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Characterisation of the tin-containing zeolites

Powder X-ray diffraction (XRD) was performed using a PANalytical X’Pert PRO-MPD
diffractometer with Ni-filtered Cu Ka radiation (A = 0.1541 nm), acquiring data in the 5-70° 26 range
with a step size of 0.05° and a counting time of 8 s per step. The crystallinity was estimated from the
ratio of the areas of the MFI reflections at 23.10°, 23.95° and 24.42° 26. UV-Vis spectroscopy was
carried out in diffuse reflectance mode using an Ocean Optics Maya2000-Pro spectrometer. Prior to
the analyses, samples were degassed at 313 K and 107" bar for 16 h. Spectra were collected in
Kubelka-Munk units in the 200-600 nm range, with an integration time of 150 ms and accumulating
32 scans, and were corrected by subtracting the spectrum of the tin-free zeolite. Fourier transform
infrared (FTIR) spectroscopy of adsorbed d;-acetonitrile (Sigma-Aldrich, 99%) was conducted using a
Bruker IFS66 spectrometer equipped with a liquid-N, cooled mercury cadmium telluride detector.
Zeolite wafers (ca. 1 cm?, 20 mg) were evacuated (10 mbar) for 4 h at 693 K prior to the adsorption
of the probe molecule at room temperature. Spectra were recorded in the 650-4000 cm ™' range, with a
resolution of 4 cm™' and accumulating 32 scans.
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Table S1. Initial conversion and selectivity data for supported metal catalysts in the conversion of
GLY .“

XGLY SAC SPAI SPAC SAcr SAAC SDHA SGAI SGAC CB

Catalyst %) ) ) %) %) ) %) (%) ) (%)
Al,O3-a 53 85 6 0 13 0 0 0 0 102
V/Al,O3-a 95 5 21 46 0 1 0 0 2 76
Ni/Al,O3-a 95 2 29 31 0 0 0 0 1 65
Fe/Al,0O5-a 92 10 28 31 0 0 0 1 0 72
Sn/Al,05-a 75 29 25 24 0 0 1 0 0 84
Cu/Al,03-a 82 25 45 21 7 3 0 1 0 102
Ru/Al,05-a 80 11 61 12 5 4 1 0 0 95
Ag/ALOs-a 82 15 78 6 2 2 0 0 0 102
Pd/A1,05-a 66 21 69 5 4 3 0 0 0 101
Pt/Al1,05-a 26 30 45 5 9 1 0 0 0 97
Au/Al,O3-a 13 39 75 4 2 0 0 0 0 103
Ag/ALLO3-b 52 12 75 4 1 0 0 0 0 96
Ag/ALLO;-c 15 15 81 3 1 1 0 0 0 100
Ag/ALLO;-d 21 18 71 5 0 0 0 0 0 99
Ag/SiO, 0 30 80 5 0 0 0 0 0 100
Ag/ASA 81 12 21 31 51 25 0 0 0 132
Ag/7940 6 7 51 9 0 0 0 0 0 98
Ag/740 64 21 14 7 51 21 0 0 0 109

“ GLY: glycerol, Ac: acetol, PAl: pyruvaldehyde, PAc: pyruvic acid, Acr: acrolein, AAc: acrylic acid,
DHA: dihydroxyacetone, GAl: glyceraldehyde, GAc: glyceric acid and CB: carbon balance. Reaction
conditions: 7= 623 K, P =1 bar, Cgry = 10 wt.%, LHSV =6 hfl, 0,/GLY =0.5and =1 h.

Table S2. Characterisation data for the supports.

Support Sget” Viore Crewis” Chronsted”
m’gh) (em’g!) (umolg') (umolg’)
Al,O3-a 85 0.50 81 4
Al,O5-b 68 0.39 48 2
Al,O5-c 73 0.51 24 1
Al,O5-d 69 0.61 17 2
SiO, 130 0.40 0 1
ASA 78 0.45 6 56
7940 317 0.19 1
740 511 0.25 82 177

“BET method; ” Volume adsorbed at p/po=0.99; °FTIR
spectroscopy of adsorbed pyridine.
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Table S3. Calculated core-level shifts for the 3d transition of an Ag atom of a certain system with
respect to an Ag atom in a bulk position in a clean metal slab. Vertex and side indicate the positions of
Ag atoms in the 6-atom triangles identified on the AgO, surface depicted in Figure 1b of the main
manuscript. Experimental XPS data are reported in Figure 3¢ of the main manuscript.

System Atom Shift (eV)
Ag surface 0.02
AgO,/Ag surface-vertex 0.68
surface-side 0.48
bulk 0.03
Ag,O surface 0.70
bulk 0.86

Table S4. Initial conversion and selectivity data for supported silver catalysts in the conversion of

Ac.”

Catal st XAC SPAI SPAc SAcr SAAC SDHA SGAI SGAC CB
g (%) (%) (%) (%) (%) (%) (%) (%) (%)

Ag/ALLOs-a 81 95 4 0 0 0 0 0 96

Ag/SiC 76 95 5 0 0 0 0 0 94

“ Ac: acetol, PAL: pyruvaldehyde, PAc: pyruvic acid, Acr: acrolein, AAc: acrylic acid, DHA:
dihydroxyacetone, GAl: glyceraldehyde, GAc: glyceric acid and CB: carbon balance. Reaction
conditions: 7= 623 K, P =1 bar, Ca. = 8 wt.%, LHSV =6 hfl, O,/Ac=0.5and =1 h.

Table S5. Characterisation data for tin-containing zeolites.

Catalyst Sn content” Spet’ Viore™ Ve S’ Crystallinity”
(wt. %) (m’gh) (em’ g™ (cm’ g™ (m’gh) (%)
7940 0.00 317 0.19 0.14 45 100
Sn-MFI 1.91 246 0.29 0.08 98 52
[Sn]BEA 1.52 527 0.29 0.20 16 -

“ XRF spectroscopy: " BET method; © Volume adsorbed at p/p, = 0.99; ¢ -plot method; ¢ XRD.
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Figure S1. Density of states for Ag, AgO,/Ag and Ag,0 surfaces. The energy values were referenced
to the Fermi level (&f).
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Figure S2. PAl selectivity as a function of the concentration of Bronsted-acid sites for Ag/Al,Os-a.
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Figure S3. Energy profiles for the regeneration of the AgO,/Ag and Ag,O surfaces after the
dehydrogenation of Ac and the corresponding structures calculated over the AgO,/Ag surface.
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The Ag models considered address the oxygen-lean (surface oxide) and oxygen-rich (bulk oxide)
reaction regimes. The transition between the surface oxide and the bulk oxide, likely occurring at
O,/GLY ratios larger than 0.5, has not been characterised experimentally. However, insights into this
scenario can be gathered placing an epitaxially-grown Ag,O(111) layer on Ag(111). The supercells of
p(7x7) Ag(111) and p(3%3) Ag,O (111) are commensurate, with a length of 20.88 A. Therefore, a
model consisting of two layers of Ag,O supported on two layers of metallic silver was built (Figure
S5). The simulation results, shown in Figure S6, demonstrate that Ag,O/Ag(111) qualitatively
behaves similarly to pure Ag,O. This indicates that the Ag,O model would suffice to describe the
catalyst at high O,/GLY ratios.

Figure S4. Representation of the Ag,O/Ag surface.
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Figure S5. Energy profiles for (a) the dehydrogenation of Ac to PAl on AgO./Ag, Ag,O and
Ag,0/Ag surfaces and (b) the regeneration of the catalysts.
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Figure S6. H,-TPR characterisation of as-prepared and used Ag/Al,Os-d.
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Figure S7. (a) UV-Vis spectra and (b) FTIR spectra of adsorbed dj;-acetonitrile for tin-containing
zeolites.

ESI-6




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


