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Overview
The current major activities of the laboratory revolve around the experimental research of energetically efficient solutions for chemical transformations. Several new instruments have become available from 2014 (Micromeritics Autochem II + QMS station, BioLogic SP-150 potentiostat, Cary 60 UV/VIS, Kelvin Probe, Ocean Optics Raman, Asahi 300W Xe lamp, etc.) that provide a solid hardware background for exploring new fields or extending the present ones. A thematic list is given below of these subjects.

Selective oxidative transformations are of high importance in synthesis of fine chemicals and value added chemicals from biomass. These oxidations can be promoted by gold using O2 as oxidant at relatively low temperature and with very high selectivity. Efficiency of gold can be significantly improved or modified combining it with a second metal. Au-Ag, Au-Cu, Au-Ru, Au-Ir are studied and compared in selective aerobic oxidations of model substrates like glucose and benzyl-alcohol. The effect of the second metal and the structure-catalytic effect relationship is investigated and the observed synergistic effect between metals assign direction of future catalyst developments.
Dry reforming of methane is approached by numerous catalysts, however, most of these suffer from propensity for coking. Our research aims to investigate future catalysts that do not suffer from this problem. We use routinely a mixture of pure methane + carbon dioxide, serving as model for biogas that is transformed catalytically into syngas (CH4 + CO2 ( 2CO + 2H2). Some active Ni, Pt and bimetallic NiPt catalysts on ZrO2 support were prepared by simple impregnation method or sol technique. Surface deposition of carbonaceous patches and mechanism of equilibrium processes have been investigated in a circulation system, at pressure well below 1 atm. by using 13CO2, while primary and lifetime testing were performed in a flow reactor at a pressure of 1 atm. The outstanding activity and stability of the Na promoted Pt/ZrO2 sample justifies its further investigation, concentrating to its potential application. Among the Ni containing catalysts, from the most efficient, impregnated sample with 3% Ni – in comparison with the less active catalysts prepared by the sol method – the carbon deposits are easier to remove and do not block the catalytically active sites.
Wet oxidation of organic components found in process wastewater: Intensification of this method has been carried out partly by means of experiment design through the comparison of the thermal and catalytic degradation of two model compounds. In addition, the study of combining radiolysis and wet oxidation methods has been continued at high temperature with phenol as model compound. 
Water oxidation catalysis is an emerging experimental research field launched in 2014. The instant objective is to explore adaptable ways to efficient catalysis. The reaction itself: 2H2O(f) ( O2(g) + 4H+(aq) + 4e- (E° = 1.23 V) is a great challenge and subject to intense research due to its importance in renewable water splitting to H2 and O2. Our long term objective is to find catalysts that can make part of a complex (photo)catalytic water splitting system. Three directions are appointed: (1) Ru-diimine complexes, a) catalytic properties in homogeneous solution, b) anchoring options on supports, c) design and synthesis of photosensitizers. (2) Design and synthesis of ligands for Ru-based metal organic frameworks (MOFs) to be tested in water oxidation. (3) Synthesis and characterization of Cu-complexes for catalysis and looking into anchoring options on electrode surfaces a) with diimine ligands, b) with branched peptides.
Hydrodesulfurization (HDS) and hydrodeoxygenation (HDO) are two key reactions that are widely applied in oil industry. The reactions are generally carried out with alumina supported transition metal sulfides (TMS) like MoS2 and WS (with or without promoters Ni, Co) We investigated the mechanism of thiophene HDS and mechanism of 14C labeled oleic acid HDO on different type of HDS catalysts. Production of elementary sulfur could be observed during the sulfidation of catalyst showing that there is catalytic decomposition of hydrogen sulfide. This mechanism has importance of energy and environmentally aspects and is further exploited in ongoing research.

