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Experimental section

Chemical reagents include ZrCl4, N, N-dimethylformamide, methanol, 1, 4-benzenedicarboxylic acid,
and 2-amino-1, 4-benzenedicarboxylic acid were purchased from Alfa Aesar. All these chemicals used in
this work are analytical grade purity without further purification.

Synthesis of amine-functionalized Zr-MOF materials. UiO-66 and UiO-66-NH, have been prepared
following the procedure described in the literature® with slight modification. For the synthesis of UiO-66,
ZrCls (53 mg, 0.227 mmol) and 1,4-benzenedicarboxylic acid (34 mg, 0.227 mmol) were dissolved in
DMF (25 mL), and then the resulting solution was heated inside an autoclave at 393 K for 48 h. After this,
the autoclave was cooled down to room temperature in air, and the obtained solid was soaked in methanol
with robust stirring for several days and then dried at 353 K under vacuum. UiO-66-NH; was achieved by
replacing 1, 4-benzenedicarboxylic acid by 2-amino-1, 4-benzenedicarboxylic acid, while keeping all
other synthetic conditions unchanged.

Catalyst characterizations. X-ray powder diffraction patterns were recorded on a Bruker D8 Advance
X-ray diffractometer using Cu Kal radiation (A=1.5406 A), 40 kV, 40 mA with a scanning speed of 0.2°
(20) min™". PL spectra were surveyed by an Edinburgh FL/FS900 spectrophotometer. The UV/Vis diffuse
reflectance spectrum was recorded by Perkin Elmer Lambda 950 UV-Vis-NIR system. The ESR spectra
were performed on a Bruker A300 EPR spectrometer.

Electrochemical characterizations. The Zr-MOF-NH; particulate film electrodes were prepared by
applying 50 puL of Zr-MOF-NH; slurry to the surface of an optically transparent electrode and covering
approximately 0.25 cm”. The Zr-MOF-NH, slurry was prepared by mixing 0.1 g Zr-MOF-NH, powder
and 1 g ethanol. The electrode was then dried on a warm plate. Electrochemical measurements were
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conducted with a BAS Epsilon Electrochemical System in a conventional three electrode cell, using a Pt
plate as the counter electrode and Ag/AgCl electrode (3 M KCl) as the reference electrode. The working
electrode was prepared by spreading the slurries over 0.25 cm?” of indium tin oxide (ITO) glass substrate.
Then the film was dried in air. The electrochemical measurement was carried out in a Na;SO4 (0.2 M)
electrolyte, which was purged with nitrogen gas for 2 h prior to the measurements. A 500 W xenon lamp
(Beijin Changtuo, CHF-XM500) fitted with a UV (420 nm) cut-off filter was used as the light source. All
electrochemical potentials are reported vs. NHE.

Photocatalytic activity testing. The acrobic photocatalytic oxidation reactions were carried out at 1.0
atm O partial pressure in a flask containing 5 mL solvent, 200 ul reacting substrate, and 100 mg catalyst
by stirring with a magnetic stirrer and irradiated under a 300 W Xe lamp with a 420-450 nm band-pass
filter. Unless otherwise indicated, the aerobic photocatalytic oxidation reactions are conducted at 274 K
with an oxygen balloon as an oxygen source. The reaction solution was sampled, then analyzed and
quantified on Agilent 6890 GC-MS equipped with a flame ionization detector.

The determined concentration data of reactants and products are further treated with expressions given

as follows, where the conversion of substrates is expressed by X:
X (%) =100 x (Co—C;)/Cy (1)

Where Cy and C; are the molar concentrations of substrates before and after the photocatalytic reaction,
respectively. The selectivity to product is shown by Sj:

Si (%) =100 x Cj/( Co—C) (2)

Where C;j is the molar concentration of product. The turnover frenquency (TOF) value of the reaction is
calaculated by an expression as follows:

TOF (h™") = Xx200x10xpxM/100x 10~ x M, xT (3)

Where p, M, and M; are the density of the reactive substrate (g/L), the molar molecular weight of the
UiO-66-NH; catalyst, and the molar molecular weight of the reactive substrate (g/Mol), respectively. T
represents the reaction time (h). The formula of UiO-66-NH; is Zr40120C192HosN24 which have a
formula weight of 6848.10 g/Mol.
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Fig. S1 Isothermal adsorption-desorption plot (A) and TEM image (B) of UiO-66-NH,.
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Fig. S2 XPS spectra of UiO-66, UiO-66-NH,, and ATA precursor (the XPS spectra were carried out on
a PHI5000 Versa Probe XPS System).
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Fig. S3 XRD pattern (left) and SEM image (right) of UiO-66.
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Fig. S4 UV-Vis DRS spectrum of UiO-66.
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Fig. S5 Impedance spectrum of UiO-66-NH, before and after visible light irradiation.
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Fig. S5 shows the impedance spectroscopy of UiO-66-NH, before and after visible light irradiation. The measured
data were fitted to an equivalent model consisting of the solution resistance (R1), the capacitance of the double
layer (C,), and its resistance (R,), as illustrated in the inset of Fig. S5. The fitting results (Table S1) further confirm
that UiO-66-NH, is a semiconductor with a relatively large resistance of 1.34x10° Q. Upon visible light irradiation,
its resistance decreases to 9.73x10° Q because of the formation of electron-hole pairs.
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Fig. S6 Photocatalytic activity as a function of reaction time.
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Fig. S7 GC-MS results of O'® isotope labeling experiment.
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To clarify the role of molecular oxygen in these photocatalytic oxidation reactions, an O'® isotope labeling
experiment was performed using the photocatalytic epoxidation of cyclooctene as a model reaction and the 50 %
enrichment of '*0,. The GC-MS analysis results exhibit a significantly-enhanced abundance of O" in the product
cyclooctene epoxide as shown by the higher line at m/z = 99, indicating clearly the source of oxidant for these
organic oxygenations and offering a powerful evidence for the involvement of molecular oxygen in the
photocatalytic oxidation.
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Fig. S8 EPR spectra of the solid state UiO-66-NH, (A) and ATA ligand (B).
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Fig. S9 EPR spectra of the solid state UiO-66 before and after UV light irradiation.
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Table S1 Fitted results derived from Fig. S5.
Conditions R, [Q] R,[Q] C1[F]
In the dark 72.5 1.34%10° 3.51x10°¢
With visible light 72.1 9.73x10° 3.46x10°

R: Solution resistance, R,: Resistance of the MOF material, C,: Electrical double layer capacitance

S7




<<

  /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



