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Supplementary Fig 1. Ex-situ Characterization of the TiO, supports. (a, d) TiO>-R with
(100) facet exposed; (b, €) TiO,-B with (101) facet exposed; (¢, f) TiO»-S with (001) facet

exposed.
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Supplementary Fig 2. Ex-situ Characterization of the Ni/TiO; catalysts. (a, b, ¢) HRTEM
of three Ni/TiO, catalysts with NiO layer: Ni/TiO»-R (a), Ni/TiO»-B (b); Ni/TiO»-S (c). (d)
Low-magnification HAADF STEM image of Ni/TiO»-B. (e) High-magnification images of the
red regions in (d). (f) Elemental identification of the layer by EDX mapping of (e).

Supplementary Note 1: As shown in Supplementary Figs. 1a-c, three TiO, supports were all
imaged along the [011] direction"2. Similarly, the three Ni/TiO, catalysts were also observed
along the [011] direction, where an overlayer surrounding the Ni NPs could be clearly identified.
Based on the differences in lattice fringes, the outermost layer exhibited a larger lattice spacing
(~0.24 nm), characteristic of NiO (Supplementary Figs. 2a-c). Furthermore, EDX analysis of
the outermost layer revealed no detectable Ti signal, indicating that the surface layer was
composed primarily of NiO (Supplementary Fig. 2f). This observation was consistent with

previous reports, which show that Ni was readily oxidized upon exposure to air**,
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Supplementary Fig 3. The tunable Ni/TiO»-B and Ni/TiO,-S interface under different gas
environments. /n-situ ETEM images of Ni/TiO»-B in (a) reducing atmosphere (H»/N> = 10/90,
5x1072Pa, 400 °C), and (b, ¢, d) CO» hydrogenation conditions (CO»/Hx»/N, = 15/15/70, 5x10°
Pa, 350 °C). (e) FFT patterns of the HRTEM images of Ni/TiO,-B in (d). The FFT spots of Ni,
NiO and TiO; are labeled by the red, blue and green dashed circles, respectively. (f, g, h) Inverse
FFT analysis of three phases (Ni, TiO, NiO). In-situ ETEM images of Ni/TiO,-S in (i) reducing
atmosphere (Hx/N> = 10/90, 5x102 Pa, 400 °C), and (j, k, 1) CO, hydrogenation conditions
(COo/Ho/N; = 15/15/70, 5107 Pa, 350 °C).

Supplementary Note 2: As shown in Supplementary Figs. 3a, i, the NiO overlayer was
removed following H; treatment, exposing metallic Ni particles with representative sizes (~15.5
nm for Ni/TiO»-B, ~9.6 nm for Ni/TiO»-R), which were subsequently selected to monitor the
structural evolution (Supplementary Figs. 3b-d and Figs. 3j-1). After 60 min of reactions, partial
encapsulation was observed in Ni/TiO»-B (Supplementary Fig. 3d), whereas no encapsulation
layer formed in Ni/TiO2-S (Supplementary Fig. 31). Furthermore, the FFT patterns of the
HRTEM images from Ni/TiO»-B (Supplementary Fig. 3d) indicated that the overlayer could
prevent Ni oxidation. In contrast, uncoated regions underwent phase transformation into NiO
(Supplementary Figs. 3e-h). Similarly, the slight oxidation of Ni was observed on the Ni/TiO,-
S catalyst, as evidenced by the differences in lattice spacings (Supplementary Figs. 3j, ).
3
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Supplementary Fig 4. FFT patterns of the HRTEM images of Ni/TiO,-R in Figure 2. (a)
FFT patterns of Fig. 2a. (b) FFT patterns of the boxed region in Fig. 2b. (¢) FFT patterns of the
boxed region in Fig. 2c. (d) FFT patterns of Fig. 2d.
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Supplementary Fig 5. DRIFTS investigation of Ni/TiO,-S catalysts. (a, b) The spectra of
Ni/TiO,-S at different temperatures with a controlled heating rate of 10 °C/min. (CO»/H»/N, =
15/15/70). The sample was reduced under H, (H»/N, = 10/90) at 400 °C to remove the NiO
overlayer caused by exposing in air and then cooled in N at 25 °C to obtain a background
spectrum, afterwards reactive gas mixtures (CO»/Ho/N2 = 15/15/70) were introduced with a
total flow rate of 100 mL/min.

Supplementary Note 3: The HCOO" intensity significantly diminished, accompanied by the
emergence of characteristic CHs peaks. This indicates that HCOO" serves as a key intermediate

for CH4 formation on the Ni/TiO»-S catalyst.’
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Supplementary Fig 6. DFT calculation of various Ni/TiO; catalysts. (a, b, ¢) The surface
energy of Ni/TiO»-R (a), Ni/TiO,-B (b), and Ni/TiO>-S (c). (d, e, f) The oxygen vacancy
formation energy of Ni/TiO,-R (d), Ni/TiO,-B (e), and Ni/TiO»-S (f). (g, h, i) The energy of
Ni/TiO; system: Ni/TiO»-R (g), Ni/TiO»-B (h), and Ni/TiO»-S (i). (j, k, 1) The interface oxygen
vacancy formation energy of Ni/TiO,-R (j), Ni/TiO»-B (k), and Ni/TiO,-S ().

Supplementary Note 4: Due to the differences in coordination environments of surface atoms
on various TiO; crystal facets (Figs. 1d, e, f)%, the formation energies of oxygen vacancies
varied among the three supports, following the order: TiO,-B (4.875 e¢V) > TiO»-R (4.375eV) >
TiO,-S (2.875 eV) (Supplementary Figs. 6a—f).!* However, upon Ni loading, the oxygen
vacancy formation energies at the Ni/TiO; interface changed significantly. Specifically, the
formation energies decreased for Ni/TiO»>-R and Ni/TiO,-B, but increased for Ni/TiO,-S,
resulting in a new trend: TiO,-S (3.865 eV) > TiO»-B (3.555 eV) > TiO»-R (2.575 eV). These

shifts provided for the facet-dependent nature of A-SMSI formation.
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Supplementary Fig 7. Fourier transform EXAFS spectra and fitting of Ni/TiO-R

catalysts. Fourier transform EXAFS spectra and fitting at Ni K-edge for (a) Ni foil; (b)
NiO/TiO2-R (25 °C, Ar); (¢) Ni/TiO2-R (400 °C, Hz); (d) Ni/TiO2-R (350 °C, CO»); (e) Ni/TiO»-
R (350 °C, CO,+ H»).
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Supplementary Fig 8. XPS spectra of Ni/TiO:-R catalyst. (a) Ni 2p, (b) Ti 2p, and (c) O ls.
The sample was analyzed after ex-situ reduction (400 °C, H») and reaction (350 °C, CO; + Ha).
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Supplementary Fig 9. CO production rate over various Ni/TiO; catalysts at a temperature
range of 200-500 °C. Reaction conditions: catalysts (1000 mg), 1 bar, CO»/H2/N» = 15/15/70;
GHSV: 12000 mL g cat 'h™).
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Supplementary Fig 10. CH4 production rate over various Ni/TiO; catalysts at a
temperature range of 200-500 °C. Reaction conditions: catalysts (1000 mg), 1 bar, CO»/H2/N»
= 15/15/70; GHSV: 12000 mL g cat 'h™").

10



Supplementary Table 1. EXAFS fitting parameters at the Ni K-edge for various Ni/TiO,

catalysts at different conditions.

Sample Condition Shell N2 R (A)" 6?¢(A%107%) R factor (%)
Ni—Ni (in
Ni foil Air, 25 °C 9.3+0.3 2.48+0.01 5.97+0.29 0.19
metallic state Ni)
Ni—O 6.00.2 2.09+0.01 8.0+2.2
NiO/TiO2-R Ar, 25 °C . N 0.72
Ni=Ni 11.80.
2.95+0.01 9.1+1.2
(O-bridged) 2
Ni—Ni (in
6.6+0.7 2.46+0.01 11.2+0.9
metallic state Ni)
H:, 400 °C 0.47
Ni—-O 1.6+0.5 2.95+0.02 11.2+0.9
Ni—Ni (in
6.0+0.7 2.47+0.01 10.8+1.1
metallic state Ni)
Ni/TiO2-R
CO, Ni-O 11402 2.020.01 7.044.7 0.35
350 °C
Ni—Ni
2.3+1.0 2.96+0.01 10.5+4.5
(O-bridged)
CO2+H3, Ni—Ni (in
8.6+0.7 2.48+0.01 11.6+0.9 0.98
350 °C metallic state Ni)

a N: coordination number; b R: bond distance; ¢ 6*: Debye-Waller factor; R factor: goodness

of fit.

11



Supplementary References

1. Li, S. et al. Unusual Facet-Dependent Sintering in Pd—TiO, Catalysts Revealed by Theory
and Experiment. ACS Catal. 14, 1608-1619 (2024).

2. Tang, M. et al. Facet-Dependent Oxidative Strong Metal-Support Interactions of
Palladium-TiO; Determined by In Situ Transmission Electron Microscopy. Angew Chem Int
Ed 60, 22339-22344 (2021).

3. Xu, M. et al. Boosting CO hydrogenation towards C,: hydrocarbons over interfacial
TiO»-«/Ni catalysts. Nat Commun 13, 6720 (2022).

4. Cui, B. et al. Crystal-phase-depended strong metal-support interactions enhancing
hydrodeoxygenation of m-cresol on Ni/TiO; catalysts. Journal of Catalysis 413, 880-890
(2022).

5. Tan, T. H. ef al. Unlocking the potential of the formate pathway in the photo-assisted
Sabatier reaction. Nat Catal 3, 1034—1043 (2020).

6. Wu, Y. et al. Study of Oxygen Vacancies on Different Facets of Anatase TiO,. Chin. J.
Chem. 37, 922-928 (2019).

12



	Supplementary Fig 2. Ex-situ Characterization of the Ni/TiO2 catalysts. (a, b, c) HRTEM of three Ni/TiO2 catalysts with NiO layer: Ni/TiO2-R (a), Ni/TiO2-B (b); Ni/TiO2-S (c). (d) Low-magnification HAADF STEM image of Ni/TiO2-B. (e) High-magnification...
	Supplementary Fig 3. The tunable Ni/TiO2-B and Ni/TiO2-S interface under different gas environments. In-situ ETEM images of Ni/TiO2-B in (a) reducing atmosphere (H2/N2 = 10/90, 5×10-2 Pa, 400  C), and (b, c, d) CO2 hydrogenation conditions (CO2/H2/N2 ...
	Supplementary Fig 4. FFT patterns of the HRTEM images of Ni/TiO2-R in Figure 2. (a) FFT patterns of Fig. 2a. (b) FFT patterns of the boxed region in Fig. 2b. (c) FFT patterns of the boxed region in Fig. 2c. (d) FFT patterns of Fig. 2d.
	Supplementary Fig 5. DRIFTS investigation of Ni/TiO2-S catalysts. (a, b) The spectra of Ni/TiO2-S at different temperatures with a controlled heating rate of 10  C/min. (CO2/H2/N2 = 15/15/70). The sample was reduced under H2 (H2/N2 = 10/90) at 400 ℃ t...
	Supplementary Fig 6. DFT calculation of various Ni/TiO2 catalysts. (a, b, c) The surface energy of Ni/TiO2-R (a), Ni/TiO2-B (b), and Ni/TiO2-S (c). (d, e, f) The oxygen vacancy formation energy of Ni/TiO2-R (d), Ni/TiO2-B (e), and Ni/TiO2-S (f). (g, h...
	Supplementary Fig 7. Fourier transform EXAFS spectra and fitting of Ni/TiO2-R catalysts. Fourier transform EXAFS spectra and fitting at Ni K-edge for (a) Ni foil; (b) NiO/TiO2-R (25 ℃, Ar); (c) Ni/TiO2-R (400 ℃, H2); (d) Ni/TiO2-R (350 ℃, CO2); (e) Ni...
	Supplementary Fig 9. CO production rate over various Ni/TiO2 catalysts at a temperature range of 200-500  C. Reaction conditions: catalysts (1000 mg), 1 bar, CO2/H2/N2 = 15/15/70; GHSV: 12000 mL g cat−1 h−1).
	Supplementary Fig 10. CH4 production rate over various Ni/TiO2 catalysts at a temperature range of 200-500  C. Reaction conditions: catalysts (1000 mg), 1 bar, CO2/H2/N2 = 15/15/70; GHSV: 12000 mL g cat−1 h−1).
	Supplementary Table 1. EXAFS fitting parameters at the Ni K-edge for various Ni/TiO2 catalysts at different conditions.
	Supplementary References


<<

  /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



