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Abstract 

 

One of the challenges of biology has been the definition of life. Most of our attempts on defining 
‘life’ have finished in a catalogue of properties which, more or less, describe only the living 
beings’ functions, not life. Our problem begins when we lose the notion of reality provided by 
nature and go off the point with personal ideas. In this article, the operational definition of life 
and a meaning of death, based on empirical and observational data, will be expanded on, 
utilizing concepts from thermodynamics.  
 

 

Introduction 
 
It is commonly said that the five key attributes of life are: structure, complexity, order, evolution, 
and reproduction.  We cannot say, however, that life is reproduction because many non-living 
beings reproduce spontaneously, for example prions, microspheres and crystals. Prions are a 
particular kind of defective protein which can expand at expenses of the normal proteins 
produced by the invaded organism. Prions are abiotic inert molecules that replicate simply by 
coming into contact with normal molecules. Normal proteins turn into prions when they ‘touch’ 
abnormal proteins; however, prions do not have any kind of nucleic acid because they are not 
cells, but secluded proteins or fragments of proteins. [1] 
 
Prions also evolve similarly to any other complex molecules. This was deduced from the facility 
with which prions can break the species barriers for invading the tissues of other species, i.e. 
from bovines to humans and from humans to cats. [2] 
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We cannot assure that owning a complex molecular structure is an exclusive attribute of living 
beings. There are inert structures which are more intricate than those of a living being, a galaxy, 
for example. If we observe a corpse of a tree or a dog, we would observe that its molecular 
structure is identical to the molecular structure of that being when it was alive. Nevertheless, we 
distinguish with relative competence when a tree is dead and when it is alive. 
 
What we observe, however, in the example above, is that the energy of dead beings is dispersed 
or relocated into more microstates than when they were alive, i.e. their local entropy production:  
 

  
 
increases, in such form that all their thermodynamic processes become irreversible (σ > 0). 
Biologically, reversibility refers to the possibility of inverting a provisional inhibition of a 
metabolic process. [3] 
 
Some researchers have said that living beings are characterized by the order of their structures 
and that their order is maintained through non-spontaneous processes. [4] Nevertheless, we find 
abiotic systems which acquire autonomously more order than living beings. The universe’s 
evolution is a good example. [5] 
 
Another characteristic which has been attributed to living beings is their capability to evolve. [6] 
However, there are not systems in the knowable universe which do not evolve. 
 
Other theoretical scientists have tried to unify the five attributes of the living beings by saying 
that the five attributes must be present in a single system for being considered alive. However, 
what could we say about mammals’ erythrocytes, which don’t replicate? [7] 
 
Nucleic acids are not ‘living molecules’ which some authors have mentioned repeatedly. [8] 
Isolated nucleic acids do not maintain a quasi-stable state of its enthalpy. Conversely, ATP 
synthase performs all its functions even if it is isolated from a biomembrane. On the other hand, 
any cell deprived of its ATP synthases, does not survive. So life is maintained by the 
electrodynamics generated by these tiny molecular complexes. 
 
Let us consider the virus. Viruses reproduce and have order and complex structures; besides, 
they evolve; however, viruses don’t replicate spontaneously, as every other organisms do. 
Viruses must make contact with living cells, invade them and take control of the synthesis of 
proteins and nucleic acids of the host cells. If there are not living cells available, the viruses will 
not reproduce. [9] 
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Viruses illustrate the counterpart of the essential characteristics of living beings: viruses do not 
interchange energy autonomously with the environment and they cannot manipulate their 
internal energy to avoid the spontaneous deterioration of their structures. They are like dust, or 
rather, like crystals. Viruses are not living beings. [9] 
 
To expound on this statement, via thermodynamics, it is argued here that the Gibbs’ fundamental 
algorithm does not apply with viruses. Gibbs’ formula permits the calculation of the differential 
of the internal energy dU of a biosystem or any living being, which is determined by several 
differentials that are translated into work, as shown below: 
 

   
 
where T is the temperature of the system, dS is the local entropy of the system, P is the 
compression pressure, dV is the differential of volume caused by the compression, F is a given 
force exerted on the system, dl is the differential of elongation or size change, m is a determined 
number of molecules, i is a unit vector in a given direction, μi is the chemical potential of the unit 
vector, dni is a certain number of atoms or molecules, ψ is an electrodynamic potential, and dq is 
any amount of electrical charge. 
 
Now, let us consider mammals’ erythrocytes (blood cells). Mammals’ erythrocytes don’t possess 
nucleic acids; nevertheless, we say that the erythrocytes are alive. Mammals’ erythrocytes lack 
mitochondria but they experience apoptosis, or programmed cell death. Mammals’ erythrocytes 
have not a single opportunity of replication; though, we say that mammals’ erythrocytes are 
alive; there is no doubt about it because they are obliged to die when getting old and obsolete 
(other cells induce apoptosis to erythrocytes). [10] 
 
Evidently, mammals’ erythrocytes fill all the parameters of the Gibbs’ fundamental equation at 
any given time, except when the erythrocytes die. 
 
We can also look at the criterion of life in terms of what is called a thermodynamic process.  A 
thermodynamic process may be defined as the progression of energy changes taking place 
between an initial state and a final state. On this definition, it can be argued that viruses are not 
living beings because their thermodynamic processes belong to inert beings (abiotic systems), 
even if they may reproduce under favorable conditions. However, the mammals’ red blood cells’ 
thermodynamic processes match with those of living systems. Hence, we consider the mammals’ 
red blood cells alive, although they cannot reproduce. [11] 
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In conclusion, life is not structure, complexity, order, evolution or reproduction, or either these 
characteristics taken as a whole; they are only characteristics of living beings. The first living 
beings on earth were not well-organized and complex organic bubbles which could replicate 
autonomously, but systems which possessed suitable mechanisms for capturing the energy from 
the environment, storing it into a controlled cascade of physicochemical reactions for using it 
when it was necessary in other biological processes, such as the maintenance of their structures, 
their reproduction, and the reversibility of the inhibition or the exhaustion of thermodynamic 
processes; only living beings can do that. [12] 
 
In biophysics, one often talks about ‘fields of energy’. In chemical systems, one can trace the 
path of quantums or units of energy when they are transferred from one molecule to another. A 
frequent confusion about the concept of quantum energy in larger systems, such as biosystems, 
however, is that the term tends to be viewed as a type of mysterious substance that cannot be 
verified by known methodologies.  Nevertheless, here we refer exclusively to the state of energy 
characterized by quantum numbers. [13]  
 
We can also know where and how much energy is stored by a living system (biosystem) and 
what a given biosystem can do with that load of energy stored. Now let us focus on the 
definitions of life and death. 
 
What is Life? 
 
We have seen that life is not the structure, order, complexity, evolution or reproduction of a 
molecular arrangement. Then, what is life? 
 
To answer that question, we must make use of observation and experimentation. The clue for the 
correct answer resides in the energetic events which occur inside a biosystem. 
 
First of all, we observe that the way by which a living being obtains its energy is different from 
the way by which the non-living beings obtain energy. Although the energy flows always from 
high density energy systems towards lower density energy systems, we could say that the living 
beings ‘force’ the energy to flow non-spontaneously toward their inner compartments; 
understanding the term compartment to be any structure capable of capturing, storing and 
releasing energy, i.e. open subsystems forming part of an open thermodynamic system. [12] 
 
Secondly, we observe that the response of the living systems towards the fluctuations of the 
energy density of the environment is independent from the flux of entropy given in abiotic 
systems. A rock, for example, takes a portion of the incident energy on it incoming from the sun 
during daytime and loses this energy during nighttime, while living beings conserve, in a 
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relatively stable manner, their internal energy density twenty-four hours day, no matter if it is a 
bacterium, a protozoan, a worm, a human being or an oak. 
 
Finally, we observe that not all the structures of a cell are capable of producing an energy field in 
energetic equilibrium, but only some minuscule molecular complexes distributed along the 
biomembranes which are known as ATP synthase. 
 
Any cell, whether it is a prokaryotic cell or a eukaryotic cell, possesses ATP synthase, without 
which, the cell would not survive. Then the unique cells’ structure that is capable of producing 
and maintaining an energy gradient and an electrodynamic field is the ATP synthase. [14] If we 
deprive a cell, any cell, of its ATP synthase molecules, that cell irremediably will die. 
 
In this view, we conclude that there are then three basic features intimately related with life: 
 

• A non-spontaneous absorption, manipulation and storing of environmental energy. [12] 
• The conservation of a quasi-stable internal energy density inside of the biosystems’ 

compartments. [9] 
• ATP synthase is the unique molecular complex capable of producing and maintaining an 

energy gradient and an electrodynamic field at the biomembranes, i.e. cellular membrane, 
mitochondria’s membranes, chloroplasts’ membranes, etc., of all living beings. [14] 

 
Consequently, we can deduce that biosystems are capable of delaying the flux of their internal 
energy towards more available microstates, that is, the maintenance of an internal entropic 
equilibrium without violating any law of thermodynamics. At this point, we clarify that the 
entropic equilibrium is different from the thermal equilibrium because the living organisms must 
keep themselves in energetic non-equilibrium states to be capable of capturing and manipulating 
the energy from the environment, while the non-living beings are always in thermal equilibrium, 
to be precise, the abiotic systems take and release the same amount of energy, always. A locust, 
for instance, stores amounts of energy larger than the loads of energy that it would release 
towards the environment. 
 
From these conceptions, we deduce a reductionist definition of life: [15] 
 

Life is the interruption or delay of the spontaneous diffusions or dispersions of quantum 
energies of the biosystems toward more potential or available microstates. 

 
In this view, life is the complete set of microstates, i.e. positions and motions of the energy, 
produced by the flow of the energy which is caused by the proton motive force performed by 
specialized molecules called ATP synthase attached to biomembranes. Consequently, life is a 
state of the energy experienced by specific structures. Thanks to the oscillations of the 
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electrochemical field of a biomembrane, some thermodynamic systems are able to holdup the 
dispersion of their internal energy toward more potential microstates and maintain an internal 
quasi-stable energy state. 
 
Definition of Biological Death 
 
Once we have obtained a reductionist definition of life, the definition of biological death evolves 
in parallel: [16] 
 

Biological death is the reintegration of the spontaneous diffusion or dispersion of the 
quantum energy of the biosystems towards more available microstates. 

 
As such, death is the state of a thermodynamic biosystem in which that thermodynamic system 
cannot obtain non-spontaneously energy from the environment and organize non-spontaneously 
the energy obtained from the environment. Consequently, a dead biosystem discontinues the 
forcing of the energy into the biosystem’s compartments; which, in the living case, would 
transform into internal energy that could be used for the progression of the processes that permits 
the biosystem to maintain a quasi-stable entropic state. 
 
When a living thermodynamic system dies, it reintegrates the differential of the entropy between 
it and its environment, i.e. the local entropy of the biosystem will be higher than zero and it 
won’t be transferred to the environment, but the biosystem will take entropy from the 
environment. 
 
Apparently, the maintenance of a quasi-stable entropic state of a biosystem contradicts the 
second law of thermodynamics; however, we argue that it does not because the entropy of the 
biosystem increases at levels higher than the entropy of the environment, consequently, the 
entropy of the biosystem will be transferred to the environment, that is, from the system in a 
higher entropic state (the biosystem) to the system at a lower entropic state (the environment). 
 
A violation to the second law of thermodynamics would imply that the entropy flowed from a 
system with a lower entropic state to a system with a higher entropic state. It doesn’t occur in 
biosystems because the universe is always in a lower entropic state than as compared to 
biosystems. 
 
Conclusion 
 
Life is not defined by its molecular structure, or its order, its complexity, its evolution or its 
reproduction. Life and biological death are entropic states of some thermodynamic systems. The 
energy state of life permits biosystems to maintain a quasi-stable entropic state, while the energy 
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state of death allows a biosystem to reintegrate the entropic differential between that biosystem 
and the universe. 
 
We could say that the Gibbs’ fundamental equation is the ‘equation of life’, of such form that we 
could determine whether a system is biotic or not by simply trying to apply the formula on the 
work W done by that biosystem and on the amount of heat used by that system for doing work. 
Any of the Gibbs’ fundamental equation parameters can be adjusted by expanding or reducing 
them according to the studied bioprocess or according to the biosystem’s physiology. 
 
The entropic state of a biosystem is always increasing; however, the biosystem is capable of 
transferring the gained entropy towards any other system with a lower entropy state. If we 
consider some alternate phases of the entropy, like order and complexity, we would find that the 
universe is always more ordered and complex than any biosystem. Hence, the universe entropic 
state is always lower than the entropic state of the biosystems. 
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