanolayers. Phys.Rev.B. 
94, 224505 (1-11) (2016). 

 

P14 



 

54  
 

Analysis of sensitivity and reliability of the single 

NaYF4: Er3+, Yb3+ upconverting nanocrystals 

reporting temperature 
 

K. Hołodnik1, U. Kostiv2, D. Horák2, A. Podhorodecki1, B. Krajnik1* 

 

1 Department of Experimental Physics, Wroclaw 

University of Science and Technology, wyb. S. 

Wyspiańskiego 27, 50-370 Wroclaw, Poland 

 

2 Institute of Macromolecular Chemistry, Academy 

of Sciences of the Czech Republic, Heyrovského, 

162 06 Prague 6, Czech Republic 
 

E-mail address: bartosz.krajnik@pwr.edu.pl 

 

Upconverting nanoparticles (UCNPs) doped with Er3+/Yb3+ ions have been recently 

intensively studied and used for the in vivo temperature measurements. The green 

luminescence of Er3+ ions occurs at 520 nm (called G1) and 541 nm (called G2) [1]. The 

luminescence intensities ratio of these bands (G2/G1) is temperature dependent and allows 

for the precise temperature characterization [2]. Single nanocrystals studies show a huge 

diversity of the optical properties of the individual nanocrystals, depending on their sizes, 

ion concentration, and arrangement, surface ligands, etc. [3] Therefore, single nanoparticle 

studies are necessary to overcome the negative effects of ensemble averaging, which takes 

place in bulk materials. Effective measurement optimization is crucial for the practical 

application of lanthanide-based nanothermometers in biochemistry and cell biology.  

Our primary single nanocrystals studies 

indicated that its individual properties 

are various within one sample and the 

dispersion of the photoluminescence  

is significant, which resulted in lack  

of reproducibility of the reported 

temperature. In this report we would like 

to present, that optimization of the 

experimental system and improving the 

method of conducting the analysis led us 

to better size and shape control pf the 

pairs of single temperature reporting 

UCNPs, which significantly influences 

the reliability of the measurements by 

reducing standard uncertainty and 

increasing the slope of the fit curve. 

 
 

References: 
[1] U. Kostiv, H. Engstová, B. Krajnik, M. Šlouf, V. Proks, A. Podhorodecki, P. Ježek and D. Horák; 

Monodisperse Core-Shell NaYF4:Yb3+/Er3+ @ NaYF4:Nd3+-PEG-GGGRGDSGGGY-NH2 Nanoparticles 

Excitable at 808 and 980 nm: Design, Surface Engineering, and Application in Life Sciences,  
Front. Chem., 12 June 2020 

[2] F. Vetrone, R. Naccache, A. Zamarrón, A. J. de la Fuente, F. Sanz-Rodríguez, L. M. Maestro, E. M. 

Rodriguez, D. Jaque, J. G. Sole, J. A. Capobianco; Temperature sensing using fluorescent nanothermometers, 
ACS Nano, Vol. 4, Iss. 6 (2010) 

[3] B. Krajnik, L. Golacki, U. Kostiv, D. Horak and A. Podhorodecki; Single-Nanocrystal Studies on the 

Homogenity of the Optical Properties of NaYF4: Yb3+, Er3+, ACS Omega (2020) 

Figure. 1. The average value of the G2 to G1 ratio 
of 30 single UCNPs as a function of the 

temperature of the surroundings. Measurement 

was carried out with a careful size and shape 

control. The standard deviation decreased 

drastically compared to the previous results. 
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Semiconductor quantum dots (QDs) present unique photophysical and chemical 

properties, which may be controlled based on the size, shape and elemental composition 

of QDs. Moreover, they are characterized by a high quantum emission yield, wide 

absorption spectrum, narrow emission profile, large achievable Stokes shift and high 

surface-to-volume ratio [1]. Due to this, QDs find many interesting applications such as 

lasers, light emitting diodes, detectors [2]. One of the method to receive new possibilities 

of QDs application and obtain new properties is developing materials with QDs suspended 

inside them [3]. For optical applications, such matrices should be transparent, colorless 

and resistant to UV radiation [4]. In present work, polymethyl methacrylate was used as a 

matrix, which meets the properties listed above. The aim of the work was to check whether 

the addition of QDs during the polymerization process will affect the reaction efficiency 

as well as optical parameters such as photoluminescence or material absorbance 
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Nanoparticles show unique optical, electrical and catalytic properties. Among them 

the most important and unique feature is the presence of Localized Surface Plasmon 

Resonance (LSPR), which is the collective oscillations of free electrons on the surface of 

metallic nanoparticles. Through well designed synthesis we can control the shape, size, 

and aspect ratio of NPs, what defines the LSPR position and leads to different properties 

of nanoparticles. [1,2] Anisotropic nanoparticles (NPs) have distinctly different properties 

from isotropic nanoparticles. Examples of such NPs can be nanorods (NRs) and 

nanobipyramids (BPs). In case of anisotropic NPs, we can distinguish longitudinal (l-

LSPR) and transverse (t-LSPR) surface plasmon resonances. The ability to control both 

plasmon resonances, makes them excellent candidates for use in photocatalysis, sensing 

and drug delivery. [3] 

Further fine-tuning of the morphology of anisotropic NPs may lead to great 

improvements of their properties and applications. In particular, the use of chiral thiol 

molecules like L-cysteine or L- and D-penicillamine may lead to chirality transfer to NP 

structure. Other way to introduce chirality to NPs is changing their geometry, to obtain 

new shape being related to chiroptical activity. [3,4,5]  

The phenomenon of NPs chirality is still not well understood and described. Therefore, 

this issue is extremely interesting and provides a great field for new research directions. 

Further development in this field is promising and could lead to new applications of chiral 

anisotropic NPs. [4,5]  

My research is focused on the synthesis of anisotropic gold nanoparticles like BPs and 

NRs using seed mediated growth and their further shape modifications. I study the role of 

chiral thiols in the post-synthetic modification of shapes based on the UV-Vis spectra and 

TEM imaging. I have already made some observations of the position and shape of the 

LSPR depending on the concentration of the components used during the synthesis, which 

suggest changes in morphology. These changes can be confirmed by visible blueshift of 

the UV-Vis spectra. I have also observed a circular dichroism (CD) signal in the short-

wavelegth range, confirming the chirality of nanoparticles, as it is not assigned to the thiol 

used. Although CD activity origin remains unclear and further studies are necessary. 
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The wide-bandgap, conductive transparent oxides like ZnO are essential for many 

optoelectronic devices, including solar cells and organic light-emitting diodes. 

Optimization and tuning of material properties are possible due to the intentional 

introductions of dopants and changes in the preparation procedure. Furthermore, the 

annealing conditions need adjustment depending on the batch components used for ZnO 

synthesis, so elimination of an unwanted, gas-forming elements will be possible during 

the crystallization of thin films deposited on glass by a spin-coating method.  

 

We investigated the photoluminescence of ZnO thin layers annealed in the temperature 

range of 230-600 °C in combination with an annealing length from 2 hours up to 10.5 

hours at room temperature. The prepared ZnO thin films show emission in UV and in the 

visible part of the spectra. We found differences in the observed spectra that depend on 

the annealing process. We suppose that the annealing process contributed to the formation 

of native defects in the structure. It can be concluded that the annealing conditions could 

be selected depending on the specific needs.  

 

Also, temperature-dependent photoluminescence (PL) spectra of ZnO thin films were 

registered in the wide range (T = 12-400 K) of temperature. He-Cd laser (λEX = 325 nm) 

was used as an excitation source to study activation energies of various dopants presented 

in ZnO thin films. We found that PL spectra increased with decreasing temperature. We 

did not find emissions bands that can be directly linked to organic-waste products, which 

suggest proper disposal of potential impurities.  
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Carbon is known for its biocompatibility, and nanomaterials made of it are 

expected to have the same property. For example, nitrogen-doped carbon nanodots 

(CNDs) are a form of luminescent carbon-based dots (CDs) with excellent and tunable 

optical properties, long-term colloidal stability, unusual environmental friendliness, and 

low-cost fabrication. CDs have potential applications in biomedical and 

optoelectronics.[1] Despite the fact that spherical CDs have received a lot of attention, 

there have been reports on elongated carbon nanomaterials known as carbon nanorods 

(CNRs), especially light-emitting anisotropic CNRs. An appropriate surfactant determines 

their anisotropic structure, and domains of polycyclic aromatic hydrocarbons embedded 

into an inorganic framework decide their optical properties.[2] 

 

The solvothermal methods were applied to produce CNRs and CNDs. For CNDs 

using folic acid molecules (FA) as precursors with steady-state and time-resolved 

spectroscopic techniques, the strong luminescence of blue-emitting nitrogen-doped CNDs 

in aqueous suspensions were identified.[3] Hydrophobic CNRs were synthesized by self-

assembly in inverse micelles by a surfactant (POSS-C3H6NH2) interacting with citric acid 

in a nonpolar solvent (Fig.1a, b). Subsequently, interactions between as-obtained 

nanostructures (CNRs and CNDs) and proper polymers (i.e. PVC) are studied via the spin-

coating method of thin-film production. Further investigations on the optical properties of 

as-prepared composites have been done to check for possible applications (Fig.1c).  

                            
Fig. 1 General overview of polymer thin film production with blue-emitting folic acid-based CNDs and 

Chemical structures for a. Surfactant (POSS-C3H6NH2) and b. Precursor (Citric acid) of CNRs synthesis. 

 

References: 
1. Haifang L., Zhaohui L, Yuanqiang S., Xin G., Yalei H., Hongmin M., Jia G. and Lingbo Q. (2018). 

Synthesis of Luminescent Carbon Dots with Ultrahigh Quantum Yield and Inherent Folate Receptor 
Positive Cancer Cell Targetability.  Scientific reports, 8. 

2. Xiong Y., Zhang X., Richter A., Li Y., Döring A., and Kasák P. (2019). Chemically Synthesized 

Carbon Nanorods with Dual Polarized Emission. ACS Nano, 13(10), 12024-12031. 
3. Shan H., Hangna Q., Jiangning X., Chusheng H., Wei S., Baoqing H., and Qi X. (2016) Systematical 

Investigation of in vitro Molecular Interaction Between Fluorescent Carbon Dots and Human Serum 

Albumin. RSC Adv. 6, 44531 – 44542. 

 

 

P19 



 

59  
 

Optical and morphological properties of PVP, PMMA and 

PBMA thin films 
 

M. Sypniewskaa, L. Skowronskib, B. Derkowska-Zielinskaa 
 

 aInstitute of Physics, Faculty of Physics, Astronomy and Informatics, Nicolaus Copernicus University in 
Torun, Grudziadzka 5, Torun 87-100, Poland   

bInstitute of Mathematics and Physics, UTP University of Science and Technology, S. Kaliskiego 7, 85-796, 

Bydgoszcz, Poland 
cFaculty of Chemistry, Nicolaus Copernicus University in Torun, Gagarina 7, Torun 87-100, Poland 

E-mail address: msyp@doktorant.umk.pl   

 

 

The unique properties of polymeric materials, such as light weight, high flexibility, and 

the ability to be manufactured at low temperature and low cost, make them suitable for 

many applications (e.g., in optoelectronics or photonic) [1].  
PVP is a bulky polymer with C=O, C-N and CH2 functional groups that is widely used in 

the synthesis of nanoparticles (NP) [2]. PVP is an excellent stabilizer that prevents 

aggregation of NP by repulsive forces that arise from its hydrophobic carbon chains and 

interact with each other [3]. PBMA can be used as a polymer matrix to synthesize various 

nanocomposites due to its transparency and ease of processing [4]. PMMA is one of the 

most widely used polymers in materials engineering due to its high chemical resistance, 

simple synthesis, low optical loss in the visible spectrum, good tensile strength and good 

insulation properties, as well as good transparency [1,4].  
In this work, we investigated the optical and morphological properties of 

polyvinylpyrrolidone (PVP), poly(methyl methacrylate) (PMMA) and poly(butyl 

methacrylate) (PBMA) thin layers using AFM, SEM, IR spectroscopy and spectroscopic 

ellipsometry (SE). Photoluminescence (PL) properties were also analyzed.  
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Carbon dots are an emerging class of carbon-based nanomaterials and attracted a 

lot of interest from scientists worldwide due to their prominent optical properties. Besides 

they also possess low toxicity and high biocompatibility which make them suitable 

candidates for applications in the biomedical field. In comparison to fluorescent organic 

dyes or semiconductor quantum dots, carbon dots own numerous advantages, such as 

simple synthesis, bright emission, and resistance to photobleaching or aging. They can be 

widely used in drug delivery, biosensing, or bioimaging, but also in the optoelectronics 

industry (e.g. OLED or solar cells) and in photocatalysis. [1][2][3] 

Polymer dots (PDs) are a subgroup of carbon dots, derived through 

polymerization of small molecules (e.g. acetone) and strong crosslinking of as-obtained 

polymer chains. In PDs plenty of functional groups are preserved in coiled polymer chains, 

which are partially responsible for their chemical and optical properties. PDs are usually 

fabricated in the bottom-up route, for example in solvothermal synthesis. [2][4] 

Human serum albumin (HSA) and bovine serum albumin (BSA) are globular 

proteins in blood plasma that plays a key role in the effective distribution of many 

substances (e.g. drugs) among different body entities. [5] 

Here, the optical properties of PDs in different aqueous suspensions were 

described using steady–state and time-resolved spectroscopic techniques. Subsequently, 

interactions between hydrophilic fractions of PDs and albumins were studied, following 

enhancement of the fluorescence from PDs in the presence of albumins and the proteins’ 

fluorescence quenching by the addition of the PDs.  
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Bioglass® 45S5 created by Larry Hench in the 1970s is the first example of bioactive 

ceramics that has a great ability to bond with bones and soft tissues and is successfully 

applied as an implantable material in orthopaedics and dentistry [1]. The chemical 

composition, size, and porosity of glasses strongly affect their bioactivity thus, the 

synthesis process – ability to produce crystallization-free bioactive glass – is crucial. 

Bioactive glasses are mostly produced by the traditional melting or sol–gel method [2].  

Following this topic, the aim of our research was the development of a one-step 

synthesis of nanometric and, above all, highly bioactive glass in a simple binary system 

CaO–SiO2. The solvothermal path allowed to obtain amorphous and favorably 

mesoporous glass called solvBG76.The bioactivity of newly synthesized glass 

nanoparticles was assessed in vitro in Dulbecco's phosphate-buffered saline via 

monitoring the formation of hydroxyapatite on glass surface during a different time of 

incubation. The composition, structure, and morphology of the powder before and after 

incubation were characterized by using EDS, XRD (Fig. 1a), IR-ATR, XPS and Raman 

spectroscopies, TEM (Fig. 1b) and SEM techniques. During contact with the medium, the 

bioactive glass undergoes degradation and this aspect was also investigated using ICP-

OES technique. The results showed that solvBG76 represent a promising material since 

the first changes indicative of hydroxyapatite formation were observed in less than 4 h of 

incubation in the medium. 

 
(a) (b) 

  
Fig. 1 (a) XRD pattern for solvothermally synthesized nanoglass solvBG76 and hydroxyapatite as a reference. 

(b) HR-TEM of solvBG76 after 3 weeks of incubation in DPBS at 37 oC. 
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The well-known example of lyotropic liquid crystals is  myelin sheath which plays a 

crucial role in action potential propagation. The study of this biological membrane still 

gains considerable attention due to unsolved questions about causes of its degradation 

processes [1]. Here, we present research into formation and imaging of  artificial myelin 

structures (MS) consisted of phosphatidylcholines stained with fluorescent dye [2]. 

Combination of polarized light microscopy and fluorescent microscopy was employed to 

study of multilayered microstructures. Additionally, two-photon excited fluorescence 

microscopy was applied to observe three-dimensional MS. 

 

 
Fig. 1. The fluorescent image of myelin structures stained with Nile Red and fluorescein. 
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Lipid-based NIR activable photonanomedicines (PNMs) are an increasingly attractive 

platform for photodynamic-based therapies owing to their tunability, high payload multi-

agent delivery and tumor selectivity.[1] Such PNMs contain lipidated photosensitizer 

molecules which possess either a membrane-inserting or membrane-protruding 

nanoarchitecture. The existence and extent of a functional impact that such membrane 

nanoarchitectures have on NIR activable PNMs as platforms for photodynamic-based 

theranostics has not been explored to date. The membrane-inserting nanoarchitecture was 

provided by a lipid conjugate of Benzoporphyrin derivative (BPD) and the membrane-

protruding nanoarchitecture was provided by a lipid conjugate of IRDye700DX. Lipid 

conjugates of clinically used photosensitizers (Benzoporphyrin derivative (BPD) and 

IRDye700DX) were prepared and incorporated into nanoliposomal platforms. These 

nanoarchitectures were confirmed by photophysical analyses and by computational 

predictions of membrane partitioning.  

 

Results showed that the membrane-protruding nanoarchitecture is more efficient in the 

production of reactive oxygen and nitrogen species than the membrane-inserting 

nanoarchitecture upon the excitation with 690 nm LED light. In contrast, the  membrane-

inserting nanoarchitecture demonstrated 9.9-fold greater phototoxicity of FaDu human 

head and neck cancer cells at a 500 nM photosensitizer equivalence. We also evaluated 

the photo-triggered drug release capacity of the two variants in which the membrane 

inserting nanoarchitecture was 13.2-fold slower than membrane-protruding 

nanoarchitecture. Given their ultimate value as tumor selective platforms for 

photodynamic-based therapies, we explored their ability to selectively accumulate in 

orthotopic FaDu human head and neck tumors. We found that the membrane inserting 

nanoarchitecture was more than 6-fold efficient at selective tumor delivery. These findings 

thus provide critical insights into how the membrane nanoarchitectures of NIR activable 

PNMs can be customized and tailored for specific desired therapeutic and theranostic 

utilities. 
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Atropisomerism presents an intriguing, often neglected, source of structural variety in drug 

development. Such diversity in tetrapyrrole structures may enhance photosensitizer 

development for photodynamic therapy (PDT) and related drug developments. The 

present work demonstrates that the photosensitizer redaporfin (and related pre-cursor 

porphyrin molecules) atropisomers can be separated, do not interconvert at room 

temperature and exert different biological effects. Redaporfin, a pre-clinical synthetic 

sulfonamide fluorinated bacteriochlorin, presents ideal properties for studying PDT 

including enhanced photostability and strong absorption at 750 nm. Hindered rotation of 

the Cm-aryl-macrocyclic bonds of the bacteriochlorin and porphyrin structures results in 

different spatial orientations of the sulfonamide groups in the meta positions. They are 

defined as: α4 when all of the sulfonamide substituents of the phenyl groups are on the 

same side of the macrocycle plane; α3β when three of the sulfonamides are on the same 

side of the plane and one is on the opposite side; α2β2 when two sulfonamide groups are 

on each side and adjacent to each other and finally, αβαβ when two sulfonamides are on 

each side but alternate in the positions with respect to the macrocycle. Although the photo- 

and physicochemical properties of the four atropisomers are similar, their therapeutic 

efficacies are dramatically different. In vitro studies have demonstrated significant 

variability of the atropisomer phototoxicity and cellular internalization levels. In 

particular, the α4 atropisomer has displayed the highest levels of uptake and phototoxicity. 

Atropisomers have presented similar mechanisms of cellular uptake, primarily passive 

diffusion with subcellular localization in the endoplasmic-reticulum-Golgi complex. 

Heightened α4 internalization by cells of the tumor microenvironment has been observed 

in vivo. Efficacy studies have indicated that atropisomer activity varies in vivo when 

sufficient time for photosensitizer tumor cell internalization occurs. A better 

understanding of how atropisomerism impacts therapeutic effects may contribute to the 

establishment of enhanced drug development strategies. 
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Quinazolinone (QNZ) heterocycles are considered “privileged structures” in medicinal 

chemistry [1]. A recent photophysical study for QNZ scaffold has shown a high photo-

stability of the frame [2]. Nevertheless, in the past, the central nervous acting muscle 

relaxant drug “Afloqualone”, a commercially available QNZ drug, has been proved 

phototoxic to bacteriophage lambda, exhibiting DNA photo-cleavage activity under a 

photodynamic way [3,4]. Working with simple QNZs we have found that converting 

Schiff bases into metal coordinated compounds not only QNZs were becoming photo-

responding in visible light, but they were also acting under a photo-dynamic control [5,6]. 

Arguing the role of the metal, we have considered a structure activity relationship study 

on the simplest Quinazolin-4(3H)-one derivatives, where 6-Br and 6-I-QNZs were found 

photo-toxic under UVB irradiation (3, 4, Fig (A, C)), [7]. Reviewing the literature, it is 

evident that halogenated QNZs have high possibilities to exhibit antimicrobial and 

cytotoxic activity [8]. Thus, continuing the study of QNZ as photo-sensitizers, we have 

synthesized hydroxamic acids 7-10 via their benzoxazinones (Fig. B) using thermal 

conditions that gave very poor yields of the desired compounds. The yields were, however, 

considerably elevated and the reaction time has been reduced when microwave irradiation 

has been applied.   

 
Figure: A: Structures of QNZ 1-6 and B: synthesis of QNZ hydroxamic acids 7-10. C: Comparative diagram for 

the % DNA photocleavage activity of compounds 1-10 under UVB irradiation at 500 μΜ. D: Gel electrophoresis 
picture conserning the mechanistic studies for the % DNA photocleavage of compound 8 under UVA irradiation.  

 

All halogenated hydroxamic acids 7-10 have shown better activity than their related 

simple quinazolinones 2-5. Interestingly, compound 8 showed activity also under UVA 

irradiation. The mechanism of action under anaerobic conditions showed probably C-

halogen bond homolysis and under aerobic conditions the formation of singlet oxygen 

(1O2). The same has been observed in the case of compound 3, however, only under UVB 

[7]. Therefore, based on these results, halogenated QNZ, and especially the hybrid 
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hyroxamic acid quinazolinones, maybe promising lead compounds for cancer photo-

therapies or photo-inactivation of bacteria. 
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Problem, methods, major results and conclusions. 

Porphyrins are the most studied and well-known photosensitizers (PSs) used in 

photodynamic therapy (PDT).1 Upon light irradiation, porphyrin PSs are capable of 

generating singlet oxygen and reactive oxygen species, and possess tumour localizing 

properties.2 Combining the production of these reactive oxygen species and their 

biological uptake, these compounds seemed to be ideal PSs.  

However over the last two decades, porphyrins by themselves, or so-called “first 

generation PSs”, have shown to possess several disadvantages that include mainly poor 

near infrared light absorption and cutaneous photosentivity.3 In the last 15 years, research 

into the so called “second generation” and “third generation” PSs has led to a plethora of 

porphyrin derivatives being synthesized with the aim of improving its photodynamic 

efficacy against cancer.4 The PEIRENE laboratory in Limoges, France, has a large variety 

of interdiscplinary experience in the investigation of porphyrins (and their derivatives) for 

photodynamic therapy. Furthermore, they have experience in the chemical modification 

of lignin to further investigate it’s potential. Lignin, a side-product made in the paper 

industry, has been used in delivery systems for different pharmaceutical applications and 

more recently has been reported to produce singlet oxygen once acetylated.5, 6 Within this 

work, and with the aim of improving the photodynamic efficacy of porphyrinoid species, 

novel porphyrin-lignin conjugates were synthesized that display improved photophyiscal 

properties compared to their porphyrin parent compounds. 
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Photodynamic therapy (PDT) is an anti-cancer treatment method, which uses the 

combined effect of a photosensitizing drug, light, and oxygen to cause selective damage 

to target tissue.1 The second generation photosensitizer (PS) 5,10,15,20-tetrakis(m-

hydroxyphenyl)chlorin (m-THPC) is a widely characterized, clinically tested, and 

commercially available drug.2 In order to develop advanced treatment modalities there is 

a need for improved drug delivery platforms. Hydrogels, which have been investigated as 

effective drug delivery systems, can prevent PSs aggregation due to their ability to swell 

in aqueous media.3 Chitosan (CS), a natural polysaccharide, is a suitable biodegradable 

material for hydrogel formulation and has been used in pharmaceutical applications on 

account of its lack of toxicity and good biocompatibility.4 Herein, m-THPC was used as a 

starting point to obtain a library of compounds aimed at overcoming PS limitations while 

maintaining its photophysical and clinical properties. Substitution, esterification and 

Sonogashira coupling reactions were employed to modify the m-THPC skeleton providing 

aldehyde and carboxylic acid moieties used as a suitable synthetic handle for covalent 

cross-linking in the formation of CS hydrogels. Injectable, self-healing properties of 

hydrogels were confirmed by the rheological analysis. Tetrafunctionalized m-THPC 

derivatives, maintaining efficient singlet oxygen generation are under ongoing in vitro 

evaluation against melanoma cancer cells (B16F10). Prepared hydrogel formulations are 

expected to allow for a local, injectable administration towards melanoma tumors, while 

preventing from systemic side effects related to the m-THPC treatment. 
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Two-dimensional infrared spectroscopy (2DIR) is a recently developed technique that 

provides reliable and detailed information on molecular structure, interaction, and 

hydration. Similar to 2D-NMR, where spin-spin couplings provide structural information, 

2DIR spectroscopy measures couplings between vibrations to probe molecular structure. 

Since the spectra are measured using femtosecond infrared pulses, 2DIR can provide 

snapshots of molecular structures with unprecedented temporal resolution, and makes it 

possible to measure ultrafast (<ps) fluctuations in the structure/conformation in real time. 

2DIR Spectroscopy is currently applied in various scientific fields, ranging from 

biochemistry and polymer physics to photophysics. Detailed molecular knowledge 

obtained using 2DIR has allowed us to gain ground-breaking new insights into a wide 

range of systems with varying molecular complexities and nature, such as water1, 

proteins,2 and organic semiconductors3. In spite of the unique features of 2DIR, its use is 

often hampered by practical limitations. In particular, studies of organic films or solid 

samples are complicated because of light scattering due to the presence of structures with 

sizes comparable to the infrared wavelength; and the measurements of protein samples 

commonly require high-level purification, high (non-physiological) concentrations, and 

the use of heavy water as a solvent.  

Recently, however, 2DIR researchers have started to address these limitations, and to 

expand the use of 2DIR beyond conventional applications, especially to investigate 

biological materials which can be prepared with minimal purification. For example, the 

high sensitivity of 2DIR has been used to investigate protein secondary structures in lenses 

taken from human and pig eyes in an attempt to better understand cataract diseases4. Here, 

we join this scientific effort to apply 2DIR to investigate natural materials. We show that 

we can measure unpurified samples of silk produced by Bombyx mori caterpillars by using 

thin film samples. These silk samples are heterogeneous and contain both amorphous and 

crystalline regions, in which the silk proteins adopt different secondary structures that can 

vary upon humidity changes. Our preliminary 2DIR results confirm the presence of β-

sheet structures in an untreated sample under ambient conditions. By changing the 

hydration state, we follow the effect of water on the molecular structure and dynamics.  
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Figure 1: Example of a 2DIR spectrum recorded by measuring a dried film cast from the posterior section of a 
silk gland extract from a Bombyx mori silkworm.  
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About 40-50% of all identified and characterised enzymes require a metal ion to perform 

their biological function. Despite comprising such a large space for drug development, 

less than 5% of recently approved therapies by the Food and Drug administration (FDA) 

target metalloenzymes, making them attractive and underrepresented pharmacological 

targets.[1] Metalloenzyme inhibitors typically coordinate to the active site metal ions and 

therefore contain ligands with charged or highly polar functional groups. While these 

groups may generate highly water-soluble compounds, this functionalization can also limit 

their pharmacological properties.[2] To overcome this drawback, drug candidates can be 

formulated as prodrugs. While a variety of protecting groups have been developed, 

increasing efforts has been devoted towards the use of caging groups, which can be 

removed upon exposure to light, as this provides spatial and temporal control over the 

treatment. Among these, the application of Ru(II) polypyridine complexes is receiving 

increased attention based on their attractive biological and photophysical properties.[3-4] 

Herein, a conjugate consisting of a metalloenzyme inhibitor and a Ru(II) polypyridine 

complex as a photo-cage is presented. The conjugate was designed using density 

functional theory calculations and docking studies. The conjugate is stable in an aqueous 

solution, but irradiation of the complex with 450 nm light releases the inhibitor within 

several minutes. As a model system, the biological properties were investigated against 

the endonuclease of the influenza virus. While showing no inhibition in the dark in an in 

vitro assay, the conjugate generated inhibition upon light exposure at 450 nm, 

demonstrating the ability to liberate the metalloenzyme inhibitor. The presented inhibitor-

Ru(II) polypyridine conjugate is an example of computationally-guided drug design for 

light activated drug release and may help reveal new avenues for the prodrugging of 

metalloenzyme inhibitors.[5] 
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In order to provide a long-lasting solution to infections affecting the current world scenario, 

photodynamic therapy (PDT) offers a means to destroy pathogenic microbes via formation of 

reactive oxygen species, promoting the damage of microbial targets  such as nucleic acids 

(DNA or RNA), proteins, lipids, protein complexes, or by impeding the biofilm matrix.1 

1 

Thus, the main aim of the study is to design and synthesize photoactive moieties based on 

porphyrin and chlorin macrocycles and BODIPY dyes for antimicrobial photodynamic therapy 

(aPDT).2 Furthermore, incorporating these photo-moieties into biopolymeric hydrogels as 

shown in Figure 1 for a variety of biomedical applications are targeted. 

 

Figure 1. Photosensitizers incorporated in a hyaluronic acid hydrogel matrix for aPDT applications. 

Porphyrin based cationic photosensitizers (PSs) were synthesized and a chlorin based PS was 

extracted from Spirulina maxima and modified to be included on a biopolymeric hyaluronic 

acid hydrogel platform. This platform was characterized spectroscopically and evaluated for 

antimicrobial photoactivity via microbial evaluation on different gram strains of bacterial 

species. Singlet oxygen production was determined as well to evaluate the photoactivity of this 

polymeric hydrogel platform.  
 

Furthermore, BODIPY dye-based PS species have been synthesized and modified for their 

activity as aPDT agents. Several N-heterocyclic BODIPY-dyes have been positively charged 

or functionalized for incorporation into hydrogel platforms. These dyes exhibit good water 

solubility. A library of such N-heterocyclic BODIPY dyes was prepared and characterized and 

will be evaluated for photoactivity against microbes. 
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Introduction. POLYTHEA project, has focused on “How light can save lives”, during 

the last three years. One of the facets of the project aimed to develop antimicrobial 

alternatives based in Photodynamic Antimicrobial ChemoTherapy (PACT). 

Methodology. Part of the efforts poured into this project focused on the encapsulation of 

photosensitizers in acetylated lignin nanoparticles.1 These nanoparticles were prepared 

through an antisolvent method, that lead to spherical nanoparticles with a wide size range. 

The obtained nanoparticles were physically characterized (dynamic light scattering, 

polidispersity index, transmission electron microscopy, environmental scanning electron 

microscopy), while the effect on the encapsulation on the photophysical parameter of the 

photosensitizers were also analyzed (UV-vis absorption, fluorescence emission and 

excitation, singlet oxygen production and photobleaching rate).  
Results. It was demonstrated that this is a suitable formulation for several kind of 

photosensitizers, maintaining its photophysical properties and enabling the eradication of 

Gram-positive bacteria (Staphylococcus aureus, Staphylococcus epidermidis and 

Enterococcus faecalis).2 Furthermore, the antimicrobial effect is not obtained without 

evidence of photosensitizer leakage into the medium. Then, the bacterial eradication is 

explained through the intimate contact found between the nanoparticles and the bacteria. 

However, even when encapsulating cationic photosensitizers, our formulation was unable 

to decrease the bacterial survival of Gram-negative bacteria (Escherichia coli).3 

Conclusions. The use of acetylated lignin nanoparticles as a photosensitizers delivery 

system has been demonstrated. These nanoparticles are able to tightly interact with 

bacteria and efficiently eradicate Gram-positive bacteria. Further work is needed to 

achieve a formulation which enables the eradication of Gram-negative bacteria.  
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Photodynamic therapy (PDT) is a developing non-invasive targeted therapy which 

involves systemic or topical administration of a photosensitizer (PS), which after 

irradiation of a specific wavelength of light reacts with the coexisting molecular oxygen. 

As a result, highly reactive singlet oxygen (1O2) and other reactive oxygen species (ROS) 

can be formed leading to specific apoptotic or necrotic cell death of the cancer cells.1  

 

In this study we aim to develop novel non-toxic PSs, i.e., chlorins which bear a gem-

dimethyl group, attributing to their resistance to oxidation. These compounds have 

potential use as anticancer or antimicrobial agents and their photophysical properties are 

described herein. 
 

Synthesis was performed following a method reported by Lindsey and co-workers.2 A 

complete characterization of their spectral and photophysical properties (Φf, Φisc, Φic, ΦΔ, 

τS, τT, kf, kic, kisc, kq) is accompanied by density functional calculations (DFT) and time 

dependent (TD) DFT to investigate the features of the frontier molecular orbitals. The 

metallochlorins exhibit high triplet state yields (Φisc = 0.80 – 0.90) and excellent singlet 

oxygen quantum yields in methanol and ethanol (ΦΔ = 0.60 – 0.85) and the free base 

analogues exhibited suitable triplet state yields (Φisc = 0.70 – 0.80) and singlet oxygen 

quantum yields (ΦΔ = 0.40 – 0.70). Results show that the chlorins can be potential PS 

candidates for PDT, given that they display high singlet oxygen quantum yields in polar 

solvents, modest fluorescence quantum yields (Φf = 0.03 – 0.14) and moderate triplet state 

lifetimes (τT = 150 – 220 ns) upon photoexcitation.3 

 

Future work includes the optimization of the photophysical properties of the chlorins (red-

shifted absorption, high triplet state yields, long triplet lifetimes and high singlet oxygen 

quantum yields) and enhancing the water solubility through modification of the periphery 

with a variety of substituents. Additionally, in vitro evaluation will be employed in future.  
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Cisplatin is an antitumor metal complex known for its high activity and clinical use. However, 

its serious side effects have conducted research into new complex designs with less toxicity 

and greater antitumor efficacy. Currently, there are antitumor therapies that use irradiation as 

a method of activating chemical compounds to increase their activity and thus control them 

within the system. PhotoActivated Chemo therapy (PACT) is of particular interest, since it 

allows this control in drugs temporarily and spatially.[1]  

An alternative in the development of metal antitumor drugs is the formation of complexes 

containing ligands with "cis/trans" photochemical isomerization capacity due to the presence 

of the azo group (-N=N-).[2] This fact offers the possibility of a photochemical control in the 

antitumor activity of these types of compounds (Figure 1).  

 
 

Within this frame, we have synthetized and characterized ligands which carry an azo group in 

their structures. We have also tested and studied the reactions of these ligands with platinum(II) 

salts to give the corresponding platinum complexes. The photochemical properties and the 

effect of the solvents on the structure of the azo compounds and the complexes have been 

studied by Nuclear Magnetic Resonance and UV-vis spectroscopy. The preliminary results 

evidence that the platinum complexes undergo trans-cis isomerization upon irradiation, and the 

cis isomers then undergo slow thermal isomerization back to the more stable trans isomers. 

Thus, this synthetic route and design could be a promising strategy to obtain photoactivable 

prodrugs to use in Phototherapy for cancer treatment.  
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Human immunodeficiency virus is a spectrum of conditions caused by infection with 

the human immunodeficiency virus. In 2019, about 38 million people worldwide were 

living with HIV and 690,000 deaths had occurred in that year [1]. To date, for the treatment 

of HIV-1 disease, many compounds have been synthesized and some of them was 

approved by FDA. However, the use of these drugs has been limited due to reasons such 

as resistance caused by the misuse of drugs and bad side effects [2]. We describe herein 

designing 48 novel compounds as a potential inhibitor of HIV-1 integrase through in silico 

studies such as molecular docking, target analysis, toxicity prediction and ADME 

prediction. The online web-based platform, SwissADME, also predicts these molecules 

solubility, pharmacodynamics property and target accuracy. 
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The inner core system of metal-free (‘free base’) porphyrins has continually served as a 

ligand for various metal ions but only recently its highly tuneable basicity found its first 

application as an organocatalyst.[1] Highly conjugated porphyrin systems offer 

spectrophotometric sensitivity towards geometrical and/or electronic changes and thus, 

utilizing the porphyrin core for selective detection of substrates in solution offers 

significant potential for multitude of applications.[2] However, solvation and dilution 

drastically affect weak interactions by dispersing the binding agent to its surroundings. 

Thus, spectroscopic detection of N–H···X-type[3] binding in porphyrin solutions is almost 

impossible without specially designing the binding pocket.  
Here we present spectroscopic detection of the N–H···X-type interplay in porphyrins 

formed by weak interactions.[4] While a counter anion locks in the anion-selective inner 

core system it also reduces the proton exchange rate, generating static proton signals. This 

allowed an ideal case study in which porphyrin atropisomers can stand in rotation- 

restricted states for which high-resolution NMR is available. Performing 1D, 2D NMR 

spectroscopic analyses, we were able to characterize all four rotamers of the nonplanar 

5,10,15,20-tetrakis(2-aminophenyl)-2,3,7,8,12,13,17,18-octaethylporphyirin as restricted 

H-bonding complexes. Upon detailed assignment of the chemical signals, symmetry 

operations, unique to porphyrin atropisomers, offered an essential handle to accurately 

identify the rotamers using NMR techniques only.[5]  
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Despite the existence of several therapeutic options, lung cancer remains the leading cause 

of cancer death and the most diagnosed worldwide for men and women. Therefore, the 

need for new and more effective therapies with fewer side effects is a concern. 

Photodynamic Therapy (PDT) relies on the administration of a photosensitizer that is 

subsequently activated by light of appropriate wavelength to produce reactive oxygen 

species (ROS) that lead to cell death1,2. The aim of this work was the development of new 

Boron-dipyrromethenes (BODIPYs) for PDT (Figure 1) and to evaluate them on the 

human lung cancer cell line H1299. 

 
Figure 1. Structures of the Boron-dipyrromethenes synthesized and studied in PDT in this work. 

 

Cell cultures were incubated with the BODIPYs in concentrations ranging 1 to 50 μM. 

24h later cell culture medium was replaced by BODIPYs free media and irradiation with 

visible red light was performed. Metabolic activity and viability were evaluated by MTT 

and SRB assays, respectively 24 and 48h after treatment. Studies omitting the irradiation 

step were also performed. BODIPY 2, 3 and 5 based PDT led to a significant loss of cell 

viability. BODIPYs 2 and 5 are found as the most interesting photosensitizers. 
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As we have shown in our latest publication Staphylococcus aureus may be efficiently 

killed via antimicrobial photodynamic therapy with the use of organic light emitting diode 

(OLED) as a light source.1 The investigated microorganism was well-studied bacteria 

obtained from the Polish Collection of Microorganism, in case of which the efficiency of 

APDT was confirmed. However, if APDT destination is an outpatient use clinical strains 

should be also examined. For this purpose, we decided to collect medical specimens from 

diabetic patients with diagnosed diabetic foot ulcers and wounds and isolate staphylococci 

strains to evaluate their susceptibility APDT.  

World Health Organization (WHO) identifies diabetes as one of the most common 

chronic diseases and one of the largest global health emergencies of the 21st century. The 

worldwide prevalence of both type 1 and type 2 diabetes is increasing and in 2014, there 

were 422 million adults worldwide diagnosed with diabetes.2 One of the most traumatic 

and invasive diabetes complication is diabetic foot leading usually to amputation and 

increasing the mortality rate among diabetics. Bacterial infections are in this case 

particularly dangerous, especially when antibiotic-resistance bacteria occupied the wound. 

APDT seems to be a highly potential treatment or co-treatment.3   

As a result of our research, we reached at least a 99% reduction of all isolated staphs 

strains showing the same that APDT may be an attractive alternative to fight infection 

caused by staphylococci.  
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Photodynamic therapy (PDT) is a promising regime successfully applied for the 

treatment of localized cancers and other premalignant or non-malignant dermal lesions, as well 

as microbial infections. PDT involves the use of a photosensitizer and light of appropriate 

wavelength to induce oxidative stress leading to the eradication of targeted cells1. Boron 

dipyrromethene (BODIPY) dyes exhibit a number of properties that make them suitable for 

exploration as PDT agents, including strong absorption coefficient, good stability, chemical 

robustness, and high structural tunability, which allows affecting their photophysical properties 

such as absorption and emission wavelengths, solubility and the rate of singlet oxygen 

generation2.  

Novel BODIPYs with dimethylaminopropoxyphenyl substituents and their cationic 

and iodinated derivatives were synthesized and characterized using mass spectrometry, UV-

Vis spectrophotometry, and various NMR techniques. Subsequent photochemical studies 

allowed evaluating their absorption and emission properties and the singlet oxygen generation 

ability. In vitro photodynamic activity studies were performed on human androgen-sensitive 

prostate adenocarcinoma cells (LNCaP) and two bacterial strains (Gram-positive 

Staphylococcus aureus and Gram-negative Escherichia coli). It was found that the introduction 

of iodine atoms into the BODIPY core caused significant enhancement of singlet oxygen 

production, which is considered the main cytotoxic agent in PDT. BODIPY derivative 

possessing both a positive charge and iodine atoms revealed the highest activity towards all 

studied cells3.   
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Photodynamic therapy (PDT) is an effective, non-invasive method to treat human, animal 

and plant diseases1–5. However, its use has been restricted by the need for efficient and 

uniform light sources. Organic light emitting diodes (OLEDs) are attractive for PDT 

because they are wearable and can be easily attached to body parts6. They have been 

successfully used for ambulatory treatment of non-melanoma skin cancer7. However, 

increasing the size can cause several problems, such as luminance non-uniformity, power 

loss, and heat generation8. Due to the sheet resistance of the electrodes, the injected current 

decreases and the light emission distribution becomes non-uniform9. In this work, we 

show how improvements in contact design can give larger OLEDs with good uniformity. 

 

 
 

Figure 4. Image of 28mm by 50 mm OLED 
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For cancer treatment by photodynamic therapy (PDT), the ideal optical window is between 

650 and 850 nm. Classic porphyrin derivatives do not reach this requirement (λmax ≤ 650 

nm). To overcome this discrepancy, we utilise nonlinear optical properties, particularly 

two-photon absorption (TPA). TPA can be very valuable for PDT. It can reduce thermal 

photo-damage of surrounding tissue due to the low-energy NIR excitation (700-1100 nm) 

and allow for deeper tumour treatments.2 However, TPA combined PDT is limited because 

of low TPA-cross sections, as observed for the commercially used Foscan® (28 GM).3 

Several studies have suggested the design of highly conjugated porphyrins to overcome 

this issue. Extension of the π–conjugated system leads to major photophysical 

modifications, including an increase of the TPA-cross section.4 Recent studies 

(collaboration with PEIRENE Laboratory) highlight the potential of porphyrin dimers5, as 

well as pyrimidines combined with porphyrins.6 Analogous para-substituted compounds 

are in development based on previously synthesised meta-substituted pyrimidines. This 

presentation will have a focus on the theory behind TPA enhancement. As well as the 

synthesis of these new porphyrin systems developed to improve their TPA properties for 

singlet oxygen generation with potential applications in PDT. 
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Since the first exhibition of the phenomenon that is aggregation induced emission (AIE) 

in 2001,[1] molecules that demonstrate this property have been under the spotlight for 

myriad application.[2] One such motif is 1,1,2,2-tetraphenylethylene (TPE): facile in its 

synthesis and modification, it is currently an invaluable scaffold in materials chemistry.[3] 

Recently, the Senge group has shown the utility of boron dipyrromethene (BODIPY) 

photosensitizers in photodynamic therapy.[4] The subsequent combination of these two 

motifs would provide multiple photometric responses and subsequently a greater 

understanding of the systems into which they are placed. Herein we present the synthesis 

of two novel TPE-BODIPY arrays in which the distance between the TPE and BODIPY 

cores is varied, through the utilization of differing palladium-catalyzed cross coupling 

reactions. We find that in organic solvents, both arrays exhibit the expected locally excited 

BODIPY photometric response, however in THF/H2O systems we observe an aggregation 

induced dual emission response from only one of the arrays. Furthermore, we have found 

that both of these arrays possess the ability to produce singlet oxygen. We propose that 

these arrays present themselves for applications including; light harvesting arrays, 

delivery of photosensitizers for photodynamic therapy, intracellular imaging, and the 

construction of porous materials. 
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Since their discovery in 1964, the BODIPYs present themselves as an important line of 

research in chemistry, biochemistry, medicine, sensors and alternative energies, 

confirming the BODIPYs as a relevant organic class of compounds with a wide range of 

applications [1-3]. In this work we studied the synthesis and characterization of a BODIPY 

dimer obtained by the condensation of four molecules of an alfa-free-pyrrole (3-ethyl-2,4- 

dimethyl-1H-pyrrole) with one dialdehyde (terephthaldeyde) to produce the BODIPY 

dimer shown in Figure 1.  

 
Figure 1: BODIPY (meso-phenyl-meso) dimer 

We made an evaluation of the yield of the reaction based on variations of solvents, time 

of reaction and reagents stoichiometry. We also performed a photophysical 

characterization of the BODIPY dimer to determine its potential applications in medical 

studies of cancer therapy, namely on the photodynamic therapy of cancer.  
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Cancer is the most prevalent disease in the world and since 1970 Nuclear Medicine has 

made an important contribution to the diagnosis and treatment of this pathology1. 

Positron Emission Tomography (PET) is used for diagnosis, based on the evaluation of 

cellular metabolic activity. Most PET radiopharmaceuticals are based on radioactive 18F 

containing molecules like the 18F-FDG (1). 

BODIPYs (boron dipyrromethenes) have great structural versatility, intense absorption 

and fluorescence properties, can withstand large medium variations in polarity or pH, and 

have low self-aggregation in solution2. Furthermore, they can be radiolabeled by isotopic 

exchange (19F to 18F) on the boron center, which can lead to a faster procedure. 

 

 
Scheme 1- Structure of 18F-FDG (1), BODIPY-meso-pentafluorinated (2), BODIPY-phenol (3) and BODIPY-catechol (4). 

 

In this communication, synthesis and biocompatibility of compounds (2), (3) and (4) are 

shown. These were tested using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) assay. The A549 cell line was submitted to concentrations between 1 and 

100 μM and the results showed that cells metabolic activity tends to be above 80% for 

BODIPYs (2) and (3) at 1, 5, 10 and 25 μM, making these structures the best candidates 

for the next step of isotopic exchange. 
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The basic principle of photodynamic therapy (PDT) is the combination of oxygen, 

light, and a photosensitizing agent with the goal of destroying abnormal cells in cancer 

and other diseases.1 Alongside treatment, early diagnosis undertakes a critical role for a 

successful outcome. Imaging, for example is an extremely intriguing tool since it allows 

not only for diagnosis but to follow treatment as well. Knowing this, we have synthesized 

and radiolabeled photo-responsive molecules in cellulose nanocrystals (CNCs), therefore 

creating agents that can be used not only for therapy but also for diagnostics. First, 5-(4-

aminophenyl and 4-hydroxyphenyl)-10,15,20-tri(4-pyridyl)-21H,23H-porphine were 

prepared2 and characterized. Due to their peculiar electronic resonance, these photo-

responsive molecules give us the necessary properties for PDT. These were then used to 

construct metalla-assemblies through coordination with ruthenium dimers.3 Next, these 

compounds were linked to CNCs,4 for better solubility, targeting, and transport to 

biological targets. The resulting compounds were then radiolabeled with technetium-99m, 

allowing them to also be used as imaging probes. Their cytotoxicity and potential 

therapeutic effect were evaluated on a normal (HEK293T) and cancer (A2780) cell line. 

After, the radiolabeled derivatives were used for SPECT imaging in SCID (Severe 

combined immunodeficiency) mice. While the in vitro data confirmed that these 

multimodal agents are promising to be used in PDT; the in vivo experiments allowed us to 

image their biodistribution up to 24h. Currently, more studies are being performed to 

confirm that such molecules can be used for the diagnosis of cancer. 
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Contrary to popular belief, rheumatoid arthritis (RA) is not a disease only associated with 

aging, since it can also affect young people.1 It is an autoimmune pathology that, although 

mainly affecting joints, can also attack other organs such as kidneys, lungs or heart. If left 

untreated, it can lead to a serious prognosis.2 The most common treatment remains 

synovectomy, which is an invasive treatment and involves long periods of postoperative 

rehabilitation. In recent years, promising results have been achieved using non-invasive 

treatments such as anti-tumor necrosis factor drugs, Janus kinase inhibitors, and especially 

photodynamic therapy (PDT).3 The latter involves a photoactive compound, 

a photosensitizer (PS), and light activation. The simplicity and non-invasiveness make 

PDT an ideal treatment to alleviate the pain or disability caused by RA. Unfortunately, 

conventional PSs often have some drawbacks related mainly to their low solubility in 

biological media and undesirable side effects such as light hypersensitivity.4 We believe 

that it may be possible to solve the poor water solubility of PSs using ruthenium 

metallacages. These metallacages are soluble in biological media and have an inner cavity 

in which the PS can lodge. Such ruthenium metallacages have already been tested in vitro 

on cancer cells, demonstrating their potential.5 

 

We have now designed new ruthenium metallacages and tested them as PDT agents 

against RA. The in vitro activity of these PS carriers in human fibroblast-like synoviocytes 

cells (FLS) is promising. The proliferation assays are excellent and also, the anti-

inflammatory show inhibition of COX-2 expression, being a promising result. Our most 

recent results will be presented. 
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