
IMPACT 3 ON BIOLOGY

Life and the Second Law

Every chemical reaction that is spontaneous under conditions of 
constant temperature and pressure, including those driving the 
processes of growth, learning, and reproduction, is a reaction 
that proceeds in the direction of lower Gibbs energy, or—another 
way of expressing the same thing— results in the overall entropy 
of the system and its surroundings becoming greater. With these 
ideas in mind, it is possible to explain why life, which can be re-
garded as a collection of biological processes taking place in a 
highly organized body, proceeds in accord with the Second Law 
of thermodynamics.

Conditions in a cell ensure that many of the reactions that lead 
to the breakdown of food in organisms are spontaneous. For 
instance, the dissociation of large molecules, such as sugars and 
lipids, into smaller molecules leads to the dispersal of matter in 
the cell. Energy is also dispersed, as it is released upon reorgan-
ization of bonds in foods when they are oxidized. More difficult 

to rationalize is life’s requirement of organization of a very large 
number of molecules into biological cells, which in turn assemble 
into organisms. To be sure, the entropy of the system—the or-
ganism—is very low because matter becomes less dispersed when 
molecules assemble to form cells, tissues, organs, and so on. How-
ever, the lowering of the system’s entropy comes at the expense of 
an increase in the entropy of the surroundings. 

To understand this point, it is necessary to know that cells 
grow and act by converting energy from the Sun or oxidation 
of foods partially into work. The remaining energy is released as 
heat into the surroundings, so qsur > 0 and ΔSsur > 0. As with any 
process, life is spontaneous and organisms thrive as long as the 
increase in the entropy of the organism’s environment compen-
sates for decreases in the entropy arising from the assembly of the 
organism. Alternatively, we may say that ΔG < 0 for the overall 
sum of physical and chemical changes that we call life.




