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In recent years, lithium-ion batteries (LIBs) have received considerable attention as one of the most 
promising power sources for moblie devices and electric vehicles (EVs) due to their high energy 
densities and long cycle life. Micrometer-sized ordered mesoporous materials with ordered nanopore 
arrays (2~50 nm) have many advantageous features for LIB electrodes over nanoparticle electrode 
materials: (i) an electrolyte can easily penetrate into 2-D and 3-D ordered interconnected pores. (ii) A 
few nanometer thick pore walls are advantageous for shortening solid state diffusion length of Li 
ions, providing high power density. (iii) The micrometer-size interconnected porous structures 
provides a higher electrical conduction compared with separate nanoparticles by reducing particle to 
particle resistance.  

For high performance lithium-ion battery electrodes, various mesoporous metal/metal oxide 
materials have been synthesized by employing lab-synthesized block copolymers as a structure-
directing agent or ordered mesoporous silica materials as hard templates. The resulting 
mesostructured materials outperformed state-of-the art materials in lithium-ion battery. In this talk, I 
will present two examples on high-performance mesostructured lithium-ion battery electrodes 
developed in our group.  

To improve cyclability of Sn-based electrodes, block copolymer self-assembly method has been 
employed. A facile “one-pot” method for the synthesis of Sn-embedded carbon-silica (CS) 
mesostructured (nanostructured) composites was developed through the selective interaction of resol 
(carbon precursor) and trubutylphenyltin (Sn precursor) with an amphiphilic diblock copolymer, 
poly(ethylene oxide-b-styrene), PEO-b-PS. Metallic Sn species are homogeneously embedded in a 
CS framework and are effectively confined with the morphologies of nanowires or nanoparticles 
depending on the initial Sn precursor loading. The resulting composites used as anode materials for 
lithium-ion batteries exhibited high specific capacities (600 mA h g-1 at a current density of 45 mA g-

1) and excellent cyclability of over 100 cycles with high Coulombic efficiency owing to unique 
confined Sn structure in mesostructured carbon matrix.  

Fe3O4 nanocrystals confined in mesocellular carbon foam (MSU-F-C) are synthesized by a “host-
guest” approach and used as an anode material of LIBs. It was demonstrated that Fe3O4/MSU-F-C 
nanostructures can not only mitigate durability issues caused by the large-volume change of Fe3O4 
during Li+ insertion/extraction but also lead to excellent rate performance. Additionally, atomic layer 
deposition (ALD) of Al2O3 has been shown to mitigate undesirable side reactions of these high 
surface area nanocomposites.  
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