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Experimental procedures. 

All products were used as received, except when specified. 

 

Synthesis of graphene oxide and partially reduced graphene oxide. 

Graphene oxide (GO) was synthesized following a modified Hummers method12. 1 g 

of graphite powder (<20 µm, Aldrich) was suspended in 20 mL of concentrated 

H2SO4 (J. T. Baker, 95-97%) and first pre-oxidized with 2.5 g of K2S2O8 (Sigma 

Aldrich, ≥99%) and 2.5 g of P2O5 (Fluka, ˃97%) under stirring. The resulting 

suspension was heated at 80 °C for 5 h, after which the solid was recovered by 

centrifugation, repeatedly washed with water to neutrality and dried. Oxidation was 

performed starting from 1 g of pre-oxidized graphite in 46 mL of concentrated H2SO4. 

Addition of 1 g of NaNO3 (ABCR, 98%) and 6 g of KMnO4 (ABCR, 98%)) was 

performed under vigorous stirring and in ice bath. After 5 days at room temperature, 

water was added and the suspension was heated at 98 °C for 1 h prior to addition of 6 

mL H2O2 (VWR, 30%). The warm suspension was finally filtered, washed with 2 M 

HCl (Grussing, 37%) solution, washed with water to neutral pH and dried under 

reduced pressure at 120 °C for several hours. In order to partially reduce GO, the 

obtained black powder was then redispersed in benzyl alcohol (BnOH, Sigma 
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Aldrich, Reagent Plus) and microwave treated at 190 °C  for 20 min. After repeatedly 

washing with methanol and drying overnight, the partially reduced graphene oxide 

(RGO) powder was employed for the synthesis of the FeF3·0.33H2O/RGO composite. 

 

Synthesis of FeF3·0.33(H2O). 

Iron fluoride sol was synthesized according to the reported fluorolytic sol-gel 

method3. Briefly, 10 mmol of Fe(NO3)3·9H2O (ABCR, 98%) were firstly dehydrated 

for 2h at 65 °C under vacuum. The final product was dissolved in 50 mL of BnOH 

and then 30 mmol of highly concentrated anhydrous HF in methanol were added. The 

reactants and the system itself were kept under inert Ar atmosphere along all the 

process. The solution was stirred 1h at room temperature, and then transferred into a 

10 mL SiC vessel used in the microwave reactor Anton Paar Monowave 300. The 

solution was thermally treated at 150 °C for 10 minutes under stirring (600 rpm). The 

ramping time was set as 20 °C min-1 while the power output was automatically 

controlled by the instrument itself. The relative profiles are reported in Figure S1. The 

resulting dispersion was centrifuged and repeatedly washed with methanol. The 

recovered particles FeF3·0.33H2O were then dried overnight at 65 °C. 
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Figure S1: Temperature, Pressure and Power profiles during microwave irradiation of the sol. 

 

 

 
                                                 
3 Y. Guo, P. Gaczyński, K.-D. Becker and E. Kemnitz, ChemCatChem, 2013, 5, 2223-2232 
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Synthesis of FeF3·0.33(H2O)/RGO nanocomposite. 
120 mg of the as synthesized FeF3·0.33(H2O) along with 44 mg of RGO were 

dispersed in 7 mL of BnOH and were treated under microwave irradiation for 10 min 

at 150 °C. The resulting dispersion was centrifuged and repeatedly washed with 

methanol. The recovered composite powder was then dried overnight at 65 °C. 

 

Characterizations. 

X-ray diffractograms were recorded in the Bragg-Brentano geometry using a Siemens 

D5000 diffractometer equipped with Cu Kα radiation (154.18 pm) in the range 10 < 

2θ <70º. The program FullProf was used for lattice parameter and crystallite sizes 

calculations. 

Transmission electron microscopy (TEM) images were recorded on a Philips CM 200 

microscope equipped with a LaB6 cathode and operated at 200 kV. 

IR spectra were collected on a Digilab FTIR 3000, Excalibur series in ATR mode 

configuration in the range 4000-400 cm-1. 

Two-electrode cells (EL-Cell GmbH) were assembled in an Ar-filled glove box 

(MBraun) with the synthesized iron-based fluorides as a working electrodes and 

lithium foil (Alfa Aesar, 99.9%) as a counter and reference electrode. The working 

electrodes were prepared by mixing iron-based fluorides powders, carbon black 

(Timcal, Super C), and poly(vinylidendifluoride) (PVdF, Alfa Aesar) with a weight 

ratio of 70:10:20 in N-Methylpyrrolidone (NMP, Alfa Aesar, >99%). The resulting 

slurry was then pasted on commercial aluminum foil, roll pressed (MTI Corp.) and 

cut into discs. The latter were dried under vacuum at 120 °C overnight (Büchi glass 

oven) before assembly. Glass fiber from Whatman was employed as the separator. 

The electrolyte is composed of 1 M LiPF6 (ABCR, 99.9% battery grade) in a non-

aqueous mixture of ethylene carbonate (EC, ABCR, 99%), propylene carbonate (PC, 

ABCR, 99%) and dimethyl carbonate (DMC, ABCR, 99%) with a volume ratio of 

1:1:1. Charge-discharge measurements were performed at room temperature under 

different rates (0.1 C ∼ 1 C) in a voltage range of 1.6-4.4 V vs Li+/Li0 on a Bio-Logic 

VMP3 potentiostat/galvanostat. 
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Figure S2: Crystal structure of hexagonal bronze-type FeF3·0.33H2O viewed along the c axis. The 

central monodirectional channel is well visible. 1/3 of the channel is occupied by H2O molecules. 

 
Table S1. Lattice constants and crystallite sizes calculated for the iron fluoride and iron fluoride/carbon 

composite. 

Sample a (pm) b (pm) c (pm) Cell volume (pm3) Cristallite sizes (nm) 

JCPDS 76-1216 742.3 1273.0 752.6 711.17·106 / 

FeF3·0.33H2O 738.7(2) 1277.7(4) 751.2(1) 709.8(2)·106 17 

FeF3·0.33H2O/RGO 737.1(2) 1281.6(3) 751.4(1) 709.0(3)·106 19 

 

 
Figure S3: Derivative curve of selected galvanostatic cycles of pure FeF3·0.33H2O (i) and 

FeF3·0.33H2O/RGO composite (ii). First cycle (red line), second cycle (black line), third cycle (blue 

line) and fifty-fifth cycle (green line). 



 

Figu

Pure

4.4 V

 

 

 
Figu

over

 

ure S4: Contri

e RGO was cy

V vs Li+/Li0 an

ure S5: TEM 

rview image (a

ibution of the 

ycled using th

nd 1 M LiPF6

images of (i)

arrows point t

RGO to the g

he same voltag

, EC:PC:DMC

) FeF3·0.33H2

the RGO shee

galvanostatic p

ge window an

C). 

2O, (ii) a deta

ets). 

profile of the 

nd electrolyte 

ail of FeF3·0.3

FeF3·0.33H2O

of the compo

33H2O/RGO 

 
O/RGO comp

osite material 

along with (i

5

osite. 

(1.6-

 

ii) an 



 

Figu

most

 

ure S6: Select

t intense diffra

ted area elect

actions are ass

tron diffractio

signed on the 

on of (a) FeF3

figure. 

3·0.33H2O, (bb) and FeF3·0..33H2O/RGO

6

 

. The 



<<
  /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
  /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

  /CreateJDFFile 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


