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SUPPLEMENTARY INFORMATION 

 
Synthesis and characterization of the CoOx-UVM-7 supports 

All the synthesis reagents (tetraethyl ortosilicate (TEOS), CoCl2, triethanolamine (N(CH2-

CH2-OH)3, hereinafter TEAH3) and hexadecyltrimethylammonium bromide (CTMABr) are 

analytically pure, and were used as received from Aldrich. CoOx-UVM-7 supports were prepared 

by a modified atrane route.1 The general aspects of this one-pot surfactant assisted procedure for 

synthesizing nanoparticulate bimodal mesoporous silicas were previously described.2 In a typical 

synthesis to obtain the support with Si/Co= 50, a mixture of TEOS (11.5 mL; 0.05 mol), CoCl2 

(0.24 g; 0.001 mol) and TEAH3 (23 mL, 0.17 mol) was heated at 150ºC for 10 min to prepare 

atrane complexes in TEAH3 medium. The resulting solution was cooled down to 90 °C, and 4.68 g 

CTMABr (0.01 mol) were added. Then, 80 mL of water were slowly added with vigorous stirring at 

80 °C. After a few minutes, a white suspension resulted that was aged at room temperature for 4 h. 

The resulting mesostructured solid was then separated by centrifugation, washed with water and 

ethanol, and air dried. To obtain the final catalyst, the as-synthesized solid was calcined at 500 °C 

for 4 h under a static air atmosphere. 

The results of the magnetic measurements and UV-Vis spectra recorded on hydrated and 

dehydrated samples confirm that the Co species are present in the form of CoOx nanodomains, as 

occurs in the case of the MOx-MCM-41 and MOx-UVM-7 materials previously described.3 

Magnetic measurements show that the particle size remains constant, independently of the Si/Co 

molar ratio. Thus, both samples show an identical superparamagnetic behaviour: (i) a sharp increase 
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of the DC magnetic susceptibility below ca. 12-17 K, (ii) a frequency dependent AC signal with 

maxima at 4-7 K in the in-phase signal (χ’) and at 3-5 K in the out of phase signal (χ”) (Figure S1), 

(iii) deviations in the zero field cooled and field cooled susceptibilities below ca. 10-15 K, with a 

remnant magnetization that vanishes at ca. 15 K for all the samples, and (iv) hysteresis cycles in the 

isothermal magnetization at low temperatures.  

 

 

Figure S1.- Thermal variation of the in-phase (filled symbols; left scale) and the out-of-phase signals (empty symbols; 
right scale) of the AC susceptibility of sample 1 at (!) 1 Hz, (#) 10 Hz, (♦) 110 Hz, (▲) 330 Hz and (▼) 995 Hz. 
 

A way to estimate the particle size uses the activation energy (Ea= 105 and 104 K for samples 1 

and 2, respectively) obtained from the Arrhenius fit of the frequency-dependent maxima in χ” (Tm), 

as the activation energy Ea = K.V, where K is the energy density of the magnetic anisotropy (K = 

3.8.106 erg.cm-3)4 and V the particle volume.5 From this approach we can estimate particle sizes of 

ca. 2.9 nm for both samples. 

 

 

Figure S2.- Diffuse reflectance UV-visible spectra of the samples 1 (left) and 2 (right). (a) Dehydrated samples. (b) As-
prepared materials. (c) Hydrated samples. 
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Shown in Figure S2 are the UV-Vis spectra of CoOx-MCM-41 samples dehydrated at 400ºC 

under air atmosphere. The spectra display a significant absorption in the VIS region with three 

maxima at ca. 15000, 17000 and 19000 cm-1 that can be unambiguously assigned to the 4A2(F) → 

4T1(P) transition of cobalt(II) ions in tetrahedral oxygen sites.6 The intensity of this band 

significantly decreases by hydration, and it recovers reversibly by posterior drying. Taking into 

account the large difference between the absorption molar coefficients of the bands associated to 

octahedral vs. tetrahedral Co(II) sites, it can be reasonably assumed that the area under the VIS 

curve is proportional to the number of no-hydrated tetrahedral cobalt centres. Under this 

simplification, we can estimate a ratio of water accessible to inaccessible Co ions close to 9/2 

practically constant irrespective of the cobalt content. This behaviour clearly indicates that a 

proportion of tetrahedral cobalt atoms remain unaltered in the core of the particles or at the silica-

CoOx inter-phase which indicate that the CoOx domains are partially embedded in the silica walls. 

Mesoporosity of the CoOx-UVM-7 supports is illustrated by the N2 adsorption-desorption 

isotherms (Figure S3). As can be noted, the curves show two adsorption steps. The first step, which 

appears well-defined in all cases at intermediate partial pressures (0.2 < P/P0 < 0.5) is characteristic 

of Type IV isotherms and can be related to capillary condensation of N2 inside the uniform 

mesopores. The sharp curvature of the isotherms is consistent with narrow pore size distributions. 

The second adsorption at relatively high P/P0 values > 0.8 is associated to the filling of the inter-

particle voids. In Table S1 are gathered the values of BET surface area, pore size and volume (by 

application of the BJH model) and an estimation of the mesopore wall thickness.  The thickness of 

the pore walls (Wt = a0-ØBJH) increases with the Co content, which is consistent with the 

incorporation of CoOx particles to the silica mesostructure. 

Taking into account several factors such as (1) the relative size of the CoOx nanoparticles, 

the mesopore diameter and pore wall thickness, and (2) the relatively small decrease in BET area 
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and pore volume of the cobalt containing silicas when compared to the pure parent UVM-7 material, 

all samples really can be considered as high surface area materials without significant pore blocking 

associated to the incorporation of CoOx nanoparticles. 

 

Figure S3.- N2 adsorption-desorption isotherms for: (a) sample 2, (b) sample 1. 
 

Table S1- Selected Physical data for CoOx-UVM-7 supports and the parent UVM-7 pure silica. 
Sample a0

 

/nm 
Small pore size  /nm Large pore size  

/nm 
Total pore volume 

/cm3g-1 
Pore Wall 

/nm 

UVM-7 5.05 3.05 43.2 2.49 2.00 

1 5.35 2.98 42.5 1.65 2.37 
2 5.55 2.71 33.4 1.53 2.84 

 

 

Stability of the CoOx-UVM-7 support 

We have recorded the XRD pattern (Figure S4) and the N2 adsorption-desorption isotherm 

(Figure S5) of a CoOx-UVM-7 (Sample 2) after treating this sample in a water solution at pH= 10 

during 1 hour at room temperature. This study has been carried out in order to evaluate the support 

degradation during the gold incorporation step. As can be observed, only a small decrease in the 

(100) XRD peak of ca. 15% occurs after treating. This fact and the observed resolution decrease 

indicate that a certain order loss occurs after NaOH-treatment, as expected. In any case, the Figure 
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S5 displays that the bimodal mesoporous character of the UVM-7-like support is preserved with 

only slight loss of BET area and pore volume (SBET= 815.8 m2/g; BJH Pore Vol. = 1.31 cc/g). 

 

 
 

Figure S4.- XRD pattern of Sample 2 as prepared (a) and after treatment at pH= 10 during 1 hour. 
 
 

 
Figure S5.- N2 adsorption-desorption isotherms of Sample 2 (a) before and (a) after treatment at pH= 10 during 1 hour. 

 
 

References 

1 S. Cabrera, J. El Haskouri, C. Guillem, J. Latorre, A. Beltrán, D. Beltrán, M. D. Marcos and P. Amorós, Solid 

State Sci., 2000, 2, 405. 

2 J. El Haskouri, J. M. Morales, D. Ortiz de Zárate, L. Fernandez, J. Latorre, C. Guillem, A. Beltrán, D. Beltrán 

and P. Amorós, Inorg. Chem., 2008, 47, 8267. 

3 (a) J. El Haskouri, S. Cabrera, C. J. Gómez-García, C. Guillem, J. Latorre, A. Beltrán, D. Beltrán, M. D. 

Marcos and P. Amorós, Chem. Mater., 2004, 16, 2805; (b) J. El Haskouri, S. Cabrera, M. Caldés, J. Alamo, A. 

Beltrán, M. D. Marcos, M.D., P. Amorós and D. Beltrán, Int. J. Inorg. Mater., 2001, 3, 1157; (c) L. Fernández, 

N. Carró, J. El Haskouri, M. Pérez-Cabero, J. Alvarez-Rodríguez, J. Latorre, C. Guillem, A. Beltrán, D. 

Beltrán and P. Amorós, Nanotechnology, 2008, 19, 225603; (d) J. El Haskouri, L. Dallali, L. Fernández, N. 

Garró, S. Jaziri, J. Latorre, C. Guillem, A. Beltrán and P. Amorós, Physica E, 2009, 42, 25. 

4 (a) A. E. Hughes, Phys. Rev., 1971, 3, 877. (b) M. Gruyters, J. Magn. Magn. Mater., 2002, 248, 248. 



Supplementary Material (ESI) for Journal of Materials Chemistry 
This journal is (c) The Royal Society of Chemistry 2010 
 

5 S. Takada, M. Fujii, S. Kohiki, T. Babasaki, H. Deguchi, M. Mitome and M. Oku, Nano Letters 2001, 1, 379. 

6  A. A. Verberckmoes, B. M. Weckhuysen and R. A. Schoonheydt, Microp. Mesop. Mater. 1998, 22, 165 and 

references therein 



<<
  /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 1.4
  /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 ()
  /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 <>
    /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.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


