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Experimental Challenges to bridge over Histories of the Earth and Life

1. Background
what we have done

2. Missing Link
what we will do

3. Design for Experimental System
what we are preparing
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Direct Visualization of Self-Assembly Process on Metal Substrate
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STM images of self-assembled monolayers on MoS2



Chemical -Reactions at Surfaces
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Self-Assembly Process and Multiplicity of Adsorption States
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Self-Assembly Process and Multiplicity of Adsorption States

P

168 166 164 162 160 158

Infpnqity [ arb_units

Binding Energy / eV
3.00E-012 ——F—————————————
C16SH SAM
——225(R)
< —— 257 (R-S)
= ——— 258 (R-SH)
~2.00E-012 |- —— 514
D 515 (R-SS-R)
[
2
£
1.00E-012 |
0.00E+000 £ F&‘ = S
50 100 150 200 250 300 350

Thermal Desorption Spectroscopy Temperature./°C.
u



Experimental Challenges to bridge over Histories of the Earth and Life

1. Background
what we have done

2. Missing Link
what we will do

3. Design for Experimental System
what we are preparing



Chemical Evolution Experiments with Early Earth Materials
Chemical Evolution Evolution of Life
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Q8. What could be Catalyst on Early Earth ?
Histories of the Earth Catalyst Chemistry
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Q8. What could be Catalyst on Early Earth ?

Catalyst Chemistry
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Chemical Reactions at Surfaces
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Experimental System to bridge over Histories of the Earth and Life
Early Earth Environment and Origin-of-Life Experiment (2013)
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Chemical Reactions at Surfaces

ﬁiwﬁﬁ?@

o—
*wd‘ugw

ks

WRENEDF |

QY "\

”Q’*"b’b

Nikkei Science (2009)

Kawai & Kim (2008)

ol

MBI A XD

RIR—{ELD2DH%

Okawa & Aono (2003) ‘ RoLAsE

Nikkei Science (2009)



Angther Missing Link for Explaring “Origin of Life”

stage in origin of life experimental condition

chemical soup I s P Sosl nowledge from

b == base.ribose.phosphate Earth Science

‘ 2 base-+ribose+ph 2 Lition (40C), UV irradiation for
= RNA nucleotic tage Emergenées estroying co-products, etc.

in Ealily-Earth Condltlons ectic phase(-18.4C), metal-ions, etc.

I......_.......mite clay (4C, 37C), etc.

RNA nucleotides

= =+ long-strand RNA

|mineral surface, hydrothermal system (300C), etc.

4 H + C + O= fatty acid

fatty e micro-capillary thermal diffusion(5C to 50C), etc.
—- membrane (vesicle) N |

membrane=> division N . photochemical (dye + thiol), etc.

aqueous solution, activated nucleotides

membrane + RNA
spontaneously cross the membrane and

= protocell . "B | participate in copying, etc.

protocell=> replication
(metabolism & devision)




Experimental Approach to bridge over Histories of the Earth and Life
=] Early-Earth Reaction [===pm=m=—=={ Origin-of-Life Reaction [==————
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and more...



Experimental Approach to bridge over Histories of the Earth and Life
—I Early-Earth Reaction H—I Origin-of-Life Reaction H

Deep UV (A<280 nm)
as reaction energy

Division i

Ammonia

’ - Amino acids _— - ?.. B
’) W polymerization "¢ .g‘
Boric acid / .

Hydrothermal flow

‘ Anorthosite / KREEP
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RNA
Nucleobases )
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.\
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High temp.
Key Approaches from Early-Earth to Origin-of-Life Reactions
> Replication of the Early-Earth Surface (Hydrothermal Conditions, UV Irradiation etc.)
> Synthesis of Nutrients from the Early-Earth Hydrothermal Reactions of Rocks

> Synthesis of Biomolecules from Early-Earth Nutrients to Amino Acids, RNA and Protocell
> Elucidation of Evolution Mechanism using Advanced Analytical Tools




Establishment of
Experimental System

Origin-of-Life Experiment Il
Reactlon Substrates and RNA Formation

Implementation of
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Real-Time Feedback
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& g
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Beyond Haber-Bosch, Chemical Soup to Polymerization Reaction %

Early Earth Reaction + In-situ Spectroscopy = Origin-of-Life Reaction == In-situ Characterization —1
gas || liquid || solid
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Experimental System to bridge over Histories of the Earth and Life

Chemical Evolution Experiments with Early Earth Materials

Chemical Evolution Evolution of Life
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Thank you for your attention.
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