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Synthesis of Co03;0; nanosheets: The cobalt metal was
obtained by electrodeposition method. The electrolyte was
composed of cobalt sulfate (CoSO47H,0, 73 g L) and
triethanolamine (TEA, 70 ml L'). All reagents are of
analytical grade. The pH value was adjusted to 3 by dilute
hydrochloric acid. Nickel foil (0.1 mm) was used as cathode
and commercial cobalt plate (99.9%) was used as anode. The
cobalt metal was obtained by electrodeposition under a
constant current density of 10 mA cm™ and constant
temperature of 30 °C. The obtained cobalt metal was then
washed thoroughly by de-ionized water.

For preparation Co;0,4 nanosheets, the obtained cobalt metal
was firstly immersed into alkaline solution (KOH, 1 M), and
then the substrate coated with a thin electrolyte film was
exposed to atmosphere for a few minutes. Consequently, the
substrate was covered by a dark purple-like film. The obtained
precursor was washed by 95% ethanol for several times, dried
in atmosphere for 2 hours, then slowly heated to 250 °C at a
rate of 1 °C min’!, and maintained at 250 °C for 2 hours in a
furnace. Finally, the product of a black film was obtained
(Scheme S1).

This facile method for synthesis of freestanding porous
Co;0, nanosheets is composed a growth step and a thermal
treatment step. In the first growth step according to our
research, the cobalt metal is oxidized to cobalt hydroxide in
alkaline electrolyte, the reaction can be described as follows:
2Co + O, + 2H,0 — 2Co(OH),

In the thermal treatment process, the precursor transformed to
Co;0, crystalline, the reaction can be illustrated as:
6Co(OH), + O, — 2Co0304 + 6H,0

The porous inside structure may be formed due to the
dehydration and transformation of crystalline during thermal
treatment.Besides, in the first step the operational temperature,
the concentration of alkaline solution and the operating time
may influence the particle size of the product. While in the
second step, the thermal treatment temperature may have
effect on the pore size. Consequently, the growth mechanism
and its affecting factors are required for further research.
Characterization: X-ray diffraction patterns of both the
precursor and product were characterized on an X-ray
diffractometer D/Max 2250 using Cu Ka radiation with
A=1.54059 A. The morphologies were observed on a scanning
electron microscopy (SEM, Carl Zeiss Ultra55 operated at 5
kV). Further observation of insight architecture was taken on
transmission electron microscopy Philips CM200 operated at
160 kV.

Electrochemical Test:' The as prepared Co;04 nanosheets
were used as working electrode and a lithium plate as counter
electrode. The electrolyte was 1 M LiPF6 in a 1:1 v/v mixture

ss of ethylene carbonate (EC) and dimethyl carbonate (DMC).

The Co30,/Li half cell was assembled in a glove-box filled
with pure argon (99.999%). The cell was tested under a
constant charge/discharge current density of 150 mA g’ in
voltage windows between 2.5 V and 0.01 V (vs. Li) and

o operated on an Arbin® BT2000 battery testing system at

ambient temperature (25 °C).

Atmosphere

2Co +0, +2H,0—2L 52Co(0OH),

C

6Co(OH), + 0, —2¢52C0,0, + 6H,0

Scheme S1 Synthesis of freestanding 2D Co;0, nanosheets. (a) Cobalt
metal electrodeposited on conductive substrate; (b) Hexagonal brucite-

65 like B-Co(OH), precursor and (c) Freestanding Co;O, nanosheets.
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Fig. S1 (a) SEM and (b) close view SEM images of Co;04 nanosheets
coating with a conductive platinum layer.

s Fig. S2 Close view TEM images of Co;0,4 nanosheets. The observed
pore size was mainly less than 5 nm. The average Co;04 particle size was
calculated by XRD pattern (figure 1) according to Scherrer equation:
d=0.89*[FWHM*n/180)*cosf]. Where A=0.15406 nm, FWHM
(calculated by Jade5.0) =0.78-1.061 (°), 20=36.856-36.881(°).

10 Consequently, the average particle size was calculated to be 8-11 nm.
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Fig. S5 FT-IR spectra of the B-Co(OH), precursor. The sharp peak

observed at 3630 cm™ is assigned to overlapping stretching modes of

| : - S s 25 hydroxyl group in the brucite-like structure.’” The peak at 590 cm™ is
Fig. S3 High resolution figure of HRTEM of Co;0, nanosheets. The high associated with Co-O s.tretching and.Co-OH bending vibrations. The FT-
resolution transmission electron microscopy (HRTEM) image (Figure 3c) IR §pectra was determined on an Nicolet Nexus 470 FT-IR analyzer. A
shows a well-defined crystalline structure with lattice spacing of 0.467 A polished Cobalt plate was used as the background.

s and 0.283 A, corresponding to the value of the (111) and (220) plane of
the Co;0, phase.
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Fig. S4 Co;04 nanosheets for hydrogen peroxide sensing in aqueous
10 solution. Three-electrode  system was assembled by using the as-

synthesized Co;0, nanosheets, Ag/AgCl (saturated with 4 M KCl) and a

platinum plate as working electrode, reference electrode and counter

electrode, respectively. Besides, a bare nickel substrate was also used as a Notes and references

working electrode for comparison. The electrolyte was composed of 0.05 . .

15 M tris(hydroxylmethyl)aminomethane buffer solution with 0.1M NaCl to I H.J. Wang, J.-M. Wang, W.-B. Fang, H. Wan, L. Liu, H.-Q. Lian,
increase conductivity.” The electrochemical measurement was taken on an H.-B. Shao, W.-X. Chen, J.-Q. Zhang and C.-N. Cao, Electrochem.
CHI 920C potentiostat with the potential between working electrode and ~ ** Commun. 2010, 12, 194.
reference electrode as -150mV. It can be seen that the as prepared 2 Y.Li B. Tan, and Y. Wu, J. Am. Chem. Soc. 2006, 128, 14258.
electrode record a high sensitivity in the linear range, indicating 3 H. El-Batlouni, H. El-Rassy and M. Al-Ghoul, J. Phys. Chem. 4 2008,

20 promising application value for sensors. 112, 7755.

30 Fig. S6 TEM image and selected-area electron diffraction (SAED) of
cobalt hydroxide precursor.





<<
  /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


