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1. Chemicals. (Pentamethylcyclopentadienyl)Rhodium(III) dichloride dimer was purchased from TCI. 
Rhodium(III) chloride, ammonium molybdate(VI) tetrahydrate, disodium molybdate(VI) dihydrate, and 
ammonium metavanadate were purchased from Wako Chemicals. Sodium metavanadate was obtained 
from Nacalai Tesque. γ-Al2O3 (Sumitomo Chemical, AKP-G015; JRC-ALO-8 equivalent) was supplied 
by the Catalysis Society of Japan. Before use, γ-Al2O3 was calcined under air flow at 773 K for 3 h. 
Deionized water (Milli-Q, >18 MΩ cm) was used in all experiments.  
 
 
2. Synthesis of hybrid clusters. [(RhCp*)4Mo4O16] was synthesized as per a literature procedure.S1 
Na2MoO4·2H2O (1.58 g, 6.53 mmol) was dissolved in water (6.4 mL), and [RhCp*Cl2]2 (400 mg, 0.653 
mmol) was added. The mixture was then stirred for 4 h at room temperature. After the reaction, the 
mixture was concentrated by using a rotary evaporator and the product was extracted with 
dichloromethane (DCM). The DCM layer was washed with water, and the crude product was obtained 
by evaporating the solvent. The purified product was obtained via recrystallization from DCM/toluene.  
IR (KBr pellet, cm–1): 924, 899, 683, 635, 576, 536. 1H NMR (CDCl3): 1.75 (s). 13C{1H} NMR  
(CDCl3): δ 9.13 (s), 90.35 (d, JC–Rh = 9.5 Hz).  

[(RhCp*)4V6O19] was synthesized according to a literature procedure.S2 NaVO3 (800 mg, 6.56 mmol) 
was added to water (20 mL) and stirred for 2 h for complete dissolution. [RhCp*Cl2]2 (400 mg, 0.653 
mmol) was then added, and the mixture was stirred for 4 h at room temperature. After the reaction, the 
mixture was concentrated by using a rotary evaporator and the product was extracted with DCM. The 
DCM layer was washed with water, and the crude product was obtained by evaporating the solvent. The 
purified product was obtained via recrystallization from DCM/toluene.  
IR (KBr pellet, cm–1): 935, 683, 557, 488. 1H NMR (CDCl3): 1.94 (s). 13C{1H} NMR (CDCl3): δ 9.39 
(s), 94.17 (d, JC–Rh = 8.6 Hz).  
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Figure S1. (a) FT-IR and (b) 1H and (c) 13C{1H} NMR spectra of [(RhCp*)4Mo4O16]. 
 
 
 
 
 
 
 

 
Figure S2. (a) FT-IR and (b) 1H and (c) 13C{1H} NMR spectra of [(RhCp*)4V6O19]. 
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Figure S3. Rh K-edge (a) EXAFS and (b) FT-EXAFS spectra of (i) Rh4Mo4/Al2O3, (ii) Rh-Mo/Al2O3, 
and (iii) [(RhCp*)4Mo4O16].  
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Figure S4. DRIFT spectra of adsorbed CO species on (a) Rh4Mo4/Al2O3 and (b) Rh-Mo/Al2O3. The 
spectrum was curve-fitted by applying two Voigt functions with a linear background.  
 
 
 
 
 

Table S1. IR bands of adsorbed CO species.a 

Catalyst νs /cm–1 νa /cm–1 νbridged / cm–1 Aas/As 2α /º 
Rh4Mo4/Al2O3 2096 2026 – 0.97 89 
Rh–Mo/Al2O3 2094 2019 1849 2.18 112 

 atan2 α = Aas/As 
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Figure S5. Conversions of NO to N2 (red), C3H6 to CO2 (blue), and CO to CO2 (green) in the 
NO-CO-C3H6-O2 reaction over (a) Rh4Mo4/Al2O3, (b) Rh-Mo/Al2O, and (c) Rh/Al2O3.  
 
 
 

 
Figure S6. Conversions of NO to N2 (red), C3H6 to CO2 (blue), and CO to CO2 (green) in NO-C3H6-O2 
(solid line) and NO-CO-C3H6-O2 (dotted line) over Rh4Mo4/Al2O3.  
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Table S2. Amount of CO2 generated under CO/He flow. 

Catalyst Temp. /K nCO2/µmol nCO2/nRh 

Rh4Mo4/Al2O3 473 2.56 0.13 
 

573 49.4 2.54 

Rh-Mo/Al2O3 473 – – 
 

573 3.67 0.19 

Rh/Al2O3 473 – – 
 

573 4.04 0.21 

 
 
 

 
Figure S7. DRIFT spectra of adsorbed species in a flow of NO on (i) Rh4Mo4/Al2O3 and (ii) Rh–
Mo/Al2O3. Gas composition: NO (1000 ppm) balanced with He.  
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Table S3. Loading amounts of Rh and Mo estimated from ICP-MS analysis. 

Catalyst 
Calcd. (wt%) As-prepared (wt%) After aginga (wt%) 

Rh Mo Rh Mo Rh Mo 

Rh4Mo4/Al2O3 1.00 0.93 0.94 0.92 1.03 1.00 

Rh-Mo/Al2O3 1.00 0.93 0.91 0.96 1.01 1.06 

 a1273 K, 5 h, air 
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