
The Department of Inorganic Chemistry and Technology is one of the leading groups in the world in the field of the synthesis of new inorganic compounds containing fluorine. The main research fields are: reactions in superacids, chemistry of noble gases, chemistry of elements of main groups and synthesis of new inorganic materials with special properties. A great deal of the activity of the group has been devoted to technological and ecological problems in Slovenia. The group is already more than thirty years closely cooperating with Slovenian industry. Finally it is worth mentioning that the group is active in the field of education of teachers of chemistry and in the field of promotion of natural sciences among students of colleges and elementary schools.


In the field of the research of new inorganic compounds containing fluorine new coordination compounds of the type [Mx+(L)n](AF6)x (M is metal, e.g. Mg, Ca, Sr, Ba, Cd or lanthanoide element; A is P, As, Sb, B; L is ligand, e.g. XeF2, AsF3, HF and x is oxidation number of the central metal atom) have been synthesized. In the year 2004 the first compound of this type with BF4¯ anion [Cd(XeF2)](BF4)2 have been prepared. This compound is of special interest because the negative charge on fluorine atoms of BF4¯ anion is higher as on the fluorine atoms of AF6¯ anions. Therefore the interaction of fluorine atoms with the central atom is stronger in the case of BF4 anion. The consequence of this is that special synthetic routes should be used for the preparation of the coordination compounds of the type [Mx+(XeF2)n](BF4)x. The crystal structures of the compounds [M(XeF2)5](PF6)2, M = Ca, Cd, [Cd(XeF2)](BF4)2 and [Li(XeF2)3]AsF6 were determined.


Among coordination compounds with XeF2 as a ligand the compound [Ca2(XeF2)9](AsF6)4 should be mentioned. This is the first compound in which metal center (Ca2+) is homoleptically coordinated with XeF2 molecules.


In the system MF2/AsF5/HF isomorphic compounds M2(H2F3)(HF2)2(AF6) have been prepared (M = Ca, A = As and M = Sr, A = P, As). These compounds are interesting because of the bridging of metal centers with HF2¯ and H2F3¯ anions.


During the study of the system binary fluorides/Lewis acids the compound CuSbF6 was prepared and its crystal structure was determined. Besides CuAsF6 this is the only known  CuI compound in a solely fluorine environment.

The investigations were extended to MII/AuV/F system, where besides previous known M(AuF6)2 (M = Mg, Cs, Sr, Ba), new compounds with z M =   Ni, Cu, Ag, Zn, Cd were synthesized. 
Together with researchers from Aichi Institute of Technology, Nagoya, Japan the influence of co-intercalated HF on the electrochemical behaviour of highly fluorinated graphites was investigated. In cooperation with researchers from Moscow State University and Colorado State University the synthesis of fluorinated fullerenes with ternary Mn(III) and Mn(IV) fluorides was performed. The saturated vapour composition of M2MnF6 (M = Li, K, Cs) with Knudsen cell mass spectrometry was investigated.

With the Kyoto University, Japan the study of different 1-ethyl-3-methylimidazolium salts, so called molten salts, was continued. These are ionic compounds, which are liquids and completely dissociated at ambient temperature without the presence of solvents. They find wide use i.e. as electrolytes or catalysts. The crystal structures of  EMIm+NbF6-, (melting point at -1 oC), EMIm+TaF6- (melting point at   2 oC) and EMIm+BF4- (melting point at 15 oC) were determined.

In the framework of the project COST 527 »Plasma Polymers and Related Materials« polymer films were prepared by plasma polymerisation of gases SF6 in CF3SF5 and benzenes. Polymer films are hydrophobic and contain sulphur. More pronounced hydrophobic properties of polymer films were achieved by the polymerisation of gases of hexafluorobenzene and CF3SF5.


In the field of hydrazinium(+1) compounds two new structures of isomorphic compounds N2H5[Zn(N2H3COO)3].H2O and N2H5[Co(N2H3COO)3].H2O were determined. Quantum-chemical HF and B3LYP/6-31 +G(d,p) vibrational analyses of the cationic and anionic entities constituting the studied compounds enabled us to propose several important reassignments of IR and Raman bands.


A three-year STRP project within the NMP priority of the 6th PF of EU »Functionalised metal fluorides – FUNFLUOS« (www.funfluos.com) started in September 2004. Project consortium includes seven-research group from Great Britain (3), Germany (2), France (1) and Slovenia (1). Project is coordinated by Professor Erhard Kemnitz from the Institute of chemistry of the Humboldt University from Berlin. The main tasks of our group are to develop alternative routes to high surface area solid metal fluorides with adequate surface acidity, and the development of specific methods for the characterization of surface properties of such materials. Oxidative decomposition of hydrazinium(+2) fluoroaluminates to aluminium fluoride by elemental fluorine was investigated in the initial stage. Fluorine reacts with cationic part of the hydrazinium(+2) compound. The structure of the later collapses, resulting in aluminium trifluoride with specific surface area up to 41 m2g-1. Investigations of solid acid materials included also a quantum-chemical study of the adsorption of pyridine on Lewis acid sites of microcrystalline γ-Al2O3. These investigations were carried out cooperation with the Institute of chemistry of the St. Cyril and Methodius University from Skopje, Macedonia.

Possibilities for optimisation and cost reduction of established flue gas desulphurisation (FGD) technologies were studied within the EU 5th FP - INCO2 programme project "Low cost flue gas desulphurisation technology". Following the work done in the year 2003, detailed Guidelines for low cost flue gas desulphurisation technology were prepared. The project results show that a substantial saving can be provided in terms of construction costs - in the range of 30 to 70 % depending on a starting point of view and detailed technical solutions applied. In addition, the saving in electrical power required for the plant operation can be in the range of 20 to 50 %. However, total operation costs can be reduced only with a limited success up to about 20 %, due to other fixed costs. Overall, specific investment cost is in the range of 80 US $/kWe installed at power plant.

In the scope of the EU 5th FP programme project "Accidental Risk Assessment Methodology for Industries - ARAMIS" a new harmonized method for risk assessment in the context of the Seveso II directive at a selected Slovenian industrial site was tested. Results were considered in the preparation of a final ARAMIS methodology (http://aramis.jrc.it ).

The aim of the EU 6th FP project "Sharing experience on risk management (health, safety and environment) to design future industrial systems" (SHAPE RISK) is optimisation of the efficiency of integrated risk management in the context of the sustainable development of the European process industry. The main deliverable of the SHAPE-RISK process will be recommendations to design future cleaner and safer industrial systems (http://shaperisk.jrc.it ).

A research project “Development of New Methods of Detection and Abatement of Dioxins and Dioxin-like Substances” was finished in 2004. The project was financed by Ministry of education, science and sport and company Esotech d.d. Velenje. 

A laboratory test apparatus was set-up for testing stability of sands for fluidised bed and for hot gas filtration. Tests have been carried out to find the influence of additives on stability of sands, some of them were tested for a longer period to verify medium-term stability. Very good results were achieved with magnesium oxide, dolomite and calcite. The results were excellent with addition of dolomite and calcite to quartz sand, while the addition of gypsum did not show stable behaviour. The alkaline additives were produced from the biomass. These results will be used on semi-industrial plant tests in the continuation of this work.

In the analytical laboratory the amount of fluorine ion in paper and sediments was determined for our customers. Further the purity of mercury and the amount of gaseous fluorides and/or chlorides and ammonia in flue gases were determined. First scope is in the field of compliance with the national legislation implementing the EU Seveso II directive (96/82/EC). A number safety reports and Emergency rescue and protection plans were elaborated in cooperation with industrial partners.


Activities in the field of education and promotion of science among young people were a part of 4 projects financed by Ministry of Education, Science and Sport and two EU projects Leaonardo da Vinci. Twenty one-week courses for the college students and elementary schools pupils were organized in our laboratory. For the teachers of chemistry a special seminar was organized in order to present them some experiments, which could be shown at lessons.
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