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Experimental Section 

Monolithic PMMA latex sphere arrays. PMMA latex spheres were synthesized as previously 
described by polymerization of methyl methacrylate (MMA) (Aldrich, 99%) in a surfactant-free 
emulsion with 2,2´-azobis(2-methylpropionamidine) (Aldrich, 97%) as an initiator.[1] These 
spheres (364 nm) were allowed to self-assemble into close-packed arrays by gravity 
sedimentation from an aqueous dispersion at 25 °C. 
Mesoporous silica nanocubes. 2.0 g Brij 56 (Aldrich) was dissolved in 4.0 g tetraethyl 
orthosilicate (TEOS) (Aldrich, 98%) at 45 °C. 2.0 g of 1 M aqueous oxalic acid (Mallinckrodt) 
was added to the mixture. The molar ratios in this mixture were 1 SiO2: 0.156 Brij 56: 0.106 
oxalic acid: 5.37 H2O. Once the mixture was clear and homogeneous, it was introduced into the 
PMMA colloidal crystal templates. A monolithic piece of the PMMA template was half-immersed 
into this solution, where it was then completely infiltrated with precursor material by capillary 
forces. Then, the PMMA templates were removed from the solution and excess precursor was 
wiped off, before the samples were stored at 45 °C for 12 h. The gel precursor/PMMA 
composite was calcined in air at 550 °C for 6 h at a rate of 3 °C/min, during which time the 
PMMA and Brij 56 were eliminated and the ordered macroporous structure started to 
disassemble into bimodally dispersed particles. Alternatively, the PMMA and surfactant were 
removed via toluene extraction overnight. In that case, samples with intact 3DOM structures 
were isolated through critical point drying. The silica nanocubes were collected via repeated 
density gradient centrifugation at 4000 rpm. The gradient solution was prepared from 
tri(ethylene glycol) and H2O with a two-jar gradient mixer (Aldrich).  
Characterization. SEM micrographs were recorded using a JEOL 6500 field emission 
microscope. TEM micrographs were taken on a FEG T12 transmission electron microscope 
working at 120 kV. BET analyses were conducted using a Micromeritics ASAP 2000 
porosimeter. Small-angle X-ray scattering (SAXS) measurements were performed on a 
SAXSess system from Anton Paar Corporation. Solid state NMR spectra were taken on a 
Chemagnetics CMX-400 (infinity) spectrometer working at 79.5 MHz for 29Si. The total 
acquisition times were ca. 3 h and ca. 12 h, respectively, for as-infiltrated and 48-h-aged 
samples.  
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Figure S1. SEM image of the PMMA template. 
 

 

Figure S2. Tetrahedral (Td) and octahedral (Oh) interstices within the fcc PMMA sphere array. The 
volumes of the tetrahedral and octahedral interstices, whose replicas form the two basic building units 
of 3DOM structures, were calculated by subtracting all the corners from the tetrahedron or octahedron 
respectively. The radius of a PMMA sphere (R) was set as unit 1. 
Tetrahedral interstice: 
From the Gauss-Bonnet theorem, the area of the spherical triangle is 551.01 =−∠+∠+∠= πCBAS  

The volume of OABC is 184.0
3
1

11 =××= RSV  

So the volume of the interstice is VTd = Vtetrahedron – 4V1 = 0.207 
If the volume is conserved, the diameter of the resulting spheroid is DTd = 0.734 
Similarly, the volume of the octahedral interstice can be calculated as 
VOh = Voctahedron – 6V2 = 1.053 
and the edge length as LOh = 1.017 
Based on the calculated volumes, the ratio of diameter (edge length) was obtained as 
PMMA sphere: Oh: Td = 1: 0.511: 0.368 
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Figure S3. Brunauer-Emmett-Teller (BET) nitrogen adsorption and desorption isotherms of the silica 
nanocubes. The inset shows the pore size distribution from the desorption branch. 

 
 
 

 
Figure S4. SAXS pattern of the silica nanocubes showing mesoporosity. 
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Figure S5. SEM image of the bimodally distributed mesoporous silica nanocubes and nanospheroids used 
for determining the particle size distribution. 

 
 

 
 
Figure S6. Silica with highly ordered 3DOM structure, prepared by removing the PMMA template by 
solvent extraction and critical point drying. 
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Figure S7. Silica nanocubes (with nanospheroids) prepared with colloidal crystals of PMMA spheres 
with different diameters: a = 287 nm, b = 403 nm, c = 460 nm, and d = 544 nm. 
 
 
 

 
 
Figure S8. Correlation between the sizes of PMMA spheres and the corresponding templated mesoporous 
silica cubes.  
 
 


