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Confirmation of Fe nanoparticles within the mesoporoes by cross-section high resolution TEM  14 

The cross-sectional specimens were analyzed by JEM-2000EX TEM (JEOL, Japan) microscope 15 

operated at 400 kV. For the cross-sectional TEM studies, the multilayer sample was sandwiched 16 

between two Si plates and thinned by ion bombardment until perforation. 17 
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Figure S1. Low magnification and high magnification cross-section HR-TEM images of Fe nanoparticles 27 
within the mesopores. 28 
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BET isotherms of Fe-MMS as a function of thermal hydrogenation  1 

The BET surface areas of the synthetic materials are determined by the nitrogen adsorption-desorption 2 

method to confirm the change in the porosity of Fe containing magnetic mesoporous silica (MMS) as 3 

a function of hydrogen reduction temperature. Fe-MMS materials show the shift in hysteresis position 4 

to higher relative pressure and a decreasing trend as a function of thermal hydrogenation reduction. 5 

The shift of the sharp inflection in the P/P0 is changed to higher relative pressure of 0.75, 0.83, and 6 

0.9 corresponding to Fe-MMS400, Fe-MMS500, and Fe-MMS600 from 0.64 of MS. This result implies 7 

the change of porosity as a function of thermal hydrogenation from mesoporous to macroporous 8 

structure through the multi-modal porosity as shown in BJH plot.  9 
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Figure S2. BET isotherms and pore-size distribution by BJH plot of Fe-MMS as a function of thermal 11 

hydrogenation. ((a) MS, (b) Fe-MMS400, (c) Fe-MMS500, and (d) Fe-MMS600). 12 
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Quantitative analysis for Fe and Ni species in Fe-MMS and Ni-MMS by ICP-OES 1 

For a quantitative analysis of the iron oxide species formed in mesopores at various hydrogen 2 

reduction temperatures, inductively coupled plasma optical emission spectrometry (ICP-OES) 3 

measurements were carried out through titration. The Fe2+ and total Fe content in the mesopores were 4 

determined as functions of the hydrogen reduction temperature by ICP-OES. The titration method 5 

employed was a modified version of a method reported in the literature.  6 
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Figure S3. ICP-OES analysis of the Fe-MMS and Ni-MMS. (a) [Fe] and [Si] concentration of the Fe-MMS as 9 
functions of thermal hydrogenation reduction. (* Relative concentration means ([Fe] or [Si])/ ([Fe]+[Si]). (b) 10 
[Fe] and [Ni] concentration of the Ni-MMS and the Ni-MNPs. ([Ni]/[Fe] ratio of the sample is inserted). 11 
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Heterologous expression of histidine-tagged CatA enzyme  1 

The catA coding region was amplified from the chromosomal DNA of C. glutamicum ATCC 2 

13032 by polymerase chain reaction (PCR) using the primer pair. The PCR product was digested with 3 

NdeI/NotI and ligated into the NdeI/NotI-restricted plasmid, pET-21a. The resulting plasmid pSY-Cat 4 

was transferred to E. coli BL21 (DE3) by electroporation. The synthesis of the six histidine-tagged 5 

CatA fusion protein was induced in recombinant E. coli BL21 (pSY-Cat) by the addition of 0.5 mM 6 

IPTG after the culture had reached an optical density at 600 nm of 0.6. The cells were grown for 3 h. 7 

Purification of the fusion protein was carried out by affinity chromatography (Ab Frontier Inc., Korea). 8 

1 mg Ni-MNPs were added to purified CatA solution in 10 mM phosphate buffered saline (PBS, pH 9 

7.4) and incubate with shaking for 1 h. CatA conjugated Ni-MMS (CatA@Ni-MMS) were separated 10 

from the solution using a magnet for 1 min, and washed with PBS briefly. Proteins were analyzed by 11 

SDS-PAGE and their concentrations estimated by standard bicinchoninic acid protein assay using 12 

Pierce BCA Protein Assay kit (Thermo Scientific Inc., USA).  13 

 14 

Figure S4. Plasmid construction for six histidine-tagged catechol 1,2-dioxygenase (CatA-His6) synthesis. 15 
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Figure S5. Agarose gel electrophoresis image of synthesis of six histidine-tagged CatA from E.coli. 17 
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Spherical core/shell-type Ni2+-functionalized silica-coated magnetic nanoparticles (Ni2+-MNPs) 1 

Fe3O4 magnetite was prepared by co-precipitation with Fe2+ and Fe3+. To prepare the Fe3O4 magnetite, 2 

a fresh mixture of 2 M FeCl2·4H2O and 1 M FeCl3·6H2O was added to 0.7 M ammonia solution with 3 

vigorous stirring. The obtained Fe3O4 magnetite was separated by magnet and the supernatant was 4 

decanted. The collected Fe3O4 magnetite was washed 4 times with ethanol and then air-dried. Before 5 

the silica-coating process, the 100 mg Fe3O4 magnetite was dispersed in 100 mL cyclohexane under 6 

sonication for 3h in the presence of 3.3 mL oleic acid. The 44 g Igepal CO-520 dissolved solution in 7 

900 mM cyclohexane was added to Fe3O4 magnetite solution and then further stirred for 15 min. Then, 8 

8mL of aqueous ammonia solution was added drop wisely into the freshly prepared solution with 9 

stirring for 15 min. After stirring, a solution of 98 % tetraethyl ortho-silicate (TEOS) was added drop-10 

wise. The mixed solution was further stirred for 20 h. Methanol was added to the solution to form 11 

dark precipitates, which were collected through centrifugation after removal of supernatants. The dark 12 

precipitate was washed repeatedly with ethanol and then vacuum dried. For Ni-MNPs preparation, 1M 13 

nickel (II) chloride hexahydrate (NiCl2·6H2O) and MNPs were reacted in deionized water through 14 

shacking at room temperature for 1h. The final product was collected and washed with deionized 15 

water three times and then air-dried. Figure S7 shows TEM image of Ni-MNPs with 40 nm diameter 16 

(average size). 17 

 18 

 
 19 

Figure S6. TEM image of Ni2+-MNPs and pore-size distribution. 20 

 21 

Table S1. Surface area and pore volume of Ni2+-MMS, Ni-MMS and Ni2+-MNPs 22 
 23 

Materials Surface area (m2/g) Pore volume (cm3/g) Source 

Ni2+-MMS500 67 0.382 This work 

Ni-MMS500 110 0.313 This work 

Ni2+-MNPs 50 0.11 [Ref 25]* 

* Lee. S.; Lee, S.; Kho, I. H.; Lee, J. H.; Kim, J. H.; Chang, J. H. Chem. Commun. 2011, 47, 9989-9991. 24 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry B
This journal is © The Royal Society of Chemistry 2012



<<
  /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


