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Development of an effective and durable catalyst for hydrogen production from
formic acid dehydrogenation
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Hydrogen is attracting attention as a next-generation energy source, but
because it is difficult to handle, there is a need to develop technology to convert hydrogen to
other compounds for storage and transportation. Formic acid is known as an inexpensive hydrogen
storage material with low impact on the human body and the environment. In this study, we have
devgéoped a highly durable catalyst for the hydrogen evolution reaction by dehydrogenation of formic

acid.
The introduction of electron-donating substituents was found to be effective in improving the
catalytic activity and durability of the catalyst. The catalyst maintained its performance for 43
days, which is the world"s highest performance in aqueous solution.
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Fig. 1 Formic acid as a hydrogen carrier.
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Scheme 1. Formic acid dehydrogenation catalysed by Ir
A catalysts.
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Table 1. The results of formic acid dehydrogenation catalysed by 1-4 and A.2

Entry Cat/ uM FA conc. Temp. TOF?, ht
1 1/100 1M 60 °C 8210
2 2/100 1M 60 °C 8710
3 37100 1M 60 °C 4500
4 4/100 1M 60 °C 4600
5 A /100 1M 60 °C 6760
6 1/10 8M reflux 156,000
7 2/10 8M reflux 161,000
8 A/10 8M reflux 111,000

2 The reaction was carried out in deaerated aqueous FA solution. ? The initial
TOF was measured after 10 min.
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line; catalyst 2, black line: catalyst A) for formic acid
1 dehydrogenation under reflux conditions. (Conditions:
100 [FA] =8 M, 100 mL, [cat] = 10 uM, reflux).
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Fig. 3 Time courses of volume of released gasses (black
line) and rate of released gases (blue line) in formic acid
dehydrogenation with the continuous addition of FA by
a pump. Conditions: [FA]o = 4.0 M, 500 mL, [1]o = 10
uM, 70 °C, [FAJadd = 65 wt% (= 16 M), rate of FA addition
33 =0.085 ml/min, total additional FA amount = 66 mol).
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Fig. 4 Time courses of volume of released gasses (black
line) and rate of released gases (blue line) n formic acid
dehydrogenation for the generation of large amount of
Hz. (Conditions: [FA] = 10 M, 2 L, [1] = 20 uM, bath

temp. 130 °C).
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