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The Department of Applied and Environmental Chemistry at Szeged University and the Division of Microporous and Mesoporous Materials at the Institute of Chemistry for Chemical Research Center of the Hungarian Academy of Sciences work in the field of synthesis, characterization and application of nanoparticles, nanotubes and nanocomposite materials. Nanomaterials, solids having large surface areas and dimensions of ten to a few thousand atomic diameters in one or more dimensions, are important in chemistry, physics, materials science and engineering, soil science, environmental science, and geology. Their reactivity is far greater than that of conventional bulk materials, and their surfaces and interfaces provide an active substrate for physical, chemical, and biological reactions, including industrial catalysis. Their optical and electronic properties are unique and can be tailored to specific applications, leading to a burgeoning nanotechnology industry. From the material science aspect, the research in the institutions is focused on the synthesis of novel zeolites, clays, aluminosilicates, metal oxides, and inorganic nanotubular materials, particularly on carbon nanotubes. Attacking these problems using viewpoints and tools developed by various disciplines, tremendous advances can be made in both fundamental understanding and applications. Understanding nanomaterials formation and properties requires sophisticated physics, chemistry, and materials science. Tailoring nanomaterials to specific applications requires both science and inventiveness. Applying them to technology is state-of-the-art engineering. 

Many heterogeneous catalysts utilize nanoparticles. Nanoparticles of metals, oxides and sulfides have been developed and used as catalysts for hydrocarbon conversion, partial oxidation and combustion reactions. In the development of catalyst-based technologies the catalysts were mostly optimized for activity. Surface science and catalysis research in the 21st century should focus on the: (i) catalyst development to minimize by-products (100% selectivity), wastes, energy consumption of known processes, (ii) synthesis of novel catalytic materials working in aqueous solution or in supercritical fluids in order to replace catalysts operating in organic, e.g., in aromatic or halogenated aromatic solvents. Focusing on catalyst nanoscience will help us to move more rapidly toward this goal. One of the paths in the field of catalysis is the preparation of metal catalysts supported in mesoporous materials. These catalysts may combine the advantage of mesoporous materials and the nanosized metals. The research groups are experienced in preparing and using metal-containing catalysts. The same is true for the field of surface chemistry of single crystal faces. However, a completely new approach would be fruitful in this field, namely the combination of results accumulated in surface chemistry with the novel aspects of the preparation of metal nanoparticles.

Metal nanoparticles should be prepared with well-defined crystal forms like cubic or tetrahedral, etc. These particles have uniform crystal faces (100 or 111, etc.). Their deposition on various supports or introducing them in micro- or mesoporous materials of known structure may lead to the development of novel, highly selective heterogeneous catalysts. Including the accumulated knowledge of chemistry occurring on single crystal faces, tailor-made catalysts (if everything turns out well with 100%  selectivity) can be obtained. Furthermore, the two dimensional (2D) catalysis could be transformed to three dimensional (3D), which has great importance in view of fundamental research. Such a combination of surface chemistry and catalysis may give us new knowledge.

Preparation of semi-conducting nanoparticles from oxides, sulfides, etc., is also in the focus of chemical research in the last decades. Various synthesis methods have been described. However, deposition of these particles in ordered fashion onto flat or porous surfaces is not at all perfectly solved. Preparation of new materials containing semi-conducting nanoparticles in regular arrangements is a great challenge not only for catalytic purposes. Successful synthesis of semi-conducting nanoparticles in crystalline microporous or mesoporous materials may also result in novel catalysts and simultaneously gives the chance to obtain opto-electrical substances, as well.


Carbon nanotubes are molecular-scale nanofibers with fullerene like structure. Physicist have been attracted to them because of their extraordinary electronic properties, chemists because of they are potential nanosensors, engineers because of their amazing strength. In our department we work on the various preparation methods, particularly on the catalytic chemical vapour deposition technique, in order to realize the synthesis of single and multiwall carbon nanotubes in large, finally at industrial scale. Results published have shed light on the generation mechanisms of tubes in/on the catalytic metal particles, the optimum condition of preparation using various catalysts. Using a novel, catalytic technique of photolithography well ordered carbon nanotube printings could be prepared. Efforts are spent to study the application of carbon nanotubes as polymer fillers, and as nanoelectronic units. For the latter purpose carbon nanotubes with T and Y junctions have been prepared successfully. Synthesis of carbon nanotubes in the pore system of mesoporous materials has been successfully realized as well. This opens a way towards the preparation of silicate-carbon nanocomposites.

For the synthesis of nanosized materials autoclaves and furnaces operating in the 1-100 bar and 300-2000 K pressure and temperature ranges, for characterization of materials XRD equipment, TEM, derivatographs (TGA-DTG-TG), UV-VIS, FTIR and Raman spectrometers, AFM and STM instruments, TPD-TPR apparatus and reactors for the catalytic measurements from atmospheric pressure up to 150 bar are available in the two institutes.

