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1. Catalysts preparation

Synthesis of SBA-15: tetraethyl orthosilicate (TEOS, 25.5 g, 98%, Aldrich) was added to an aqueous solution of HCl (450 g, 1.6 mol L-1) containing P123 (EO20PO70EO20, 12.0 g, Aldrich) in a 500 mL polypropylene bottle at 308 K with stirring. After 15 min, the stirring was stopped and the solution was maintained at 308 K for 24 h, and subsequently at 373 K for 24 h. Then, white gel was filtrated without washing, and dried in an oven at 393 K. The resulting white solid was heated in air from 298 K to 833 K in 6 h, and then kept at 833 K for 8 h to remove the surfactant to yield SBA-15 (7.1 g).

Synthesis of CMK-3: SBA-15 (2.0 g) was added to a mixture of distilled water (10.0 g), sucrose (2.5 g), and H2SO4 (0.28 g, 96%) at room temperature with vigorous stirring. After 1 h, the mixture was placed in an oven at 373 K for 6 h, and subsequently at 433 K for 6 h. The resulting solid was treated again by the above procedure using distilled water (10.0 g), sucrose (1.6 g), and H2SO4 (0.18 g). Brown product was carbonized by heating to 1173 K in 6 h, and further treated at 1173 K for 6 h under N2 flow. To remove the silica template, the resulting black powder was washed with aqueous HF (100 g, 5.5 M) at room temperature with stirring for 4 h. The carbon material was filtrated, washed with a large volume of water, and dried at 383 K to yield CMK-3 (2.1 g)

  Catalyst supports other than CMK-3 were prepared or purchased as follows: mesoporous carbon CMK-1 was prepared using MCM-48 as a template [1]. SX Ultra (AC(N)) was purchased from Aldrich. Carbon blacks VULCAN XC72 and Black Pearls 2000 (BP2000) were supplied from Cabot. TiO2 (P-25) was obtained from Degussa, and ZrO2 (JRC-ZRO-2) from Catalysis Society of Japan. Metal chloride was used as a metal source for the preparation of supported metal catalysts. Catalysts were prepared by a conventional impregnation method as follows; an aqueous solution of metal chloride (5 mL, 20 mg based on metal) was added into a mixture of a support (1.0 g) and distilled water (20 mL) with stirring. The mixture was stirred for 16 h, and dried under vacuum for 18 h. The residue was treated with H2 (30 mL min-1) at 673 K for 2 h and passivated by air or diluted O2 (10%) in He at room temperature, giving 2 wt% supported metal catalysts.

[1] Ryoo, R.; Joo, S. H.; Jun, S. J. Phys. Chem. B 1999, 103, 7743-7746.
Table S1. Hydrolysis of cellulose into glucose by supported Ru catalystsa.

	entry
	catalyst
	yield based on carbon (%)
	total (%)
	conv (%)b

	
	
	glucose
	oligomersc
	fructose
	mannose
	levoglucosan
	5-HMFd
	furfural
	
	

	1
	blank
	4.6 (19)
	14.1 (58)
	0.9
	0.6
	0.1
	1.8
	0.4
	22.6
	24.2

	4
	Ru/CMK-3
	23.8 (43)
	16.2 (29)
	1.7
	1.3
	1.8
	2.8
	0.4
	48.0
	55.9

	S1
	Ru/CMK-1
	18.6 (41)
	10.3 (23)
	1.6
	0.9
	1.2
	2.4
	0.3
	35.3
	45.6

	S2
	Ru/AC(N)e
	10.8 (27)
	19.9 (50)
	1.1
	0.9
	0.7
	1.9
	0.2
	35.5
	39.9

	S3
	Ru/XC72f
	12.0 (25)
	21.8 (46)
	1.4
	1.0
	0.8
	2.7
	0.5
	40.1
	47.5

	S4
	Ru/BP2000g
	21.0 (45)
	8.4 (18)
	1.6
	1.1
	1.8
	2.1
	0.2
	36.2
	46.5

	S5
	Ru/TiO2
	16.1 (33)
	13.7 (28)
	2.4
	1.1
	1.2
	4.0
	0.7
	39.1
	49.1

	S6
	Ru/ZrO2
	18.8 (34)
	12.2 (22)
	3.0
	2.7
	2.0
	5.8
	0.8
	45.2
	55.0


a Cellulose 324 mg, catalyst 50 mg (Ru, 2 wt%), water 40 mL, 503 K, < 1 min. Selectivity based on the conversion of cellulose is shown in parentheses. b Cellulose conversion is calculated from the weight decrease of the solid during the reaction. c Dimer–octamer. d 5-Hydroxymethylfurfural. e Activated carbon SX Ultra, Norit. f Carbon black Vulcan XC72, Cabot. g Black Pearls 2000, Cabot.

Table S2. Hydrolysis of cellulose into glucose by CMK-3-supported metal catalystsa.

	entry
	catalyst
	yield based on carbon (%)
	total (%)
	conv (%)b

	
	
	glucose
	oligomersc
	fructose
	mannose
	levoglucosan
	5-HMFd
	furfural
	
	

	4
	Ru/CMK-3
	23.8 (43)
	16.2 (29)g
	1.7
	1.3
	1.8
	2.8
	0.4
	48.0
	55.9

	S7
	Pt/CMK-3
	15.8 (31)
	20.6 (40)
	1.3
	1.8
	1.0
	2.8
	0.4
	31.0
	50.9

	S8
	Ir/CMK-3
	14.1 (28)
	20.3 (40)
	1.2
	1.7
	0.8
	2.9
	0.4
	41.5
	50.2

	S9
	Rh/CMK-3
	11.8 (24)
	21.9 (45)
	1.1
	1.5
	0.6
	2.5
	0.4
	39.8
	48.5

	S10
	Pd/CMK-3
	10.9 (23)
	21.3 (44)
	1.7
	1.9
	1.1
	0.3
	0.1
	37.4
	48.5

	S11
	Au/CMK-3
	10.6 (23)
	24.6 (53)
	1.1
	1.5
	0.6
	2.8
	0.4
	41.5
	46.7

	S12
	Cu/CMK-3
	8.8 (20)
	24.6 (56)
	0.9
	1.2
	0.5
	2.3
	0.2
	38.5
	43.7

	S13
	Fe/CMK-3
	2.4 (9)
	16.7 (60)
	0.8
	1.1
	0.3
	1.4
	0.2
	22.8
	27.6

	S14
	Ni/CMK-3
	1.6 (7)
	14.1 (61)
	0.9
	0.6
	0.2
	0.6
	0.1
	18.0
	23.0

	S15
	Co/CMK-3
	1.3 (7)
	10.8 (55)
	0.6
	0.9
	0.2
	0.4
	0.2
	14.4
	19.7


a Cellulose 324 mg, catalyst 50 mg (metal, 2 wt%), water 40 mL, 503 K, < 1 min. Selectivity based on the conversion of cellulose is shown in parentheses. b Cellulose conversion is calculated from the weight decrease of the solid during the reaction. c Dimer-octamer. d 5-Hydroxymethylfurfural.
Table S3. Textural properties of CMK-3 and 2 wt% Ru/CMK-3 catalyst before and after the hot water treatment by N2 adsorption at 77 K.
	catalyst
	BET surface area (m2 g-1)
	pore volume (cm3 g-1)
	BJH pore diameter (nm)

	CMK-3
	1120
	1.33
	3.8

	Ru/CMK-3
	1090
	1.37
	3.8

	Ru/CMK-3-Wa
	1110
	1.40
	3.8


a After treatment in water at 503 K without cellulose.
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Figure S1. XRD patterns of cellulose before (dashed line) and after ball-milling for 4 days (solid line).

[image: image2.png]523

T
(32
N~
<

[sg] o

Yl N~

< (s
(M) aunjesadwa

T
™
N
™

273

50

40

30

20

10

Time (min)




Figure S2. Temperature profile for the hydrolysis of cellulose.
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Figure S3. HPLC charts of cellulose hydrolysis by 2 wt% Ru/CMK-3 with (a) Rezex　RPM-Monosaccharide Pb++, (b) Shodex Sugar SH-1011, and (c) TSKgel Amido-80.
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Figure S4. (a) N2 adsorption-desorption isotherms and (b) pore size distributions of CMK-3, 2 wt% Ru/CMK-3, and Ru/CMK-3-W treated in water at 503 K.

[image: image8.png]Intensity (a.u.)

Cu

Cu

4 6
Energy (keV)

10




Figure S5. EDS spectrum of 2 wt% Ru/CMK-3. Cu lines are from a TEM grid.
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Figure S6. Ru 3p3/2 XPS spectra of (i) 10 wt% Ru/CMK-3, (ii) 10 wt% Ru/CMK-3-A, (iii) RuO2·2H2O, (iv) RuO2, (v) RuCl3, and (vi) Ru metal.
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Figure S7. H2-TPR profiles of (i) 2 wt%, (ii) 5 wt%, and (iii) 10 wt% Ru/CMK-3.

[image: image11.png]3 IBulk Ru

s S W

2

‘@

s .

.g IRu metal particles

- L M
JRuCl,
10 30 50 70 90

26 (°)




Figure S8. XRD patterns of bulk Ru powder (top), Ru metal particles (25 nm by XRD) after passivation (middle) and RuCl3 powder (bottom).
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Figure S9. Enlarged views of Ru K-edge XANES spectra of (i) 2 wt% Ru/CMK-3 and (ii) 2 wt% Ru/CMK-3-A.
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Figure S10. (a) Ru K-edge k3-weighted EXAFS oscillations of (i) 2 wt% Ru/CMK-3, (ii) 2 wt% Ru/CMK-3-A, (iii) RuO2·2H2O, (iv) RuO2, (v) RuCl3, and (vi) Ru metal and (b) enlarged views of (i) and (ii).
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Figure S11. Enlarged views of Fourier transforms of k3-weighted Ru K-edge EXAFS spectra for (i) 2 wt% Ru/CMK-3 and (ii) 2 wt% Ru/CMK-3-A. Dashed lines represent calculated Fourier transforms.
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Figure S12. Mass profile of m/e = 79 in the pyridine-TPD for 2 wt% Ru/CMK-3 and CMK-3.
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