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Experimental section for the POM@G hybrids synthesis and

characterizations

Reagents, Apparatus and procedures

The composition of the aqueous electrolyte was 1M LiCl + HCI (pH 1). The electrochemical
set-up was an EG & G 273 A potentiostat driven by a PC with the M270 software. For
electrochemical experiments, the source, mounting and polishing of the glassy carbon (3 mm
diameter) electrodes (Le Carbone Lorraine, France) have been described previously.'
Potentials are measured against a saturated calomel reference electrode (SCE). The counter
electrode was a platinum gauze of large surface area. Pure water from a RiOs 8 unit followed
by a Millipore-Q Academic purification set was used throughout. The solutions were
deaerated thoroughly for at least 30 minutes with pure argon and kept under a positive
pressure of this gas during the experiments. Controlled potential coulometry experiments

were carried out with a large surface area carbon plate.

Synthesis of graphite oxide (GO)

GO was prepared from nature G flakes by a modified Hummers method as described
everywhere.” As synthesized GO (6.25ml ,0.8mg mL™) was diluted in 250 ml water and
sonicated 30 min to form a 0.lmg ml™ exfoliated GO dispersion. Ultrapure water purified
with Milli-Q (MQ) plus system (Millipore Co.) with resistivity of 18.2 MQcm was used in all
experiments. The brown GO dispersion was further purificated by centrifugation at 3000 rpm
for 30 min to remove any unexfoliated GO.? The exfoliated GO dispersion is very stable in

water.

Preparation of Polyoxometalate@Graphene hybrids (POM@G)
The POM @G hybrids was prepared by adding 125.3 mg g(isop), to 41.5 ml GO followed
by stirring for at least 6 h at room temperature. The samples were then centrifuged at 16000

rpm for 10 min and washed with water 4 times. The samples were then dried in the oven at

80°C.

Preparation of the modified electrodes
The POM@G-Nafion electrodes were prepared as previously described.® Typically, an
electrode is fabricated by depositing 3 uL of the POM@G suspension in water (9.5 mg mL™)
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on the polished glassy carbon electrode surface, letting it dry in air, then covering with 2 pL.
of 5 wt% Nafion solution and letting it dry again in air. An alternative procedure consisting of
adding the Nafion solution to the POM@G suspension in water prior to its deposition on the

electrode surface could also be used.

Experimental conditions for TEM, SEM, XPS and Raman Characterizations of
POM@G nanohybrids

TEM images were obtained using a JEM-2010 transmission electron microscope at an
acceleration voltage of 200 kV. SEM analysis was performed on a Hitachi model JSM 6700F
field-emission scanning electron microscope (FESEM). XPS measurements were performed
in ultrahigh vacuum (UHV) with Krato, AXIS-HS monochromatized Al K a cathode source,
at 75-150 W, using a low-energy electron gun for charge neutralization. Raman spectra were
obtained with a Renishaw Raman system model 1000 ectrometer. The 532 nm radiation from
a 20 mW air-cooled argon ion laser was used as the exciting source. The laser diameter was 1
p m, and the laser power at the sample position was 4.0 mW. The data acquisition time was

10 s.
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Figure SI1. Ball and stick representation with partial atomic labeling scheme, selected bond

distances (A) and bond valence summations (BVS) of g(isop),.
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Figure SI2. Ball and stick representation with partial atomic labeling scheme, selected bond
distances (A) and bond valence summations (BVS) of TPA[g(trim)]...
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Figure SI3. Ball and stick representation with partial atomic labeling scheme, selected bond
distances (A) and bond valence summations (BVS) of g(bim),.
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Figure SI4. Ball and stick representation with partial atomic labeling scheme, selected bond

distances (A) and bond valence summations (BVS) of &(pazo)s.
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Figure SIS. Two views showing the connecting mode of an ¢Zn POM to the four neighboring

POMs in g(isop); and Z-POMOFT; the blue {PZn4} tetrahedra schematize the POMs.

g(isop),

Z-POMOF1
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Figure SI6. Views along the ¢ and b axis of the unit-cell of g(isop), showing the stacking of
the 2D planes.
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Figure SI7. View along the a axis of the unit-cell of g(bim)s.
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Figure SI8. Hypothetical structure built from the connection of the €Zn units of g(bim)4 in

which half of the ligands have been removed.
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Figure SI19. View of the dimeric inorganic building unit in &;(pazo)s,.

Figure SI10. Trimers of pazo ligands in nt-r interactions in €2(pazo)y.
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Figure SI11. Comparison of the experimental X-ray powder patterns (in black) and of the
powder pattern calculated from the structure solved from single-crystal X-ray diffraction data

(in red).
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Figure SI12: XPS spectra of Mo3d of as-prepared €;(pazo)s@G.

8000
7000-
_—6000-
= 50001
Chtaed
3.4000-
g 3000-
q 2000-
1000-

(b) XPS Mo 3d-16V@G

220 | Zé . | 250 235 40 | 245
5B1nd1ng energy (e\f)



Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2012

Figure SI13: Raman spectra of natural G, GO before reaction and as-prepared €;(pazo)4@G.
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Figure SI14: Experimental X-Ray powder pattern of the GO precursor used in this study.

-

Figure SI15: Top: comparison of the experimental X-ray powder pattern (in black) of
€2(pazo)s@G and of the powder pattern calculated from the structure solved from single
crystal X-ray diffraction data for &;(pazo)s (in red). Bottom : comparison of the experimental
X-ray powder pattern (in black) of g(isop)@G and of the powder pattern calculated from the
structure solved from single crystal X-ray diffraction data (in red) for g(isop)..
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Figure SI16: Infrared spectra of the POMOF g(isop), (in purple) and of the g(isop).@G

material (in red).
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Figure SI17: Infrared spectra of the POMOF g;(pazo)s (in purple) and of the €;(pazo)s@G

material (in red).
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Figure SI18: TEM images of GO (a) and as-prepared g(isop),@G nanohybrid (b); SEM
image of g(isop),@G nanohybrid (c); EDX analysis of g(isop),@G nanohybrid (d).

3500]C (d)
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Figure SI19: SEM image (a) and TEM (b) image of as-prepared &;(pazo)4@G nanohybrid.
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Figure SI20: Superposition of the 1% and 5000™ cyclic voltammograms recorded with
g(isop)@G in a (IM LiCl +HCI (pH 1)) medium.The scan rate was100 mV s™. The reference

electrode was a saturated calomel electrode (SCE).

. 1% cycle
2001 = 5000 " cycle

elisop),@G
02 00 02 04
E/Vvs.SCE




	Supplementary Information


<<

  /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



