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Figure S1 Pore-size distribution calculated from the N, sorption isotherms of the crab

shell template.
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Figure S2 Three kinds of crabs and their shells and shells after calcination in air at
350 °C, which live in different environments. (a) and (b), scylla serrata crab; (c) and

(d), portunid crab; (e) and (f), hairy crab.
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Figure S3 SEM images of portunid crab shell template. (a) and (b), top-view images;

(c) and (d), side-view images.
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Figure S4 SEM images of hairy crab shell template. (a) and (b), top-view images; (c)

and (d), side-view images.

Fig. S2 shows photographs of the three crabs and their shells, which live in
different environments: the scylla serrata crab lives in shallow seas (Fig. S2 (a) and
S2 (b)), the portunid crab lives in the deep seas (Fig. S2 (¢) and S2 (d)) and the hairy
crab lives in rivers (Fig. S2 (e) and S2 (f)). The SEM images of the portunid crab and
the hairy crab are shown in Fig. S3 and S4. We found that most crab shells showed
very similar structures despite their different living environments. The differences

may influence the interlaced array structure and the pore-to-pore distance.
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Figure S5 The CV profiles of AC. Investigated at different scan rates from 5 to 200

mVs ! between 0 and3 Vin 1 M (C,H5)4NBF4/PC electrolyte using a two-electrode

quasi-capacitor.

Fig. S5 shows the CV profiles of AC investigated at different scan rates from 5
mVs' to 200 mVs™! between 0 and 3 Vin 1 M (C,H5)4aNBF4/PC electrolyte using a
two-electrode quasi-capacitor. The capacitance of the carbon material can be
estimated by the equation of C = 2i/v, where C is the differential capacitance and i is
the current density; in this case, the value of 1.5 V was chosen and v is the scan rate,
all multiplied by 2 because the two carbon electrodes of the capacitor are actually
connected in series. It is well-known that the steepness in the current change at the

switching potential is determined by the resistance and capacitance time (RC)
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constant. The nearly 90° change in the CV curve at the switching potential indicates
that the MCNAs has a very small time constant as an ideal capacitor. The calculated
capacitance of AC was 127 Fg'. Considering the differences in surface area, the
specific surface area capacitance of MCNAs was 12 uFem™, which is 2 times higher
than that of commercial AC (about 6 pFem™). It is most interesting to clarify the
issues as to why there is such a significant difference in the capacitance between these
two carbon materials. The pore diameter of AC was estimated to be 2.2 nm according
to the nitrogen sorption measurements. However, a large proportion of the micropore
area, about 477 m°g”', nearly 23 % of the total surface area (2071 m’g™"), was detected.
Similar results were also reported in Ref 3. It has been demonstrated that the very
narrow micropores do not contribute to the total double layer capacitance because of a

. S1-83
molecular sieving effect,

thus decreasing the utilization of specific surface area.
Aside from the pore size distribution, it is well-recognized that the pore shape, the
surface functional groups, the electrolyte accessibility, the solvated-ion effect and the
electronic conductivity can be critical to the electrical double layer performance. It is
probable that the pore texture and surface properties of the AC in the present work
would not be favorable for the penetration of electrolyte and ion transportation at high
scan rates. We speculate that most of the surface area in the AC is difficult for
non-aqueous electrolyte wetting when using a high scan rate, thus giving rise to a
decrease in capacitance. For the MCNAs, its larger pore size and large channels

between nanofibers benefit electrolyte immersion, and also a very low micropore area

contributes (72 cm’ g'l) to the total surface area.
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Figure S6 Capacitive performances of MCNAs. (a), Galvanostatic charge/discharge
curves of the MCNAs capacitor at a current density of 100 mAg' in IM
(C2Hs)4sNBF4/PC electrolyte; (b), cycling performance of MCNAs capacitor. The cell
was cycled at a constant current of 500 mAg™ between 0 and 3 V.

Fig. S6 (a) shows the galvanostatic charge/discharge curves of the MCNAs
capacitor at a current density of 100 mAg'1 in IM (C,Hs)sNBF4/PC electrolyte and a
perfect capacitive behavior with linear shape characteristics that is observed between
0 and 2.5 V at a current density of 100 mAg™". The capacity of MCNAs is about 53

mAhg™ based on the mass load of one electrode, corresponding a specific capacitance
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of 152 Fg™'. The result is consistent with the value obtained by the CV test. Figure S6
(b) gives the cycle performance of the MCNAs capacitor investigated by
charging/discharging the capacitor for 1000 cycles at a current density of 500 mAg™
between 0 and 2.5 V. The MCNAs capacitor maintained 95 % of its initial capacity

after 1000 cycles, and the coloumbic efficiency was maintained at about 95 %.
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Figure S7 The CV profiles of C (carbon nanofibers from carbonization of phenolic
resol precursors after removing crab shell and P123). Investigated at different scan
rates from 5 to 200 mVs™ between 0 and 3 Vin 1 M (C,H5)4NBF4/PC electrolyte

using a two-electrode quasi-capacitor.
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Table S1: Comparison of catalytic properties of the catalysts

Onset Peak
catalyst potential (V. I (mAcm™) potential (V. I (mAcm™) Iy/1y
vs.SCE) vs.SCE)
Pt/MCNAs 0.224 10.82 0.645 9.05 1.20
Pt/XC72R 0.305 6.83 0.649 8.14 0.84

Irand I}, are corrected for electric double-layer capacitance.

Methanol electrooxidation on Pt/MCNAs and Pt/XC72R electrodes was
compared in the following areas to indicate the catalytic performance: onset potential
of methanol oxidation, forward peak potential, forward peak current density, and ratio
of the forward peak current density (If) to the backward peak current density (Ip).
According to the CV profiles, the above particulars are listed in Tab. S1. The onset
potential and peak potential of methanol electrooxidation on Pt/MCNAs shift
negatively by 81 mV and 4mV respectively, accompanied by nearly 60 % increase in
the forward peak current density. Moreover, it is notable that Iyl significantly
increases. Goodenough et al. attributed this anodic peak (Ip) in the reverse scan to the
removal of the incompletely oxidized carbonaceous species formed in the forward
scan. 5 These carbonaceous species are mostly in the form of linearly bonded
Pt=C=0. Hence the ratio of the forward anodic peak current density (Ir) to the reverse
anodic peak current density (I,), I¢/I, can be used to describe the catalyst tolerance to
carbonaceous species accumulation. Low I¢l, ratio indicates poor oxidation of
methanol to carbon dioxide during the anodic scan and excessive accumulation of

carbonaceous residues on the catalyst surface. High ¢/, ratio shows the converse case.
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In a word, Pt supported on MCNAs exhibits a much higher activity than Pt/XC72R

for methanol electrooxidation.

Figure S8 TEM images. (a), (b) and (c), Pt/MCNAs; (d), (e) and (f), Pt/ XC72R.

Fig. S8 displays varying catalyst morphologies. Comparison of the TEM images
((a) and (d)) of two catalysts indicates that the Pt nanoparticles of the Pt/MCNAs
catalyst are highly dispersed on the MCNAs surface, while the dispersion of the Pt

nanoparticles of the Pt/XC72R catalyst on the carbon support is uneven with prevalent
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agglomerations. According to TEM image (b) of high resolution, some Pt

nanoparticles sit in mesopores, thus restraining their aggregations; others locate on the

brim of the mesopore-wall. TEM image (c) further reveals that the mesopore-wall is

highly graphitized, which provides plentiful vacancies or defects in a graphite plane

of the edge of mesopore-wall. It has demonstrated that vacancies or defects can

dissociate H,O to H and OH species, thus improving the CO oxidation ability.

However, XC72R does not possess this microstructure (image (e) and (f)).
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Figure S9 CO-stripping voltammograms in 0.5 M H,SO4 + 0.5 M methanol at a scan

rate of 20 mVs™. (a), PYMCNAs electrode; (b), Pt/XC72R electrode.
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Cyclic voltammograms with and without CO,4 on Pt/MCNAs (a) and Pt/XC72R
(b) electrodes are showed in Figure S9, and two pieces of information can be revealed.
Firstly, the onset potential of CO-stripping on the PA/MCNAs (a) electrode shifts
negatively near 170 mV, investigating significantly accelerating CO oxidation ability
of the Pt nanoparticles on MCNAs. Above TEM measurement has proved that there
are plentiful vacancies or defects in a graphite plane of MCNAs, which can
effectively dissociate H,O to H and OH species. This process may be promoted by the
presence of Pt that acts adsorption and dissociation active sites via spillover effect (eq.
c), thus accelerating the CO oxidation. This is in good agreement with the result of
I¢/1, in CV measurement.

CH30H,q4s + Pt — PtCO,4+ 4H' + 4e™ (a)
H,0 + Pt — PtOH,4, + H + ¢ (b)
PtOH,gs + PtCOyus — Pt + Pt + CO, + H + ¢ (c)

Secondly, based on CO-stripping measurement the specific surface area can be
calculated. The results are 60.71 m’g”" and 34.52 m’g” respectively, which accords

with the results of TEM measuments.

Supporting references

S1 L. Eliad, G. Salitra, A. Soffer and D. Aurbach, J. Phys. Chem. B, 2001, 105,
6880-6887.

S2 G. Salitra, A. Soffer, L. Eliad, Y. Cohen and D. Aurbach, J. Electrochem. Soc.,

2000, 147, 2486-2493.



Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is © The Royal Society of Chemistry 2010

S3 L. Eliad, G. Salitra, A. Soffer and D. Aurbach, J. Phys. Chem. B, 2002, 106,
10128-10134.

S4 R. Manohara and J. B. Goodenough, J. Mater. Chem., 1992, 2, 875-887.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


