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Figure S1. Textural characterization of SiO2, Ni/SiO2-IM, Ni/Si02-AE and Ni/SiO:-
AEH. (a) Adsorption-desorption isotherms and (b) pore size distributions.
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Figure S2. Characterization of Ni/SiO2-IM. (a) TEM image and (b) partial enlarged
picture. Inset in (b) is the corresponding particle size distribution.
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Figure S3. H2>-TPD profiles of Ni/SiO2-IM, Ni/SiO2-AE and Ni/SiO2-AEH.
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Figure S4. Catalytic performance of Ni/SiO2-AEH versus reaction temperature (0.2 g
MA, 10 mg Ni/Si02-AEH, 2.5 MPa Ha, 3 h).
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Figure S5. Time courses for the catalytic conversion of vanillin over Ni/SiO2-AEH
catalyst. Reaction conditions: 15 mg catalyst,152 mg vanillin, 10 ml dioxane, 100 °C,
2 MPa Ha.



Figure S6. Morphology characterization of spent Ni/SiO2-AE and Ni/SiO2-AEH
catalysts: (a) SEM and (¢) TEM images of Ni/SiO2-AE after four runs; (b) SEM and
(d) TEM images of Ni/SiO2-AEH after six runs.
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Figure S7. Characterization of fresh and spent Ni/Si02-AEH-800 catalyst. (a) TEM
image and (b) partial enlarged picture of fresh Ni/Si02-AEH-800 catalyst; (¢) TEM
image and (d) partial enlarged picture of Ni/SiO2-AEH-800 catalyst after three runs.
Inset in (b) is the corresponding particle size distribution.
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Figure S8. (a) Recycling test of the Ni/Si02-AEH-800 catalyst. Reaction condition: 10
mg catalyst, 250 mg MA, 2 ml 1,4-dioxane, 80 °C, 2.5 MPa Hz, 3 h. (b) XRD patterns
of fresh and spent Ni1/SiO2-AEH-800 catalysts.
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Figure S9. TEM images of Cu/SiO2-IM (a,b). Inset in (b) is the particle size
distribution.
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Figure S10. Physical characterization of Cu-based catalysts. (a) XRD patterns of
Cu/Si02-IM, Cu/Si02-AE and Cu/SiO2-AEH; (b) FT-IR spectra of Cu/SiO2-IM,
Cu/SiO2-AE and Cu/SiO2-AEH catalysts; (¢) H2-TPR profiles of CuO/SiO2-IM,
CuO/Si02-AE and CuO/SiO2-AEH and (d) Cu 2p photoelectron spectrum of Cu/SiO»-
IM, Cu/SiO2-AE and Cu/SiO2-AEH catalysts.
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Figure S11. The hydrogenation performance of MA over Cu-based catalysts. (a)
Catalytic evaluation of Cu/SiO2, Cu/SiO2-AE and Cu/SiO2-AEH catalysts; Reaction
conditions: 20 mg cat., 100 mg MA, 2 ml dioxane, 150 °C, 3 MPa Hz, 3 h. (b) Catalytic
performance of Cu/SiO2-AEH versus reaction temperature.

Figure S12. Electron microscopic characterization of Cu/SiO2-AEH after fifth run. (a)
TEM image, (b) HRTEM-HAADF image and (c—e) corresponding HRTEM-STEM
mapping of Cu, Si and O.



Figure S13. Electron microscopic characterization of Cu/SiO2-AE after fifth run. (a)
TEM image, (b) HRTEM-HAADF image and (c¢—e) corresponding HRTEM-STEM
mapping of Cu, Si and O.
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Figure S14. XRD patterns of (a) CusNi2/SiO2-AE, (b) CusNi2/SiO2-AEH, (c)
CusNis/Si02-AE, (d) CusNis/SiO2-AEH, (e) CuzNis/SiO2-AE and (f) CuzNis/SiOz-
AEH.




Figure S15. TEM images of (a) CusNi2/SiO2-AE; (b) CusNi2/SiO2-AEH; (¢).
CusNis/SiO2-AE; (d) CusNis/SiO2-AEH; (e) Cu2Nis/SiO2-AE and (f) Cu2Nis/SiOz-
AEH and corresponding enlarged images (a’—f”).
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Figure S16. Reaction studies on MA hydrogenolysis. (a) Catalytic evaluation of (a’)
CusNi2/Si02-AEH, (b’) CusNis/Si02-AEH, (¢”) Cu2Nis/Si02-AEH, (d”) Ni/Si02-AEH,
(e”) CusNi2/SiO2-AE, (f”) CusNis/SiO2-AE, (g”) Cu2Nis/SiO2-AE and (h”) Ni/SiO2-AE.
Reaction conditions: 10 mg cat., 200 mg MA, 2 ml dioxane, 80 °C, 2 MPa Ha, 2.5 h.
(b) Catalytic evaluation of (a’) CusNi2/SiO2-AEH, (b’) CusNis/SiO2-AEH, (c’)
Cu2Nis/Si02-AEH and (d’) Ni/SiO2-AEH. Reaction conditions: 10 mg cat., 200 mg MA,

2 ml dioxane, 200 °C, 2 MPa H3, 2.5 h.

SUPPORTING TABLES

Table S1. BET surface areas and pore structure parameters of Ni-based catalysts.

Entry Materials (ISnB;;;) PO{:IE; ze Pozil:l’;)/lgu)me
1 Si02 1011 2.4 0.56
2 Ni/SiO2-IM 758.5 3.0 0.52
2 Ni/Si02-AE 802.0 52 1.07
3 Ni/SiO2-AEH 219.6 11.1 0.66

Pore size: BJH Desorption average pore diameter; Pore Volume: BJH Desorption

cumulative volume.



Table S2. Characterization of active metal Ni in as-synthesized catalysts.

Entry Materials N(i;:)ozt)e;lt (n(:rl:; b Ni d(iz/lzf l;sion
1 Ni/SiO2-IM 9.7 14.5 5.5
2 Ni/SiO2-AE 9.1 4.0 26.5
3 Ni/SiO2-AEH 8.9 33 35.1
4 Ni/SiO2-AE-4 runs 4.5 3.9 24.2
5 Ni/SiO2-AEH-6 runs 8.7 33 32.7

@ Actual loading of Ni was determined by ICP; ® The mean particle size of Ni was
calculated by TEM images; © Measured by N2O surface oxidation.

Table S3. O Is binding energy and surface Ni oxides proportion of as-synthesized Ni
based catalysts *.

O 1s
Catalysts AEnis® Ani/Asi¢

NiO 1:1 NiPS SiO;

- 530.3 532.7
Ni1/S10,-IM (11.5%) - (88.5%) - 0.29

s 530.5 531.5 532.6
Ni/SiO2-AE (4.7%) (9.7%) (85.6%) 753.0 0.26

s 531.5 532.7
Ni1/S10,-AEH - (20.3%) (79.7%) 753.1 0.31

s e 530.5 531.7 532.8
N1/S10,-AE-4 runs (1.6%) (8.0%) (90.4%) 753.4 0.27
N1/Si0,-AEH-6 runs - 5317 3327 753.3 0.28

(18.8%) (81.2%)

@ Determined by XPS; ® AEni-si= Ni 2p32 — Si 2p; © Ani/Asi is the atomic ratio of Ni to
Si calculated from XPS.



Table S4. Comparison of the
hydrogenation catalysts.

catalytic performance of different reported MA

Catalysts 2 Temp./°C P/MPa th S/C*¢ Solvent Yield/% TOF/h™! Refs.
- : This
Ni/SiO,-AEH 80 2 2.5 134 1,4-dioxane 97.0 52
work
s : This
Ni/SiO,-AEH ® 80 2 2.5 134 1,4-dioxane 97.0 147.8
work
s : This
Ni/SiO»-AE 80 2 2.5 132 1,4-dioxane 94.4 49.8
work
o . This
Ni/SiO,-IM 80 2 2.5 124 1,4-dioxane 10.2 5.1
work
31.5%Ni-PS-
0.48 80 5 3 31.0 Tetrahydrofuran 95 9.8 [1]
) acetic
Raney Ni 80 2 2.5 599 ) 99.8 239
anhydride
. [2]
. acetic
Ni NPs 100 2.5 6 25.5 . 99.6 4.2
anhydride
Superecritical
1%Pd/ALO3 100 2.1 2 532 57 151.6 [3]
CO;
5%Ni/TiO, 100 4 6 100  Tetrahydrofuran 100 16.7 [4]
30%Ni/ZrO,-
. 120 6 3 94.1 Tetrahydrofuran 97.1 30.5
Si0, [5]
30%Ni0,/Si0, 180 3 3 97.3  Tetrahydrofuran 99.3 32.2
Ni/MOR® 210 4.5 0.67 635 1,4-dioxane 99 350 [6]
10%Cu/Ce0O2.5 210 4 1 3023 Tetrahydrofuran 32 96.7
10%Co/CeO25 210 4 1 284.7 Tetrahydrofuran 70 199.3 [7]
10%Ni/CeOz-5 210 4 1 2993 Tetrahydrofuran 98 293.3
10%Ni/ZrO»(P) 210 5 1 311.3 Tetrahydrofuran 100 311.3 (8]
10%Ni/ZrO>(H) 210 5 1 3123 Tetrahydrofuran 92 287.3
10%Ni/CeO> 210 4 1 2933 Tetrahydrofuran 100 293.3 (9]
10%Ni/Al,O3 210 4 8  293.3 Tetrahydrofuran 87.5 32.1
3%Ru-
L 240 7 4  206.2 Tetrahydrofuran 71.4 36.8 [10]
25%Ni/Si0;
Pd-Sn/SiO; 240 5 4 2993 1,4-dioxane 47 35.2 [11]

2 Turnover frequency (TOF) = (total number of designed products moles per hour)/(total number moles
of active metal). ® TOF was calculated based on the number of surface metal atoms in the catalysts when
the conversion of MA is less than 10%. ¢ S/C represents the molar ratio of substrate to metal.



Table S5. Comparison of the catalytic performance of different reported vanillin HDO

catalysts.
Temp. P/M Conv./  Yield/ TOF/h™
Catalysts ? th S/CH Solvent Refs.
/°C Pa % % !
- . This
Ni/SiO,-AEH 110 2 2 43.3 1,4-dioxane 99.8 99.2 21.5
work
o ) This
Ni/SiO,-AEH ® 110 2 2 433 1,4-dioxane 99.8 99.2 64.6
work
o ) This
Ni/SiO,-AE 110 2 2 42.4 1,4-dioxane 99.2 11.7 2.5
work
. 110 2 1 300 H,O 52 4.8 14.6
HD-Ni/N-CMS [12]
130 2 10 300 H>O 98 98 29.4
Ni/NHPC 120 2 3 19 ethyl acetate 100 98 6.2 [13]
Cuw/AC-600 120 2 5 7.1 H,O 99.9 93.1 1.3 [14]
Nio.sZni sAl-
130 1 2 10 Methanol 99 98 4.9 [15]
MMO
H,O +
Coi/NC-(SBA) 140 1 3 30.8 100 99.2 10.3
Methanol
[16]
. H,O +
Ni@NC-(SBA) 140 1 3 30.8 0 0 0
Methanol
Ni/T-Nb,Os@C>- H,O +
O@C g 11 155 : 99.9 96.6 150  [17]
2 Ethanol
Ni/hydrophobic Pickering
. 150 1.5 1 / . 99 99 / [18]
silica emulsion
CoNi/Al0;5-2 ¢ 150 1 - H,O 100 98.9 1872 [19]
Ni/NCB-900 150 0.5 44 H>O 74.4 26.3 5.8 [20]
150 0.5 52 H>O 99 98 2.5
Co/NsG/CF [21]
80 0.5 12 H>O 99 23.8 0.1
CoP@POP 150 4 5 3 isopropanol 100 65 0.4 [22]
Cu-Ni/Ce0,-SiO, 160 2.5 12 229 H,O 96 81.6 1.6 [23]
10C-2G © 180 1 5 19.6 Methanol 100 99 81.7 [24]
Co@NC-700 180 FA 4 12.7 H>O 95.7 95.7 3.0 [25]
. H,O +
Ni/CCNTs-4 190 1 5 38.6 90 78.9 6.1 [26]
Methanol

2 Turnover frequency (TOF) = (total number of designed products moles per hour)/(total number moles
of active metal). ® TOF = (total number of designed products moles per hour)/(total number moles of
active metal x metal dispersion (%)). ¢ TOF = (total number of reactant moles converted per hour)/(total
number moles of active metal x metal dispersion (%)), the conversion of vanillin is less than 10%. ¢S/C
represents the molar ratio of substrate to metal.



Table S6. BET surface areas and pore structure parameters of Cu-based samples

Entry Materials SeeT (M%/g) Pore Size (nm) ? Pore Volume (cm?®/g) ®
1 SiO, 1011 2.4 0.56
4 Cu/Si10,-IM 875.4 2.7 0.52
5 Cu/Si0O,-AE 640.1 54 1.03
6 Cu/SiO,-AEH 443.9 6.1 0.77

@ BJH Desorption average pore diameter; ® BJH Desorption cumulative volume.

Table S7. Characterization of active metal Cu in obtained catalysts.

Entry Materials Wcu (Wt%) 2 D¢y (nm) P Dy (%) €
1 Cu/S102-IM 11.7 15.1 10.6
1 Cu/Si02-AE 8.6 1.8 50.3
2 Cu/Si02-AEH 8.4 2.6 40.1
3 Cu/Si102-AE-5 runs 53 2.0 38.2
4 Cu/Si02-AEH-5 runs 7.3 2.6 31.1

2 The actual loading of Cu was measured by ICP-AES; ® The particle size of Cu was
calculated by TEM images; ¢ The dispersion of Cu was measured by N2O surface
oxidation.
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