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Fig. S1 N2 adsorption-desorption isotherms of Ru/γ-Al2O3 catalysts with different Ru particle 

sizes. a. Ru0.6/γ-Al2O3, b. Ru1.5/γ-Al2O3, c. Ru2.5/γ-Al2O3, d. Ru7.5/γ-Al2O3 catalysts.



Fig. S2 STEM images and elemental mappings of Ru/γ-Al2O3 catalysts with different Ru particle 

sizes. a. Ru0.6/γ-Al2O3, b. Ru1.5/γ-Al2O3, c. Ru2.5/γ-Al2O3, d. Ru7.5/γ-Al2O3 catalysts.



Fig. S3 High-resolution TEM image of the Ru1.5/γ-Al2O3 catalyst.

Fig. S4 Quasi-in-situ XPS of Ru/γ-Al2O3 catalysts. All catalysts are pre-reduced at 200 °C for 2 h.



Table S1. CO-DRIFTS peak assignments and occupied proportion based on fitting results on Ru/γ-

Al2O3 catalysts.

Catalyst Frequency (cm-1) Assign Proportion (%)

2122 Ruδ+-CO 12.9

2081 Ru-(CO)x 78.2Ru0.6/γ-Al2O3

2022 Ru-CO 8.9

2124 Ruδ+-CO 12.2

2072 Ru-(CO)x 68.3Ru1.5/γ-Al2O3

2002 Ru-CO 19.5

2128 Ruδ+-CO 14.3

2065 Ru-(CO)x 56.2Ru2.5/γ-Al2O3

2025，2002 Ru-CO 29.5

2128 Ruδ+-CO 3.1

2068 Ru-(CO)x 14.5Ru7.5/γ-Al2O3

2044，1992 Ru-CO 82.4



Fig. S5 a. Cycling stability test under low conversion of the Ru1.5/γ-Al2O3 catalyst at 190 °C for 

guaiacol hydrodeoxygenation reaction (Reaction condition: 0.3 mmol guaiacol, 0.01 g catalyst, 

3.0 mL H2O, 5 bar H2, 190 ℃, 1/6 h, 400 rpm); b. STEM images and elemental mappings of the 

used-Ru1.5/γ-Al2O3 catalyst.

Table S2. Physicochemical properties of the Ru1.5/γ-Al2O3 catalysts.

Catalyst Rua (wt %) SBET (m2/g)

Ru1.5/γ-Al2O3-Fresh 1.50 159.1

Ru1.5/γ-Al2O3-Usedb 1.48 112.8

aMeasured by inductive coupled plasma-optical emission spectroscopy (ICP-OES) on a Varian 

ICP-OES 720.
bThe used catalyst was obtained by centrifugation from the solvent, washed several times with 

deionized water, and dried overnight in an oven at 60 °C before characterizations.



Fig. S6 Catalytic performance of guaiacol hydrodeoxygenation at different temperatures on a. 

Ru0.6/γ-Al2O3, b. Ru1.5/γ-Al2O3, c. Ru2.5/γ-Al2O3, d. Ru7.5/γ-Al2O3 catalysts (Reaction condition: 

0.3 mmol guaiacol, 0.02 g catalyst, 3.0 mL H2O, 5 bar H2, 6 h, 400 rpm, the error bars show the 

deviation of guaiacol conversion based on three repeated experiments).



Fig. S7 Catalytic performance of guaiacol hydrodeoxygenation under different H2 pressure on the 

Ru1.5/γ-Al2O3 catalyst (Reaction condition: 0.3 mmol guaiacol, 0.02 g catalyst, 3.0 mL H2O, 190 

℃, 6 h, 400 rpm, the error bars show the deviation of guaiacol conversion based on three repeated 

experiments).



Table S3. State-of-the-art Ru-based catalysts for hydrodeoxygenation of guaiacol to cyclohexanol 

Reaction condition

Entry Catalyst T

/℃

P(H2)

/MPa

t

/h

Solvent
Conv.

/%

Cyclohexanol 

yield

/%

Ref.

1 Ru/Al2O3 190 0.5 6 H2O 99.9 95.0
This 

work

2 Ru/TiO2 240 1.0 1 dioxane 71.7 51.0 1

3 Ru/C 200 - 5 isopropanol 99.0 70.0 2

4 Ru-MnO/CNTs 200 2.0 3.33 decahydronaphthalene 99.4 85.8 3

5 2Ru2.5Fe/Al2O3 240 3.0 4 n-octane 99.9 81.3 4

6 Ru1/CeO2 200 1.0 6 H2O 99.9 99.9 5

7
RuMn/Al2O3-

SiO2

180 2.0 4 H2O 100.0 96.8 6

8 Ru/MgO-ZrO2 250 1.0 1.5 H2O 100.0 83.1 7

9 Ru/TiO2-eSiO2 160 1.5 1.67 H2O 100.0 84.2 8

10 Ru/ZnAlPWO 250 2.0 1 H2O 100.0 90.0 9

11 Ru-MnOx/C 160 1.5 4 H2O 100.0 81.0 10

12 Ru/C+MgO 160 1.5 2 H2O 98.0 79.0 11

13 Ru/Al2O3 225 1.0 4 cyclohexane 100.0 82.0 12

14 Ru/Al2O3 225 0 2 isopropanol 100.0 74.0 13

15 Ru/C 140 3.0 4 CH3COOH 84.0 63.0 14

16 Ru-PAF-30 250 3.0 1 H2O 100.0 64.0 15

17 HRO/Mg(OH)2 160 1.0 6 H2O 100.0 89.0 16



18
5Ru-5Co/TiO2-

Al2O3

200 2.0 3.5 decahydronaphthalene >99 94.0 17

Fig. S8 a. H2-TPD results; and b. the corresponding H2 adsorption capacity of Ru/γ-Al2O3 

catalysts.

Fig. S9 Catalytic performances of a. the Ru1.5/γ-Al2O3 and b. the Ru7.5/γ-Al2O3 at low conversion 

level of ~15 % at different temperatures. (Reaction condition: 0.3 mmol guaiacol, 0.01 g catalyst, 

3.0 mL H2O, 5 bar H2, 1/6 h, 400 rpm, the error bars show the deviation of guaiacol conversion 

based on three repeated experiments).



Fig. S10 In situ DRIFTS of adsorption with a. guaiacol on γ-Al2O3, b. guaiacol on Ru1.5/γ-Al2O3, 

c. methylbenzene on γ-Al2O3, d. anisole on γ-Al2O3, e. cyclohexanol on γ-Al2O3, and f. phenol 

aqueous solution on γ-Al2O3, at 50 ℃.



Fig. S11 In situ DRIFTS of the adsorbed intermediate hydrogenation on Ru1.5/γ-Al2O3 catalyst at 

150 ℃ with the inlet gas switched from Ar to 20% H2 for 120 min.

Fig. S12 In situ DRIFTS of the adsorbed intermediate hydrogenation on a. Ru0.6/γ-Al2O3, b. 

Ru1.5/γ-Al2O3 and c. Ru7.5/γ-Al2O3 catalysts at 150 ℃ with the inlet gas switched from Ar to 20% 

H2 for 10 min.



Fig. S13 The relationship between the proportion of low coordinated Ru sites and the relative ratio 

of rCAr-OCH3/rCAr=CAr of guaiacol. 



Table S4. Formulas to calculate the atom numbers at different sites for each Ru particle 18

Different sites Formulasa

Total atom number of each particle (NT
b) 0.25(14m3-21m2+14m-4)

Surface atom number of each particle (Ns) 7.5m2-14m+6

Corner atom number of each particle (Ncorner) 12

Edge atom number of each particle (Nedge) 18m-40

Terrace atom number of each particle (NTerrace) 7.5m2-32m+34

a m is the number of atoms lying on an equivalent edge (corner atoms included).
b the particle size with the NT in one truncated bipyramid follows the relationship of 

1.105xNT
1/3xdRu atom (dRu atom=0.268 nm).

For the fraction of each typed active site per mole of Ru: yi=Ni/NT.

Given the used mole of Ru in each reaction was kept the same (nRu=0.002/MRu), the particle 

numbers of each type active site per mole of Ru were also calculated:

Np=nRuꞏNA/NT=(0.002/MRu)ꞏNA/NT，NA is the Avogadro constant and MRu is the molecular 

weight.

 

Fig. S14 a. Truncated hexagonal bipyramid structure model; b. The proportion of different surface 

sites obtained from theoretical proportion based on Fig. S14a as a function of Ru particle size. 
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