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Menger Sponge-like Fractal Body
Created with a Novel Template Method

tNanotechnology Research Center, Research Institute for Electronic Science,
Hokkaido University and *CREST (JST)  Hiroyuki Mayama' !, Kaoru Tsujii"*
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Summary

Dimension is an essential control parameter as shown in charge density wave (CDW)[1] and
quantum Hall effect.[2] Recently, it has been clarified that some systems with non-integer di-
mension (fractal) express new phenomena of the localization of electromagnetic wave[3] and
super liquid-repellency[4], etc. Therefore, various new phenomena must be still lying behind
fractal dimension. Here we show the first experimental results on the creation of a fractal body
resembling Menger sponge[5] with a novel template method.

The essence was to adopt ”flower-like particles” of a wax as template particles corresponding
to pores. The particles were stacked, then the remained space between the stacked particles was
filled by a tetramethyl orthosilicate (TMOS) solution, and it was solidified by a sol-gel synthesis.
After that, sol-gel product were calcinated at 500 °C for 2 h. The porosity of the obtained porous
silica was 85 % (85 vol %; air and 15 vol %; SiO3).

From the SEM images of the cross sections of porous silica, cross-sectional fractal dimension
D¢ was determined. Fig. 1 show a log N(r) vs. log r plot obtained from a box-counting
method, where r is the box size and N(r) is the number of boxes occupied by a fractal pattern.
As a result, D = 1 87 is maintained between two cutoffs, 50 nm and 30 pym, whereas Des =2 0

below 50 nm and above 30 pm within experimental error. Inset shows a plot of dlog N(r)/dlog
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r vs. log r, which clearly shows that the slope is slightly gradual between tens nm and tens um,
where dlog N(r)/dlog 7 = —Dgs.

Based on D, porosity and cutoffs, the fractal geometry of the porous silica can be discussed
in comparison with mathematical models. From the viewpoint of D, we concluded that our
sample (D¢ = 1 87) was closer to Menger sponge because its D.s = log 8/log 3 = 1.89. On the
other hand, from the porosity and cutoffs, one can determine how fractal geometry or hierarchical
pattern was developed. For example, volume fraction f,, of Menger sponge at the n-th generation
is described as f, = (20/27)" and then n is obtained from the relation of rZ,, = Tlow/Tupper,
where Tgj,e is the size reduction ratio (rs,e = 1/3 for Menger sponge), Tiow and Typper are the
lower and upper cutoffs, respectively. Based on the obtained porosity and cutoffs, we concluded
that the fractal body was closer to the Menger sponge at the 7th generation and D ~ 2 7.
Furthermore, porous silica with lower fractal dimension has been created (D ~ 25). Fractal

body would allow us to control system dimension.
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Figure 1: A plot of log N(r) vs. log r. D¢ = 1 87 between 50 nm and 30 um. Inset shows a
plot of dlog N(r)/dlog r vs. log r.
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