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Experimental Section 

Material Preparation: LMP-LMO powders were obtained by a polyol-assited pyro-synthetic 

method followed by mild annealing. The starting materials used for the present synthesis was 

lithium acetate (C2H3LiO2, ≥99% - JUNSEI), manganese acetate (Mn(CH3COO)2, 97% - 

ADRICH), and phosphoric acid (H3PO4, ≥85% - DAE JUNG).  

In brief, the starting precursors weighed out to the molar stoichiometric ratio of 2:3:1 

(Li:Mn:P) corresponding to the combined stoichiometry of LiMnPO4 and LiMn2O4 were 

introduced to 80 mL of tetraethylene glycol (C8H18O5, 99.5% - DAEJUNG) and stirred for 24 

hours at room temperature to obtain a homogenous solution. The polyol-fuel solution is then 

ignited by a torch to induce a self-extinguishable combustion process that facilitates the 

formation of a carbon-saturated amorphous LMP-LMO precursor. Subsequently, the as-prepared 

powder was annealed at 450 °C for 5 h in air to obtain the final LMP-LMO nanocomposite. 

Commercially available pure LiMn2O4 sample purchased from Daejung, Korea and pure 

LiMnPO4 prepared by the pyro-synthetic purposes using the same abovementioned precursors, 

which was used to make the present composite, weighed out according to the molar 

stoichiometric ratio of 1:1:1 for Li:Mn:P respectively was used for comparison purposes. 

Structural Chracterizations: Powder X-ray diffraction data of the obtained samples were 

recorded using a Shimadzu X-ray diffractometer with Ni-filtered Cu Kα radiation (λ=1.5406 Å) 

operating at 40 kV and 30 mA within the scanning angle, 2θ, range of 10 - 80° in steps of 0.01°. 

The particle morphologies and sizes were determined by field emission–scanning electron 

microscopy (FE-SEM) using S-4700 equipment from HITACHI.  
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In order to investigate the thermal safety of the prepared sample, ex–situ differential scanning 

calorimeter (DSC) measurement was performed until 400 °C at a heating rate of 5 °C/min in a 

nitrogen atmosphere using a Q1000 (TA instruments, USA) at the Korea Electro-technology 

Research Institute (KERI). First the LMP-LMO electrode was charged at a current density of 

0.02 mAh g-1 and maintained at 4.5 V for 12 h during the 1st charge cycle. After the 

electrochemical reaction, the electrode was rinsed with dimethyl carbonate (DMC) in order to 

remove the remaining electrolyte and then dried in an Ar filled glove box at ambient temperature. 

The electrode was then separated from the stainless steel mesh current collectors and sealed in a 

vial in a glove box. 

Electrochemical characterization: The electrochemical properties of the LMP-LMO samples 

were evaluated using lithium metal as the reference electrode. The prepared sample was mixed 

with 25 wt% of conducting carbon and polytetrafluoroethylene (PTFE) was used as binder. This 

mixture was pressed onto a stainless steel mesh and dried under vacuum at 150℃ for 10 h to 

form the cathode. The cathode was separated from the lithium metal anode by a glass fiber that 

contained propylene carbonate (EC) containing 1 M LiPF6 as the electrolyte. 
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Fig S1. The XRD patterns of commercial LiMn2O4 (Daejung) and pure LiMnPO4 prepared by 

pyro-synthesis. 

 

For comparison, the XRD patterns of commercial LiMn2O4 (Daejung) and pure 

LiMnPO4 prepared by pyro-synthesis are also provided in Figure S1. As anticipated, all the 

diffraction peaks of both the samples match well with their respective standard patterns. 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013



<<

  /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



