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Experimental details

Catalysts and materials. Iron tetrasulfophthalocyanine FePcS was prepared according to the
published procedure.> MIL-101 was synthesized following a procedure described by Férey et
al.3* The formula of [Cr3O(bdc)3(H20)2F 72(NO3)0 28] was assigned based on the

elemental analysis data. FePcS(BusN)4 was obtained by replacement of sodium cation with
tetrabutylammonium using tetrabutylammonium hydroxide.*® 2,3,6-Trimethylphenol, benzyl
alcohol, 8-hydroxyquinoline and terz-butyl hydroperoxide were purchased from Aldrich. The
other reactants were obtained commercially and used as received.

Immobilization of FePcS on MIL-101. The supported FePcS/MIL samples were prepared by

dissolving a definite amount of FePcS (5+15 mg) in water (3 mL), adding 100 mg of MIL-
101, stirring for 3 h, filtering off, washing with water, and drying at 120°C until the weight
remained constant. The immobilization process for controlled by UV-vis. The amount of

immobilized FePcS was confirmed also by elemental analysis.



Adsorption measurements were carried out in a glass reactor at 25°C. The adsorbent (MIL-101,

10 mg) was placed into the reactor, and a FePcS solution in water (0.5 mL, 0.001+0.01 M)
was added. Samples of the solution were taken by a syringe (150 uL) after 16 h, diluted with
water (50 mL), and then FePcS concentration in solution was determined by UV-vis (A = 635
nm, | = 10 mm).

Desorption measurements were carried out in the same reactor at 25°C. Water (0.5 mL) was

added to 10 mg of a MIL-101 sample containing FePcS (the amount of FePcS was determined
from the adsorption measurements). Samples of the solution were taken by a syringe (150 uL)
after 24 h, diluted with water (50 mL), and then FePcS concentration in the solution was
determined from the UV-vis spectra using a calibration curve. The amount of FePcS
irreversibly adsorbed on MIL-101 was determined from the point where the adsorption
isotherm cuts axis Y. The results acquired from the adsorption study were in agreement with
the ICP-AES elemental analysis data.

lon exchange experiments. Treatment with an aqueous solution of NaClO4 was performed at

room temperature. 50 mg of 15 wt% FePcS/MIL-101 were added to 1 mL of 1 M NaClO4 in
water. The mixture was stirred for 2 h, then the solid was filtered off and FePcS concentration
in the filtrate was determined by UV-vis. Similar experiments were performed using
BusNCIO4 in MeCN.

Catalytic _experiments and product analysis. Catalytic oxidations were performed in

thermostated glass vessels at 30-60°C under vigorous stirring (500 rpm). Typically, the
reactions were initiated by adding 0.12-0.18 mmol of ‘BuOOH to a mixture containing 0.02-
0.18 mmol of substrate and 4-6 mg (0.16-0.9 pmol Fe) of supported FePcS catalyst or 0.3-1.4
mg of FePcS(BusN)4 (0.16-0.9 umol Fe) in 1 mL of solvent. The substrate conversions and
product yields were quantified by GC using biphenyl as the internal standard as well as by 'H
NMR spectroscopy.

Instrumentation. FT-IR spectra were recorded on a BOMEM-MB-102 spectrometer. Raman

spectra were collected using Fourier transform spectrometer RFS 100/S from Bruker. The
1064 nm line of Nd-YAG laser (100 mW) was used for the spectral excitation. All
measurements were performed with a spectral resolution of 4 cm™. Nitrogen adsorption at 77
K was studied using an Autosorb-6B-Kr (Quantachrome) instrument within a partial pressure
range of 10°—1.0 millitorr. Before measurements, the samples were degassed at room

temperature under dynamic vacuum of 25 millitorr overnight. DR-UV-vis spectra were



recorded on a Shimadzu UV-vis 2501PC. UV-vis spectra were run using a Cary 50 Varian
spectrophotometer. XRD measurements were performed on an X-ray diffractometer DRON
3M using cupric radiation (CuKg;» 1.54060; 1.54439 A). XPS measurements were carried out
on a SPECS’s machine equipped with a hemispherical electron energy analyzer PHOIBOS-
150, an X-ray source XR-50 with a twin Al/Mg anode, and ions source IQE-11. Core-level
spectra were obtained using Al Ko radiation (hv = 1486.6 eV). For calibration of the charge
shift, Cls peak at 284.8 eV from adventitious hydrocarbon was used. The high-resolution
TEM images of periodic structures were analyzed by the Fourier method. Local energy-
dispersive X-ray analysis (EDXA) was carried out on an EDAX spectrometer (EDAX Co.)
equipped with a Si (Li) detector with a resolution of 130 eV. Samples to be examined by
HRTEM were prepared on a perforated carbon film mounted on a copper grid. GC analyses
were performed using a Tsvet-500 gas chromatograph equipped with a flame ionization

detector and DB-5MS capillary column (30 mx0.25 mm).
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Figure S1. HRTEM micrographs of FePcS/MIL-101: a — morphology of sample particles; b —
periodic image of lattice planes (002) of crystalline particles; c — HRTEM-image (Fourier-
filtered) and d — corresponding Fourier pattern with Millers indexes for lattice planes (d24,~2.0
nm, dgp4~2.3 nm). Planes of a crystal lattice on HRTEM micrographs correspond to maxima
on XRD patterns.
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Figure S2. FT-IR spectra of (A) MIL-101 and (B) 15 wt% FePcS/MIL-101.
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Figure S3. UV-vis spectrum of FePcS in H,O (1:10° M).
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Figure S4. Adsorption/desorption isotherms for FePcS on MIL-101 (H,O, 25°C). Adsorption
is marked by m, desorption is marked by V.
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Figure S5. Typical EDX spectra from a narrow area (~10 nm in diameter) of FePcS/MIL-101
particles (CrKa, CrKf and FeKa — very similar signals are observed independently of the

electron probe position).
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Figure S6. N, adsorption isotherms measured at 77K: initial MIL-101, 5, 10 and 15 wt%
FePcS/MIL-101. Insert: pore volume-size distributions calculated from the N, adsorption

isotherms using the Saito-Foley method.



TMP concentration (M)

O-OO T T T T T T T T T T T T
0 20 40 60 80 100 120

Time (min)

Figure S7. Kinetic profiles for TMP oxidation in the presence of FePcS/MIL-101 with
different FePcS loading: (m) 5 wt%, (®) 10 wt% and (A) 15 wt%. Reaction conditions: [TMP]
=0.1 M; 0.14 mol.% Fe; [[BuOOH] = 0.3 M (used as 70 wt% aqueous solution); 30°C; MeCN.
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Figure S8. (A) Oxidation of BZOH with ‘BuOOH over 15 wt% FePcS/MIL-101. Reaction
conditions: [BzOH] = 0.18 M; 0.5 mol.% Fe (15 wt.% FePcS/MIL-101); [BuOOH] = 0.18 M
(70 wt.% aqueous solution); 60°C; MeCN. (B) Oxidation of TMP with '‘BuOOH over 15 wt%
FePcS/MIL-101. Reaction conditions: [TMP] = 0.1 M; 0.14 mol% Fe; ['[BuOOH] = 0.5 M (70
wt% aqueous solution); 30°C; MeCN.



--1615

(b)

N~ < [ee)
383 2 2 o

1150
----1460

(@)

Intensity (a.u.)

Absorbance

800 1200 1600

1600 1200 800 400
Raman shift (cm'1)

Wavenumber (cm™)

Figure S9. (a) FT-IR and (b) Raman spectra of MIL-101: (A) initial, (B) after treatment of 10
mg MIL-101 with 0.4 M ‘BuOOH in 2 mL MeCN at 25°C for 5 h and (C) after treatment of
10 mg MIL-101 with 0.2 M 'BuOOH in 2 mL MeCN at 80°C for 5 h. ‘BuOOH was used as 70

wt% aqueous solution.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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 true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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 [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


