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Experimental 
Chemicals 

Dopamine hydrochloride was purchased from Alfa-Aesar. Tris(hydroxymethyl)aminomethane 

(Tris) was purchased from Sigma-Aldrich. All chemicals were used as received without further 

purification. 

Synthesis of LFP nanoparticles 

  The pristine LiFePO4 powder was synthesized via solid-state reactions. Source materials 

including Li2CO3, Fe2C2O4 and NH4H2PO4 are stoichiometrically mixed together (mole ratio of 

Li: Fe: P=1.03:1:1). The mixture were milled using a planetary ball mill with ball-to-powder ratio 

of 4:1 (ball-diameter 10mm), rotating speed of about 200 rpm, and ball-milling time of 6 h. The 

product was then collected and subject to high temperature treatment at 700 oC under a H2/Ar 

flow.  The collected sample was then used as the pristine LFP sample with a very low carbon 

content at less than 0.1%.  

Synthesis of thickness-controlled LFP@C composites 

In a typical synthesis procedure, a suspension of LFP (126.78 mM) is prepared by dispersing 

LFP nanopowders in Tris-buffer (pH: ~ 8.5) with the help of ultrasonication. Subsequently, 

dopamine hydrochlorid was added into the suspension to reach a concentration of 5.27 mM. The 

mixture was stirred continuously for 24 h under room temperature, and the color of the mixture 

gradually turned from light grey to deep dark during the stirring period. The black precipitates 

(denoted as LFP@Dopa) were collected by centrifugation, washed three times with deionized 

water and once with alcohol, and then dried at 80 ºC in an electric oven for 5 h. The resulting 

sample was heated in a quartz tube to 500 ºC at a rate of 3 ºC/min in Ar/H2 (95/5 in volume%) 

atmosphere and kept at this temperature for 4 h, and then further heated to 750 ºC with a heating 

rate of 5 ºC/min, and kept at this temperature for 15 h. The obtained composite was denoted as 

LFP@C1. The carbon content is determined to be 0.67 wt%. 

 LFP@C2 and LFP@C3 were obtained by changing the concentrations of the reactant as 

followes: 63.39 mM LFP and 10.54 mM dopamine for LFP@C2, and 38.03 mM LFP and 52.73 
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mM dopamine for LFP@C3. The rest of the reaction conditions were the same as for sample 

LFP@C1. The carbon contents for LFP@C2 and LFP@C3 are 3.53 and 8.92 wt% respectively. 

For the synthesis of LFP@C4, two cycles of coating were adopted to achieve a thick coating: 

105.46 mM dopamine was firstly used to coat 126.78 mM LFP. After the coating, the solid product 

was collected and then used for a second coating, in which 0.4 g of the obtained LFP@Dopa 

composites was taken and repeatedly mixed with another 42.19 mM dopamine under the same 

conditions as for LFP@C1. The carbon content is measured to be 13.72 wt%. 

In order to compare the influence of coated-carbon and mixed-carbon on the performance of 

testing materials, a control experiment was performed. A certain amount of dopamine was added 

to Tris-buffer (pH: ~ 8.5) and the mixture was kept stirring for 24 h. The obtained dopamine 

polymer precipitates were collected and rinsed with water by centrifugation, and then dried at 80 

ºC. Afterwards, 0.04g of the obtained polydopamine precipitates was mixed with 0.4g (50.71 mM) 

LFP totally under the same reaction conditions and heat treatments as for LFP@C1, 2, 3 and 4. 

This resulting sample was denoted as LFP-C, and the carbon content is 3.14 wt%. 

 
Characterization 

The size and morphology of the LFP and LFP@C samples were characterized using a JEOL 

6701F scanning electron microscope (SEM) operated at 10 kV. Transmission electron microscopy 

(TEM) and high resolution transmission electron microscopy (HRTEM) were carried out with a 

JEOL-2100F transmission electron microscope. X-ray diffraction (XRD) data were collected with 

a Shimadzu XRD-7000s diffractometer equipped with a Cu K α radiation (λ = 1.54056 Å) in the 

range (10~80°). Raman spectra were obtained with an NTegra spectra system (NT-MDT). 

Fourier-Transfer Infrared (FT-IR) spectra were recorded in the range 4000-400 cm-1 with 

Nicolet iN10 IR microscope (Thermo Fisher Scientific). The amount of carbon in the final 

products was determined by an LECO CS-344 carbon/sulfur analyzer. 

Electrochemical evaluation  

Electrochemical measurements were performed using CR2032 coin cells assembled in an 

argon-filled glove box with lithium metal as the counter and reference electrodes. Galvanostatic 

tests of the assembled cells were carried out using a Land CT2001A battery test system between 

2.5 and 4.2 V. All the data are collected after being preconditioned for one cycle. The cathodes 
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were prepared by mixing the active materials, super-P (SP), and poly(vinyl difluoride) (PVDF, 

Aldrich) at a weight ratio of 80:10:10, pasting on a pure Al foil (99.6%, Goodfellow) and cutting 

into circular electrodes of 0.64 cm2 area. The weight for those active materials included in the 

electrodes are in the range from 1.4 to 2.0 mg. Specifically, for all the 6 samples tested, namely 

LFP, LFP@C1, LFP@C2, LFP@C3, LFP@C4 and LFP-C, their weight are 1.544, 1.656, 1.775, 

1.944, 1.856, and 1.416 mg, respectively. Celgard polypropylene membrane was used as a 

separator. The electrolyte consisted of a solution of 1 M LiPF6 in ethylene carbonate 

(EC)/dimethyl carbonate (DMC)/diethyl carbonate (DEC) (1:1:1, in wt %) obtained from 

Guotai-Huarong New Chemical Materials Co., Ltd. Electrochemical impedance spectra (EIS) 

were performed on an electrochemistry workstation (Princeton PARSTAT 2273). 
 
 

 
Fig. S1 A representative Raman spectra of carbon coated LFP sample with a thickness at 5 nm: the 

Peaks at 1593.07 cm-1 and 1345.60 cm-1 correspond to G and D bands, respectively. 
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Fig. S2 IR spectra of LFP, LFP@C, LFP@Dopa and Polydopamine. Typically, the N-H and O-H 

stretching vibrations between 3600 and 3100 cm-1 [1], the N-H shearing vibration at 1507.23 cm−1 
and the phenolic C–O–H bending and stretching vibration at 1393.60 and 1289.26 cm−1 [2] are 
fingerprint ones of polydopamine, confirming the existence of polydopamine in LFP@Dopa. 
These peaks cannot be found in the spectra of LFP@C, indicating the surface polydopomine 

species are transferred into conductive carbon by high temperature treatment. 
 

 

Fig. S3 TEM images of samples before calcination: (a) LFP@Dopa1, (b)LFP@Dopa2, (c) 
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LFP@Dopa3, and (d) LFP@Dopa4. The surface polydopamine layers are around 3.8 nm, 9 nm, 
18 nm, and 25 nm in thickness, respectively. 

 
 

 
Fig. S4 (a) SEM images of LFP, (b-e) LFP@C1-4, showing that these powders are almost the 
same in shape; (f) TEM image of LFP@C2 after battery cycling. No detectable shedding of 
carbon layer and the thickness remains around 5 nm, indicating that the core-shell structured 
sample is pretty stable during cycling. 

 

Reference 

[1] J. Jiang, L. Zhu, X. Li, Y. Xu, B. Zhu, J. Membrane Sci., 2010, 364, 194. 

[2] Z. Xi, Y. Xu, L. Zhu, Y. Wang, B. Zhu, J. Membrane Sci,.2009, 327, 244. 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2014



<<
  /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


