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Methods
[bookmark: OLE_LINK136]Catalyst Preparation
Synthesis of AuPd alloy nanoparticles
AuPd alloy nanoparticles were synthesized by the sol-immobilization method. HAuCl4 and PdCl2 aqueous solutions at a certain concentration and ratio (Au: Pd (mol/mol)=2:3) were mixed, followed by adding a certain amount of polyvinyl alcohol (PVA) (PVA/(Au+Pd) (wt/wt)=1.2). Under vigorous stirring, the freshly prepared solution of NaBH4 (0.1 M, NaBH4/(Au+Pd) (mol/mol)=5) was added and a dark brown sol formed.

Synthesis of the inner layer support POF-N 
Typically, the monomer (triphenylamine, 0.02 mol), cross-linker (FDA, 0.06 mol), and catalyst (FeCl3, 0.06 mol) were dissolved in 1,2-dichloroethane (DCE, 20 mL) and heated at 45 oC for 5 h, and then heated at 80 oC for 19 h. After washing the resulting solid product with methanol several times, until the filtrate liquor was nearly colorless, the product was Soxhlet extracted in methanol for 24 h followed by drying in a vacuum oven at 60 oC for 24 h.

Synthesis of the kernel AuPd/POF-N
The kernel AuPd/POF-N was prepared by adding a certain amount of support POF-N to the prepared dark brown sol with AuPd alloy nanoparticles, after vigorous stirring for 3 h, and then centrifugated. Upon drying at 80 oC for 12 h, the kernel AuPd/POF-N was obtained.

[bookmark: OLE_LINK1][bookmark: OLE_LINK3][bookmark: OLE_LINK45]Synthesis of the encapsulated Encap-ET (Encap-S=O, Encap-C=O, Encap-N-O) 
To ensure the same amount of AuPd alloy on different catalysts, and facilitate the subsequent comparison of catalytic performance, we encapsulated the same mass of the outer polymer layer and inner polymer. Typically, the monomer (triphenylamine 0.36 g, ethylbenzene 0.36 g, the molar ratio=3:7) and cross-linker (FDA, 1.12 g) were first dissolved in 1,2-dichloroethane (DCE, 20 mL) to obtain 1.0 g polymer (POF-ET). Afterward, the kernel AuPd/POF-N (1.00 g), and the catalyst (FeCl3, 2.4 g) were added in order, heated at 45 oC for 5 h and 80 oC for 19 h. After washing the obtained solid product with methanol several times, until the filtrate liquor was nearly colorless, the product was Soxhlet extracted in methanol for 24 h followed by drying in a vacuum oven at 60 oC for 24 h. Then the encapsulated catalyst Encap-ET (POF-ET/AuPd/POF-N) was obtained. The catalyst Encap-S=O, Encap-C=O, and Encap-N-O catalysts were prepared through the same method.

[bookmark: OLE_LINK54][bookmark: OLE_LINK46]Synthesis of the outer layer POF-ET, POF-C=O, POF-S=O and POF-N-O
Typically, the monomer (a certain amount of triphenylamine and ethylbenzene), cross-linker (FDA, 0.06 mol), and catalyst (FeCl3, 0.06 mol)were dissolved in 1,2-dichloroethane (DCE, 20 mL) and heated at 45 oC for 5 h and then at 80 oC for 19 h. After washing the resulting solid product with methanol several times, until the filtrate liquor was nearly colorless, the product was Soxhlet extracted in methanol for 24 h followed by drying in a vacuum oven at 60 oC for 24 h. Similarly, the POF-C=O, POF-S=O and POF-N-O were prepared through the same method using the monomer acetophenone, methyl phenyl sulfoxide, and nitrogen dimethylbenzylamine-nitrogen oxide, respectively.

Characterization
X-ray photoelectron spectroscopy (XPS) was performed on the Thermofisher ESCALAB 250Xi spectrometer using AlKα radiation. The binding energies were calibrated using the C1s level (284.6 eV) as the internal standard reference. 13C cross-polarization magic-angle spinning nuclear magnetic resonance (13C CP/MAS NMR) spectra were collected on Bruker AVANCE III HD 600 MHz Wide Bore Solid State spectrometer. The amounts of Au and Pd were measured on ICP-OES 7300DV. HR-TEM images were collected on a JEM-2100, and the HAADF-STEM images and the elemental mapping of C, N, O, Au, and Pd were performed with an FEI Talos F 200X microscope operated at 200 kV. IGC measurement was performed on an Agilent 6890N GC equipped with a flame ionization detector.

Reaction procedures and product analysis
Catalytic reactions were performed on a 60 mL of autoclave reactor with a Teflon insert. A typical procedure is as follows: in a 60 mL reaction kettle containing a PTFE lining, benzyl alcohol (108.1 mg, 1 mmol), catalyst (100 mg), and solvent acetonitrile (10 mL) were added in sequence, sealed, and pressurized with oxygen to 1.0 MPa. With the magnetic stirring turned on, the reaction was carried out under the program-controlled temperature. After a certain time of reaction, the heating and stirring were stopped in time, and the mixture was cooled to room temperature in an ice bath. When the reaction was complete, the reaction mixture was diluted to 25 mL for analysis. The products were identified by Agilent 6890N GC/5973 MS detector and quantitated by Agilent 7890N GC equipped with an HP-INNOWAX (30.0 m × 0.320 mm) and flame ionization detector with p-dichlorobenzene as an internal standard. The adsorption capability of the polymers was measured on an Intelligent Gravimetric Analyzer (IGA-100, Hiden Analytical Company, the United Kingdom).
DFT calculations
All the calculations were carried out using Gaussian 09 software package.1 B3LYP/6–31++G(d,p) was used with basis set superposition error (BSSE) correction.2,3 The interaction energy for hydrogen-bonded complex is calculated using:4
E(H-bond) = E(AB) + E(BSSE) – E(A) – E(B)
where  E(AB), E(BSSE), E(A), and E(B) are the total energy of hydrogen-bonded complex,  the correction for the basis set superposition error (BSSE), the energy of component A, and the energy of component B, respectively.5
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[bookmark: _Toc150263706][bookmark: OLE_LINK7]Supplementary Figure 1. Lattice spacing measurement with Digital Micrograph.
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[bookmark: _Toc150263707][bookmark: OLE_LINK40][bookmark: _Toc1807]Supplementary Figure 2. XPS spectra of Au 4f and Pd 3d on different catalysts.
[bookmark: _Toc127887775][bookmark: _Toc150263708][bookmark: _Toc26664][bookmark: _Toc19241][bookmark: _Toc12560][bookmark: OLE_LINK48][bookmark: OLE_LINK50][bookmark: OLE_LINK47][bookmark: OLE_LINK37](A) Au 4f on catalysts AuPd/POF-N and Au/POF-N; (B) Pd 3d on catalysts AuPd/POF-N and Pd/POF-N.

The Au 4f and Pd 3d signals of AuPd/POF-N peaks at 87.1 eV and 83.4 eV corresponding to the Au(0) show a negative shift compared with the signal at 87.4 eV and 84.1 eV on Au/POF-N (Fig. S2). While a positive shift was displayed on the Pd3d signals in AuPd/POF-N (340.2 eV and 334.8 eV) compared with the signals on Pd/POF-N (339.9 eV and 334.6 eV). It suggests charge transfer between Au and Pd on the AuPd/POF-N, indicating successful formation of AuPd alloys.
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[bookmark: _Toc127887776][bookmark: _Toc150263709][bookmark: OLE_LINK67]Supplementary Figure 3. XRD patterns and partial regions of XRD patterns. 
(a) POF-N, (b) Au/POF-N, (c) Pd/POF-N, (d) AuPd/POF-N, (e) Encap-ET, (f) Encap-S=O, (g) Encap-C=O, (h) Encap-N-O.

The diffraction peak of the kernel AuPd/POF-N was between the two mono-metals (38° for Au and 40° for Pd), demonstrating that Au and Pd on the kernel form a AuPd alloy. Furthermore, the diffraction peaks of all encapsulated catalysts Encap-X are also located in this range, indicating the consistency of AuPd alloy during encapsulation.
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[bookmark: _Toc150263710][bookmark: _Toc127887778][bookmark: OLE_LINK39][bookmark: OLE_LINK22]Supplementary Figure 4. XPS spectra of Au 4f in different states. 
(i) [bookmark: OLE_LINK23]Supported AuPd/POF-N, (ii) encapsulated Encap-C=O, and (iii) in-situ argon ion sputtering on Encap-C=O.
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[bookmark: _Toc150263711][bookmark: _Toc127887779][bookmark: OLE_LINK42]Supplementary Figure 5. FT-IR spectra of the polymer POF-S=O, POF-C=O and POF-N-O.
(a) i.POF-ET and ii.POF-S=O; (b) i.POF-ET and ii.POF-C=O; (c) i.POF-N-(CH3)2 and ii.POF-N(O)-(CH3)2.

[bookmark: _Toc772][bookmark: _Toc26799][bookmark: _Toc24802][bookmark: OLE_LINK43][bookmark: OLE_LINK29]Therein, 3032 cm-1 corresponds to aromatic ring unsaturated hydrocarbon telescopic vibration υ (=C-H), 1583 cm-1 and 1489 cm-1 are attributed to conjugate double bond telescopic vibration υ (C=C) on the benzene ring, and 1039cm-1, 1680 cm-1 and 1350 cm-1 are from the sulfoxide group, carbonyl group, and nitrogen oxide functional groups, respectively.6-8
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[bookmark: _Toc150263712][bookmark: _Toc127887784]Supplementary Figure 6. Thermogravimetric analysis of polymers with different ratios and types of groups.
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[bookmark: _Toc127887785][bookmark: _Toc150263713][bookmark: OLE_LINK52][bookmark: OLE_LINK5][bookmark: OLE_LINK68]Supplementary Figure 7. Activity of Encap-ET, Encap-C=O, Encap-S=O and Encap-N-O in the oxidation with diverse substrates of substituents.
[bookmark: _Toc150263714]a.4-CF3, b.4-Cl, c.4-CH3, d.4-OCH3.
Notes: a. Reaction conditions: 120 oC, 1.0 MPa O2, 10 mL CH3CN, 1.0 mmol of substrates; b. TOF values were calculated according to the total metal loading; c. Metal loading is 0.25 wt%.
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[bookmark: _Toc150263715]Supplementary Figure 8. Linear relationship between 1/Δδ and 1/C of benzyl alcohol and acetophenone (Ar-C=O) in CDCl3.
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[bookmark: _Toc150263716][bookmark: OLE_LINK21]Supplementary Figure 9. Linear relationship between 1/Δδ and 1/C of benzyl alcohol and benzyl sulfoxide (Ar-S=O) in CDCl3.
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[bookmark: _Toc150263717][bookmark: _Toc127887787][bookmark: OLE_LINK134]Supplementary Figure 10. Linear relationship between 1/Δδ and 1/C of benzyl alcohol and nitrogen dimethylbenzylamine-nitrogen oxide (Ar-N-O) in CDCl3.


Supplementary Table 1. Chemical shifts of active H in benzyl alcohol with different concentration ratios of Ar-C=O and benzyl alcohol.

	[bookmark: OLE_LINK19]ratio
	Δδ (ppm)
	δ (ppm)

	0
	-
	1.6614

	0.2
	0.0130
	1.6744

	0.6
	0.0378
	1.6992

	0.8
	0.0510
	1.7124

	1.0
	0.0636
	1.7250

	1.2
	0.0747
	1.7361

	1.2repeat
	0.0670
	1.7236

	1.4
	0.0761
	1.7327

	[bookmark: OLE_LINK31]1.4repeat
	0.0869
	1.7483



[bookmark: OLE_LINK27][bookmark: _Toc23977][bookmark: _Toc127887788][bookmark: _Toc12017]

Supplementary Table 2. Chemical shifts of active H in benzyl alcohol with different concentration ratios of Ar-S=O and benzyl alcohol.

	ratio
	Δδ (ppm)
	δ (ppm)

	0
	-
	1.6965

	0.2
	0.0511
	1.7476

	0.6
	0.1494
	1.8459

	0.8
	0.184
	1.8805

	1.0
	0.2255
	1.9220

	1.4
	0.2975
	1.9940

	1.6
	0.3648
	2.0613

	1.8
	0.4021
	2.0986

	2.0
	0.4432
	2.1397





[bookmark: OLE_LINK9]Supplementary Table 3. Chemical shifts of active H in benzyl alcohol with different concentration ratios of Ar-N-O and benzyl alcohol.

	ratio
	Δδ (ppm)
	δ (ppm)

	0
	-
	1.6566

	0.2
	1.9351
	3.5934

	0.4
	3.4184
	5.0767

	0.6
	4.5238
	6.1821

	0.8
	5.3449
	7.0032

	1.0
	6.217
	7.8753

	1.2
	6.8069
	8.4652

	1.4
	7.3278
	8.9861

	1.6
	7.7718
	9.4301





[bookmark: OLE_LINK65][bookmark: _Toc150263718][bookmark: OLE_LINK28]Supplementary Table 4. Correlations between oxygen-containing monomers and benzyl alcohol.
	[bookmark: _Toc29772][bookmark: _Toc2121]Samples
	Slope
	Intercept 
	Correlation coefficient
	-∆G (kcal/mol)

	[bookmark: OLE_LINK20]Ar-ET
	-
	-
	-
	-

	Ar-C=O
	0.7280
	1.0738
	0.9987
	0.23

	Ar-S=O
	0.1835
	0.4664
	0.9994
	0.55

	Ar-N-O
	0.0043
	0.0734
	0.9999
	1.68


[bookmark: OLE_LINK122]
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[bookmark: _Toc150263719]Supplementary Figure 11. Optimized configuration and relative hydrogen bond energies (∆GH-NO, ∆GH-CO, ∆GH-SO) for the hydrogen bond donor (benzyl alcohol) and acceptor.
Varying number of aromatic rings using DFT calculations. X=C, S, or N, representing Ar-C=O, Ar-S=O, or Ar-N-O.

Supplementary Table 5. Hydrogen bond energy and length for the hydrogen bond donor (benzyl alcohol)-acceptor with varying number of aromatic rings using DFT calculations. 
	Number of aromatic rings
	C=O
	S=O
	N-O

	
	∆GH-CO (kcal/mol)
	Length-H-CO (Å)
	∆GH-SO
(kcal/mol)
	Length-H-SO (Å)
	∆GH-NO
(kcal/mol)
	Length-H-NO (Å)

	1
	3.09 
	2.14
	3.91 
	1.99
	4.54 
	1.95

	2
	6.27 
	1.89
	6.82 
	1.88
	7.74 
	1.84

	4
	7.97 
	1.76
	8.57 
	1.75
	9.54 
	1.68

	5
	8.71 
	1.74
	9.45 
	1.71
	10.4
	1.64
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[bookmark: _Toc150263720]Supplementary Figure 12. Optimized configuration and relative hydrogen bond energy gap (∆GH-NO-∆GH-CO, ∆GH-NO-∆GH-SO) for the hydrogen bond donor (benzyl alcohol)-acceptor with varying number of aromatic rings.
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[bookmark: _Toc150263721][bookmark: OLE_LINK18]Supplementary Figure 13. IGC plots of different POFs. (a) POF-ET, (b) POF-C=O, (c) POF-S=O, (d) POF-N-O. Detailed parameters are in Supplementary Table 6 and 7.
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[bookmark: _Toc150263722][bookmark: OLE_LINK60]Supplementary Figure 14. Linear relationship between ∆G1 from 1H-NMR tests and ∆G2 from IGC tests (∆GSpmethanol ).
∆G2 represents the difference of ∆GSpmethanol between POFs modified with different hydrogen bond acceptors vs. POF-ET.
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[bookmark: _Toc127887789][bookmark: _Toc150263724][bookmark: OLE_LINK72]Supplementary Figure 15. Methanol adsorption isotherms on different polymers at 25 °C.
[bookmark: OLE_LINK12][bookmark: _Toc150263725][bookmark: _Toc127887792]POF-ET (black), POF-C=O (red), POF-S=O (blue) and POF-N-O (green).
[bookmark: OLE_LINK70][bookmark: _Toc150263726]Uptake normalized by dividing molar uptake by SBET. 
(A) 
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[bookmark: _Toc150263728][bookmark: _Hlk150173629][bookmark: OLE_LINK6]Supplementary Figure 16. TOF of aromatic alcohol catalytic oxidation vs. hydrogen bonding energies with varying number of aromatic rings obtained from DFT calculations.
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[bookmark: _Toc150263729][bookmark: OLE_LINK64][bookmark: OLE_LINK63]Supplementary Figure 17. Hammett plots for different catalysts. 
(a) Encap-ET, (b) Encap-C=O, (c) Encap-S=O, and (d) Encap-N-O.
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[bookmark: _Toc150263730][bookmark: _Toc127887794]Supplementary Figure 18. 1H-NMR of (i) PhCD2OD and (ii) PhCH2OH.

[bookmark: _Toc150263731]Equations of kinetic isotope effect (KIE) experiment on Encap-ET, Encap-S=O, Encap-C=O and Encap-N-O:
[image: ]
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[bookmark: OLE_LINK16][bookmark: _Toc150263732][bookmark: _Toc127887793]Supplementary Figure 19. TOF values of Encap-C=O and Encap-N-O with different oxygen pressures.


[bookmark: _Toc150263733][bookmark: _Toc127887798][bookmark: OLE_LINK15]Supplementary Table 6. Surface free energy for different materials.

	[bookmark: _Toc127887799][bookmark: _Toc7392][bookmark: _Toc4208][bookmark: _Toc16912][bookmark: _Toc13862][bookmark: OLE_LINK24]Samples
	[bookmark: _Toc127887800][bookmark: _Toc18951][bookmark: _Toc19859][bookmark: _Toc28604][bookmark: _Toc13840]Slope (J*m/
[bookmark: _Toc127887801](m2* mol*J1/2))
	[bookmark: _Toc7772][bookmark: _Toc9306][bookmark: _Toc32067][bookmark: _Toc32686][bookmark: _Toc127887802]Intercept (J/mol)
	[bookmark: _Toc127887803][bookmark: _Toc6922][bookmark: _Toc10407][bookmark: _Toc31267][bookmark: _Toc12207]Correlation coefficient
	[bookmark: OLE_LINK13][bookmark: _Toc6461][bookmark: _Toc27442][bookmark: _Toc127887805][bookmark: _Toc306][bookmark: _Toc18050]-∆GSpmethanol (kcal/mol)

	[bookmark: _Toc27043][bookmark: _Toc12795][bookmark: _Toc15199][bookmark: _Toc27481][bookmark: _Toc127887806]POF-ET
	[bookmark: _Toc13063][bookmark: _Toc9825][bookmark: _Toc127887807]2.03*1023
	[bookmark: _Toc20775][bookmark: _Toc127887808][bookmark: _Toc26788]-55235
	[bookmark: _Toc127887809][bookmark: _Toc11625][bookmark: _Toc12958]0.9872
	0.84

	POF-C=O
	1.74*1023
	-63980
	0.9844
	1.10

	POF-S=O
	1.57*1023
	-56736
	0.9964
	1.33

	POF-N-O
	2.01*1023
	-62335
	0.9992
	2.26



[bookmark: OLE_LINK36]

[bookmark: _Toc127887818][bookmark: _Toc150263734]Supplementary Table 7. Parameters of different materials in the packed columns.

	[bookmark: _Toc4533][bookmark: _Toc10625][bookmark: _Toc127887819][bookmark: _Toc15354][bookmark: _Toc150263735][bookmark: _Toc14617]Samples
	[bookmark: _Toc5583][bookmark: _Toc23243][bookmark: _Toc127887820][bookmark: _Toc150263736][bookmark: _Toc7814][bookmark: _Toc22575]Retention Time (min)
	[bookmark: _Toc150263737][bookmark: _Toc127887821][bookmark: _Toc23230][bookmark: _Toc24299][bookmark: _Toc8649][bookmark: _Toc9117]P1
[bookmark: _Toc127887822][bookmark: _Toc150263738](KPa)
	[bookmark: _Toc150263739][bookmark: _Toc127887823][bookmark: _Toc15021][bookmark: _Toc9010][bookmark: _Toc26944][bookmark: _Toc23933]P2 (KPa)

	[bookmark: _Toc6733][bookmark: _Toc17726][bookmark: _Toc7489][bookmark: _Toc24787][bookmark: _Toc127887830][bookmark: _Toc150263740]POF-ET
	[bookmark: _Toc150263741]Hexane
	[bookmark: _Toc150263742]Heptane
	[bookmark: _Toc150263743]Octane
	[bookmark: _Toc150263744]Nonane
	[bookmark: _Toc150263745]CH3OH
	
	

	
	[bookmark: _Toc150263746][bookmark: _Toc127887831][bookmark: _Toc22361][bookmark: _Toc28503]0.082
	[bookmark: _Toc16828][bookmark: _Toc26076][bookmark: _Toc127887832][bookmark: _Toc150263747]0.095
	[bookmark: _Toc1487][bookmark: _Toc127887833][bookmark: _Toc2689][bookmark: _Toc150263748]0.122
	[bookmark: _Toc127887834][bookmark: _Toc150263749][bookmark: _Toc13730][bookmark: _Toc25243][bookmark: _Toc127887836][bookmark: _Toc29762][bookmark: _Toc7148]0.161
	[bookmark: _Toc150263750]0.074
	[bookmark: _Toc127887837][bookmark: _Toc150263751][bookmark: _Toc27472][bookmark: _Toc24749]41.6
	[bookmark: _Toc150263752][bookmark: _Toc21838][bookmark: _Toc13851][bookmark: _Toc127887838]27.4

	[bookmark: _Toc150263753][bookmark: _Toc25412][bookmark: _Toc28521][bookmark: OLE_LINK38][bookmark: _Toc3808][bookmark: _Toc127887839][bookmark: _Toc18997]POF-C=O
	[bookmark: _Toc150263754]Octane
	[bookmark: _Toc150263755]Nonane
	[bookmark: _Toc150263756]Decane
	[bookmark: _Toc150263757]Hendecane
	[bookmark: _Toc150263758]CH3OH
	[bookmark: _Toc150263759]P1
[bookmark: _Toc150263760](KPa)
	[bookmark: _Toc150263761]P2 (KPa)

	
	[bookmark: _Toc150263762]0.837
	[bookmark: _Toc150263763]0.897
	[bookmark: _Toc150263764]0.945
	[bookmark: _Toc150263765][bookmark: _Toc14078][bookmark: _Toc8208][bookmark: _Toc127887845]1.016
	0.797
	57.6
	2.21

	[bookmark: _Toc150263766][bookmark: OLE_LINK33]POF-S=O
	[bookmark: _Toc150263767]Heptane
	[bookmark: _Toc150263768]Octane
	[bookmark: _Toc150263769]Nonane
	[bookmark: _Toc150263770]Decane
	[bookmark: _Toc150263771]CH3OH
	[bookmark: _Toc150263772]P1
[bookmark: _Toc150263773](KPa)
	[bookmark: _Toc150263774]P2 (KPa)

	
	[bookmark: _Toc150263775]0.075
	[bookmark: _Toc150263776]0.079
	[bookmark: _Toc150263777]0.088
	[bookmark: _Toc150263778]0.098
	[bookmark: _Toc150263779]0.083
	[bookmark: _Toc150263780]43.2
	[bookmark: _Toc150263781]27.2

	[bookmark: _Toc150263782][bookmark: OLE_LINK34]POF-N-O
	[bookmark: _Toc150263783]Hexane
	[bookmark: _Toc150263784]Heptane
	[bookmark: _Toc150263785]Octane
	[bookmark: _Toc150263786]Nonane
	[bookmark: _Toc150263787]Decane
	[bookmark: _Toc150263788]CH3OH
	[bookmark: _Toc150263789]P1
[bookmark: _Toc150263790](KPa)
	[bookmark: _Toc150263791]P2 (KPa)

	
	[bookmark: _Toc150263792]0.078
	[bookmark: _Toc150263793]0.082
	[bookmark: _Toc150263794]0.086
	[bookmark: _Toc150263795]0.093
	[bookmark: _Toc150263796]0.101
	0.097
	46.3
	22.1





[bookmark: _Toc150263797][bookmark: _Toc127887797]Supplementary Table 8. Physicochemical properties and contents of Au and Pd of different samples.

	Samples
	SBET (m2/g)
	V (cc/g)
	Au (wt%)
	Pd (wt%)

	Encap-ET
	374
	0.42
	0.11
	0.073

	[bookmark: OLE_LINK10]Encap-C=O
	156
	0.16
	0.11
	0.068

	Encap-S=O
	346
	0.42
	0.11
	0.066

	Encap-N-O
	405
	0.31
	0.12
	0.055







[bookmark: _Toc127887848]
[bookmark: _Toc150263798]Note: The contents of Au and Pd were obtained by ICP-OES.
[bookmark: OLE_LINK8]

[bookmark: _Toc127887849][bookmark: OLE_LINK66][bookmark: _Toc150263799]Supplementary Note

[bookmark: _Toc150263800][bookmark: _Toc127887850][bookmark: _Toc4864]IGC measurement

Material column filling:
The catalyst sample was packed into a glass column (70 mm x 2 mm i.d.) with tapping until the powder bed had no cracks or voids. The ends of the column were plugged with glass wool. 

Tests:
IGC data were collected on a converted Agilent 6890N GC. 
The powder-packed column was connected to the inlet and detector of the Gas Chromatography. Then remove the adsorbed water under He flow at 250 oC for 2 h. The probe molecules were brought into the column with a He flow of ~70 mL/min. The retention times of the probes were recorded by a flame ionization detector (FID). The pre-column and post-column pressure were measured with two pressure gauges. Methanol was selected as the polar probe to determine the specific surface energy (-∆GSp).
According to the following formulas:9-12


[bookmark: OLE_LINK86]Eq. S5

Eq. S6

[bookmark: OLE_LINK115]Eq. S7
[bookmark: OLE_LINK128][bookmark: OLE_LINK56]NA is the Avogadro number, a is the surface area occupied by the probe molecule, VN is the net retention volume of the adsorbate, and γDS and γDL are the dispersed components of the solid and liquid surface energies, respectively.

[bookmark: OLE_LINK35]The specific free energy (-∆GSp) resulting from polar interactions can be calculated from the deviation of RTlnVN (the calculated value of methanol) from the gradient plot (plot of RTlnVNref versus a(γDL)1/2 for the non-polar probe molecules).
Specific parameters and surface energy are shown in Table S6 and Table S7.
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