Basic Biothermodynamics
First Law of Thermodynamics (Conservation of Energy)
[bookmark: _Hlk218704382]Energy cannot be created or destroyed, only converted from one form to another. Heat (q) and work (w) are interconvertible. The total energy of the universe or an isolated part of the universe remains constant. In chemical/biological terms: the energy you put into a reaction equals the energy you get out, though it may change forms (chemical bonds → heat + work, for example).
Second Law of Thermodynamics (Entropy)
The entropy (number of accessible states) of the universe increases for any spontaneous process. The entropy of an isolated part of the universe always increases over time. Spontaneous processes move toward higher entropy. In practical terms: energy transformations are never 100% efficient—some energy always disperses as heat. Organized systems (like living organisms) can locally decrease entropy, but only by increasing entropy elsewhere (typically by consuming energy and producing heat/waste).
Biological Implications
Life maintains local low entropy by increasing the entropy of its surroundings. This is why metabolism is continuous—stopping energy flow means local entropy wins and the organism dies.
The Direct Relationship
ΔG and ΔS(universe) have opposite signs and are directly proportional:
ΔS(universe) = -ΔG/T
What this means:
ΔG < 0 (spontaneous reaction) → ΔS(universe) > 0 (universe entropy increases)
ΔG > 0 (non-spontaneous) → ΔS(universe) < 0 (would decrease universe entropy)
ΔG = 0 (equilibrium) → ΔS(universe) = 0 (no net entropy change)
Free energy and universal entropy are two ways of saying the same thing. ΔG is a local bookkeeping tool (focused on the system), while ΔS(universe) is the fundamental thermodynamic reality (system + surroundings).
When we say "a reaction is favorable because ΔG < 0," we're really saying "the universe's entropy increases when this happens." Free energy is just a convenient way to calculate entropy change without having to track the surroundings.
Why this matters for biology
Living systems decrease their local entropy (ΔS(system) < 0) but only by ensuring ΔS(universe) > 0. They achieve this by coupling to exergonic reactions (ΔG < 0) that increase entropy elsewhere—typically by breaking down high-energy molecules and releasing heat to the surroundings.
Bottom line: ΔG < 0 is a necessary and sufficient condition for ΔS(universe) > 0. They're mathematically linked expressions of the Second Law.

