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CURRENT RESEARCH ACTIVITIES: 
Investigation of coherent response of the medium in femtosecond time resolved spectroscopy. Three 
time resolved techniques are applied: transient transmission spectroscopy, optical Kerr effect spectros-
copy and transient absorption spectroscopy. The first two techniques provide the information on the 
vibrational dynamics of molecules composing the medium. Applying femtosecond pump pulses we can 
detect vibrations of frequencies up to 1000 cm-1, which means also low frequency intermolecular vibra-
tions. The third technique detects the dynamics of electronic transitions in molecules. 
Our research has recently concentrated on the study of liquid tetrachlorides and trichlorides, their local 
structures and dynamics. We also build theoretical models describing our experimental results, which 
allow us to find important molecular parameters responsible for the dynamics of local order in liquids. 
Below there are some examples of our recent results.
We are developing scientific software for investigation of the local structure and ultrafast dynamics in 
liquids, based on molecular dynamics simulations. Our software involves calculation of various corre-
lation functions, statistical analysis of hydrogen bond network and several methods of calculating the 
femtosecond optical Kerr effect signal. The simulations are made in parallel with experiments. Other 
investigated systems involve for example the methanol-chloroform mixture, which shows an enhanced 
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polarity compared to its components in pure state. This results in a considerably increased solvatochro-
mic effect for some dyes dissolved in this mixture, which is described in terms of synergistic solvation. 
We are using the same techniques for the mixtures of ionic liquids with simple solvents. These are of 
great interest due to their potential application as electrolytes in photovoltaic devices. In this study we 
want to understand the molecular origins of the macroscopic and solvation properties of those mixtures.
Recently, the application of organic-inorganic lead trihalide perovskite semiconductors in solar cells 
gave rise to a new class of solar cells that achieved a power conversion efficiency of over 20%. Many 
important processes which shape the optical properties of nanostructured semiconductors occur on a 
femtosecond to nanosecond timescale. To research such fast evolution of photoexcited charge carriers 
we are using pump-probe transient absorption (TA) and terahertz (THz) spectroscopies with femtosec-
ond resolution. The results of our experiments allow us to decipher the mechanisms behind high overall 
efficiency of perovskite-based solar cells.

Time evolution of transient transmission spectra of the symmetric stretching vibration in three tetrachlorides. Spectra have been obtained as 
fast Fourier transforms of time resolved signals. Fine structure of the spectra is connected with the natural abundance of chlorine isotopes 
35Cl and 37Cl. It can be well seen due to very high resolution of the spectra. 

The femtosecond optical Kerr effect signal is obtained from molecular dynamics simulations and from experiment. Multiple models are 
validated against the experimental signal to select the best one. The comparison is shown for the Fourier transformed signals. Further 
analysis of MD trajectoriy allows to distinguish different contributions to the signal.
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Diagram showing charge carriers migration in MAPbI3/PbS QDs system.


