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Chemical reactions in super- and subcritical water have been studied in our group over the decades, and recent
advances are reviewed. The reaction mechanism in hydrothermal conditions is disclosed for ether and aldehyde
in general form, and a new type of C—C bond formation is discovered in connection to the chemical evolution on
primitive earth. Toward a new-generation hydrogen-fuel technology, it is proposed on the basis of physico-
chemical reaction properties of formic acid that formic acid acts as a chemical tank for hydrogen storage and
transportation. The hot-water chemistry is further discussed in the contexts of energy and environmental con-
cerns, and its role in establishing green chemistry is stressed.
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C1 Chemical Reactions Found in Hot Water
mimicking primitive Earth,

Chlorination/”™ —\{)Vidatjon

; o

Fig. 1.
water; new reaction pathways under hydrothermal condi-
tions.

(Color online) The C1 chemistry in supercritical

Hydroyhermal C1 Chemistry before Origin of Life

In hot water, several reaction paths are available for C1 compounds
and the C1 chemistryis rich even without catalysts
self disproportionation CH;OH decarbonylation
+ (dehydration)
HCOOH g———= CO+H,0

hydration
water-gas-shift
reaction
decarboxylation
CO,+H,

coss
disproportionation

HCHO

C-Cbond formation
(a chemical evolution
toa C2 compound) | acid catalysis

HOCH,COOH
(glycolic acid)

+
v High reactivity CH,OH + €O,
¥ Reversibility often attained

v Selection of reaction paths €————— @

Fig. 2. (Color online) Hydrothermal C1 chemistry be-
fore origin of life.
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Fig. 3.

(Color online) The hydrogen-water-energy-cycle
via formic acid intermediate by using the water-gas-shift
reaction.
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Fig. 4. Free-energy diagram for the H,O and H, decom-
position pathways of formic acid in vacuum at 300°C and
in hot water at 300°C and 10 MPa. The free-energy dia-
gram plays a key role in controlling or designing the reac-
tion conditions for the storage of hydrogen from water.
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