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Mesoporous non-siliceous materials, in particular mesoporous transition metal oxides 

(m-TMOs), are of interest due to their fascinating electronic, redox, and magnetic 

properties for a wide range of applications  in catalysis and energy storage. Control 

of the porosity (e.g.,  pore size, wall thickness,  and surface area)  and the crystalline 

degree (e.g.,  phase composition,  crystallinity, and crystal grain size)  of m-TMOs are 

critical  for those applications.  To crystallize  TMOs, high  temperature annealing  is 

often needed to remove the amorphous defects and/or tune the compositions  of 

different crystalline phases. This has brought many challenges to surfactant or block 

copolymer templates used in the process of evaporation-induced-self-assembly to 

prepare m-TMOs. In this review, we summarize the most recent achievements including 

the findings  in our own laboratory  on the use of organosilicate-containing colloids 

for the templated growth of mesoporous materials. We review a few key examples 

of preparing  crystalline mesoporous oxides using different templating  methods. The 

colloidal templating method by which mesoporous nanostructures can be stabilized up 

to 1,000 C is highlighted. The applications of m-TMOs and meso metal-oxide hybrids 

synthesized using organosilicate-containing  colloidal templates  in photocatalysis  and 

high-temperature catalysis are also discussed. 
 
Keywords:  mesoporous  materials,  templates,  transition  metal  oxides,  nanoconfinement,  polymer   micelles, 

organosilicate 
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FIGURE 1 | Illustration of the synthetic methods/procedures of crystalline mesoporous materials and the merits/shortcomings of the three methods. Reprinted with 

permission from Gu and Schuth (2014) and Liu et al. (2015b). Copyright 2015 American Chemical Society and Copyright 2014 Royal Society of Chemistry. 
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FIGURE 2 | Control of crystallinity and mesostructures of Mn oxides. TEM 

images of (A) mesoporous β-MnO2 , (B) Mn2 O3 , and (C) Mn3 O4 , and TEM 

images of (D–F) hierarchical porous MnO2 templated by KIT-6. Reprinted with 

permission from Jiao and Bruce (2007), Jiao et al. (2007) and Ren et al. (2013) 

Copyright 2013 Nature Publishing Group and Copyright 2007 Willey VCH. 
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FIGURE 3 | Scheme illustrating the synthesis of m-TMO with two pore size 

distributions by using KIT-6 as the template. Reprinted with permission from 

Jiao et al. (2008). Copyright 2008 American Chemical Society. 
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FIGURE 4 | (A) The synthetic mechanism scheme of m-TMOs using the inverse sol-gel method. (B–E) HR-TEM images of mesoporous MnO2 at different calcination 
temperature: (B,C) 150 C and (D,E) 550 C. Scale bars are 20 nm. Reprinted with permission from Poyraz et al. (2013) Copyright 2013 Nature Publishing Group. 

 

 
 
 

 
 

FIGURE 5 | (a) Schematic illustration of combined assembly by soft and hard 

(CASH) method. TEM images of (b) as-made PI-b-PEO/TiO2 hybrids, (c) the 

TiO2 -C composite after heat treatment under argon, and (d) the resultant 

m-TiO2 after removal of the carbon after calcination in air. Reprinted with 

permission from Lee et al. (2008). Copyright 2008 Nature Publishing Group. 
 
 
 

 

 

COLLOIDAL-TEMPLATING  METHOD 
 

 

 
 
 

 
 

FIGURE 6 | (A) Scheme showing the sulfuric acid carbonization method for 

the synthesis of m-TiO2 . (B,C) TEM images of m-TiO2 prepared by the 

surfactant sulfuric acid carbonization method after calcinating at 650 C in N2 . 

Reprinted with permission from Zhang et al. (2010). Copyright 20 Willey VCH. 
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FIGURE 7 | (A) Schematic illustration of highly crystalline m-TMOs based on 

the colloidal amphiphile-templating method. (B) SEM, and (C,D) TEM images 

of as-resultant m-TiO2 with uniform mesopores. Reprinted with permission 

from Liu et al. (2015b). Copyright 2015 American Chemical Society. 
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FIGURE 8 | (a) Synthesis of the catalytically active DNA-NP superlattices. (b) 

The TEM image of silica-encapsulated Au superlattices after the removal of 

DNA. (c) Nitrogen sorption isotherms of porous silica. Reprinted with 

permission from Auyeung et al. (2015). Copyright 2015 American Chemical 

Society. 
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FIGURE 9 | Photocatalytic activity of m-TiO2 . (A) Photocatalytic degradation of 

RhB and (B) the fitting of the rate constant by using different mesoporous TiO2 

(mTiO2 ) obtained at different calcination temperatures. Reprinted with 

permission from Liu et al. (2015b) Copyright 2015 American Chemical Society. 
 

 
 
 

 

 
 

 
 

FIGURE 10 | (A,B) TEM images of Au@mSiO2 . The size of Au NPs is 14 nm. 

(C) High-temperature CO oxidation performance of mesoporous SiO2 (mSiO2 ) 

and mesoporous SiO2 with 1% loading of 14 nm Au NPs 

(mSiO2 -AuNP14-1%). (D) Durability test of CO oxidation with 

mSiO2 -AuNP14-1% at 375 C over 130 h. Reprinted with permission from Liu 

et al. (2017a). Copyright 2010 Royal Society of Chemistry. 
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