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Experimental Section

Synthesis and characterization of single-walled carbon nanotubes (SWCNTs)

SWCNTs were synthesized on a gold wire surface by chemical vapor deposition, as described
previously.'” The gold wire surface was completely covered with SWCNTS, as determined by its
absence of any electrochemical behavior characteristic of gold at any current.

Field-emission scanning electron microscopy indicated SWCNT bundles of 5-20 nm in
diameter. The thickness of the SWCNT layer was ca. 20 um. Transmission electron microscopy
images indicated individual tubular structures. The wall thickness was ca. 0.35 nm (Fig. S1),
indicating that they were SWCNTs.*™

The prominent feature of the Raman spectra of SWCNTSs is the G-band at ca. 1,590 cm™" >
The G-band is a doubly-degenerate phonon Raman active mode for sp*-hybridized carbon networks.
The other feature is the D-band at ca. 1,350 cm™". This is localized at imperfect lattice structure
regions, particularly the edges and defects of sp*-hybridized structures.”'® The G-band/D-band
intensity ratio (Is/I) was used to evaluate the crystallinity of the sp*-hybridized structure. The I5/Ip
ratio of the SWCNTSs was ca. 35, when a 514.5 nm laser excitation source was used. The D-band
was very weak, indicating that the SWCNTs were of high crystallinity and had few defects. The
radial breathing mode of the SWCNTs gives information about the diameter distribution of the
SWCNTs. The SWCNTSs has a diameter distribution of 0.9—-1.6 nm, as estimated from:

d/nm = 248/(v/em™), (1)

where d is the SWCNT diameter and v is the Raman shift.!' ™"

Estimation of adsorbed oxygen on the SWCNTs and highly oriented pyrolytic graphite (HOPG)

The charge flow was estimated to be 8.4x107° C, based on the area of the oxygen reduction
current in the first voltammogram scan of the SWCNTs in Fig. la. Thus, the adsorbed oxygen
content was 2.2x107'"° mol, assuming the oxygen reduction current represented a four-electron

reduction. The specific surface area of the SWCNTs as determined by Brunauer—-Emmett-Teller



analysis was 9x10? cm?. A single benzene (area of one side: 7.09x10' cm?) unit 1.4x10" pieces
cm 2. Thus, the SWCNT surface area of 9x10% cm? constituted 1.26x10'® benzene units. From this
information, the amount of oxygen adsorbed at the SWCNTs was estimated to be 5.2x107° per
carbon atom.

Similarly, the amount of oxygen adsorbed at HOPG was estimated to be 3.0x10™* per carbon
atom. This was higher than expected, probably because of surface defects formed during the peeling
process used to prepare the fresh surface. This prediction was supported by the calculated surface
specific capacitance per geometric area of 50 uF cm ™% which was nearly 15 times larger than that

previous reported (2-3 uF cm 2)."

Assignment of Raman peaks of 3-carotene
The vy, v,, v3 and v4 peaks at 1,541, 1,157, 1,007 and 945 cm ! were assigned to the conjugated
C=C stretching, C=C+C—C stretching and C—H bending, C—CHj; stretching (main-chain C[ICHj;

side group), and out-of-plane C—H wagging modes, respectively.'> ™"’
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Fig. S1 (a) Transmission electron microscopic and (b) high-resolution transmission

electron microscopic images of the single-walled carbon nanotubes.



