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Abstract As a single layer of carbon atoms covalently bonded into a hexagonal lattice, graphene exhibits a wide range of
fascinating physical properties, such as remarkable charge-carrier mobility, unique graphitic basal plane structure, excellent
conductivity, and a high surface area. These properties lead to very promising applications of graphene in electronic devices,
catalysts, and energy-storage devices. In this work, the MnO, and GNs-MnO, composites were prepared by an in situ redox
reaction of graphene (GNs) with KMnO,. The microstructure and morphology of the as-prepared materials were character-
ized by using X-ray diffraction (XRD), Raman measurements, thermogravimetric analysis (TGA), transmission electron mi-
croscopy (TEM) and Brunauer-Emmett-Teller spectrometry (BET). The results show the obtained MnO, uniformly anchored
on the surface of graphene sheets and increased its specific surface area, which could enhance the electrochemically active
surface area and utilization of MnO,. The GNs content of the GNs-MnO, composites is caculated by according to TG analy-
sis of the product, which reach to 36.2%. The electrocatalytic properties of the GNs-MnO, and pure MnO, electrodes are
investigated for oxygen reduction reaction by cyclic voltammetry, linear sweep voltammetry (LSV) and rotating disk elec-
trode (RDE) measurements. It is found that the obtained GNs-MnO, electrocatalyst show superior electrocatalytic activity
toward the oxygen reduction reaction (ORR) in alkaline electrolytes via a two-electron pathway. The half-wave potential of
GNs-MnO, for the reduction of O, shift positively ca. 80 mV and the current density is 1.3 times higher than that of pure
MnO,, which may because of the highly porous architectures and high specific surface area of GNs-MnO,. Our work, not
only successfully develops a low cost GNs-MnO, composites with excellent electrocatalytic activity, it also reveals further
insight into the ORR mechanism of GNs-MnO, composites as ORR catalyst. These results could provide useful information
to further clarify the ORR mechanism of metal oxide/carbon materials, and further develop other novel low-cost metal ox-
ides/carbon hybrids with high activities for practical fuel cell application.
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Figure 1 The mechanism of GNs-MnO, electrocatalyst for ORR
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Figure 2 (a) XRD patterns of the GNs-MnO, and GNs; (b) Raman
spectra of the as-prepared samples
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Figure 4 Nitrogen adsorption-desorption isotherms and BJH pore-size
distributions of MnO, (a) and GNs-MnO, (b)
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Figure 6 CVs for GNs-MnO, ORR obtained in 0.1 molsL™! KOH

aqueous solution at scan rate of 50 mVes '
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Figure 7 (a) CVs for GNs, MnO, and GNs-MnO, ORR obtained in 0.1 moleL ™' KOH aqueous solution at scan rates of 50 mVes '; (b) LSV obtained at
different scan rates; (c) Rotating-disk voltammograms for different rotation rates; (d) Koutecky-Levich plot (J~' vs. @ ") at different electrode potentials.
The experimental data were obtained from Figure 4c and the lines are linear regressions

960 © 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Acta Chim. Sinica 2013, 71, 957—961

http://sioc-journal.cn



W F F R

BN 7d W LLEH, R 071 BRI R,
HABEA N2, 774 Koutecky-Levich ¢ R\, 2 W HLAL
IR A R R HLAR R N — 2 . A
ATEN, 4 Hf S —0.35, —0.4, —0.45 I, HANEST
(K H T HRERSHLOy 9 R 1.37, 1.54, 1.68, Ui W44 J5id 7
W, 0, eI JRAE R HO, , TR A OH, & 2 L W
MR, MERARHALLL, AR T HO, B il H4E ST
BRIS LEA S B A7 AT AL, ORR A BESE K 4 W1 [ it
P, BRI, S m A R T B FeA AT S H v, B4R
HEAHR T HO, 7 filt (M BHMREUA, A feidt—P M
AR L R

3 4t

LA GNs Al KMnO, 4 5B, IS S8 J5 7 45 1
(K] GNs-MnO, 484 J5U AL, FLITIRMRI R, o AL
%, PSR AT o pk, FEAR I 45 A4 (R BB AR I L
RIM, 45 MnO, fEAGIEL AL T 5 2 193 PEAL &, Al
GNs-MnO, A BN M AL AR VER A, X 40E B
A A A P e A R E M, WX B B
GNs-MnO, fEAFIVEFIL R, FERRER LI HEAL AR AT
AT R I SR TS

4 ZRES
4.1 GNs-MnO, &1L 5B 5 &

FH IR AT AR J53:, L GNs( 46 WL 3 #5745 O M
KMnO, 3 5Bl ¥ 200 mg GNs #1 150 mL 0.02 molsL ™"
KMnO, /2E A 250 mL [N =F0EH+, B FHEZE 120
CTFHEFEMIR 15 min J5, FIfRGHE L, 55 CHAT
1 24 h J5FRICH GNs-MnO,. PLRIFERI A4S, 4 200 mg
GNs A 300 mL 0.02 molsL ™! KMnO, #4317~ ¥#r
‘Lﬂ?x] MDOZ.

4.2 T1EBIRBIHI&E

L 0.05 um 1] ALOs JUIEHF 3 Al (GC, HA% 3
mm)EHT BE R LI, ARG 0 A TCK LlE IRZER
K FEYE 3 min, T . FREX 2 mg A5 HL
T 200 uL LEEKE B AR A 10 1), #7530 min, B
BIRAY), BE 5 L BB R, Eil A
O ESRBE TS, BRI S pl 0.5%1) Nafion Z W,
FELT . AR B K E % GNs-MnO, & 24
0.05 mg.

43 HBUELENE

HLAL A B R A AE CHI 660C T AENS FdkfT. K
FH R = B AR 2R AR R R AR A B ) B e o
M(GC, HA%3 mm), BN 22 ik, Sy
TATH 7R R (SCE). Friil & rARAE M A LA O, 11 0.1
moleL ™" KOH ¥ HBEAT IR 225, s A6l 1

Acta Chim. Sinica 2013, 71, 957—961

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

H—1.2~02 V, FIFEE N 50 mVes™ . AECLK A H
A 20 min AR R KOH ¥ A R B fn. Jire il
WRIIFE 25 CEA&AMF MEEEAT, A T2, Sp
AR =R LA L

References

[1] Yang, J.; Tian, C.; Wang, L.; Fu, H. J. Mater. Chem. 2011, 21, 3384.

[2] Pan, Y.; Zhang, F.; Wu, K.; Lu, Z.; Chen, Y.; Zhou, Y.; Tang, Y.;
Lu, T. Int. J. Hydrogen Energy 2012, 37,2993.

[3] Tang, Y.; Zhang, H.; Zhong, H.; Ma, Y. Int. J. Hydrogen Energy
2011, 36, 725.

[4] Huang, J.-S.; Zhang, X.-G. Acta Phys.-Chim. Sin. 2006, 22, 1551.
(T, TRIRRAI, #IAFE FIR, 2006, 22, 1551.)

[5] Wang, H.; Bo, X.; Luhana, C.; Guo, L. Electrochem. Commun.
2012, 21, 5.

[6] Zhang, C.; Hao, R.; Liao, H.; Hou, Y. Nano Energy 2013, 2, 88.

[7] Yang, S.; Feng, X.; Wang, X.; Mullen, K. Angew. Chem. Int. Ed.
Engl. 2011, 50, 5339.

[8] Wang, S.; Yu, D.; Dai, L. J. Am. Chem. Soc. 2011, 133, 5182.

[9] Wen, Z.; Liu, J.; Li, J. Adv. Mater. 2008, 20, 743.

[10] Lu, Z.-J.; Bao, S.-J.; Gou, Y.-T.; Cai, C.-J.; Ji, C.-C.; Xu, M.-W;
Song, J.; Wang, R. RSC Adv. 2013, 3, 3990.

[11] Wen, Q.; Wang, S.; Yan, J.; Cong, L.; Pan, Z.; Ren, Y.; Fan, Z. J.
Power Sources 2012, 216, 187.

[12] Xu,J.; Gao, P.; Zhao, T. S. Energy Environ. Sci. 2012, 5, 5333.

[13] Gorlin, Y.; Jaramillo, T. F. J. Am. Chem. Soc. 2010, 132, 13612.

[14] Dong, L.-H.; Cai, X.-H.; Cheng, F.-M.; Ding, K.-Q. J. Hebei Univ.
Sci. Technol. 2009, 30, 30. (XIELT, 4LefE, FER, TFM, o
AR K F F AR, 2009, 30, 30.)

[15] Wen, Z.-H.; Wang, Q.; Li, J.-H. Adv. Funct. Mater. 2008, 18, 959.

[16] Bai, S.; Shen, X. RSC Adv. 2012, 2, 64.

[17] Chen, D.; Tang, L.; Li, J. Chem. Soc. Rev. 2010, 39, 3157.

[18] Niu, Y.-L.; Jin, X.; Zheng, J.; Li, Z.-J.; Gu, Z.-G.; Yan, T.; Fang,
Y.-J. Chinese J. Inorg. Chem. 2012, 28, 1878. (4 L%, &%, A
e, FEY, UG, %, TIRE, RAVLE FR, 2012, 28,
1878.)

[19] Sun, Y.; Wu, Q.; Shi, G. Energy Environ. Sci. 2011, 4, 1113.

[20] Rao, C. N.; Sood, A. K.; Subrahmanyam, K. S.; Govindaraj, A.
Angew. Chem. Int. Ed. Engl. 2009, 48, 7752.

[21] Li, Y.; Tang, L.; Li, J. Electrochem. Commun. 2009, 11, 846.

[22] Li, Y.-X.; Wei, Z.-D.; Zhao, Q.-L.; Ding, W.; Zhang, Q.; Chen,
S.-G. Acta Phys.-Chim. Sin. 2011, 27, 858 (% =i, BLT#k, &1
¥, T, ikZE, BREIUE, H32ibs 53R, 27, 858.)

[23] Wang, G.; Yang, J.; Park, J.; Gou, X.; Wang, B.; Liu, H.; Yao, J. J.
Phys. Chem. C 2008, 112, 8192.

[24] Wang, B.; Wang, X.; Lou, W.; Hao, J. New J. Chem. 2012, 36,
1684.

[25] Fan, Z.; Yan, J.; Wei, T.; Zhi, L.; Ning, G.; Li, T.; Wei, F. Adv.
Funct. Mater. 2011, 21, 2366.

[26] Wu, Z.-S.; Ren, W.; Wang, D.-W.; Li, F.; Liu, B.; Cheng, H.-M.
ACS Nano 2010, 4, 5835.

[27] Liu, R.; Zhou, H.; Liu, J.; Yao, Y.; Huang, Z.; Fu, C.; Kuang, Y.
Electrochem. Commun. 2013, 26, 63.

[28] Ma, Y.; Sun, L.; Huang, W.; Zhang, L.; Zhao, J.; Fan, Q.; Huang,
W. J. Phys. Chem. C 2011, 115, 24592.

[29] Li, Y.; Lv, X.; Lu, J.; Li, J. J. Phys. Chem. C 2010, 114, 21770.

[30] Marcano, D. C.; Kosynkin, D. V.; Berlin, J. M.; Sinitskii, A.; Sun,
Z. Z.; Slesarev, A.; Alemany, L. B.; Lu, W.; Tour, J. M. ACS Nano
2010, 4, 4806.

[31] Jin, Z.; Yao, J.; Kittrell, C.; Tour, J. M. ACS Nano 2011, 5, 4112.

[32] Chen, P.; Xiao, T.-Y.; Li, H.-H.; Yang, J.-J.; Zheng, W.; Yao, H.-B.;
Yu, S.-H. ACS Nano 2012, 6, 712.

[33] Zhao, G.; Li, J.; Jiang, L.; Dong, H.; Wang, X.; Hu, W. Chem. Sci.
2012, 3, 433.

[34] Chen, H.; Zhou, S.; Chen, M.; Wu, L. J. Mater. Chem. 2012, 22,
25207.

[35] Park, G.; Bartolome, L.; Lee, K. G.; Lee, S. J.; Kim, D. H.; Park, T.
J. Nanoscale 2012, 4, 3879.

[36] Gong, K.; Yu, P.; Su, L.; Xiong, S.; Mao, L. J. Phys. Chem. C 2007,
111,1882.

[37] Liu, R.; Wu, D.; Feng, X.; Mullen, K. Angew. Chem. Int. Ed. Engl.
2010, 49, 2565.

[38] Wu, J.; Zhang, D.; Wang, Y.; Wan, Y. Electrochim. Acta 2012, 75,
305.

(Cheng, B.; Lu, Z.)

http://sioc-journal.cn 961




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


