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I. Overview 

Consistent with the CREATE proposal, the Deliverable 3.2 consists of an upgrade of IPC research plan 

reported to the Polish Ministry of Science and Higher Education. However, a procedure of reporting 

research plans to the Ministry of Science and Higher Education was changed. Now only research 

tasks to be financed directly from the funds of the Ministry are reported under this procedure. For 

this reason, this document focuses on strategic projects of huge impact, which were set by the ERA 

Chair holder, rather than those reported to the Ministry [research plans reported to the Ministry 

were described in details in the attachment no. 1]. 
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II. Plan of strategic research  

The ERA Chair holder, Professor Maciej Wojtkowski, successively continues meetings with the IPC 

research groups studying their present research programme and plans.  

To efficiently use the existing resources and strengthen the scientific activity of IPC Professor 

Wojtkowski suggested to extend the research programme by additional three subjects revolving 

around physical chemistry inspired by biology: 

 

(1) Physical Chemistry of biological evolution 

This novel research field will focus on an iterative process in which experiments inspire 

mathematical/computer models, which predictions are tested against new experimental data and 

discrepancies to improve those models. Most of the existing models, while very good at explaining 

how evolution works in general, are often not suitable to make quantitative predictions. That 

predictions could be directly compared with or forecast the results of experiments. More realistic 

models can help to unravel biological mechanisms that elude a more conventional molecular-biology 

approach (gene knockouts, reconstitution of signaling pathways). In physics and chemistry, this 

approach has led to many breakthroughs, and a similar approach has begun to bring new insights 

into biological phenomena. 

The activities could revolve around three major topics:  

A. Understanding biological evolution 

Study how the interplay between non-genetic components of phenotypic variation (gene expression, 

metabolism), spatial structure of the population, and genetics (mutations, gene transfer) affects the 

emergence and spread of new traits. IPC will focus mostly on drug resistance in bacteria and cancer 

due to practical significance of this trait for medicine and the ease with which growth of different 

genotypes (mutants) can be manipulated by varying the drug and its concentration, thus changing 

the fitness landscape.  

Physical 

Chemistry 

inspired by 

biology 
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B. Predicting biological evolution 

We will focus on the first step of evolution – the transition from the initial genetic/epigenetic 

alteration that confers resistance, to the actual resistance at the phenotypic level. Even this 

seemingly simple problem will require going beyond the existing population-genetics models. 

Predictive models of evolution require the knowledge of how resistance emerges on the molecular 

level, how it spreads in populations of cells, as well as the initial condition – the genetic and 

epigenetic state of the population. Additionally, forecasting resistance before a population-wide 

resistance emerges requires the ability to detect its early precursors.  

C. Controlling biological evolution 

The results of the preceding steps will be used to: 

 find better treatment strategies to minimize the risk of resistance,  

 develop new, statistical-physics inspired methods of directed evolution (protein, metabolic 

pathways, drug design).  

Developed field will tackle both fundamental and practical aspects of biological evolution using 

experimental and theoretical methods of physics and chemistry. The new research field would 

require collaboration with medical researchers and pharmaceutical companies. 

(2) Research Agenda of Translational Eye Research 

IPC aspires to become a leader in interdisciplinary research. In order to strengthen this position, the 

ERA Chair holder proposes to study the most appealing social problems of rapidly aging societies 

related to age-related blindness. As the human life-span increases in developed countries by a year 

every decade, the already substantial burden of vision loss will continue to escalate, a concern which 

is acknowledged on a global scale by healthcare partnerships such as the World Health Organization 

(WHO) and the International Agency for the Prevention of Blindness (IAPB).  

The main objective of this research agenda will be to develop alternative ways of treating human 

retinal diseases through novel pharmacological discoveries, innovative eye imaging modalities and 

more comprehensive insights into complex adaptive mechanisms of retinal cells. The action requires 

very strong support from researchers of different expertise from collaborating institutions, and 

financial support.  Initially the research activity can be concentrated on the following areas:  

 Systems Pharmacology of vision dedicated to treat complex retinal diseases.  

 Development of non-invasive, new imaging modalities enabling morphological and 

functional assessments of individual cells.   

 Innovative techniques for targeted drug delivery to retinal tissue.   

 Automation and robotics of novel ophthalmic surgery and diagnostics instruments. 

 Dynamics and plasticity of ocular tissue.     

The expertise required to cover all these areas would include the following disciplines: physical 

chemistry, biochemistry, organic chemistry, pharmacology, physical optics, optical technology, 
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electronic engineering, informatics, biotechnology, medical biology, engineering, computer sciences, 

medical translational research, medical physics.  

(3) Soft Granular Matter and Tissue Engineering  

The studies will focus around applications of droplet microfluidics in soft granular matter physics 

(dense emulsions, biological tissues, hydrogel suspensions) and tissue engineering. The long term 

goal is the development of new soft and biocompatible materials with controlled microstructure, size 

and morphology (compartmentalized microcapsules, threads, porous structures) and their 

application in tissue engineering, regenerative medicine, and in development of new organ-on-chip 

platforms for drug testing. The research tasks cover: 

A. basic research on self-assembly and mechanical properties of soft granular matter, e.g., built 

of close-packed immiscible droplets, 

B. the use of such structures in synthesis of multi-compartment hydrogel capsules for tissue 

encapsulation and tissue co-culture in controlled microenvironment,  

C. development of new formulation strategies of biomaterials based on combination of droplet 

microfluidics and 3D printing. 
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III. Consultation of strategic research plan  

The IPC research programme – with a special focus on research programme of strategic research plan 

– was presented to the managers of collaborating companies with a request for a review. In 

consultations took part the following companies: 

 Optopol Technology Sp. z o.o. 

Optopol Technology is a manufacturer of technologies used to build diagnostic devices in the field 

of ophthalmology. It has been the leader of the Polish ophthalmic device market for over 25 

years. Optopol designs, constructs, manufactures and sells specialized medical equipment for 

ophthalmic diagnostics, devices that provide comprehensive equipment for an optical plant and 

devices for aesthetic dermatology. 

 Metrum Cryoflex Sp. z o.o. S. k. 

Manufacturer of cryotherapy equipment used in surgery and rehabilitation. The company has 

been operating on the Polish market since 1992. Experience and possessed R & D facilities 

supported by the latest technologies and cooperation with scientific and medical institutions 

allows them to create medical equipment of the highest quality, meeting the strictest safety 

requirements.  

The company is currently developing a new field of high-energy lasers. 

 Scope Fluidics Sp. z o.o. 

Initially, spin-off company of IPC specializing in research and designing of microfluidic devices for 

medical and biotechnology purpose. Nowadays, Scope Fluidics is an incubator of tech start-ups, 

focusing on diagnostics, and healthcare solutions, accelerating ideas into products by providing a 

legal, financial and infrastructural framework, as well as critical know-how resources for projects 

that can grow into start-ups. 

 Adamed Group Sp. z o.o. 

In 2001, Adamed became the first Polish pharmaceutical company to initiate research into 

innovative drugs. Currently, Adamed focuses on the areas of oncology and central nervous system 

diseases carrying out the projects in cooperation with leading research facilities both in Poland 

and abroad.   

 Nonores Sp. z o.o. S.k. 

Nanores is a hi-tech independent research and development laboratory, providing the highest 

quality service. The company offers measurement services such as: surface analysis (SEM, AFM), 

cross section analysis (SEM/Xe-PFIB/Ga-FIB), EDS elemental composition analysis, preparation of 

samples for Transmission Electron Microscopy (TEM), 3D Reconstruction (SEM/Xe-PFIB/Ga-FIB), 

Plasma/ultrasonic cleaning, deposition thin carbon films (High Vacuum Carbon Coater), research 

planning, aid in publications. 
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 Kwazar Coorporation Sp. z o.o. 

Kwazar Corporation is one of the leading plastics processors and manufacturer of sprayers in 

Poland. The Company has an enormous productive capabilities, what makes Kwazar not only a 

producer of its own products, but a plastics processing platform with tremendous potential. The 

Company is focused on implementing innovative technology solutions in products. 

 Oculomedica 

Oculomedica is a private medical centre offering comprehensive services in the field of 

ophthalmology. Founder of two companies: the Oculomedica Specialist Oculist Centre and the 

Okayomedica Microsurgery Centre. 

 

Obtained letters expressing some of companies remarks are presented below: 
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Research group 3 – Professor Maciej Wojtkowski 

 
Research task: Imaging of neovascularisation in glioblastoma with enhanced contrast using Optical 

Coherence Microangiography. 

Aim of the research: To improve contrast in Optical Coherence Microangiography reconstructions of 

growing glioblastoma tumour using Large Gold Nanorods. To understand process of glioblastoma 

tumour formation in late stages and analyse its response to pharmacologic treatments. 

Methods:  Optical coherence microscopy (OCM) is a non-invasive imaging modality generating two-

dimensional (2-D) cross-sectional images and three-dimensional (3-D) volumetric reconstructions 

with micrometer resolution [1].  OCM can visualize structural architecture of the living tissue 

minimally invasively and in real time by measuring the amplitude of the back-scattered light. 

Recently group of prof Wojtkowski has demonstrated new OCM instrument dedicated to animal 

brain imaging enabling to characterise the cytoarchitecture of mouse brain at cellular level and the 

blood circulation system dynamics in three dimensions [2, 3] . This minimally invasive and non-

contact approach is performed without any application of contrasting agents. The optical design 

enabled to achieve resolution of 2.2 μ m over a depth distance of 800 μm, which was sufficient to 

obtain a detailed three-dimensional image of a wild-type mouse’s brain down to the layer III of the 

cortex. OCM enables also to contrast Intrinsically microvessels by analysing temporal phase 

variations of the interferometric signals. This modality is called Optical Coherence Microangiography 

(OCMA). In order to improve imaging contrast in OCMA we propose using large gold nanorods (LGN) 

to visualize the glioblastoma tumour up to late phases of its growth. The set-up is currently installed 

at Nencki Institute of Experimental Biology 

 

     

 

 

 

 

 

Figure 1. Optical Coherence Microangiography (OCMA) of the mouse brain in vivo: left projection 

image showing cortical blood vessels in mouse brain; right 3-D reconstruction of the brain 

vasculature. 

Literature: 

[1] Izatt, J.A., et al., Optical coherence microscopy in scattering media. Optics Letters, 19(8),  590-

2 (1994). 

500 μm 
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[2] Vakoc, B.J., et al., Three-dimensional microscopy of the tumor microenvironment in vivo using 

optical frequency domain imaging. Nat Med, 15(10),  1219-23 (2009). 

[3] Tamborski, S., et al., Extended-focus optical coherence microscopy for high-resolution 

imaging of the murine brain. Biomed Opt Express, 7(11),  4400-4414 (2016). 

Research group 4 – Dr. hab. inż. Joanna Niedziółka-Jönsson 

SYNERGETIC GROUP 

Modification of surfaces to construct (bio)sensors 

The aim of the research is to modify the surface of an optical fiber to be used as a transducer for 

detection of (bio)molecules.  

We would like to continue studies of the influence of the presence both native and additional oxide 

layer on resonance, propagation and sensitivity of the optical system based on long-period fiber 

gratings [1,2,3], as well as developing methods for modification of these layers.  

 
Figure. Schematic representation of the system for virus detection based on long-period fiber 

grating. 

We would like to use the surface plasmon resonance of metallic nanostructure to study molecular 

interaction based on short peptides. Secondly we will use this effect for detection of important 

targets like viruses, environment pollutants with a help of UV-vis spectrometry both in suspensions 

[4,5] as well as on nanoparticles immobilised on a solid support [6].  

Literature: 

[1] M. Dominik, A. Lesniewski, M. Janczuk, J. Niedziolka-Jonsson, M. Holdynski, L. Wachnicki, M. Godlewski, 

W.J. Bock, M. Smietana, “Titanium oxide thin films obtained with physical and chemical vapour 

deposition methods for optical biosensing purposes”, Biosensors & Bioelectronics, 93 (2017) 102-109. 

[2] R. Różycki-Bakon, M. Koba, P. Firek, E. Roźniecka, J. Niedziółka-Jönsson, M. Śmietana, “Stack of nano-

films on optical fiber end-face for label-free biosensing applications”, Journal of Lightwave Technology, 

34 (2016) 5357-5363. 

[3] M. Janczuk-Richter, M. Dominik, E. Roźniecka, M. Koba, P. Mikulic, W. J. Bock, M. Śmietana, J. Niedziółka 

Jönssona, „Long-period fiber grating sensor for detection of virus concentration” Sensors and Actuators 

B, 250 (2017) 32-38. 
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[4] A. Lesniewski; M. Los, M. Jonsson-Niedziółka, A. Krajewska, K. Szot, J.M. Los, J. Niedziolka-Jonsson; 

Biocon. Chem., 25 (2014) 644-648. 

[5] P. Kannan, M. Los, J. M. Los, J.oanna Niedziolka-Jonsson; Analyst, 2014, 139 (14), 3563 - 3571. 

[6] J. Matyjewicz, A. Lesniewski, J. Niedziolka-Jonsson; Electrochemistry Communications, 48 (2014) 73-76. 
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Research group 5 – Professor Jacek Gregorowicz 

Ionic liquids as solvents in polymer technology – continuation. 

Molecular assemblies formed in ionic liquids (ILs) by surfactants are expected to solubilize many 

substances and polymeric materials that are otherwise weakly soluble or insoluble in ILs. Within the 

project in 2019 we plan to continue investigations of surfactants aggregation, mainly ionic 

surfactants, in dilute solutions (micellization) and investigations of lyotropic liquid crystalline phases 

formed by these surfactants in hydrophilic ionic liquids. The aim of the research is to determine how 

the surfactant structure, the structure of ionic liquids and the water content in the system affect the 

aggregation processes. In the investigations of aggregation processes measurements of surface 

tension, 1H NMR chemical shifts and diffusion coefficients (PFG NMR technique) will be used. 

Investigations of liquid crystalline phase will be performed with the use of optical microscopy, DSC 

and X-ray diffractometry. In addition, studies on the aggregation of surfactants by confocal 

microscopy are also planned. 
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Research group 6 – Dr. hab. Wojciech Nogala 

1. Research tasks 

a) Scanning electrochemical microscopy (SECM) mode for simultaneous topography and activity 

mapping with single probe 

b) Imaging of single enzyme molecules by SECM 

2. Aim of the research 

a) Development of a protocol for SECM imaging allowing simultaneous nanoscale mapping of 

topography and activity of rough samples exhibiting inhomogeneous activity using single 

electrode probe. 

b) Determination of activity of individual enzyme molecules. 

3. Description and methodology 

Activity mapping of non-flat samples with SECM is problematic due to the fact that the signal from 

SECM probe is sensitive both to the fluxes of active molecules (re)generated at the studied interface 

and to the tip-sample separation distance. To overcome this problem one can perform constant 

distance imaging by using double probe, which one part is activity-insensitive distance sensor.1 Such 

probes are not commercially available, difficult to prepare and exhibit spatial (parallactic) 

displacement in the position of distance and activity sensing elements. 

Utilizing the fact that SECM probe signal depending on the distance and the sample activity is a 

monotonic function of the distance at closest distances, we will develop system of equations and 

experimental methodology for retrieving both topography and kinetic parameters of heterogeneous 

processes occurring at the studied sample from SECM approach curves recorded using single 

nanoelectrode probe. Simultaneous nanoscale imaging experiments of sample topography and 

activity will be done using non-contact hopping mode.2 

In order to determine activity of individual enzyme molecules we will attempt to map kinetics of 

oxygen evolution from immobilized catalase molecules. Catalase calyses hydrogen peroxide 

disproportionantion (2 H2O2 → 2 H2O + O2). Since this enzyme cannot be addressed directly by 

electrode,3 we propose to detect its reaction product – oxygen – at mercury nanoelectrode SECM 

tip. Electric potentials of O2 electroreduction and H2O2 electroreduction are well separated on 

mercury electrodes.4 Moreover, oxygen reduction on Hg leads to additional H2O2 generation and 

enhances substrate flux to catalase molecules. The enzyme will be immobilized on an inert support in 

such a way that its surface excess will be low enough to assure intermolecular distances larger than 

SECM lateral resolution. 
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Literature: 

[1] O'Connell, M. A.; Wain, A. J. Anal Methods-Uk 2015, 7, 6983-6999. 

[2] Jedraszko, J.; Michalak, M.; Jonsson-Niedziolka, M.; Nogala, W. J Electroanal Chem 2018, 815, 231-237. 

[3] Katelhon, E.; Sepunaru, L.; Karyakin, A. A.; Compton, R. G. Acs Catal 2016, 6, 8313-8320. 

[4] Bard, A. J.; Faulkner, L. R. Electrochemical methods : fundamentals and applications, 2nd ed.; Wiley: 

New York, 2001.
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Research group 7 – Dr. Volodymyr Sashuk 

 
1. Research task 

Anisotropic organization of bipolar nanostructures 

2. Aim of research 

We will continue the research we have begun this year on directed self-assembly of anisotropic 

colloidal particles in solution. We are currently studying homogeneous gold nanoparticles with 

longitudinal geometry, so-called nanorods. Next year, we intend to start research on heterogeneous 

structures containing two different inorganic cores. 

3. Description and methodology, literature 

In our research, we plan to use structures similar to snowmen - coupled nanoparticles of iron oxide 

and gold.[1] These structures are of broad interest due to the fact that they exhibit different 

physicochemical properties (catalytic, optical, magnetic etc.) on opposite poles. Thanks to this, a 

selective modification of their surface with organic ligands is possible. In this project, we plan to 

functionalize one part of nanohybrides with compounds having a macrocyclic cavity, while on the 

reverse side we intend to place molecular photoswitches. In the native state (daylight) we expect the 

molecular switches to be threaded through the macrocyclic rings leading to the polymerization of 

colloidal particles. After exposing the system to ultraviolet rays, we expect depolymerization of 

nanoparticles due to the change in the conformation of the photoswitches and omission of the 

macrocyclic cavities due to the increasing steric hindrance (Fig. 1). In this case, the formation of 

dimers instead of the starting monomers is expected due to dipole-dipole interactions between 

metastable conformers of the isomerized photoswitches. The topology of the dimers formed as a 

result of depolymerization can also be controlled chemically using weaker or stronger 

supramolecular interactions at various pHs. In an acidic environment, in the presence of aliphatic 

diamines, we expect a competitive complexation of macrocyclic rings and the self-assembly of 

nanohybrides in a completely different way than that under the influence of light, while under basic 

conditions we expect a return to polymer structures (Fig. 1).  

The synthesis of "snowmen’s" and their functionalization will follow the literature and own 

procedures based on classical retrosynthetic algorithms. The self-assembly process will be monitored 

by means of UV-Vis spectroscopy and SEM microscopy. 

[1] Yu et al. Dumbbell-like Bifunctional Au-Fe3O4 Nanoparticles, Nano Lett., 2005, 5, 379-382. 

4. Diagram illustrating the research task 
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Figure 1. Scheme of the self-assembly of “nanosnowmens” under the influence of external 

stimuli. 
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Research group 8 – Dr. hab. Angulo Gonzalo 

SYNERGETIC GROUP 

1. The Team's research task 

Experimental studies of the kinetics and dynamics of electron, proton and energy transfer reactions 

in solution and other disordered media with one and two excitation pulses. 

Experimental and theoretical study of intramolecular reactions with the help of the generalized 

Langevin equation: expansion to more than one reaction coordinate. 

2. Aim of research 

Improve the physical description and therefore the prediction capabilities of the studied reactions. 

3. Description and research methods, literature. 

Fluorescence up-conversion and transient absorption in short time scales. Stationary electronic 

spectroscopy. 

[1] Influence of the excitation light intensity on the rate of fluorescence quenching reactions: pulsed 

experiments. Gonzalo Angulo et al, Phys. Chem. Chem. Phys., 2017, 19, 6274—6285.  

[2] How good is the generalized Langevin equation to describe the dynamics of photo-induced 

electron transfer in fluid solution? Gonzalo Angulo et al  Journal Of Chemical Physics 2017, 146, 

244505. 

4. Figure illustrating the research task 

 

 

Fig. Concentration and viscosity dependence of the kinetics of the photo-induced electron transfer 

reaction between perylene and N,N-dimethylaniline in liquid solutions. Bllue: excited state 

population, red: radical anion, green: triplet state, all of perylene. The black lines are simulations 

with the Encounter Theory for diffusion influenced reactions. Paper under preparation: The full 

photo-cycle of a bimolecular electron transfer reaction as explained by diffusion-assisted reaction 

theory, G. Angulo et al. 
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RESEARCH GROUP 9 - Professor dr. hab. inż. Janusz Lewiński 

PROSPECTIVE GROUP 

Scientific activity of our group has multidisciplinary character and encompasses the fundamental 

inorganic and organometallic chemistry as well as materials science and nanoscience. In 2019 our 

research program will focus on the development of  two the most important classes of inorganic-organic 

hybrid materials nowadays: (I) hybrid inorganic-organic halide perovskites for photovoltaic applications 

and (II) three dimensional porous metal-organic frameworks (MOFs).  

I. Development and photovoltaic applications of hybrid inorganic-organic halide perovskites 

The field of lead halide perovskites is thriving in the last few years and represents emerging materials for 

delivery of the next generation of solar cells. Perovskite solar cells have enabled power conversion 

efficiency comparable with established technologies, such as silicon and cadmium telluride - in only a 

few years their efficiency improved from 3.8% to over 22%. 

We aim to rise the challenge of further 

development of original inorganic-organic 

hybrid lead halide perovskites and 

investigations on their physicochemical 

properties of the bulk crystals and perovskite 

thin films. As lead toxicity is one of the key 

challenges facing with lead halide 

perovskites, our research effort will be also 

devoted to developing low toxic metal halide perovskites and their derivatives for photovoltaic 

applications. Particularly, we will focus on mechanoperovskites using the mechanochemical process 

developed in our group recently.[1,2,3] Next, perovskite thin films for characterization will be fabricated 

through one-step spin-coating procedure using a precursors solution as well as solution prepared after 

dissolution of mechanochemically synthesized polycrystalline perovskite  powder (Scheme 1). Integral 

part of this research will be the utilization of resulted materials as an absorbing layer for solar energy 

conversion and optoelectronic applications in a close cooperation with the reputable international 

expert across in the photovoltaic area (Prof. M. Graetzel, Ecole Polytechnique Fédérale de Lausanne). 

[1] D. Prochowicz, M. Franckevičius, A. M. Cieślak, S. M. Zakeeruddin, M. Grätzel, J. Lewiński 

Journal of Materials Chemistry A, 2015, 3, 20772. 

[2] D. Prochowicz, P. Yadav, M. Saliba, M. Saski, S. M. Zakeeruddin, J. Lewinski, M. Grätzel 

„Reduction in the Interfacial Trap Density of Mechanochemically Synthesized MAPbI3” ACS 

Appl. Mater. Interfaces 2017, 9, 28418. 

[3] D. Kubicki, D. Prochowicz, A. Hofstetter, M. Saski, P. Yadav, D Bi, N. Pellet, J. Lewiński, S.M. 

Zakeeruddin, M. Grätzel, L. Emsley, J. Am. Chem. Soc., 2018, 140, 3345. 

II. Development and applications of redox-active porous metal-organic frameworks (MOFs)  

MOFs have been one of the fastest growing fields in chemistry during the past decade due to their 

remarkable properties e.g. large surface area, high thermal stability, adjustable pore size as well as 

customisable chemical properties. Along with the increasing chemical and structural variety of MOF 

materials the more and more sophisticated areas of application have emerged, which often require 

tailoring the properties of MOFs by post-synthetic modifications. One of the promising strategies to 
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achieve that goal is to utilise the redox-activity of MOFs, which could afford new materials of 

enhanced catalytic, selective gas sorption and electron transfer properties.  

Based on our expertise in the field of functional porous materials we are planning to develop the new 

class of redox-active MOFs. We have already demonstrated the straightforward synthetic strategy of 

single-crystalline redox-active chromium (II)-

based MOFs, which were prepared in water at 

room temperature.[1]  We are going to further 

develop this strategy by introduction of a 

greater variety of organic linkers and transition 

metal centres (e.g. Fe, Co, Ni) to prepare more 

complex MOF networks with high application 

potential in gas storage, separation as well as 

catalysis. We also plan to utilize alternative 

solvent-free synthetic strategies i.e., mechanochemistry, which has already been identified as a 

powerful tool for preparation of complex porous materials in a relatively simple and 

environmentally-friendly way. 

[1] M. Leszczyński, A. Kornowicz, D. Prochowicz, I. Justyniak, K. Noworyta, J. Lewiński 

„Straightforward Synthesis of Single-Crystalline and Redox-Active Cr(II)-carboxylate MOFs” 

Inorg. Chem., 2018, 57, 4803. 
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Research group 10 – Professor Robert Hołyst  

SYNERGETIC GROUP 

1. Physics and chemistry at the interface with biology.  

2. The goal of research of my group is application of methods of physics and chemistry to analysis 

of formation of complexes between drugs-DNA, DNA-DNA, protein-proteins, proteins-DNA in 

living cells and further comparison to the same process in vitro.  

3. We use the phenomenon of change of molecular brightness upon formation of the complex. We 

use this photophysical process to count the number of complexes versus the number of free 

molecules and use this quantities to calculate the equilibrium constant of the formation of the 

complex. We work at pico and nano-molar concentrations typical for reagents inside living cells. 

As a by-product of these research we will check how chemical activity changes in the limit of 

infinite dilution. Standard chemistry textbooks state that activity at Infinite dilution is 

proportional to the concentration, but this assumption has not been tested experimentally in 

solutions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 We show schematically one of our experiments: the formation of the complex 

between two oligonucleotides with two dyes attached: a donor and acceptor dye. We use 

a phenomenon of energy transfer between two dyes. After the formation of the complex 

we observe fluorescence of the acceptor (red colour), which receives energy from the donor 

(green). The green colour is not visible, for 100% energy transfer. On the other hand when 

both oligonucleotides move freely, we observe only donor (green colour). The number of 

free molecules is proportional to the fluorescence in the green channel and the number of 

complexes to the fluorescence in the red channel. 
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Research group 11 -  Professor dr. hab. Piotr Garstecki 

SYNERGETIC GROUP 

Microfluidics and Complex Fluids Research Group will focus its research activities in 2019 on the 

fundamental issues of fluid mechanics at the microscale, on developing new methods of 

microfabrication and of modification of surface chemistry, as well as formulating new concepts of 

research projects and innovative microfluidic platforms to be used in the field of chemistry, 

biochemistry and biology.  

For example, one project is oriented on automation of measurements of different aspects of 

enzymatic kinetics. Due to the use of droplets as enzymatic microreactors even small amounts of 

enzymes are sufficient to assess their reactivity and determine their kinetic properties (KM, Vmax, 

Kcat). A droplet-on-demand technique provides a full control over the basic parameters such as: 

enzyme and reagent concentration, reaction time and temperature. 

 

Fig.1 Microfluidic  platform diagram A – Reagents dosing system , B – droplet generating 

system and enzymatic reactor 

A rationally designed numerical system enables to determine kinetic properties from a set of 

experimental data. In the course of this project our goal is to i) design an analytical method for 

assessing the impact of inhibitors on enzymatic reaction kinetics and study and determine enzymatic 

inhibition mechanisms, ii) carry out screening research with the use of chiral substrates in order to 



31 
 

find an optimal enzyme for asymmetric synthesis and iii) develop a microfluidic module for a fast 

analysis of many enzymes and automatic collection of samples. 
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Research group 12 – Dr. hab. Marcin Fiałkowski  
 

Chemically-controlled reversible solidification of a monolayer of gold nanoparticles. 

Goal of the research: Elaboration of an experimental system allowing for chemically-controlled 

reversible solidification of gold nanoparticles (AuNPs) forming a monolayer at the interface water-oil. 

Solidification/separation of the AuNPs causes stabilization/destabilization of the O/W Pickering 

emulsion, as shown in Fig. 1a-c 

Methods: In order to obtain the Pickering emulsion, we plan to employ the technique developed in 

our research group to create monolayers of AuNPs, having the “Janus” structure, at the water-oil 

interface [1]. A cross-linking factor (chemical compound) will be introduced into the continuous 

phase, and then removed from the monolayer by introducing another compound (see Fig. 1c). 

Expected results: It is expected that the system described above will allow for solidification of the 

AuNPs at the surface of the dispersed phase and formation of a suspension of microcapsules that 

could be converted back into the emulsion in a controllable fashion. 

Literature: 

[1] Andryszewski, M. Iwan, M. Hołdyński, M. Fiałkowski, Chemistry of Materials 28, 5304 (2016) 

 

Fig. 1. Schematic representation of the experimental system in which an unstable Pickering 

emulsion of the O/W type (oil-in-water , a) is transformed into a suspension of microcapsules (b). It 

will be achieved by introducing into the continuous phase a factor cross-linking (solidifying 

compound marked in red) nanoparticles forming monolayer at the surface of the dispersed phase. 

Introduction of the separating compound (marked in blue) removes the cross-linking factor and 

converts back the suspension of microcapsules into the unstable emulsion (c). The gold 

nanoparticle that will be employed in the experiments of the core-shell type having the “Janus” 

structure is shown in Fig. 1d 
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Research group 13 – Dr. hab. Wojciech Góźdź 

 
Physical chemistry of complex systems Group will focus its research activities in 2019 on creating a 

model and investigating properties of lipid vesicles adsorbed on flat surfaces. An example of such a 

system is presented in Fig. 1. The stability of lipid vesicles with different shape such as stomatocyte, 

oblate, prolate will be investigated as a function of the strength of interactions of adsorbents with 

the surface of a  lipid vesicle. One and multicomponent vesicles with different spontaneous 

curvatures  will be examined. The investigations will be performed within the framework of Helfrich 

elastic energy model. The elastic energy functional will be numerically minimized.  We will use the 

minimization procedure developed in our group. 

 

 

 

 

 

 

 

 

Figure 1. The shape of a lipid vesicle adsorbed on a flat surface. On the left side a three dimensional 

view , on the right side the profile of the lipid membrane. 

 

 

Important  publications: 

[1] Bobrovska N., Gozdz W.T., Kralj-Iglic V., Iglic A., " On the role of anisotropy of membrane 

components in formation and stabilization of tubular structures in multicomponent 

membranes " , PLoS ONE 8(9) , e73941, 2013 

[2] Gozdz W.T., Bobrovska N., Ciach A., " Separation of components in lipid membranes induced 

by shape transformation " , J. Chem. Phys. 137(1) , 015101, 2012 
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Research group 14 – Dr. hab. Martin Jonsson Niedziółka 

PROSPECTIVE GROUP 

Task 1: Using paper-based devices for studies of ion-transfer 

Goal: The goal of this research is to develop a system for investigation of ion-transfer between 

immiscible liquids using paper to immobilise the liquid phases. In the case of ion-transfer studies, 

creating a stable interface between the two immiscible phases is a problem, one that we hope can be 

overcome using this novel approach. 

Fig 1 Schematic illustration of a system for paper-based ion-transfer at a three-phase electrode. 

 

Task 2: Measuring endogenous levels of glutamate in vitro in neuron cell cultures 

Goal: The goal is to develop a biosensor that makes it possible to perform long-term measurements 

of glutamate using electrochemical methods at low overpotential in cell-cultures. In further studies 

the effect of glutamate on dendritic spine head protrusions will be investigated.  

Literature: 

[1] Trends in Neurosciences, 33:121, 2010 

[2] Nature, 420: 812, (2002) 
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Research group 15 – Dr. hab. Jacinto Sa 

 

Modern heterogeneous catalysis (MoHCa) for 2019 

1. Research tasks within statutory activity 

 Development of novel nano-catalysts for the production of value-added products; 

 Catalytic purification of an air and water; 

 Application of quantum calculations in catalytic hydrogenation. 

 

2. Aim of the research 

 Determine the structure-reactivity relationship in respect to metal(s) nanoparticles 

morphology 

 Ascertain the role of doping in catalytic yield 

 Establish experimental procedure to perform efficient nitrocyclohexane hydrogenation to 

cyclohexanone oxime 

3. Description and methodology of research, literature 

The continuous-flow processes offer significant advantages over batch reactions in terms of safety, 

efficiency, reproducibility and waste reduction . Therefore, our studies focus on the development of 

continuous-flow systems for the catalytic hydrogenation with heterogeneous catalysts [1-3]. Our 

research strategy concentrates on hydrogenations catalyzed by metal/support systems containing 

both noble metals (Pd, Ag) and 3d transition metals (Ni, Cu) supported on active carbon, zeolite and 

resin [1-3]. Additionally, application of quantum chemical calculations is very successful in prediction 

of new catalysts in hydrogenation reaction. It was shown that addition of tin to Ni nanoparticles 

grafted on resin decreases the binding affinity of the unsaturated substrate towards metal 

nanoparticle and leads to switch in selectivity so that C=O hydrogenation product interacting with 

the catalyst is more thermodynamically stable as compared to the C=C hydrogenation product [3]. 

4. A drawing illustrating research tasks 
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Literature: 

[1] I.I. Kamińska, D. Lisovytskiy, L.Valentin, Ch. Calers, Y. Millot, E. Kowalewski, A. Śrębowata, S. 

Dzwigaj, Microporous and Mesoporous Materials 266 (2018) 32-42  

[2] E. Kowalewski, M. Zienkiewicz-Machnik, D. Lisovytskiy, K. Nikiforov, K. Matus, A. Śrębowata J. 

Sá, AIMS Materials Science, 4(6) (2017) 1276-1288 

[3] M. Zienkiewicz-Machnika, I. Goszewska, A. Śrębowata, A. Kubas, D. Giziński, G. Słowik, K. 

Matus, D. Lisovytskiy, M. Pisarek, J. Sá, Catalysis Today 308 (2018) 38–44 
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Research group 16 – Dr. hab. Zbigniew Kaszkur 

 
1. Study of structure evolution of gold nanocrystals during catalytic reaction. 

The research is aimed at structural interpretation of formerly recorded phase transitions of gold 

during CO oxidation reaction and PROX (preferential oxidation in hydrogen stream) as well as at 

determining conditions for Au surface reconstruction. 

2. Study of structure evolution of bimetallic nanocrystals PtAu and IrPt during temperature 

evolution at various chemical environment.  

The research aimed at description of phase separation phenomena, temperature structure evolution 

at various chemical environments and alloy surface segregation phenomena. 

Methodology of both studies is based on a developed in our group in situ diffraction technique 

enabling monitoring and interpretation of metal nanocrystal surface processes [1-5]. 

Fig 1. Evolution of 111 peak intensity and lattice parameter of Au during exposure to gases and  to 

environment of  CO oxidation reaction (sCOOx) as well as of preferential CO oxidation in H2 stream 

(PROX). Half of the parameter shift is due to temperature rise on the catalyst. 

 

 

 

 



38 
 

Literature: 

[1] J. Appl. Cryst. (2017), 50, 585. 

[2] PhysChemChemPhys. (2015), 17, 28250. 

[3] J. Appl. Cryst.,  (2014), 47, 2069. 

[4] RSC Adv.,  (2014),4 (28), 14758. 

[5] Phys.Chem.Chem.Phys. (2009), 11, 5416. 
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Research group 17 – Dr. hab. Rafał Szmigielski 

 
In 2019, the Team of Environmental Chemistry plans to carry out the following research tasks: 

1. The synthesis and evaluation of fragmentation pathways of two markers of secondary organic 

aerosol: norpinic acid and cariophilic acid (a scheme below). This task falls into a multi-year cycle of 

scientific research conducted in the team on understanding of the mechanisms of the smog 

formation, including its main components - suspended particulate matter (aerosol). 

 

 

 

 

Norpinic acid is an important marker of the fresh aerosol generated in air from α-pinene (terpenic 

hydrocarbon) as a result of complex changes in the lower atmosphere in reaction with ozone. 

Cariophilic acid is one of the important aerosol markers generated in the air from caryliophylene 

(sesquiterpene hydrocarbon) as a result of oxidation processes, mainly involving ozone and / or 

hydroxyl radicals. Either compound was identified in samples of continental ambient aerosol and 

aerosol formed in chamber experiments. The aim of the proposed works is to develop and execute 

ab initio synthesis of both compounds and to test their fragmentation paths in a spectrometer with 

an electrospray source (ESI) and a triple quadrupole analyzer. The obtained data will provide the 

tools necessary for the correct interpretation of mass spectra of these compounds, and thus - help in 

improving the methodology for the determination of both markers in samples of atmospheric 

aerosol. 

2. Qualitative analysis of aerosol samples collected over urban areas covered with the municipal 

forest /park ecosystems. A monthly field campaign for the collection of PM2.5 samples of the aerosol 

matter in Warsaw is planned, followed by determination of the main components of the obtained 

ambient aerosol. The sampling will be conducted with the use of the high volume aerosol 

instrument. 

Literature: 

[1] Spolnik, G., et al., Anal. Chem, 2018. 

[2] Noziere, B. et all., Chem. Rev., 2015. 

 

 

Analiza fragmentacji w 

spektrometrze mas ze źródłem 

Struktury kwasu norpinowego i 

kwasu kariofilenowego 
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Research group 18 – Dr. Piyush Sindhu Sharma 

1. Development of the novel methods of the electrochemically active analytes imprinting with the 

use of the electrochemically active functional monomers 

Molecular imprinting of electrochemically inactive analyte by electropolymerization is well 

established. However, imprinting of an electrochemically active analyte is not yet very well explored. 

During such imprinting, when analyte is electrochemically active in similar potential range of 

functional monomer, the products of the analyte electrode reaction can be imprinted instead of the 

genuine analyte.  Moreover, these products may adsorb and, consequently, foul the electrode 

surface.  Therefore, the electrode reaction of such a template should be eliminated.   

Towards that, we plan to develop procedure for successful imprinting of an electroactive analyte for 

instance, melatonin. This hormone is mainly produced in the pineal gland. It is also associated with 

various diseases including insomnia, autism spectrum disorders, neurodegenerative diseases, such as 

Parkinson's and Alzheimer's diseases. Towards that, we plan to develop functional monomers having 

lower oxidation potential then melatonin. Moreover, we plan to test the approach when 

electropolymerization of high oxidation potential functional monomer is initiated with help of 

additional monomer with lower oxidation potential via radical reaction.  Influence of this approach 

on the morphology, mechanical and electrical parameters of the obtained polymer films will be then 

studied. 

2. Preparation of thin films of ZnO nanoparticles and studies of their optical and electrical 

properties. 

Main goal of the proposed work would be fabrication of thin films of ZnO nanoparticles surface-

modified with ligands capable of polymerization as well as studies of their optical and electrical 

properties. Subsequently, such films would be applied as sensor transducers in chemosensors. 

ZnO nanoparticles modified with selected ligands will be synthesized in research group ZT09. Studies 

of formation and properties of the thin films of the nanoparticles will be performed by using 

Langmuir technique. The films will be then transferred onto solid substrate by using Langmuir-

Blodgett technique. Their structure and morphology will be then probed with use of IR spectroscopy, 

as well as AFM microscopy and powder diffraction.  Moreover, fluorescence and absorption of the 

fabricated films will be studied. Polymerization of the deposited films will be attempted by both 

electrochemical and photochemical methods. Influence of the polymerization process on optical and 

electrical parameters of the film will be then studied. 

 

 

 

 

 

 

 

 
 

 

a b 
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Fig. 1. AFM images of (a) Langmuir-Blodgett film of ZnO nanoparticles coated with 

pentadicosadyinoic acid transferred on Si(111) and (b)bare Si(111) substrate 

Literature: 

[1] T. V. Richter et al., J. Mater. Chem., 2010, 20, 874–879; 

[2] A. Saito et al., Langmuir, 1996, 12, 3938-3944. 
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Research group 21 – Dr. hab. Robert Nowakowski  

PROSPECTIVE GROUP 

1. Spectroelectrochemical studies on interactions of atmospheric compounds with phospholipid 

bilayers  

This project concerns investigation of mutual interactions of oxidised terpenic hydrocarbon 

degradation products, which are important components of continental atmospheric aerosol (i.e.: 3-

methylbutane-1,2,3-tricarboxylic acid (MBTCA), pinon acid, pin acid and field acid) with model 

biomembranes adsorbed on the Au solid substrate (111). Measurements will be made using 

PMIRRAS (polarization modulation infrared reflection adsorption) under electrochemical conditions. 

For this purpose, model phospholipid bilayers will be prepared, which composition will mimic both 

mammalian and bacterial membranes. The proposed research will be carried out in cooperation with 

the team 17 "Environmental Chemistry", headed by dr hab. Rafał Szmigielski. 

2. Microscopic and spectroelectrochemical investigations on catalytic processes performed on 

bimetallic nanoparticles  

The influence of physical properties of bimetallic particles on their catalytic activity is undertaken in 

this project. The microscopic characterization of bimetallic model catalysts (deposited on atomically 

flat surface of HOPG) will be conducted at nanometric resolution using scanning probe microscopic 

techniques (for example: scanning tunnelling microscopy in electrochemical conditions). This results 

will be correlated with mechanisms of occurred catalytic processes and poisoning under 

electrochemical conditions using the probes molecules (i.e. CO) investigated by means of DRIFT 

(diffussion reflectance Fourier transform spectroscopy) and PMIRRAS (polarization modulation 

infrared reflection adsorption spectroscopy). The proposed research will be carried out in 

cooperation with the team of prof. W. S. Epling, University of Virginia. 

3. Microscopic studies on self-organization of selected organic compounds – semiconductors and 

liquid crystals 

The main goal of this project is to enhance the knowledge about the influence of molecular structure 

of organic molecules on their supramolecular organization (interactions). Microscopic investigations 

of monomolecular layers of ordered molecules will be performed at nanometric resolution by means 

of scanning probe microscopic techniques (tunneling microscopy or atomic force microscopy). It is a 

continuation of actually performed studies. We plan to extend our studies to new organic 

compounds interesting from the point of view of self-organization process; for example: new 

semiconductors of complex topology and electronic structure and liquid crystal oligomers having the 

unique ability to form 3D chiral phases (twist-bent nematic or smectic phase) despite being achiral.  
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Research group 22 - Dr. Piotr Zarzycki  

 

1. Research task 

Self-organization, sorting and structure of mixed macrocyclic systems.  

2. Aim of research 

Design, synthesis and investigation of mixed multicomponent supramolecular systems based 

on various combinations of complementary macrocycles. 

3. Description and methodology 

We plan theoretical and experimental research on the mutual adjustment and organization 

in mixed macrocyclic systems. We will focus on the assessment of structural and adaptive 

features towards efficient molecular recognition. 

 

Figure 1. Pillar[6]pyridinium macrocycle trapped by two calix[4]arene molecules. 
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Research group 23 – Professor Marcin Opałło 

 
 

 

 

 

 

 

 

 

 

 

 

1. Detection of nanoparticles at liquid-liquid interface  

We will attempt to employ liquid-liquid interface for detection of metallic nanoparticles (Pt, Au, Ag)  

suspended in water. For this purpose dioxygen catalytic reduction and electrodissolution will be 

applied. We will use voltammetry and chronoamperometry with scanning electrochemical 

microscopy equipment and micropipettes. 

2. Research on degradation of bioresorbable magnesium alloys in physiological conditions. 

For this research methods as impedance spectroscopy and scanning electrochemical microscopy will 

be employed. We will attempt to increase corrosion resistance by polymer coating. 

3. Selective molecular recognition by imprinting in conducting polymers. 

Thin films will be prepared by electropolymerization directly on the surface of chemical recognition 

transducer to useful analytical signal of selected substances important in health protection, 

environmental protection and food toxicity control. 
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Research group 24 – Professor Jerzy Górecki   

 

In 2019 the research plans of the Team 24 will cover a few different subjects: 

1. First of these is the study on complex phenomena in systems in which the time evolution is 

determined by interfacial interactions and the development of mathematical methods for 

describing such phenomena. The research will be carried out in cooperation with Japan within the 

PAN-JSPS cooperation project: " Spatio-temporal patterns of elements driven by self-generated, 

geometrically constrained flows". In 2018, we have performed many interesting experiments ( an 

example given in the figure below), and the analysis of their results and publication writing will be 

continued in 2019  

 

 
Fig.1. A complex time evolution of a droplet of camphor solution in paraffin on the water surface 

(results of Richard Loffler, M.Sc. at ICHF PAN). 

2. Another research project that will be continued in 2019 is the application of artificial intelligence 

techniques, in particular genetic algorithms for designing chemical systems capable of processing 

information. We consider systems made of a network of interacting chemical oscillators coupled 

through activator or inhibitor transport. In 2019, we plan to study database classifiers [1]  using 

various types of chemical oscillators as an information processing medium. We also plan to 

extend  the evolutionary algorithm with procedures that allow for modifications in network 

geometry.  

3. The third project covers research on  structure and thermodynamic properties of ionic systems 

and systems containing charged colloidal particles in a neighborhood of confining walls of various 

types. Analytical and numerical theoretical methods in the framework of statistical 

thermodynamics will be used. In particular, the effect of phase transition in mixtures of an ionic 

liquid with a neutral component on differential capacitance will be studied [2]. 

Theoretical predictions of structures and thermodynamic properties will be compared with 

microscopic simulations of systems composed of molecules interacting with the short-range 

attraction long-range repulsion potential (SALR). For this potential, simulations will be focused on 

the gas-liquid equilibrium and on the surface formation. In the case of simpler potentials, we plan 

to study solid-gas systems both in the equilibrium and non-equilibrium states and perform 

simulations of the triple point. 
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Literature: 

[1] K. Gizynski, J. Górecki, (2017) Cancer classification with a network of chemical oscillators, 

Phys.Chem.Chem.Phys., 19, 28808-28819; 

[2] Fedorov, M and Kornyshev, A.A,  (2014) Ionic liquids at electrified interfaces. Chemical 

Reviews, 114 (5). pp. 2978-3036. 
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Research group 25 – Professor Robert Kołos  

 

Task: Nitriles and phosphoalkanes of astrochemical interest. 

Aims: Experimental and quantum chemical description of spectroscopy and/or photochemistry of 

the title compounds. 

Description, methodology: Synthesis (in cooperation with Ecole Normale Supérieure de Chimie de 

Rennes, France) as well as the detailed analysis of vibrational (FTIR) and electronic (UV) spectroscopy 

is planned for two simple molecules sharing the methylcyanoacetylene stoichiometry, namely allenyl 

cyanide and propargyl cyanide (Fig. 1) [1]. To date, only the microwave rotational spectra of these 

compounds have been satisfactorily analysed. Also in the framework of our collaboration with 

ENSCR, attempts will be undertaken to ameliorate the preparative synthesis of phoshapropyne and 

phosphaethyne, aiming towards impurity-free substances, isolated in solidified rare gases [2]. 

Photolysis of such cryogenic samples is planned, with the use of an excimer laser or of far-UV 

radiation emitted by electrodeless discharge lamps. Detection of photolysis products will be 

accomplished by the analysis of respective vibrational (FTIR) and electronic (UV/Vis absorption and 

emission) spectra. A spectrograph working in tandem with a CCD camera will be employed for the 

optical and ultraviolet spectral ranges. We expect the detection of novel, simple compounds 

produced either via isomerization or coupling of precursor molecules [3]. In parallel to the 

experiments, quantum chemical computations (mostly at the density functional level) will be carried 

out to predict stability and spectroscopic properties of the anticipated photolysis products. 

 

 

Fig. 1. Methylcyanoacetylene isomers: allenyl cyanide (left) and propargyl cyanide. 

 

Literature: 

[1] Custer, T.; Szczepaniak, U.; Gronowski, M.; Fabisiewicz, E.; Couturier- Tamburelli, I.; Kolos, R., 

Density Functional Exploration of C4H3N Isomers. J. Phys. Chem. A 120 (2016) 5928.  

[2] Guillemin, J.C., Janati, T., Guenot P., Savignac, P., Denis, J. M. Angew. Chem. 103 (1991) 191.  

[3] Crépin, C.,Turowski, M., Ceponkus, J., Douin, S., Boyé-Péronne, S., Gronowski, M., and Kołos, 

R. Phys. Chem. Chem. Phys. 13 (2011) 16780. 
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Research group 26 – Professor Marek Pietraszkiewicz 
 

1. Task: 

Research task will be associated with the synthesis of monothiatruxene sulfone appended with 

electrodonating groups, and spectroscopic studies of novel compounds. This class of compounds is 

expected to display Thermally Activated Delayed Fluorescence (TADF), particularly useful in the 

construction of high-performance OLED devices with high luminance 

2. Research goal:  

Current research on electroluminescence with possible applications in OLED technology focuses on 

organic-only emitters. Our Group has been involved into this research over sevetal years.  

3. Description and methodology, literature. 

The synthesis of monothiatruxene sulfone has been eleborated by Krzysztof Górski. It turned out that 

it is enough to apopend only one electrodonating substituent to observe TADF phenomena. Actually, 

there is no litrerature data for monothiatruxene sulphone and its derivatives. Spectroscopic studies 

will include: fluorescence specrtroscopy steaty-state and time-rsolved, phosphorescence stusies at 

low temperaturę, TADF effect, fluorescence quantum yields and fluorescence lifetimes, cooperation 

with foreign labs in construction of OLED microdevices and their properties. 

4. Figure illustrating the research task 
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Research group 27 – Professor Czesław Radzewicz 
 

1. Femtosecond fiber oscillators 

Subject: Investigation of an all-fiber pulse lasers dynamics and development of new fiber artificial 

saturable absorbers. 

Methods: 

 Setup for saturable absorption measurement. Measurement of all-fiber artificial saturable 

absorbers in both transmission and reflection; 

 Development of new all-fiber laser systems; 

 Dispersive Fourier Transform (DFT) setup for ultrashort pulse dynamics investigation. The DFT 

setup enables to measure consecutive laser spectra generated from the ultrafast source in 

real-time. 

 

 

 

 

 

 

 

 

 

 

Figure 1 Measured 200 consecutive spectra from all-fiber laser system. The spectra show 

characteristic noisy components shifted from the main spectrum which is a result of the Stimulated 

Raman Scattering process 

Literature: 

[1] J. Szczepanek, T. M. Kardaś, C. Radzewicz, and Y. Stepanenko, "Nonlinear polarization 

evolution of ultrashort pulses in polarization maintaining fibers," Opt. Express 26, 13590–

13604 (2018). 

2. Time-resolved IR-Raman spectroscopy 

Subject: Research task: Application of femtosecond stimulated Raman spectroscopy (SFRS) with mid-

infrared excitation to studies of vibrational relaxation and rotational dynamics in aqueous systems.  

Methods: 

Vibrational relaxation pathways in pure liquid water will be observed in stimulated Raman spectra 

after excitation of OH stretching overtone band at 6900 cm-1 with near-infrared pulse. Moreover, 

similar experiment will be performed in the polarization-resolved scheme of detection in order to: 1) 

characterize origin of the strongly polarized component of OH stretching mode (at around             

3200 cm-1), 2) to determine rotational dynamics of water. 

The obtained results will be compared with the results obtained with use of fs-IR spectroscopy 

experiments. [1,2] 
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Literature: 

[1] van der Post, S.T., et al., Strong frequency dependence of vibrational relaxation in bulk and 

surface water reveals sub-picosecond structural heterogeneity. Nature Communications, 

2015. 6: p. 8384. 

[2] van der Post, S.T., S. Woutersen, and H.J. Bakker, Quantum Interference in the Vibrational 

Relaxation of the O–H Stretch Overtone of Liquid H2O. The Journal of Physical Chemistry A, 

2016. 120(20): p. 3441-3449. 
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Research group 28 – Dr. hab. J. C. Colmenares 

PROSPECTIVE GROUP 

Research task for 2019: 

Sonocrystallization of metal oxide-based semiconductors (e.g. TiO2, Fe2O3): the use of the acoustic 

cavitaiton phenomenom for the synthesis of nanosized crystalline metal oxides (modified with 

transtition metals) under very mild conditions of presure and temperature (e.g. 1 bar, < 70 °C). 

Aim of the research: 

The main research goal is to study the physico-chemical effects originated by ultrasounds (e.g. better 

mass diffusion, mixing, formation of active radical forms) on the preparation of new hybrid materials 

based on carbonaceous supports (e.g. hybrid bio-polymers lignin-chitosan). Moreover, additional 

research goal will be the use of these materials in the photocatalytic selective conversion of furanics 

(e.g. hydroxymethylfurfural HMF). 

Description and methodology: 

The proposed methodology will be: a. the use of ultrasonic waves with different power and 

frequencies for the preparation of novel hybrid photocatalysts based on semiconductors (e.g. TiO2, 

FeVO4, Fe2O3) modified with noble metals (e.g. Au, Ag) and carbonaceous support (e.g. biochar, 

hybrid bio-polymer lignin-chitosan), b. characterization of these obtained materials by techniques 

such as: XRD, FTIR, HRTEM, XPS, UV-vis, c. full spectrum of basic kinetic studies (selective 

photocatalytic oxidation of furanics, e.g. HMF, in liquid phase) and photocatalysts’ stability/recycling 

will be carried out using the appropriate photoreactors, high-performance liquid chromatograph and 

gas chromatograph.    

 

 
 

Fig.1.  Design of proposed multicomponent hybrid nanophotocatalyst 

 

Literature: 

[1] Lignin-Based Composite Materials for Photocatalysis and Photovoltaics, A. Khan, V. Nair, 

J.C. Colmenares, and R. Gläser. Topics in Current Chemistry, (2018). DOI: 10.1007/s41061-

018-0198-z.  

[2] Sonochemistry: from Basic Principles to Innovative Applications, Editors of this Topical 

Collection: Juan Carlos Colmenares and Gregory Chatel. Topics in Current Chemistry (2017), 

ISSN: 2365-0869 (Print) 2364-8961 (Online), Springer International Publishing Switzerland 

2017. 
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Research group 29 – Professor Jacek Waluk 

PROSPECTIVE GROUP 

 

Non-symmetrically substituted porphycenes: electronic structure and tautomerism  

The goal is to understand the influence of non-symmetrical substitution of porphycene on 

tautomerization mechanisms and on the properties of intramolecular and intermolecular hydrogen 

bonds. 

The work will include syntheses and measurements of stationary and time-resolved electronic and 

vibrational spectra. The theoretical part will encompass quantum-mechanical calculations of the 

structure, transition energies, and tautomerization paths. 
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Figure 1. Unsubstituted porphycene and the examples of non-symmetrically substituted 

derivatives. 
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Research group 30 – Dr. Tomasz Ratajczyk 

 
Magnetic resonance signal enhancement based on  parahydrogen  applied to low-cost compact 

NMR spectrometers  

Cost-efficient benchtop NMR spectrometers nowadays are being increasingly used in industry (e.g., 

real-time monitoring of hydrogenation reactions).1 These spectrometers, despite many 

technological improvements which have been implemented, are still plagued by low sensitivity which 

is due to relatively low magnetic field strength from the permanent magnets. Therefore, research on 

NMR signal enhancement is critical for the improvement of BT-NMR spectrometer applications.  

One of the most powerful techniques for NMR signal enhancement is that of so-called 

hyperpolarization.2 Methods based on parahydrogen induced hyperpolarization (PHIP) offer strong 

NMR signal enhancement, and could be an asset to benchtop NMR spectrometers.3,4 Therefore, the 

goal of our research is to implement PHIP techniques in BT-spectrometers.   

 

 

We will monitor para-hydrogenation reactions by 1D and 2D NMR spectra simultaneously on a BT-

spectrometer. Furthermore, we will also implement a SABRE (Signal Amplification by Reversible 

Exchange) variant of PHIP. In particular, we will demonstrate that BT-spectrometers can deliver 2D 

correlation spectra of complex mixtures. We will show that SABRE implemented on a BT 

spectrometer can help to determine the composition of mixtures containing certain drugs. 

The described method could give us great insight into hydrogenation processes, and may be useful 

when hydrogenation occurs in a mixture of substrates. Furthermore, our approach could be useful 

as a potential analytical method. 

Literature: 

[1] F. Dalitz, M. Cudaj, M. Maiwald, G. Guthausen, G. Prog. Nuc. Mag. Res. Spec.  

2012, 60, 52-70 

[2] K. Münnemann, H. W. Spiess, Nuclear magnetic resonance: The art of signal  

enhancement, Nature Physics 2011, 7, 522. 1, 176. 

[3] R. A. Green, R. W. Adams, S. B. Duckett, R. E. Mewis, D. C. Williamson, G. G. R.  

Green, Prog. Nucl. Magn. Reson. Spectrosc. 2012, 67, 1. 

[4] T. Ratajczyk, T. Gutmann, S. Dillenberger, S. Abdulhussaein, J. Frydel, H. Breitzke, U.  

Bommerich, T. Trantzschel, J. Bernarding, P. Magusin, G. Buntkowsky,  

Solid State Nucl. Magn.  Reson. 2012, 43–44, 14. 
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Research group 31 – Dr. Anna Ochab – Marcinek  

 
1. Team research tasks 

Modeling of stochastic gene expression in a cell population. 

2. Aim of the research 

To estimate the impact of individual noise sources on the coefficient of variation of the distribution of 

the protein molecule number in cells. To study, which of these sources are the most important, i. e., 

which of them must be taken into account to obtain a good, quantitative agreement of our 

theoretical model with experimental results, e. g. [1]. 

3. Description and methodology of research, literature 

Our research is theoretical. The gene expression models we use are based on a time-dependent 

Master equation, supplemented with a description of the protein distribution between daughter cells 

during cell division. In many cases, it is possible to obtain analytical solutions of these equations. It is 

possible to simulate biochemical reactions and cell divisions using a modified Gillespie algorithm [2]. 

 

 

Literature: 

[1] Taniguchi, Yuichi, et al.  Quantifying E. coli proteome and transcriptome with single-molecule 

sensitivity in single cells, Science, 329(5991), 533, (2010). 

[2] Gillespie, Daniel T, Exact stochastic simulation of coupled chemical reactions, The Journal of 

Physical Chemistry, 81(25), 2340, (1977). 
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Research group: "Plasmonic nanostructures for bio-spectroscopic 

analysis" – dr hab. Agnieszka Kamińska 
  

1. Team research tasks 

Development of detection methods of pathogenic bacteria (from the genus Cronobacter spp. and 

Campylobacter spp) from food in accordance with the ISO standards. 

2. Aim of the research 

Our research goal will be to develop a new method of bacteria detection from foods of the genus 

Cronoakter and Campylobacter, based on the coupling of modified cultivation methods with surface-

enhanced Raman Spectroscopy (SERS). 

3. Research methodology 

Research will be carried out according to the following stages: 

1) Pre-cultivation of bacteria at conditions close to the optimum for a given bacteria from 

selected food samples; 

2) Differentiation of bacterial samples suitable for a given species of bacteria leading to formation 

of single colonies of bacteria; 

3) Fabrication and optimization of substrates for SERS measurements based on etched and 

modified silicon; 

4) SERS measurements of tested bacterial species; 

5) Analysis of spectral data of bacterial spectra using statistical methods in relation to the 

previously determined ISO standard for a specific bacterium, as shown in the diagram below 

for Cronobacter spp. Standards in the database will be obtained by SERS measurements of 

known species artificially introduced into samples food and further grown, placed and analyzed 

on SERS substrates. 

 

 

 

 

 

 

 

 

 

Figure 1. Scheme representing the different paths applied for C. sakazakii detection from food 

samples. 


