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The research conducted during the Short Term Mobility stage in Milan was aimed at continue and further strengthen the fruitful collaboration between the ISTM-CNR (Milano) and RAS-BIC (Novosibirsk) Institutes in the field of the development of heterogeneous catalysts for the selective oxidation of bulky organic compounds with environmentally friendly and cheap oxidants, such as tert-butyl hydroperoxide (TBHP) and aqueous H2O2. Recently, we have found that titanium-containing catalysts are very active and effective in the selective oxidation reactions for preparation of different useful oxygen-containing products. 


In previous studies, a series of titanium-silica catalysts have been prepared by supporting titanium(IV) precursors with different nuclearity (mononuclear titanocene dichloride Ti(Cp)2Cl2, dinuclear titanium diethyl tartrate and tetranuclear peroxo complex (NH4)8[Ti4(C6H4O7)4(O2)4]·8H2O) onto the surface of silica materials with different textural characteristics. The supported catalysts have been explored as highly active and reusable catalysts for oxidation of 2,3,6-trimethylphenol (TMP) and 2,6-dimethylphenol (DMP) to 2,3,5-trimethyl-1,4-benzoquinone (TMBQ, vitamin E key intermediate) and 2,6-dimethyl-1,4-benzoquinone [1].

Moreover, by analyzing and comparing a set of experimental data we suggested the correlation between the surface concentration of Ti(IV) ions and the selectivity to TMBQ [2]. It has been first demonstrated that catalysts with di/oligonuclear Ti sites have advantages of better (100%) quinone selectivity, H2O2 efficiency and improved re-usability compared to single-site Ti catalysts [3].

On the other hand, the Novosibirsk group recently reached a relevant experience in the preparation of the so-called core-shell materials (SCMS) – almost monodisperse spherical particles composed of a non-porous silica core covered by a hexagonally arranged mesoporous silica shell [4]. With a similar approach, the magnetically separable silicate mesoporous materials with a core-shell morphology (SMCMS) was synthesized, thus providing advantages of an easy catalyst separation by means of a magnetic device [5]. One-pot two step co-precipitation method was used to synthesize catalytically active materials, Ti-SCMS and Ti-SMCMS. The physicochemical study revealed that Ti-SMCMS has spherical particles consisting of an ordered mesoporous titanium-silicate shell and a nonporous silica core which, in turn, comprises superparamagnetic iron oxide nanoparticles. The magnetic kernels are completely covered by non-porous silica and thus are protected from the reaction medium. The new Ti-SCMS and Ti-SMCMS materials revealed high catalytic activity in liquid phase H2O2-based oxidation of some bulky organic substrates such as phenols, olefins and substituted sulfides. The catalytic study also showed that Ti-SMCMS combines a rather good catalytic performance with an easy catalyst separation.

The scientific goal of the new research project was to prepare a new class of catalytic materials that will combine the advantages of high activity and selectivity in liquid phase selective oxidations with easy catalyst recovering and recycling. The Novosibirsk group has synthesized spherical silica materials (SCMS) consisting of a solid inert core covered by a hexagonally ordered mesoporous silicate shell (the thickness of shell varied in the range 35 - 70 nm). Moreover, support containing superparamagnetic centers (SMCMS) was prepared. New samples were characterized by N2 adsorption, XRD, TEM. It was shown that synthesized supports have a well-organized mesoporous structure with regular diameter of pore-channels and invariable shell thickness. These materials were brought to ISTM-CNR (Milan) in order to use as supports for preparation of new well-defined nanocatalysts by grafting and impregnation methods. 

A number of new catalytic systems was obtained varying the procedure of preparation (grafting, impregnation), amount of titanium and so on. It is worth noting that for the grafting procedure with titanocene dichloride we have applied the correlation between the yield/selectivity to the desired product and the surface Ti concentration, as obtained previously, in order to calculate definite amount of titanium. 


The catalysts prepared will be further characterized by different techniques, including elemental analysis, thermogravimetry (ISTM), DR-UV, IR and EXAFS (BIC). The catalytic properties of the novel materials will be assessed in liquid phase selective oxidation of representative organic substrates (alkenes, phenols, alcohols) with H2O2 and TBHP.
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