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Experimental details

Materials: Pyrrole monomer (Shanghai Chemical Works, China) was distilled under reduced
pressure. P-toluenesulfonic acid (P-TSA) and glycol were purchased from Aladdin Ltd. (Shanghai,
China), ammonium persulfate (APS, Tianjin Damao Chemical Co., China), Copper nitrate hydrate
(Tianjin Kaixin Chemical Co., China), thiourea (Shandong Shuangshuang Chemical Co., China),
polyving akohol (PVA, Shanghai Chemical Works, China). All chemical reagents were in

analytical grade.

Synthesis of CuS microsphere: In a typical process, 0.241 g of copper nitrate hydrate (1 mmol)
and 0.153 g of thiourea (2 mmol) were dissolved in 40 ml glycol under violent stirring. After
stirring for 30 min approximately, the yellow-green solution was transferred into a 100 ml
Teflon-lined stainless steel autoclave and heated at 150 °C for 24 h. After cooled to room
temperature naturally, the resulting black precipitates of CuS were collected by filtration, washed
with distilled water and absolute ethanol several times to remove the residue of the reactants,

finally dried in vacuum at 60 °C for 24 h.

Synthesis of CuS@PPy composites: CuS@PPy composites were synthesized by in situ chemical
oxidative polymerization of pyrrole in the presence of the CuS suspension. In a typical process,
0.10 g of CuS and 1.14 g of P-TSA were ultrasonic dispersed in 30 ml of deionized water at

ambient temperature. Then, the solution was transferred into ice bath under violent stirring, and
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the solution cooled to below 5 °C. 0. 50 g of pyrrole monomer was dispersed in above solution.
After stirring for 30 min, the 0.82 g of APS (dissolved in 10 ml deionized water) dropped into
above solution. The polymerization was performed for at least 6 h at below 5 °C ice bath.
Reaction product was collected by centrifugation and washed successively with deionized water
and ethanol and then dried at 60 °C for 24 h under vacuum to obtain a black powder. The content
of CuS in this composite is 16.7 wt%.

For comparison purpose, pure PPy without CuS was synthesized under the same conditions.
CuS@PPy composites with various contents (wt%) of CusS is calculated from mass ratios of CuS
to pyrrole monomer, such as 3.8%, 9.1% and 28.6% are added 0.02 g, 0.05 g and 0.2 g of CuS,

respectively, and the other experimental conditions are the same as above.

Materials Characterization: The morphologies of the CuS and CuS@PPy products were
examined with field emission scanning electron microscopy (FE-SEM, JSM-6701F Japan) at an
accelerating voltage of 5.0 kV. The structure of the samples was characterized by a transmission
electron microscopy (TEM, JEM-2010 Japan). X-ray diffraction (XRD) of samples was performed
on a diffractometer (D/Max-2400, Rigaku) advance instrument using Cu Ko radiation (kK =1.5418
A) at 40 kV, 100 mA. The 26 range used in the measurements was from 5 to 80". The
Brunauer-Emmett-Teller (BET) surface area (Sggr) of the powders was analyzed by nitrogen
adsorption in a Micromeritics ASAP 2020 nitrogen adsorption apparatus (U.S.A.). All samples

were degassed at 100 °C prior to nitrogen adsorption measurements.

Electrochemical measurements: The electrochemical test is conducted with a CHI 660D
electrochemical workstation in an aqueous KCI solution (1 M) with a three-electrode cell where
glassy carbon electrode with a diameter of 5 mm was used as the working electrode, platinum
electrode serves as the counter electrode and a standard calomel electrode (SCE) as the reference
electrode. The working electrodes were fabricated similar to our previous reported literature.”'
Typically, 4 mg of CuS@PPy was ultrasonically dispersed in 0.4 mL of Nafion (0.25 wt%). The
above suspension of 8 pL using a pipet gun was dropped onto the glassy carbon electrode and

dried at room temperature.
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Cyclic voltammograms were recorded from -0.8 to 0.5 V at scan rates of 25 mV s”. The
galvanostatic charge/discharge property was measured at various current densities with cutoff
voltage of -0.5 to 0.5 V. The cycle-life stability was performed using computer controlled cycling
equipment (LAND CT2001A, Wuhan China). Electrochemical impedance spectroscopy (EIS)
measurements were performed with the Autolab PGSTAT 128N equipped (Eco-chemie,
Netherland) with FRA module, the frequency ranging from 10 mHz to 100 kHz and an impedance

amplitude of £5 mV at open circuit potential.

Two-electrode cell assembly and measurements: The capacitive performance of CuS@PPy
samples was investigated using a two-electrode testing cell. The working electrode was prepared
by mixing the CuS@PPy with polyvinylidene fluoride (PVDF) and commercial carbon black
(8:1:1) in N-methyl-2-pyrrolidone (NMP) until homogeneous slurry. The slurry was coated on
nickel foam with a working area of 1.0 cm® and the electrodes were dried at 120 °C for 12 h and
then weighted and pressed into sheets under 20 MPa. The total mass was between 3 and 5 mg of
each electrode and two electrodes with identical or very close weight were selected for the
measurements.

PVA-KCI polymer electrolytes played role of separator and gel electrolyte. The PVA-KCI gel
electrolyte was fabricated similar to the literature.>> Typically, 1 g KCI and 1 g PVA were added
into 15 ml deionized water and thus heat up to 85 °C for 1 h under vigorous stirring became clear.
For the construct supercapacitor, two pieces of the electrodes were immersed in a hot clear
solution of gel electrolyte for 5 min. The resulting electrolyte-filled electrodes were solidified for
12 h at room temperature. Finally, as-prepared two electrodes were symmetrically assembled into
sandwich-type cells. The cyclic voltammetry and galvanostatic charge-discharge tests of

CuS@PPy composite with the potential from -0.5 V to 0.5 V.
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Fig. S1. XRD patterns of CuS@PPy composites with various contents (wt%) of CuS.
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Fig. S2. FT-IR spectra of pure PPy and CuS@PPy composite (CuS content is 16.7 wt%)
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Fig. S3. Nitrogen adsorption-desorption isotherms of CuS and CuS@PPy composite (CuS content

is 16.7 wt%). The inset shows the pore size distribution curve of CuS@PPy composite.

Table S1. The BET specific surface areas, average pore size, and pore volumes of CuS and

CuS@PPy composite (CuS content is 16.7 wt%).

Samples SBET (m2 g'l) Average pore size (nm)  Pore volume (cm3 g'l)
CuS 14.83 19.1 0.070
CuS@PPy 6.19 11.2 0.020
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Fig. S4. CV curves of CuS@PPy composite (CuS content is 16.7 wt%) at various scan rates.
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Fig. S5. (a) CVs of CuS@PPy composite (CuS content is 16.7 wt%) as a two-electrode cell
configuration at various scan rates with the potential from -0.5 V to 0.5 V. (b) Galvanostatic

charge-discharge curves of CuS@PPy composite (CuS content is 16.7 wt%) at the current of 3 mA.

The total mass of active material of two electrodes is 9.0 mg.
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Fig. S6. Nyquist plots of CuS, PPy and CuS@PPy composite (CuS content is 16.7 wt%) in 1 M

KCI. The inset shows the expanded high frequency region of the plot.
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Fig. S7. The cycling stability of CuS@PPy composites with various contents (wt%) of CusS.
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Table S2. Comparison of electrochemical performance of different PPy electrode materials.

Specific capacitance Capacitance
Electrode material Preparation methods Ref.
(Electrolyte) retention
Electrochemical 354Fg' (1mVsh)
PPy y - [53]
deposition (Aqueous)
. . - 329F ¢! (5mVs™) 78%
PPy thin films Chemical bath deposition [S4]
(0.5 M H,S0Oy) after 3000 cyclics
. o 2824 F g' (1 mA cm?) 85%
PPy-CNT In situ polymerization [S5]
(1 MKCI) after 5000 cyclics
. o 165Fg' (1Agh 92%
Graphene/PPy In situ polymerization [Se6]
(1 M NaCl) after 1000 cyclics
. o 361 Fg' (02Ag" 96%
GN/PPy/CNT In situ polymerization [S7]
(1 MKCl after 2000 cyclics
PPy/bacterial . o 316Fg' (02Agh 88.2%
In situ polymerization [S8]
cellulose (0.5 M KCl) after 1000 cyclics
Potentiostatically 302 F g (0.5 mA cm™) ~90%
PPy/RuO, ) ) [S9]
electropolymerized (1 M H,S0,) after 300 cyclics
Electrochemical 1416 Fg' (1Ag" ~50%
PPy-covered MnO, [S10]
polymerization (1 M Na,S0,) after 500 cyclics
. o 294Fg' (1Ag" 92.6%
MnO,/PPy In situ polymerization [S11]
(1 M Na,S0,) after 1000 cyclics
. o £27Fg' (1Agh 88% .
CuS@PPy In situ polymerization This work
(1 M KC]) after 1000 cyclics

S8



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A
This journal is © The Royal Society of Chemistry 2013

References
[S1]J. Mu, G. Ma, H. Peng, J. Li, K. Sun, Z. Lei, J. Power Sources, 2013, 242, 797.
[S2] X. Wang, B. Liu, Q. Wang, W. Song, X. Hou, D. Chen, Y. Cheng and G. Shen, Adv. Mater.,
2013, 25, 1479.
[S3] B. Muthulakshmi, D. Kalpana, S. Pitchumani, N.G. Renganathan, J. Power Sources, 2006,
158, 1533.
[S4] S. Shinde, G. Gund, V. Kumbhar, B. Patil, C. Lokhande, Eur. Polym. J., 2013, 49, 3734.
[S5] H. Lee, H. Kim, M. Cho, J. Choi, Y. Lee, Electrochim. Acta 2011, 56, 7460.
[S6] S. Biswas, L.T. Drzal, Chem. Mater., 2010, 22, 5667.
[S7] X. Lu, F. Zhang, H. Dou, C. Yuan, S. Yang, L. Hao, L. Shen, L. Zhang, X. Zhang,
Electrochim. Acta 2012, 69, 160.
[S8] H. Wang, L. Bian, P. Zhou, J. Tang, W. Tang, J. Mater. Chem. A, 2013, 1, 578.
[S9] J. Zang, S. Bao, C. Li, H. Bian, X. Cui, Q. Bao, C. Sun, J. Guo, K. Lian, J. Phys. Chem. C
2008, 112, 14843.
[S10] A. Bahloul, B. Nessark, E. Briot, H. Groult, A. Mauger, K. Zaghib, C.M. Julien, J. Power
Sources, 2013, 240, 267.

[S11]J. Zang, X. Li, J. Mater. Chem., 2011, 21, 10965.

S9




<<

  /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 1.6

  /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 (None)

  /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 <>

    /ENG ()

    /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.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 779.528]

>> setpagedevice



