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The first attempt to reduce the Ni precursor Ni(NO3)2 was carried out using the method 
published for some metal particles supported on MIL-101(Cr) by Reich and colleagues 
[36], employing a microwave-assisted wet chemical method with hydrazine as the 
reducing agent. However, our subsequent PXRD experiments revealed that the reduction 
procedure also affected the MOF scaffold, as reflected in the obviously broader peaks and 
higher background.  
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Figure S1 X-ray diffraction pattern of MIL-101(Cr) and Ni*@MIL-101(Cr) reduced by 
wet chemistry using hydrazine 
 
Ni(NO3)2 was then repeated and after the heating of the sample, XPS spectra were 
recorded to verify the Ni oxidation state (see below). TPR experiments were carried out 
using hydrogen as the reducing agent in order to determine at what temperature the 
reduction of the nickel precursor takes place (Figure S1).  
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Figure S2 Temperature-programmed desorption spectrum of Ni2+@MIL-101(Cr) 
 
Following reductions of the nickel precursor were carried out at 220 °C, in a constant H2 
flow. 
 
In Tables S2 and S3 the photo-electron binding energies are presented of Ni@MIL-
101(Cr). The compositions were obtained from the sensitivity factors tabulated in 
[21,22]. The spectral line, analysis region and sensitivity factors are presented in Table 
S1 below. 
 
Table S1 Acquisition region and area sensitivity factors are presented for the 
photoelectron lines analysed. 
 

Spectral regions Region (eV) Sensitivity factor 

C 1s 280 – 300 0.314 

O 1s 525 – 545 0.677 

Cr 2p 570 – 600 1.623 

Ni 2p3/2 845 – 895 2.309 
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Table S2 The composition of the sample surface of Ni@MIL-101(Cr) 
 

Spectral 
line 

Peak 
position 

(eV) 
Area 

Area 
fraction 

(%) 

Sensitivity 
factor 
(area) 

Atomic 
fraction 

(%) 
ID 

C 1s1/2 284.86 9254 79.85 0.314 41.7 aromatic C 

C 1s1/2 288.62 2335 20.15 0.314 10.5 carboxyl 

O 1s1/2 530.45 3349 16.11 0.677 6.1 metal oxides 

O 1s1/2 531.75 13402 64.46 0.677 24.2 COO- 

O 1s1/2 533.07 4040 19.43 0.677 7.3 CO2, H2O 

Cr 2p3/2 577.33 8750 100.00 2.077 5.8 Cr(III) 

Ni 2p3/2 856.42 7930 100.00 2.309 4.4 Ni(II) 

 
 
Table S3 The composition of the sample surface of Ni@MIL-101(Cr) is presented and 
worked out for every relevant spectral line. 
 

Spectral 
line 

Peak 
position 

(eV) 
Area 

Area 
fraction 

(%) 

Sensitivity 
factor 
(area) 

Atomic 
fraction 

(%) 
ID 

C 1s1/2 284.79 4539 80.38 0.314 40.8 aromatic C 

C 1s1/2 288.42 1108 19.62 0.314 10.0 carboxyl 

O 1s1/2 530.43 1586 16.41 0.677 6.6 metal oxides 

O 1s1/2 531.68 6302 65.22 0.677 26.3 COO- 

O 1s1/2 533.05 1774 18.32 0.677 7.4 CO2, H2O 

Cr 2p3/2 577.35 3143 100.00 2.077 4.3 Cr(III) 

Ni 2p3/2 856.29 3739 100.00 2.309 4.6 Ni(II) 

 
Identification with the X-ray Photo-electron Database of NIST shows that the metallic 
specimens measured are in the oxidised state of Cr(III) and Ni(II). For nickel the oxidised 
state is corroborated by the appearance of the shake-up peaks for both Ni 2p3/2 and Ni 
2p1/2 in concert with a complete absence of photo-electron intensity at binding energies 
of metallic nickel. The elastic mean free path of 2p-type photo-electrons in nickel is about 
1 nm what suggests that most nickel atoms are oxidised. 

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2014



 

Figuure S3 XPSS spectra of NNi@MIL-101(Cr) at thhe a) C and bb) Ni regionn. 

4 

 

 

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2014



5 
 

 
Figure S4 XPS spectrum of Pd peak in Pd/MIL-101(Cr) 
 
FigureS4 shows a peak maximum for Pd 3d spectra at 336.08 eV and 341.48 eV, similar 
to what was reported previously [37,38] as complete Pd reduction. However, a careful 
spectrum analysis reveals that more than one state of Pd is present in the sample. On 
deconvolution of the peaks Pd0, Pd+ and Pd2+ states can be identified, see Table S4. Our 
XPS data shows that upon the exposure of the Pd@MIL-101(Cr) to air re-oxidation of the 
Pd particles on the MOF’s surface takes place to some extent. However, the TEM 
evidences that the particles remained metallic in an inert atmosphere, while in the Raman 
spectrum of Pd@MIL-101(Cr) kept under inert atmosphere no traces of PdO and Pd2O 
were observed either. This reveals that palladium nanoparticles are sensitive to air 
exposure to some extent, as it has been observed before. [39] 
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Table S6 Lattice parameters of MIL-101(Cr) and Ni@MIL-101(Cr) at ambient 
temperature and at 100 °C in vacuum and under 6 bar hydrogen pressure (Le Bail fit) 

Cell parameter 
(Fd3m) 

Ambient 100  ºC 
Vacuum 6 bar H2 Vacuum 6 bar H2 

Pristine MIL-101(Cr) 88.681 88.802 88.753 88.753 
Ni@MIL-101(Cr) 88.877 88.890 88.975 88.978 

 
Table S7 Pd and Ni content of Pd@MIL-101 and Ni@MIL-101 as obtained by ICP 
analysis 
 Ni content, wt% Pd content wt% 

Ni@MIL-101(Cr) 3.0 - 
Pd@MIL-101(Cr) - 7.7 

 
 
References 
36. M. S. El-Shall, V. Abdelsayed, A. E. R. S. Khder, H. M. A. Hassan, H. M. El-Kaderi 
and T. E. Reich, J. Mater. Chem., 2009, 19, 7625.37.  
37 Y. Huang, S. Gao, T. Liu, J. Lu¨, X. Lin, H. Li and R. Cao, ChemPlusChem, 2012, 77, 
106. 
38. Y. Huang, Z. Lin and R. Cao, Chem.–Eur. J., 2011, 17, 12706. 
39. V. C. Diculescu, A.-M. Chiorcea-Paquim, O. Corduneanu and A. M. Oliveira-Brett, 
J. Solid State Electrochem., 2007, 11, 887. 

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 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
  /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


