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The Thermodynamic Dissipation Theory of the Origin and Evolution of Life argues that the escence of the

origin of life was the microscopic dissipative structuring under UVC light of organic pigments (now known as the

fundamental molecules of life - those common to all three domains) and their proliferation over the entire Earth

surface, driven by the thermodynamic imperative of dissipating this part of the Archean solar spectrum into heat.

With time, dissipative structuring led to ever more complex biosynthetic pathways for creating pigments and their

support structures (and processes) which could dissipate not only the UVC region but also other UV regions and

the visible wavelengths, until today reaching the "red edge" (at approximately 700 nm). The heat of dissipation of

photons absorbed on organic pigments in water then catalyzes a host of coupled secondary dissipative processes

such as; the water cycle, ocean and wind currents, hurricanes, etc. pushing the limit for dissipation of the incident

light even further towards the infrared.

The thermodynamic dissipation theory thus assgins an explicit thermodynamic function to life; the dissipative

structuring, proliferation, and evolution of molecular pigments and their complexes from common precursor carbon

based molecules under the impressed short wavelength solar photon potential to perform the explicit

thermodynamic function of dissipating this light into long wavelength infrared light (heat). In a general sense, the

origin of life is no different than the origin of other dissipative structuring processes like hurricanes and the water

cycle, except that these latter processes deal with structuring involving hydrogen bonding while life deals with

structuring involving covalent bonding. The external photon potential supplied continuously by the environment (our

Sun), and its dissipation into heat by the assembly of dissipative structures, are, therefore, both integral

components necessary for understanding life.

Difficult problems related to the origin of life, such as enzyme-less replication of RNA and DNA, homochirality of the

fundamental molecules, and the origin of amino acid -codon assignments (information encoding in RNA and DNA),

also find simple explanations within this same dissipative thermodynamic framework once the existence of a

relation between primordial RNA and DNA replication and UV-C photon dissipation is established.
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The 19th-century physicist Ludwig Boltzmann first recognized that the struggle for existence of living organisms

was neither over raw material nor energy, but instead had to do with entropy production derived from the

conversion of the solar spectrum into heat by these systems. . Boltzmann thus realized that living systems, like all

irreversible processes, were dependent on the dissipation of a generalized chemical potential for their existence. In

his book "What is Life", the 20th-century physicist Erwin Schrödinger  emphasized the importance of Boltzmann's

deep insight into the irreversible thermodynamic nature of living systems, suggesting that this was the physical and

chemical foundation of the origin and evolution of life.

2. Thermodynamic Dissipation Theory of Life

However, irreversible processes, and much less living systems, could not be conveniently analyzed under this

perspective until Lars Onsager,  and later Ilya Prigogine,  and coworkers developed an elegant mathematical

formalism for treating the "self-organization" of material under a generalized chemical potential. This formalism

became known as Classical Irreversible Thermodynamics and Prigogine was awarded the Nobel Prize in

Chemistry in 1977 for his "contributions to non-equilibrium thermodynamics, particularly the theory of dissipative

structures". The analysis by Prigogine showed that if a system were left to evolve under an imposed external

potential, material could "spontaneously" organize (lower its entropy) forming what he called "dissipative

structures" which arose to   increase the dissipation of this potential (effectively augmenting the global entropy

production of the system plus its environment). This non-equilibrium thermodynamic theory of Prigogine and

coworkers, known as Classical Irreversible Thermodynamics, has since been successfully applied to the analysis

of living systems, from the origin of life   , to the biosynthetic production of adenosine triphosphate , to

understanding bacterial metabolic pathways , and even to understanding the evolution of complete ecosystems.

.  .

The "Thermodynamic Dissipation Theory of the Origin and Evolution of Life",     postulated by Karo Michaelian

takes the insight of Boltzmann and the work of Prigogine to its ultimate consequences regarding the origin of life.

This theory suggests that the hallmark of the origin and evolution of life is the microscopic dissipative structuring of

organic pigments, their proliferation over the entire Earth surface, and their complexation, and general evolution,

towards more efficient dissipative systems. Present day life augments the entropy production of Earth in its solar

environment by dissipating ultraviolet and visible photons into heat through organic pigments in water. This heat

then catalyzes a host of secondary dissipative processes such as hurricanes, the water cycle, and ocean and wind

currents, etc. .

Michaelian argues that if the thermodynamic function of life today is to produce entropy through photon dissipation

in organic pigments, then this probably was its function at its very beginnings. It turns out that both RNA and DNA

when in water solution are very strong absorbers and extremely rapid dissipaters of ultraviolet light within the 220–

290 nm wavelength (UV-C) region, which is a part of the Sun's spectrum that penetrated the prebiotic atmosphere

of Earth  (see figure 1). It is thus probable that the nucleobases of RNA and DNA (adenine, guanine, cytosine,

thymine, uracil) were ancient organic pigments dissipatively structured on the surface of Earth's early oceans
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through UVC light affecting directly the covalent bonding of more common precursor molecules such as HCN and

H O thereby transforming and combining these into the fundamental molecules .

In fact, not only RNA and DNA, but many fundamental molecules of life (those common to all three domains) are

also pigments which absorb in the UV-C atmospheric window of the Archean (see figure 1), and many of these also

dissipate their photon-induced electronic excitation energy into heat very rapidly (a process known as internal

conversion) through what are known as "conical intersections". Of the fundamental molecules that do not have a

conical intersection to internal conversion, many do, however, have chemical affinity to RNA and DNA.  which do

have such a conical intersection. Nucleic acids may thus have acted as acceptor molecules to the UV-C photon-

induced excitation energy of antenna pigment donor molecules, providing an ultrafast channel for dissipation

through resonant energy transfer between molecules. The thermodynamic imperative to increase global photon

dissipation, according to Michaelian, is thus the driving force behind the complexation of molecules. For example,

during the stereochemical era  some amino acids (e.g. the aromatics; tryptophan, tyrosine, phenylalanine,

histidine, and others - see figure 3) developed chemical affinity to sections of nucleic acds (their cognate codons).

By acting as an antenna-dissipator system, this association of amino acids with nucleic acids improved global

photon dissipation (as compared to the molecules acting separately) and this was the origin of the information

content of nucleic acids .

Figure 1: The spectrum of light available in the UV region at Earth’s surface before the origin of life at

approximately 3.9 Ga and until at least 2.9 Ga (curves black and red respectively) during the Archean. CO2
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and probably some H2S were responsible for absorption at wavelengths shorter than∼205 nm and

atmospheric aldehydes (common photochemical products of CO2 and water) absorbed between about 285

and 310 nm, approximately corresponding to the UVB region. Around 2.2 Ga (yellow curve), UVC light at

Earth’s surface had been extinguished by oxygen and ozone resulting from organisms performing oxygenic

photosynthesis. The green curve corresponds to the present surface spectrum. Energy fluxes are for the

sun at the zenith. The names of the fundamental molecules of life are plotted at their wavelengths of

maximum absorption; nucleic acids (black), amino acids (green),fatty acids (violet), sugars (brown),

vitamins, co-enzymes and co-factors (blue), and pigments (red) (the font size of the letter roughly

corresponds to the relative size of their molar extinction coefficient).Indications that dissipative structuring

occurred at the origin of life are that the absorption wavelengths of these fundamental molecules coincide

with the Archean UV surface spectrum and that most have a conical intersection to internal conversion.

Adapted from Michaelian and Simeonov .

Michaelian has shown, using the formalism of non-linear irreversible thermodynamics,  that there would have

existed during the Archean a thermodynamic imperative to the abiogenic UV-C photochemical synthesis and

proliferation of these UVC pigment (fundamental) molecules over the entire Earth surface, as well as to their

complexation, if this improved the efficacy of global photon dissipation. .  (see Fig. 2).
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Figure 2: Mechanism for the evolution of molecular structures towards ever greater photon dissipative

efficacy (microscopic dissipative structuring) on route to the fundamental molecules (in this case adenine).

The high activation barriers between configurations (because of covalent bonding) mean that reactions will

not proceed spontaneously but only through coupling to photon absorption events. Forward and backward

rates depend on photon intensities at the different wavelengths of maximum absorption I(λmax) for the two

structures, and on the phase space widths of paths on their excited potential energy surface leading to the

conical intersection giving rise to the particular transformation; implying different quantum efficiencies for the

forward (qF) and backward (qB) reactions. Since the intensity of the incident spectrum is assumed constant,

and since  and   (where the “···” represents quantum efficiencies for

other possible molecular transformations), those configurations (and also macroscopic concentration

profiles) with greater photon dissipative efficacy (higher quantum efficiency for internal conversion ( ) will

therefore gradually become more predominant under a continuously impressed UVC photon flux,

independently of the sign or size of the difference in the Gibb’s free energies ∆G of the molecules. Taken

from Michaelian .

By the end of the Archean (2.5 Ga), when oxygenic photosynthesis had saturated all available oxygen sinks, life-

produced oxygen would begin to accumulate in the atmosphere and be converted into ozone. The global

dissipation of UVC light would thus be transferred from the surface to the upper atmosphere and it would have

become ever more improbable for completely new life forms to emerge on the surface that did not rely on the

rather complex molecules and metabolic pathways already existing, since now the free energy in the only photons

surviving to Earth's surface (the near UV and visible) would have been insufficient for directly transforming carbon

covalent bonds in molecules. Molecules (pigments and their support structures) could still be dissipatively

structured under this surviving light, however, but now indirectly by employing biochemical pathways leading to

chemical sources of free energy such as ATP which could transform covalent bonds, or even directly by dissipative

structuring employing the weaker hydrogen and Van der Waals bonding between molecules, since now no UVC

photons survived to the surface which could destroy complexations held together by these weaker bondings. The

latter structuring amounting to the building of complexes of existing fundamental molecules (e.g. protein folding).

A similar change in the surface flux of ultraviolet radiation due to a geochemical event (the freezing of the inner

metallic core of Earth) affecting the atmosphere through increasing Earth's protective magnetic field, and thereby

reducing further still the surface UV light spectrum, could have promoted further development in the complexity of

life, giving rise to the Cambrian explosion around 0.54 Ga .

Some of the most difficult problems concerning the origin of life find relatively simple solutions within such a photon

dissipative framework once a relation is established between primordial replication and photon dissipation (see Fig.

3). These problems which find solution are; enzyme-less replication of RNA and DNA , homochirality of the

fundamental molecules , and the origin of information encoding in RNA and DNA  .

qF + ⋅ ⋅ ⋅q cis
IC

= 1 qB + ⋅ ⋅ ⋅q trans
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Figure 3: Ultraviolet and Temperature Assisted Reproduction (UVTAR) of RNA and DNA. A mechanism proposed

for the enzyme-less reproduction of RNA and DNA assisted by the absorption and dissipation of the prevailing UVC

light flux and the high temperatures of the ocean surface during the late Hadean or early Archean, including a

day/night diurnal warming and cooling cycle of the water surface due to the absorption of solar infrared light. Most

denaturing would occur in the afternoon when UVC light was most intense (photon-induced denaturing ) and

when ocean surface temperatures were highest. Extension occurs overnight with the aid of Mg   ions, UVC

activated nucleotides, and colder surface temperatures. ``Hyperchromism" refers to an increase (  35 ) in the

absorption of photons at UVC wavelengths (   260 nm) once RNA or DNA are denatured into single strands.

Oligos which had chemical affinity to the 10 amino acids listed in the figure (all of which have photon absorption

and dissipation fomenting characteristics), would have had a greater chance of denaturing during daylight hours as

the surface water cooled, and could therefore be replicated overnight. This selection based on greater photon

dissipation we have termed ``thermodynamic selection''    . The important aspect of this auto-catalytic

mechanism is that replication is tied to photon dissipation, providing a thermodynamic imperative for proliferation.

Taken from Mejía and Michaelian .

Dissipative structuring under light, as the fundamental creative force in biology, appears to have
been ongoing, from the initial creation and dissipation at the UVC wavelengths during the
Archean of the fundamental molecules of life, to the creation and dissipation of organic pigments

today at wavelengths up to the red edge (700 nm). Beyond the red edge, starting at about 1200
nm, water in the leaf or the ocean surface microlayer absorbs strongly and dissipates photons
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into heat efficiently. There is, therefore, still a wavelength region between approximately 700 and

1200 nm which remains to be conquered by future evolution of pigments. The simultaneous
coupling of biotic with abiotic irreversible processes, such as the water cycle and ocean and air

currents, culminating in an efficient global dissipating system known as the biosphere, increases

further the efficacy of solar photon dissipation into the far infrared much beyond 1200 nm.

Empirical evidence for selection in nature towards states of increased photon dissipation exists
on vastly different size and time scales. For example, the increase in photon absorption and

dissipation efficacy of a plant leaf over its life-cycle , the proliferation of photon absorbing

pigments over the entire surface of Earth, the correlation between ecosystem succession and

increased dissipation  , and the general increase of biosphere efficacy in photon dissipation

over evolutionary history, including, for example, the plant-induced increases in the water cycle

 and animal dispersal of nutrients required for pigment synthesis . There is also evidence

for this at the microscopic scale, for example in the increased rates of energy dissipation per unit

biomass of the living cell over its evolutionary history . Evolutionary increases in dissipation

occur even at the nanoscale, for example, the sequential increase in photon dissipation at each

step along the dissipative synthesis of the nucleobases from common precursor molecules under

a UVC photon potential .

Any planet around any star giving off light in the long wavelength UVC region, but with protection

against shorter wavelength light, which could destroy carbon based molecules through
successive ionization, should therefore harbor its own concentration profile of dissipatively
structured carbon based fundamental molecules (UVC pigments) who’s characteristics would

depend on the exact nature of the local UV environment and the primordial precursor and solvent

molecules available. Examples may include the sulfur containing UV pigments found in the
clouds of Venus , the UV absorbing thiophenes  and the red chlorophyll-like pigments 
found on the surface of Mars, the UVC and UVB absorbing poly-aromatic hydrocarbons (PAHs)

found in the atmosphere and on the surface of Titan , on the surface of asteroids, and in

interstellar space . The observation that thiophenes and PAHs found on mars, on asteroids,

and in space are of generally large size, and increase in size with greater photo-processing,
can be understood from within this non-equilibrium thermodynamic perspective since, without the

possibility of vibrational dissipation through hydrogen bonding to solvent molecules, these

molecules would have “grown” to large sizes, through the same kind of thermodynamic

dissipative selection presented in figure 2, giving it many low frequency vibrational modes which

would increase dissipation by pushing the emitted photon energy towards the infrared.

Dissipative structuring, dissipative proliferation, and dissipative selection are the necessary and
sufficient ingredients for an explanation in physical-chemical terms of the synthesis, proliferation,
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and evolution of organic molecules on planets, comets, asteroids, and interstellar space, and, in
particular, for contributing to an understanding of the origin and evolution of life on Earth.
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