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1. Defining the Reactions

o Exergonic reactions: release free energy (AG < 0). These are spontaneous and drive
processes like cooling, crystallization, and chemical bonding.

o Endergonic reactions: require energy input (AG > 0). These are uphill processes like
breaking stable bonds, building complex molecules, or maintaining disequilibria.

2. In Stellar Metamorphosis

SM views stellar/planetary evolution as a long continuum of energy transformation. Both
exergonic and endergonic reactions shape the path:

A. Young Stars (Hot, Plasma-dominated)
o Exergonic: Fusion and recombination release immense energy, driving stellar winds,
radiation, and expansion.
o Endergonic: Separation of plasma into neutral atoms (ion recombination) in expanding
atmospheres requires input from ambient radiation fields.
B. Cooling Mid-life Stars / Gas Giants
o Exergonic:
o Condensation of heavier elements into droplets/crystals (phase transitions).
o Hydrogen/helium outgassing releasing gravitational and latent heat.
e Endergonic:

o Maintenance of chemical disequilibria (like methane/ammonia atmospheres)
under stellar irradiation.

o Prebiotic chemistry inside interiors—assembly of amino acids, nucleotides,
polymers—requires local energy sources (lightning, convection,
electrochemistry).

C. Ancient Stars (Rocky Planets)



o Exergonic:

o Oxidation of metals (iron rusting, silicate weathering).

o Core crystallization releasing latent heat.

o Tectonic energy release (quakes, volcanism).

e Endergonic:

o Life chemistry: organisms constantly build order (proteins, DNA, membranes)
using exergonic energy from the environment (sunlight, geothermal, chemical
redox).

o In SM terms, life is a natural outcome of ancient stellar interiors reaching the right
endergonic/exergonic balance.

3. Big Picture in SM
o Stellar cooling is driven by a cascade of exergonic processes: gravitational settling,
crystallization, bond formation.
o Stellar complexity (life, biospheres) arises when those exergonic processes provide
energy reservoirs that power endergonic chemistry.
e Thus, exergonic — energy release, endergonic — complexity building, and the two
are inseparable in stellar metamorphosis.

Exergonic reactions drive the star’s descent into planetary form, while endergonic
reactions piggyback on that released energy to build complexity, chemistry, and eventually
life inside ancient stars.



