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The environmentally friendly and effective oxidation of sp3-hybridized C-H bonds has attracted much 
attention for the sustainable production of alcohols/ketones/epoxides from petroleum hydrocarbons[1,2]. 
However, the catalysis with oxygen as the oxidant is obstacled by the low efficacy of the catalysts. Mn-Ce 
solid-solution is reported as a promising catalyst for the aerobic oxidation reactions because of its 
maximized Mn-O-Ce interfaces, but expensive surfactants and ionic liquids and high Mn content are 
usually required for maximization of solid-solution phase, which is really costly for the catalyst 
preparation[3]. However, for oxidation reactions, the solid solution phase is not always the most efficient 
catalyst[4]. The efficient catalytic oxidation of C-H bonds with molecular oxygen over non-noble metal 
catalysts, as well as avoiding the solvents and initiator additives, is highly desired yet challenging. Titania 
(TiO2) is one of the preferred strong oxide-support interactions (SOSIs) supports[5], but Wang et al.[6] 
reported a highly active Mn-Ce oxide catalyst with SOSIs for the catalytic partial oxidation of hydrocarbons 
without solvents and initiator additives [Figure 1A]. The TEM analysis showed the existence of manganese 
oxide layers with two-dimensional and amorphous status on the cerium matrix [MnOx/CeO2, Figure 1B and 
C], and a high capacity of active oxygen species at 46.1% is obtained. The MnOx/CeO2 catalyst with SOSIs 
shows high activities and selectivities in the oxidation of hydrocarbons to alcohols and ketones with 
molecular oxygen under solvent- and initiator-free conditions at mild temperature [Figure 1A], which 
outperform the noble metal catalysts and the highly efficient solid-solution Mn-Ce catalysts[3,7]. Importantly, 
the MnOx/CeO2 is stable and exhibits constant performances in the continuous recycling tests.
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Figure 1. (A) Synthetic and catalytic strategies of the ceria-supported two-dimensional manganese oxide catalyst with SOSIs. (B,C)
High-resolution STEM images of MnOx/CeO2 catalyst with SOSIs. The isolated Ce sites in the amorphous region were highlighted by
yellow circles in (C)[6].

Multiple characterizations (EPR, in situ Raman, in situ FTIR, in situ XPS…) are used to study the redox 
properties of the materials. The EPR, Raman, and XPS results demonstrated the existence of abundant 
oxygen vacancies/defective sites in the MnOx/CeO2 catalyst, which are beneficial for oxygen activation. 
More importantly, the in situ Raman and XPS studies indicated the availability of the active oxygen species 
at low temperature (< 80 °C) and can be regenerated during the continuous oxidation process, which makes 
it extremely active for the aerobic oxidation reactions. The in situ FTIR experiments confirmed the pivotal 
role of surface active oxygen species for the adsorption and activation of the C-H bond, which accelerated 
the conversion of hydrocarbons to corresponding alcohols and/or ketones.

This work teaches us how to use the SOSIs to construct abundant active interfacial sites for the activation of 
C-H bonds. The interfacial sites can not only regulate the catalytic activities but also foster further studies 
on the structure-performance relationship of various supported metal oxide catalysts. It is anticipated that 
this method will be further applied for designing efficient metal oxide catalysts for the sustainable 
production of valuable chemicals.
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