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Formation of Vertically-oriented Graphitized Carbon Electrodes with Regularly Developed Pores
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An attempt to form vertically-oriented graphitized carbon electrodes with regularly
developed pores was conducted to realize high electron conductivity, stability, and porosity
enabling fast mass transfer in carbon electrodes. Self-assembling polystyrene nanoparticles
(PS NP) and vertically-oriented ZnO nanorod assembly were used as the first and second
templates, respectively, to form regularly developed pores; however, their formation was not
successful due to absence of the function of the templates. When carbon nanofiber (VGCF)
was used instead of ZnO, the self-assembly of the PS NP was attained along the VGCF with
fructose as a carbon source under the coexistence of sodium alginate. After carbonization, a
cylindrical carbon material with helically aligned nanopores was obtained. This carbon material
was found to be unprecedented showing optical activity and circularly polarized light sensitivity
in transient photoconductivity, which could be considered as a serendipitous achievement.
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Fig.1. FESEM image of porous
carbon material formed

TholzlzotBbhs, on FTO substrate.
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Fig. 2.
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Schematic diagram for producing porous
carbons. (a) Irregularly-shaped particles with
ordered pores derived from the self-assembly
of PS NPs during the hydrothermal treatment
and their decomposition. (b) Mixture of
porous particles and carbon nanofibers. (c)
Cylindrical carbon with helically-aligned pores.
Light blue and white arrows on the cylindrical
carbon show left- (LH) and right-handed (RH)
helices, respectively. Raw materials for
products (a) and (b) are shown in black and
red enclosures, respectively. Blue enclosures
show raw materials for product (c) and
intermediate with self-assembled polystyrene
nanoparticles and carbon precursor generated
during hydrothermal treatment.

Fig. 3. TEM image of cylindrical carbon with helical

pore alignment.
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Fig. 4. DRCD spectra of cylindrical carbon Fig. 5. Photoconductivity (¢ X u) transients at
formed from D-fructose (solid line) and cylindrical carbon observed in flash
L-fructose (dotted line). photolysis time-resolved microwave

conductivity technique® upon
excitation by LH and RH circularly
polarized laser light at 532 nm. The
parameters, ¢ and X u, are the
photocarrier generation yield and is
the sum of the charge-carrier
mobilities, respectively. Mean values
and standard deviations of four
measurements are shown. Inset shows
schematic diagram of photocarrier

generation by interaction between
:'I'i':'u& -.:.:.32& N helicity of cylindrical carbon (white
50 nm arrow) and RH circularly polarized
laser light (green arrow).

Fig. 6. Helical alignment of colloidal Au loaded
on cylindrical carbon (Inset: TEM image
of colloidal Au.)
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