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Abstract: It has been conjectured that the origin of the fundamental molecules of life,
their proliferation over the surface of Earth, and their complexation through time, are
examples of photochemical dissipative structuring, dissipative proliferation, and
dissipative selection, respectively, arising out of the non-equilibrium conditions
created on Earth's surface by the solar photon spectrum. Here | describe the non-
equilibrium thermodynamics and the photochemical mechanisms involved in the
synthesis and evolution of the fundamental molecules of life from simpler more
common precursor molecules under the long wavelength UVC and UVB solar photons
prevailing at Earth's surface during the Archean. Dissipative structuring through
photochemical mechanisms leads to carbon based UVC pigments with peaked conical
intersections which endow them with a large photon disipative capacity (broad
wavelength absorption and rapid radiationless dexcitation). Dissipative proliferation
occurs when the photochemical dissipative structuring becomes autocatalytic.
Dissipative selection arises when fluctuations lead the system to new stationary states
(corresponding to different molecular concentration profiles) of greater dissipative
capacity as predicted by the universal evolution criterion of non-equilibrium
thermodynamics established by Onsager, Glansdorff, and Prigogine. An example of the
UV photochemical dissipative structuring, proliferation, and selection of the
nucleobase adenine from an aqueous solution of HCN under UVC light is given.
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Thermodynamic Dissipation Theory
of the Origin and Evolution of Life

Life’s Function;
! Sunlight --> Heat
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Physical Conditions
at Life’s Origin
(Sunlight?)

3,850,000,000 years ago

Vulcanos H,S, H,0, CO,

Hot seas, 85°C

Atmosphere;

N,, CO,, H,0, CH,, H,
No O,, no O,

UV light intense

Solar spectrum?
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Nucleic acids, amino acids, fatty acids,
coemzymes, are UV-C Pigments

2 -1
um |
coling
- Cyksine  Thymine
ET:.::I:IEIJ!\II'E
ry plophan

b Hjl!.'lll.iljlj:l'nl:lrl'ﬁldilﬂl'l:
i
P

i
i |

|
Lys Glu Arg A

Phytomenadione

Guanire
Ciul

ydrovodon

Fhiospholipids

henylalanine Adenine
Tymsine

Histidine
Tryptophan

h
e
-

>
o
=
-
=
=1
i
=
(1]

Folic acidl

T'h%rru'm:

200 220 240 260 280 300 320

Wavelencth [nm]

Michaelian, K. and Simeonov, A., Biogeosciences 12, 4913—4937 (2015). 4



Dissipative Structuring

Two classes of structures;
1) Equilibrium — minimization of Gibb’s potential

2) Non-equilibrium — optimization of dissipation

Conjecture




Dissipative Structuring

Macroscopic — coordinate degrees of freedom,
e.g. Bénard Cell

Non-linear relation; X, J



Microscopic Dissipative Structuring

Microscopic — molecular degrees of freedom
-- isomerizations, tautomerizations, rotations around bonds, charge

transfer, exciplex formation, etc. (molecular reconfigurations)

e.g. Adenine (Ferris and Orgel, 1966)
Boulanger et al.,, Angew. Chem. Int. Ed. 2013, 52, 8000
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7 AICN 8 Adenine

2 cis-DAMN 3 trans-DAMN 4 AIAC

Reactions can go “up hill” in energy or
“down hill” in entropy

Structuring to dissipate photon potential.
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Rapid UV-C Dissipation RNA/DNA  EEEcmme
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Dissipation
RNA and DNA are Excellent Dissipative Structures
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Microscopic, UVC Macroscopic, Infrareg



Not all fundamental molecules have a conical intersection

Resonant Energy Transfer

Energy transfer

L-Tryptophan
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Tryptophan has affinity to DNA codon. Complex is greater dissipating system.

Evolution => Complexation => Greater dissipation‘g-:



Dissipative Proliferation of RNA/DNA

(enzymeless)
UV and Temperature Assisted Reproduction (UVTAR)
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Ocean temp < 85°C

Denatured

Michaelian, Earth Syst. Dynam. 2, 37-51 (2011 e (random coil)

Template directed autocatalytic photochemical reaction

Replication tied to photon dissipation — entropy production.



Experiment




Absorption Spectrum DNA
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Expt.--UVC Light-induced Denaturing
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Temperature Dependence of UVC
Light-induced Denaturing

25bp DNA o~
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Universal Evolution Criterion
Glansdorff-Prigogine Criterion

For autocatalytic chemical reactions
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| | | | | | | |
HCM (H), variable diffusion
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HCM (H), variable diffusion
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HCHM (H), variable diffusion
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Conclusions

<% » | - Life’s function
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Book available;

Thermodynamic Dissipation Theory
of the Origin and Evolution of Life

ow did life on Earth arise? This ion has captured the imagination of curious minds

ever since the dawn of humanity. Countless myths have been told, but a plausible scientific
explanation has resisted 160 years of vigorous research since Darwin. Now, for the first time in this
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in the Universe wherever there exists the organic elements, UV-C light, and a dissipative solvent
medium. In fact, he suggests that we have already discovered extraterrestrial life on other planets
of our own solar system, and even within the galactic interstellar clouds of gas and dust, but have
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extraterrestrial life at the different stages of di t is detailed within the book.
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Karo has a Ph.D. in physics from the University of Alberta in Canada
and extensive training in complex systems and non rium
thermodynamics. His book makes fascinating reading in understandable ; . ‘4
language for the avid amateur but also has much detail, including b7
mathematical derivations, for the professional who wants an in depth A ¢ N
understanding. The book contains 422 pages with 140 images and S : Y
diagrams and 414 references. A detailed historical sketch of origin of life \ 4 -
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Darwinian Theory, the Miller Experiments, the RNA % o
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understanding of non-equilibrium thermodynamics.
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