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Figure	S1.	(a)	Positive-ion	ESI-MS	and	(b)	FT-IR	spectra	of	[(IrCp*)4Mo4O16].	
	
	
	

	
Figure	S2.	(a)	Positive-ion	ESI-MS	and	(b)	FT-IR	spectra	of	[(IrCp*)4V6O19].	
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Figure	S3.	Ir	L3-edge	EXAFS	spectra	of	(i)	Ir4Mo4/Al2O3,	(ii)	Ir-Mo/Al2O3,	and	(iii)	[(IrCp*)4Mo4O16].	 	
	
 

Table	S1.	Structural	parameters	obtained	from	the	curve-fitting	analysis	of	the	Ir	L3-edge	FT-EXAFS	
data.	

Compound	 Bonds	 CN*	 r	/A_ †	 σ2	/10–3	A_ 2‡	 R	/%§	
Ir	powdera	 Ir–Ir	 12(2)	 2.710(6)	 3.7(5)	 13.0	
Ir2O3∙nH2Ob	 Ir–O	 5.6(6)	 2.044(8)	 6.2(9)	 1.7	
IrO2c	 Ir–O	 6(1)	 1.987(6)	 3(1)	 10.7	
	 Ir–Ir	 4(3)	 3.154(9)	 4(3)	 	
	 Ir–Ir	 4(2)	 3.550(5)	 2(1)	 	
[(IrCp*)4Mo4O16]c	 Ir–O	 6.2(6)	 2.112(7)	 3.8(7)	 13.3	
	 Ir–Mo	 0.8(4)	 3.272(8)	 2(1)	 	
Ir4Mo4/Al2O3	
_Air(573)H2(573)a	

Ir–O	 3.2(5)	 2.040(6)	 7(1)	 13.1	
Ir–Ir	 3.8(8)	 2.688(4)	 7.6(8)	 	

Ir–Mo/Al2O3	
_Air(573)H2(573)b	

Ir–O	 4.9(5)	 2.002(9)	 6.4(9)	 7.0	

*Coordination	number.	†Bond	length.	‡Debye–Waller	factor.	
§R	=	(Σ(k3χdata(k)–k3χfit(k))2)1/2/(Σ(k3χdata(k))2)1/2.	
r	range	of	the	curve-fitting	analysis:	a1.4–2.9	A_ ;	b1.4–2.0	A_ ;	c1.4–3.8	A_ .	
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Table	 S2.	 Dependence	 of	 hydrogenation	 activity	 on	 the	 reduction	 temperature	 of	 Ir-Mo-based	
catalysts.a	

Entry	 Catalyst	
Red.	
Temp.	/K	

Time	
/min	

Conv.	
/%	

Select.	/%	
2	 3	 4	

1-1	 Ir4Mo4/TiO2	 573	 10	 63	 96	 1	 3	
1-2	 	 773	 	 61	 98	 1	 1	
2-1	 Ir4Mo4/Al2O3	 573	 20	 48	 96	 2	 2	
2-2	 	 773	 	 39	 97	 2	 1	
3-1	 Ir-Mo/TiO2	 573	 10	 72	 72	 6	 22	
3-2	 	 773	 	 66	 87	 3	 9	
4-1	 Ir-Mo/Al2O3	 573	 20	 35	 63	 12	 25	
4-2	 	 773	 	 44	 67	 8	 25	

aReaction	conditions:	1	(0.1	mmol),	H2	(0.3	MPa),	toluene	(1	mL),	catalyst	(10	mg,	Ir:0.52	mol%),	
and	303	K.	 	
	
	
	

Table	S3.	Hydrogenation	of	1	catalyzed	by	Ir-based	catalystsa	

Entry	 Catalyst	
Ir	loading	
/wt%	

Time	
/min	

Conv.	
/%	

Select.	/%	
2	 3	 4	

1-1	 Ir4Mo4/Al2O3	 1	 10	 26	 97	 2	 1	
1-2	 	 	 60	 91	 94	 2	 4	
1-3	 	 5	 10	 18	 97	 2	 1	
1-4	 	 	 90	 90	 95	 2	 3	
2	 Ir4V6/Al2O3	 1	 10	 20	 87	 11	 2	
3	 Ir-Mo/Al2O3	 1	 10	 24	 63	 12	 25	
4	 Ir-V/Al2O3	 1	 10	 40	 55	 12	 33	
5	 Ir/Al2O3	 1	 10	 42	 42	 17	 41	
6-1	 Ir/MoO3	 0.1	 30	 32	 98	 1	 <1	
6-2	 	 0.3	 30	 39	 95	 1	 4	
6-3	 	 1	 30	 19	 73	 22	 4	
6-4	 	 5	 30	 16	 26	 69	 5	
7-1	 Ir4Mo4/TiO2	b	 1	 5	 29	 99	 <1	 <1	
7-2	 	 1	 20	 97	 94	 <1	 6	
8	 Ir-Mo/TiO2	b	 1	 5	 40	 93	 3	 4	

aReaction	conditions:	1	(0.1	mmol),	H2	(0.3	MPa),	toluene	(1	mL),	catalyst	(2–100	mg,	Ir:0.52	mol%),	
and	303	K.	bReduction	temperature:	773	K.		 	
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Figure	 S4.	 Ir	 L3-edge	 in	 situ	 XANES	 spectra	 of	 (a)	 Ir4Mo4/Al2O3_ads	 under	 O2/He	 flow	 and	 (b)	
Ir4Mo4/Al2O3_air(573)	 under	H2	 flow.	Mo	K-edge	 in	 situ	 XANES	 spectra	 of	 (c)	 Ir4Mo4/Al2O3_ads	
under	O2/He	flow	and	(d)	Ir4Mo4/Al2O3_air(573)	under	H2	flow.	
	
	
	

	
Figure	S5.	TG-DTA	of	[(IrCp*)4Mo4O16].	
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Figure	S6.	(a)	Ir	L3-	and	(b)	Mo	K-edge	in	situ	XANES	spectra	of	Ir4Mo4/Al2O3	under	H2	flow.	(c)	Ir	
L3-	and	(d)	Mo	K-edge	in	situ	XANES	spectra	of	Ir-Mo/Al2O3	under	H2	flow.	
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Figure	S7.	Double	logarithmic	plot	of	the	initial	reaction	rate	of	NB	hydrogenation	over	Ir4Mo4/Al2O3	
as	 a	 function	 of	 (a)	 [NB]	 and	 (b)	 PH2.	 Double	 logarithmic	 plot	 of	 the	 initial	 reaction	 rate	 of	 ST	
hydrogenation	over	Ir4Mo4/Al2O3	as	a	function	of	(c)	[ST]	and	(d)	PH2.	Reaction	conditions:	NB	or	
ST	(0.025–0.1	mmol),	H2	(0.15–0.6	MPa),	toluene	(1	mL),	Ir4Mo4/Al2O3	(10	mg,	Ir:	0.52	mol%),	and	
303	K.	 	
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Figure	S8.	Double	logarithmic	plot	of	the	initial	reaction	rate	of	NB	hydrogenation	over	Ir-Mo/Al2O3	
as	 a	 function	 of	 (a)	 [NB]	 and	 (b)	 PH2.	 Double	 logarithmic	 plot	 of	 the	 initial	 reaction	 rate	 of	 ST	
hydrogenation	over	Ir-Mo/Al2O3	as	a	function	of	(c)	[ST]	and	(d)	PH2.	Reaction	conditions:	NB	or	ST	
(0.025–0.1	mmol),	H2	(0.15–0.6	MPa),	toluene	(1	mL),	Ir-Mo/Al2O3	(10	mg,	Ir:	0.52	mol%),	and	303	
K.	 	
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Table	S4.	Reaction	orders	of	hydrogenation	of	NB	and	ST.	

Catalyst	
Nitrobenzene	(NB)	 Styrene	(ST)	

[NB]	 PH2	 [ST]	 PH2	
Ir4Mo4/Al2O3	 0.04	±	0.07	 0.97	±	0.09	 0.29	±	0.11	 0.04	±	0.02	
Ir-Mo/Al2O3	 0.63	±	0.11	 0.91	±	0.03	 0.72	±	0.08	 1.04	±	0.03	

	
	
	

	
Figure	S9.	Representative	GC	chart	of	hydrogenation	of	1	catalyzed	by	(a)	Ir4Mo4/TiO2	(Conv.	61%,	
Select.	98%)	and	(b)	Ir-Mo/TiO2	(Conv.	66%,	Select.	87%).	Reaction	conditions:	1	(0.1	mmol),	H2	
(0.3	MPa),	toluene	(1	mL),	catalyst	(10	mg,	Ir:	0.52	mol%),	303	K,	and	10	min.	 	
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