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Fabrication of arrays of CNT/AuNW hybrid structures

The experimental procedure for growing CNT/AuNW hybrid structures is schematically
shown in Fig 1 (article). First, a layer of Ag coating (about 200nm) was thermal
evaporated onto one side of the AAO template to serve as the working electrode for the
consequent electrochemical deposition. The electrodeposition was carried out to deposit
Au into the nanopores, using the standard three electrode potentiostat system (Princeton
EG & G 273 A). Ag/AgCl reference electrode and platinum wire counter electrode were
used for the process. The length of the metal nanowire can be controlled by varying the
deposition time. After the electrodeposition of the Au nanowires, CVD was carried out to
grow multiwalled carbon nanotubes (MWNTs) inside the template, by the pyrolysis of
acetylene at 650°C for 1 - 2 h with a flow of gas mixture containing Ar (85 %) and C,H,
(15 %) at a rate of 35 ml/min. Since the Au nanowires had already filled the bottom
portion of the channel, the CNTs would only grow in the remaining top portion which
had not been occupied during the electrodeposition step. Hybrid structures with Au
Nanowire -CNT junctions were formed after the CVD. Figure S1 shows the EDX spectra.

The sample was plasma etched for about 2 h to remove the amorphous carbon layer on
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the template surface. The length of CNT segment was ~ 40 um, with inner diameter and
wall thickness of ~ 170 nm and 15 nm respectively. The Au-segment was grown to ~ 3
pm in length. The CNT walls are not highly graphitized, due to the lower growth

temperature.

Fabrication of supercapacitor electrodes and its electrochemical measurements

A supercapacitor test cell was fabricated with two CNT/AuNW electrodes separated by a
thin filter paper in 6 M KOH solution. The electrodes, which were thin flexible films (~50
um), were separated by a Whatman filter paper and were sandwiched in a Swagelok type
stainless steel (SS) cell. The electrochemical properties and capacitance measurements of
supercapacitor electrodes were studied in a two-electrode system by cyclic voltammetry,
galvanostatic ~ charge-discharge  and  impedance  spectroscopy  using a

Potentiostat/Galvanostat (EG&G Princeton Applied Research 273A).

Cyclic voltammetry measurements

The cyclic voltammetry (CV) response of the electrodes were measured at different scan
rates varying from 50-1000 mVs™ (Figure S2). Voltammetry testing was carried out at
potentials between -0.5 V and 0.3 V using 6 M KOH aqueous electrolyte solution. The
CNT/AuNW celectrodes present the typical box like curve, expected for an ideal
capacitor. However, CV curves are little distorted for CNT electrodes, showing
significant ESR. The area of the curve also increased for CNT/AuNW electrodes,
compared to CNT electrodes, indicating an enhancement of the specific capacitance for

these electrodes.
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Galvanostatic charge-discharge measurements

The specific capacitance of the supercapacitor electrodes was also determined by
galvanostatic charge-discharge technique. Galvanostatic cycling of supercapacitor
electrodes was performed at a constant current of 2 A/g. The discharge curves are linear

in the total range of potential with constant slopes, showing perfect capacitive behavior.

The discharge capacitance of the electrodes (C) was calculated from the slope of the

discharge curve,

av (M

where C is the cell capacitance in Farad (F), / the discharge current in Ampere (A) and
dV/dt is the slope of the discharge curve in volts per second (V s@). The specific
capacitance (Csp) is calculated according to

2C
Cop=—- @)

m
where m is the weight per electrode of the active material. The factor of 2 comes from the
fact that the total capacitance measured from the test cells is the addition of two
equivalent single-electrode capacitors in series.' The mass of each CNT/AuNW electrode

was ~ (.26 mg.
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Electrochemical impedance spectroscopy measurements

Impedance Spectroscopy measurements were carried out at a dc bias of 0 V with
sinusoidal signal of 10 mV over the frequency range from 50 kHz and 10 mHz. At lower
frequency, the imaginary part of impedance sharply increases, which is typical of the
capacitive behavior of the electrode. The maximum power density of the supercapacitor
has been calculated from the low frequency data of the impedance spectra, according to

the equation,

Pmax = — (3)

where V; is the initial voltage, R is the equivalent series resistance and m is the total mass
of the system. The ESR has been obtained from the x-intercept of the Nyquist plot. For
CNT/AuNW hybrid electrodes, with a cell voltage of 0.22 V, an ESR of 480 mQ and a
total mass of 5.2 x 10 g, we obtain maximum power density of ~ 48 kWkg™'. The
obtained cell voltage is low, which might be due to the presence of functional group on

the CNT surface, resulted from the dissolution of alumina template in NaOH.?
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Table 1: Characteristics of supercapacitor electrodes”

Electrode Specific capacitance Power density
(Fg™) (kWkg)
CNT/AuNW
(present work) 72 48
CNT
(present work) 38 18
SWNT? 80 43.3

“ For comparison, we have included the best results from the previous works on CNT-based

supercapacitors.
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Figure S1: EDX Analysis of CNT/AuNW hybrid nanostructures dispersed on Silicon

wafer.
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Figure S2: Cyclic voltammograms (CV) for CNT/AuNW electrodes at different scan
rates using 6 M KOH aqueous electrolyte. CV at 1000 mV/s shows a rectangular curve,

indicating a low ESR.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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 true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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 [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


