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Kinetic Derivation: Dihydrogen was activated by I to form Ihydride and a proton (eqn (S1)).

𝐼 + 𝐻2→𝐼ℎ𝑦𝑑𝑟𝑖𝑑𝑒 + 𝐻 +                                                                                   (𝑆1)

Then, 2 equivalents of IIox were reduced by Ihydride using one proton, followed by the regeneration of I and the formation 

of IIred (eqn (S2)).

𝐼ℎ𝑦𝑑𝑟𝑖𝑑𝑒 + 2𝐼𝐼𝑜𝑥 + 𝐻 + →𝐼 + 2𝐼𝐼𝑟𝑒𝑑                                                                      (𝑆2)

From the mass balance and the steady-state approximation on Ihydride (eqn (S3) and eqn (S4)), the rate of the formation of 

IIred could be expressed by eqn (S5).

[𝐼]0 = [𝐼] + [𝐼ℎ𝑦𝑑𝑟𝑖𝑑𝑒]                                                                                 (𝑆3)

𝑑[𝐼ℎ𝑦𝑑𝑟𝑖𝑑𝑒]
𝑑𝑡

= 𝑘1[𝐼][𝐻2] + 𝑘2[𝐼ℎ𝑦𝑑𝑟𝑖𝑑𝑒][𝐼𝐼𝑜𝑥]2[𝐻 + ] = 0                                  (𝑆4)

𝑅0 =
𝑑[𝐼𝐼𝑟𝑒𝑑]

𝑑𝑡
=  

2𝑘1𝑘2[𝐼]0[𝐻 + ][𝐻2][𝐼𝐼𝑜𝑥]2

𝑘1[𝐻2] + 𝑘2[𝐻 + ][𝐼𝐼𝑜𝑥]2
                                                          (𝑆5)

From eqn (S5), eqn (S6) and eqn (S7) were obtained.
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                                                          (𝑆7)

Plots of 1/R0 versus 1/[H2] and 1/R0 versus 1/[IIox] were shown in Fig. S12 and Fig. S13. The values of k1 and k2 were 

determined from these line fits as follows: k1 = 1.6 × 10 s–1 and k2 = 6.0 × 108 M–1 s–1. The experimental data in Fig. S5 

could be fitted with simulation curves using these rate constants and eqn (S5).



Table S1. TON for the catalytic reduction of inorganic compounds by hydrogen gas in homogeneous system.

Entry Catalyst Electron 
acceptor

Reaction conditions TON Reference

Pressure of H2 Temperature Amount of catalyst Solvent Base

1 I IIox 0.1 MPa 333 K 0.004 mol%
sodium acetate 
buffer

– 1975 This work

2 CpC6F5Fe(PtBu
2NBn

2)H] [Cp2Fe]+ 0.1 MPa 295 K 2 mol% PhF N-methylpyrrolidine or Et3N 25 S1

3 I Cu2+ 0.8 MPa 323 K 0.5 mol%
sodium acetate 
buffer

– 17 S2

4 Cp*Ir(tBAFPh) Ag+ 0.04 MPa 296 K 16.7 mol% THF 2,6-(t-Bu)2C5H3N 6 S3

5 PdCl2 Fe3+ 0.06 MPa 353 K 85 mol% 3 M HCl – 1.2[a] S4

[a] calculated by using provided data.



Fig. S1 UV-vis spectra of reaction solutions in the absence of IIox (red), I (green), or hydrogen gas (blue). 



Fig. S2 UV-vis spectra of electrochemically reduced IIox. Red and green spectra represent one-electron and two-electron 

reduced IIox, respectively. Gray spectra represent the same spectra as shown in Fig. 1a. Reaction conditions: IIox (0.5 mM), 

sodium acetate buffer (pH 4.1, 25 mM, ca. 60 mL), 298 K, under N2 (0.1 MPa). The bulk electrolysis was carried out at –

0.10 and –0.27 V for one-electron and two-electron reduction, respectively.



Fig. S3 Reaction profile for I-catalyzed reduction of IIox. Reaction conditions: IIox (5 mM), I (0.5 mM), sodium acetate 

buffer (pH 4.1, 25 mM, 3 mL), 293 K, under Ar (0.1 MPa). The reaction was initiated by bubbling H2 for 1 min. Yield of 

IIred was determined by time-course UV-vis spectra at 878 nm.



Fig. S4 Reaction profile for reduction of IIox by Ihydride. Reaction conditions: IIox (1.5 mol), Ihydride (0.35 mol), sodium 

acetate buffer (pH 5.1, 25 mM, 3 mL), 333 K, under Ar (0.1 MPa). Yield of IIred was determined by time-course UV-vis 

spectra at 878 nm. Insets: UV-vis spectra of a) before and b) after addition of Ihydride, and c) 10 min after bubbling hydrogen 

gas for 1 min into the resulting solution. Photographs d) and e) correspond to the solutions for b) and c), respectively. 



Fig. S5 Dependences of the initial reaction rates on (a) the concentration of I, (b) the concentration of IIox, and (c) the 

concentration of hydrogen. Solid lines represent simulation curves using eqn (3). The slight differences between observed 

initial reaction rates and the solid lines were presumably derived from the error of the concentration of hydrogen gas in 

reaction solutions due to its low solubility and/or the numbers of experimental points that were used for plotting the lines 

to calculate initial reaction rates.



Fig. S6 Reaction profile for re-oxidation of IIred by sodium nitrite. Reaction conditions: IIred (0.5 mM), sodium nitrite (15 

mol), sodium acetate buffer (pH 5.1, 25 mM, 3 mL), 293 K, under Ar (0.1 MPa). Conversion of IIred was determined by 

time-course UV-vis spectra at 878 nm.



Fig. S7 Yield of IIred in each step and the initial reaction rates after bubbling hydrogen gas for the recycle study.



Fig. S8 IR spectra of (a) I, (b) precipitates obtained by addition of chloroform into the reaction solution, and (c) IIox.



Fig. S9 Reaction profile for pH dependences of the initial reaction rate. Reaction conditions: IIox (0.5 mM), I (0.05 mM), 

buffer solutions (pH 2.1–7.4, 25 mM, 3 mL), 333 K, under Ar (0.1 MPa), the reaction was initiated by bubbling hydrogen 

gas for 1 min.



Fig. S10 Reaction profile for temperature dependences of the initial reaction rate. Reaction conditions: IIox (0.5 mM), I 

(0.05 mM), sodium acetate buffer (pH 5, 25 mM, 3 mL), 293–333 K, under Ar (0.1 MPa), the reaction was initiated by 

bubbling hydrogen gas for 1 min.



Fig. S11 Reaction profile for I dependences of the initial reaction rate. Reaction conditions: IIox (0.5 mM), I (0–0.05 

mM), sodium acetate buffer (pH 5, 25 mM, 3 mL), 333 K, under Ar (0.1 MPa), the reaction was initiated by bubbling 

hydrogen gas for 1 min.



Fig. S12 (a) Reaction profile for H2 dependences of the initial reaction rate. (b) Plot of 1/R0 versus 1/[H2]. Reaction 

conditions: IIox (2 mM), I (0.01 mM), sodium acetate buffer (pH 5, 25 mM, 3 mL), 333 K, under Ar (0.1 MPa), the reaction 

was initiated by adding H2 saturated solution.



Fig. S13 (a) Reaction profile for IIox dependences of the initial reaction rate. (b) Plot of 1/R0 versus 1/[IIox]2. Reaction 

conditions: IIox (0–0.5 mM), I (0.01 mM), sodium acetate buffer (pH 5, 25 mM, 3 mL), 333 K, under Ar (0.1 MPa), the 

reaction was initiated by bubbling hydrogen gas for 1 min.
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