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Abstract  According to a mechanistic and naturalistic view of the origin of life, the reality is evolution — a single 

process of self-transformation started from a primordial chaotic or random state of matter reaching to modifications through 

natural selection. The simplest form of life requires thousands of different kinds of molecules, to produce very complex 

protein DNA and RNA molecules subunits arranged in a precise sequence. Chemical and physical processes acted for many 

hundreds of millions of years, before true cellular life was brought into being. Biological evolution was able to create com-

plex, harmonic, and very effective biocybernetic control systems governing the DNA behavior and the evolution of animal 

cognition abilities. But the present postulates on the origin of life do not satisfy the criteria of a scientific immensity theory, 

where all related laboratory experiments are mere exercises in organic chemistry. The immensity of the problem is appre-

ciated by physics through applying the thermodynamics laws which are indeed universal. The catalysts in biological sys-

tems are coded in the genes of the DNA, so is a fourth law needed for thermodynamics about the self-organizing pheno-

mena observed in biology? Can the physics-based theories robustly address phenomena of emergence and evolution with-

out having recourse to the type of vitalism that was in the beginning of the twentieth century? Is the origin of life beclouded 

because we don't know enough about thermodynamics? Why this should be called a scientific attitude when all the scien-

tific evidences continue to support special creation, or indeed an omnipotent Creator? 

Keywords  Second Law Of Thermodynamics, Entropy, Law Of Temporal Hierarchies, Supramolecular Thermody-

namics, Biological Evolution 

"Say, roam the earth and see how the creation was 

started….."  

The Qura‘an, surat Al Ankabut 29 (the spider) verse 20 

1. Introduction  

The origin or emergence of life is one of the most impor-

tant questions facing scientists. Why a specific material 

system is an organism and not something else or how life 

might have arisen. Biological evolution as genetic changes 

in populations of organisms over successive generations is 

an irreversible process of the historical variation of life. 

Charles Darwin and Alfred Wallace's theories and the mod-

ern synthetic theory of evolution emphasize the evolution of 

populations. These theories study the causes, mechanisms 

and general rules of the evolution of living organisms from 

the biological point of view. The development of modern 

Darwinism is connected with the analysis of the data ob-

tained by molecular biology. Life on earth was physically 

initiated in accordance with the second law of thermody-

namics (entropy) and the law of temporal hierarchies. The  
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cell is an open system with thermodynamic ‗dissipative 

structure‘ reducing it to physics of ―organized complexity‖. 

Dissipative structures in physical and chemical systems are 

phenomena that are explained by nonequilibrium thermo-

dynamics, kinetic theory and the law of temporal hierar-

chies. However, building a coherent and internally consis-

tent picture that allows the formulation of a hypothesis 

which places living (animate) and inanimate matter within a 

single conceptual framework is still missing. The central 

aim of this article is to review the governing physical prin-

ciples of living and non-living systems and to clarify the 

nature of these principles on evolution transformation and 

human conscience. 

2. Physics as Thermodynamics 

Physics is the science which concerns with the relations 

that governing the four physical building blocks of our ma-

terial world (universe). These four global aspects are matter, 

energy, space and time regardless of what is the philosophy 

behind. Four types of energy are known (electromagnetic, 

gravitational, strong and weak nuclear energies) the most 

important type of energy for topic is the electromagnetic 

one. This kind of energy has different apparent forms and 

effects in our common sense; for example heat, light, elec-
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tricity and mechanical motion. In addition it is responsible 

for the existence of the periodic elements and their chemical 

reactions. 

On the other hand, thermodynamics is the field of physics 

that deals with the direction of flow, transformation, storage, 

dissipation of thermal energy (heat) and the interrelation 

between heat and other forms of energy. Thermodynamics 

is also concerned with systems of very large numbers of 

particles so that thermodynamic variables, such as pressure, 

volume, and temperature, are considered as statistical quan-

tities. This field of science is concerned with the changes of 

energy and not with the mechanisms by which such changes 

occur. 

2.1. Second Law of Thermodynamics “Entropy” 

The conservation law, or the first law of thermodynamics, 

states that energy can neither be created nor destroyed. This 

provides the basis for all quantitative accounts of energy, 

regardless of its form. Therefore, in a closed system, the 

total amount of energy of all kinds is constant and the heat 

absorbed by the system is equal to summation of the in-

crease in the internal energy plus the work done by the sys-

tem. The studies of William Thomson (Lord Kelvin) (1851), 

Carnot (1824), and Clausius (1850) of the exchanges of 

energy in thermal machines revealed that there is a hie-

rarchy among the various forms of energy and an imbalance 

in their transformations. These hierarchy and imbalance are 

the basis of the formulation of the second law. The irre-

versible increase of the nondisposable energy in the un-

iverse is measured by an abstracted dimension that Clausius 

in 1865 called entropy (from the Greek entrope, change). 

The entropy law, or the second law of thermodynamics, 

deals with the direction in which any chemical or physical 

process involving energy takes place, where no self-acting 

mechanism can transfer heat from a colder to a hotter body 

and produce no other external effect. Thus this law states 

that in all processes some of the energy involved irreversi-

bly (spontaneously) loses its ability to do work and is de-

graded in quality. The latter is called thermodynamic en-

tropy whose extreme form is dispersed heat and manifested 

in a uniform temperature distribution. 

Another statement of this second law is that in any closed 

system the process entropy never decreases. The idea was 

framed more dramatically by Helmholtz in 1854 providing 

speculate of the heat death of the universe. The irreversibil-

ity of physical processes makes the entropy law probably 

the most important law for understanding physical 

processes and hierarchical systems including living organ-

isms and even social relations and situations.  

The asymptotic law, or the third law of thermodynamics, 

was first formulated by Walther Nernst (1906). Max Planck 

(1913) developed the law depending on a statistical point of 

view. The law confirms that if a chemical change occurs 

between pure crystalline solids at absolute zero, there is no 

change in entropy, i.e. the entropy of the final substance 

equals that of the initial substances. Accordingly, all 

processes slow down as they operate nearer to the thermo-

dynamic equilibrium (irreversible processes). It makes 

reaching the thermodynamic equilibrium difficult in prac-

tice. The law suggests that the fast powerful and powerful 

changes which are characteristics of technology and living 

forms occur only at levels far distant from thermodynamic 

equilibrium. 

Equilibrium-based thermodynamics (spontaneous 

processes) does not use time as a parameter and does not 

consider the mechanism of the phenomenon. Thermody-

namics answers the question: where is the process directed 

before equilibrium can be achieved? The work of Rumford, 

Joule, Mayer, Clausius, Carnot, Kelvin, and others estab-

lished the concept of heat as a form of energy. The kinetic 

theory through the work of Gibbs, Maxwell, and Boltzmann 

combines this conclusion with molecular chemistry and 

interprets the heat content of a system (body) as a molecular 

motion of which the system is made up. The system is re-

duced to a state of maximum disorder in which each indi-

vidual movement is neutralized by statistical laws. Accor-

dingly, potential energy is organized energy while heat is 

disorganized energy. Indication of molecular agitation is 

afforded by diffusion and Brownian motion. Therefore, ki-

netics studies the rates of processes and their mechanisms. 

There are at least three ways of defining entropy: (1) 

thermodynamically (the science of heat), where the names 

of Kelvin, Mayer, Joule, Carnot, and Clausius (1865) are 

important, (2) in terms of statistical theory, which fosters 

the equivalence of entropy and disorder - as a result of the 

work of Maxwell, Gibbs, and Boltzmann (1875), and (3) in 

terms of information theory, which demonstrates the equi-

valence of neguentropy (the opposite of entropy) and in-

formation - as a result of the work of Szilard, Gabor, Roth-

stein, and Brillouin (1940-1950). 

The concepts of entropy and irreversibility, derived from 

the second principle, have changed our view of the nature 

and universe. In being tackled with biological evolution 

generating order and organization, the concept of entropy 

indirectly opens the way to a philosophy of progress and 

development. The thought that by the nature of entropy the 

ultimate and only possible future for man is annihilation led 

Leon Brillouin to ask, "How is it possible to understand life 

when the entire world is ordered by a law such as the 

second principle of thermodynamics, which points to death 

and annihilation? 

The second law of thermodynamics states that in an iso-

lated system the entropy will increase. In the statistical de-

finition of entropy according to Boltzmann, this means that 

the system will evolve to its most probable state, that is, the 

one with the most homogeneous probability distribution. 

Consider the classical example: a closed box with two 

compartments where the left compartment contains gas and 

the right one is empty. Making a hole in the wall separating 

the two compartments leads to the gas will be sucked out of 

the full compartment into the vacuum of the empty one, 

until both compartments contain equal amounts of gas.  
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When the concentration of molecules in the two compart-

ments is uniform will there be an equal flow through the 

hole in both directions. This configuration where the distri-

bution is homogeneous is the one with maximum entropy. 

However, since the amount of gas molecules in either 

compartment is so large, a very large number of them must 

move "countercurrent" to produce a noticeable difference. 

The probability that such a vast number of molecules would 

all move together in the same direction is vanishingly small; 

so small that we can assume that it will never take place. 

Because of the law of large numbers, the larger the number 

of coincidences needed for an effect to occur, the smaller 

the probability that the effect will occur. And with numbers 

as large as the number of molecules in a gas, the resulting 

probability is as close to zero. Since the movement of the 

microscopic particles cannot be predicted, the evolution 

towards homogeneity on the macroscopic scale is perfectly 

predictable. On the microscopic level of the particle, all 

directions of change have the same probability. On the ma-

croscopic level of the gas, however, one direction of 

change-towards greater homogeneity-has a much larger 

probability. This preferred direction creates a "time direc-

tion". Time always flows in the direction of increased en-

tropy, i.e., greater homogeneity. Although, thermodynamics 

has introduced irreversible change into the scientific world 

view, it fails to explain the development of new organiza-

tion which might be associated with evolution. 

2.2. Photosynthesis as Non-Equilibrium         

Thermodynamic Model 

Much of the recent theorizing about the thermodynamics 

of evolution attempts to build a model up from non-living 

systems[1]. The most basic thermodynamics of humans and 

of other organisms is how to extract as much useful work 

from a potential energy gradient as possible; providing a 

minimum value for Gibbs function of formation. There are 

two ways to do this assumption. One way is to increase the 

magnitude of energy flow across the gradient. This can lead 

to increased entropy production, if the thermodynamic effi-

ciency of the process remains constant. The second way is 

to increase the (thermodynamic) efficiency of its use, i.e. 

maximize the work extracted and minimize the entropy 

production. The second approach, which seems to be highly 

optimized in natural systems, may actually lead to a reduc-

tion in the entropy raise. Thus, in many cases living systems 

actually create less entropy, t2han comparable non-living 

systems operating across the same potential gradient over a 

given period of time. The second law cannot be violated but 

it can be over-involved, where in that sense life could be 

regarded as energy "kiting" scheme. 

Let us examine the thermodynamic behavior of organ-

isms engaged in photosynthesis. The energy from photons 

coming from the sun is converted to potential energy in the 

form of excited electrons and used to do work. Thus the 

solar energy creates higher energy molecules in the form of 

carbohydrates and molecular oxygen in the atmosphere. The 

solar energy is captured and used for photosynthesis, where 

about 20% of this energy actually striking a leaf and is 

converted into chemical potential energy[2]. This energy is 

bound up in the carbon compounds which make up the 

structure of the organism, i.e. organic material, and in the 

higher chemical potential energy state of the atmosphere. 

This portion of the incident solar energy is not immediately 

reradiated in the form of thermal dispersion, and so it does 

not immediately contribute to increased entropy. Therefore, 

throughout the time with photosynthesizing organisms on 

earth, the overall rate of entropy production on earth has in 

fact been less than it would otherwise have been without 

them. The difference is seen as the energy sequestered in 

the vast accumulation of biomass and fossil fuels on earth. 

2.3. Cultural and Social Entropy  

Social entropy is a measure of the natural decay of the 

structure or of the disappearance of distinctions within a 

social organization. Much of the energy consumed by a 

social organization is spent to maintain its structure, coun-

teracting social entropy, e.g., through legal institutions, 

education, the normative consequences or television. Ano-

mie is the maximum state of social entropy. Also anomie is 

a condition of disintegration of a society into individual 

components resulting from the absence of conventions, 

shared perceptions and goals. A social system is describable 

as a simple aggregate, i.e., the state of maximum social en-

tropy. Social system in cybernetics is a system involving its 

observers. Such a system is constituted by communication 

among observers who participate within that system by 

drawing distinctions and creating relations within it. On the 

other hand negentropy (inverse of entropy) is a measure of 

the complexity of a physical structure in which quantities of 

energy are invested, e.g., buildings, technical devices, or-

ganisms but also atomic reactor fuel, the infrastructure of a 

society. In this sense organisms may be said to become 

more complex by feeding not on energy but on negentropy. 

2.4. The Direction of Evolution 

Functioning of biological systems is possible on the con-

dition of sufficient "permeability" for the matter-building 

material of the supramolecular structure. Internal and ex-

ternal forces should exist to enhance "mixability" inside the 

system, e.g., metabolism. Periodic oscillations of the envi-

ronmental parameters (thermostat) around the mean values 

play the role of such forces. Hence, the combined effects of 

internal thermodynamic factors (expressed inside the sys-

tem) and external thermodynamic effects (changes and os-

cillations of the environmental physical parameters) deter-

mine the direction of evolution[3]. This model reveals spe-

cial attention to the physical chemistry of the supramolecu-

lar structures, which should be considered as a "key" for 

understanding biological evolution.  

Although evolution is chaotic and unpredictable, it moves 

preferentially in the direction of increasing complexity or 

fitness which implies a preferred direction for evolution, a 
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"progress" towards more sophisticated forms[4]. Recent 

advances in evolutionary theory (such as the theory of 

punctuated equilibrium) and observation of evolutionary 

phenomena seem to indicate that evolution is a largely un-

predictable, chaotic and contingent series of events, where 

small fluctuations may lead to major catastrophes. For ex-

ample, consider a rock that rolls down from the top of a 

steep mountain. The slightest irregularity in the terrain may 

be sufficient to make the exact path of the rock virtually 

impossible to predict. One thing will be certain: the final 

position will be lower than the initial position at the top. 

Apply this metaphor to evolution, the "vertical" dimen-

sion or variable that can only increase during evolution is 

entropy. Fundamental theorem of natural selection[5] has 

shown that for populations of living systems the average 

fitness is the variable. This is due to the fact that fit indi-

viduals by definition will become more numerous while the 

proportion of less fit individuals will decrease. Fitness is a 

relative notion; what is fit in one type of environment may 

no longer be fit in another environment. Thus, the inexora-

ble increase of fitness only holds in invariant environments. 

For example: the evolution from hairless elephant to woolly 

mammoth is due merely to a cooling down of the climate. If 

the climate becomes warmer again the woolly variant will 

lose its fitness relative to the hairless one, and the trend will 

be reversed.  

There are different ways to increase fitness. First, the 

system may increase its internal or intrinsic fitness by add-

ing or strengthening bonds or linkages between its compo-

nents. This is typically accompanied by the increase of 

structural complexity. Second, the system may increase its 

fitness relative to its environment by increasing the variety 

of environmental perturbations that it can cope with, and 

thus its functional complexity. Though the warm-blooded, 

woolly mammoth is only relatively fitter than its hairless 

cousin, it is absolutely fitter than a cold-blooded reptile. 

Warm-bloodedness means temperature control (metasystem 

transition), i.e. the capacity to internally compensate a va-

riety of fluctuations in outside temperature. A system that 

can survive situations A, B and C, is fitter than a system that 

can only survive A and B. Thus, evolution will tend to irre-

versibly produce increases of functional complexity. These 

systems can be ordered by their functional complexity, the 

resulting relation is not a linear order but a partial order. In 

general, there is no absolute way in which one can know 

whether a system that can survive situations A, B and C is 

more or less complex or fit than a system that can survive C, 

D and E. One can state that both systems are less fit than a 

system that can survive all A, B, C, D and E.  

Mathematically, such a partial order can be defined by 

the inclusion relation operating on the set of all sets of situ-

ations or perturbations that the system can survive. The first 

mentioned system might add either D or E to the set of situ-

ations with infinite number of possibilities. This situation 

leaves evolution wholly unpredictable and open-ended. For 

example, humans are in all likeliness absolutely more func-

tionally complex than snails or frogs, evolution might well 

have produced a species that is very different from humans 

with a much higher functional complexity level compared 

to the other species. 

2.5. Origin and Emerging of Life 

In biology textbooks life is defined in terms of distinctive 

properties that distinguish living systems from non-living. 

Life for biologists is simply the subject of interest. Debate 

between the ―mechanists‖ and the ―vitalists‖ about the rela-

tionship of matter and life as well as matter and mind is 

spilled over the twentieth century, the century of biochemi-

stry and molecular biology, artificial intelligence, artificial 

life, and complex systems theory. Something that is alive 

entities metabolize, grow, die, reproduce, respond, move, 

heritable variability, producing new and emergent function-

al structures that provide increased adaptive fitness in 

changing environments. 

Independently in the 1920s A. Oparin and J.B.S. Haldane 

[6,7] proposed the first modern hypotheses which are con-

sidered as a metabolism-first view for how life originated 

on earth. On the primitive earth the geophysical conditions 

were quite different from the present, where no molecular 

oxygen in the atmosphere was existed (oxygen arising very 

much later in time with the appearance of photosynthetic 

organisms that used light energy to split water). In this 

chemically reducing atmosphere an increasingly complex 

―soup‖ or organic molecules would arise from which the 

precursors of living systems could arise. 

Another sequence to living things were proteins (the po-

lymers of amino acids formed under conditions of high 

temperature), where some amino acids could be produced 

by the action of an electrical discharge through a mixture of 

gases thought to be present in the primitive atmosphere. The 

protein-first view suggested that the chemistry that lead to 

life could have occurred in some weak catalytic activity that 

facilitated the production of the other needed molecular 

components. The abiotic routes to nucleic acids are consi-

dered after understanding the structure of DNA. Dawkins[8] 

assumed a nucleic acid, formed by chance, would be the 

start of life since it would ―self replicate‖. The postulate of 

not only nucleic acids first but an ‗RNA world‘ is raised 

because RNA is capable of some catalytic activity[9]. Tak-

ing into consideration that some type of metabolism would 

be needed to sustain RNA replication. 

Proto-cell-first approach[10-13], congenial to a thermo-

dynamic and systems emphasizes the need to presence of 

the main factors that distinguish cells from non-cells: me-

tabolism via autocatalytic cycles of catalytic polymers, rep-

lication, and a physical enclosure within a chemical barrier 

like that provided by the cell membrane. Together with the 

emergence of the first entities or living comes the emer-

gence of biological selection in which contingency plays a 

much greater part. 

Darwin bracketed the question of the origin of life from 

questions of descent with modification through natural se-

lection. Indeed, Darwinian theories of evolution can take 

living systems as a given and then explore how novelties 



34  Fouad El-Diasty:  Origin of Order: Emergence and Evolution of Biological Organization as a Problem in Thermal Physics 

 

 

arise through a combination of chance and necessity. How-

ever, an understanding of how life might have emerged 

would provide a bridge between our view of the properties 

of living systems and the evolutionary phenomena they 

exhibit. Such an understanding is needed to anchor living 

systems in matter and the laws of nature[14]. This remains a 

challenge to be met in order for science to provide a more 

full answer to the question what is the origin of life. 

Life as a pattern of chemical processes involves not only 

the replication of the DNA that carries the genetic informa-

tion but the epigenetic building of the organism through a 

sequence of developmental steps. Evolutionary phenomena 

are an inextricable aspect of living systems; any attempt to 

study life in the absence of this diachronic perspective will 

be futile. Thus the biological systems may be defined as 

open systems maintained in steady-states, far- 

from-equilibrium, due to matter-energy flows in which in-

formed (genetically) autocatalytic cycles extract energy, 

build complex internal structures, allowing growth even as 

they create greater entropy in their environment. 

2.6. Power of Replication 

Replication first school of thought, as opposed to the 

metabolism first school, is pioneered by Oparin[15] in the 

beginning of the 20
th

 century. Forty years ago Eigen[16,17] 

suggested that the life began with the appearance of a repli-

cating molecule. It then evolved by an imperfect replication 

and chemical selection into early life forms. The life began 

with a primal and a simple molecular replication reaction, 

where the replication reaction (autocatalytic) has unique 

kinetic properties[17,18]. Lifson[18] has provided a numer-

ical example; for instant consider the two reactions[19]: 

CBA
X

                  (1) 

XBA
X

                  (2) 

Reaction (1) represents any chemical process where 

reactants A and B are converted into product C through the 

catalytic effect of X. Reaction (2), the molecular replication 

reaction, is an autocatalytic reaction, in which the catalyst X 

converts A and B into more of itself. For reaction (1), as-

sume a single molecule of catalyst X and an arbitrary reac-

tion rate of 10
-6

 s /molecule, a period of 610
17

 s (derived 

from 610
23
10

-6
 s) or 20 billion years would be required in 

order to generate a mole of product, C. For reaction (2), due 

to the huge kinetic power of replication, it would take just a 

tiny fraction of a second for a mole of product, X, to be 

generated! 

The mathematics of replication is such that a single rep-

licating molecule undergoing some 79 acts of replication 

becomes a mole (610
23

  2
79

), so it would take just 7910
-6

 

s for a molecule to become a mole. The relative magnitude 

of these two figures, 20 billion years for catalytic reactivity 

and 79 ms for autocatalytic reactivity, though the enormous 

kinetic potential associated with the replication reaction 

places it in a unique kinetic category. Thus the autocatalytic 

replication reaction, by definition, is an extreme expression 

of kinetic control, and will tend to overwhelm any compet-

ing reaction, thermodynamically preferred or not.  

2.7. Biochemical Conception of Life 

According to Hopkins[20], the life is a property of the 

cell as a whole, because it depends upon the organization of 

processes. He saw that the cell is a chemical machine obey-

ing the laws of thermodynamics and physical chemistry, but 

having organized molecular structures and functions. The 

chemistry underlying metabolism was catalyzed and regu-

lated by enzymes, protein catalysts, and small changes in 

structure and energy of well-defined chemical intermediates. 

The living cell is not a mass of matter composed of a con-

gregation of like molecules, but a highly differentiated sys-

tem. The cell, in the modern phraseology of physical che-

mistry, is a system of co-existing phases of different con-

stitutions. Understanding how the organization was 

achieved is just as important as knowing how the chemical 

reactions occurred. 

There was a challenge for Hopkins to figure out how ra-

ther simple physical and chemical laws could produce the 

complexity of living systems. By the time of World War II 

it was meaningful to address the question of ―what is life?‖ 

in molecular terms and fundamental physical laws. It was 

clear that there were several distinct ways in which matter 

in living systems behaved in ways different from non-living 

systems. How could genetic information be instantiated at a 

molecular level given that ensembles of atoms or molecules 

behaved statistically? How could biological systems gener-

ate and maintain their internal order in the face of the im-

perative of the second law of thermodynamics that all natu-

ral systems are processed with increasing entropy? 

2.8. Schrödinger's Dual Legacy and the Meaning of Life 

In 1944 Schrödinger provided, in his book ―What is Life?‖ 

[21] (after an obscure but groundbreaking article by Lotka 

[22]) a major impact on the development of twentieth cen-

tury biology, especially upon Francis Crick and James 

Watson[23] and other founders of molecular biology. 

Schrödinger gathered together several strands of research 

and stated his questions in a stark and provocative manner. 

Max Delbrueck demonstrated that the size of the mutations 

caused by X-rays had the dimensions of a molecule of a 

thousand or so atoms. 

The first Schrödinger question was how it could be sus-

tained order in the molecules responsible for heredity when 

the statistical ensembles of molecules quickly became dis-

ordered (with increased entropy as predicted by the second 

law of thermodynamics). The problem of heredity was then 

reformulated at the molecular level as to how order could 

give rise to order? The second question for Schrödinger was 

concerned the thermodynamics of living things in general, 

that is, how could they generate order from disorder through 

their metabolism? It was through answering these two spe-

cific questions from the perspective of a physicist that 

Schrödinger sought to answer the big question, what is life?  
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Schrödinger argued that the molecular material had to be 

an aperiodic solid that had a miniature code in its structure. 

The pattern of constituent atoms comprising the molecule of 

heredity would have a higher-level order due to the pattern 

of its molecular subunits. This higher-level has aperiodic 

order that would contain the coded information of heredity. 

The elucidation of the structure of DNA and the explosion 

of molecular genetics has eclipsed the other, but with re-

spect to Schrödinger the most important aspect of metabol-

ism is that it represents the cell's way of dealing with all the 

entropy that produces as it builds its internal order ―negen-

tropy‖. He noted that the cell must maintain itself in a state 

away from equilibrium since thermodynamic equilibrium is 

the definition of death. 

By creating internal order and organization within a liv-

ing system (cells, organisms or ecosystems) the metabolic 

activities must produce greater disorder in the environment, 

such that the second law is not violated. Order from order 

and order from disorder, tied together by claiming, an or-

ganism concentrates a ‗stream of order‘ on itself and thus 

escaping the decay into atomic chaos of ‗drinking orderli-

ness‘ from a suitable environment. It seems to be connected 

with the presence of aperiodic solids and the chromosome 

molecules which doubtless represent the highest degree of 

well-ordered atomic association — much higher than the 

ordinary periodic crystal — in virtue of the individual role 

every atom and every radical is playing. Although 

Schrödinger was giving a physicist's answer, he did not 

confine himself only to the question of what distinguished 

the living from the non-living and in the epilogue reflects 

on free will and consciousness. The issue of consciousness 

was seen by Schrödinger too complex as connected to that 

of life itself. 

It is less known how organisms gain order from disorder 

through the thermodynamics of open systems far from equi-

librium (nonequilibrium thermodynamics) and how organ-

isms produced their internal order while affecting their en-

vironment not only by their activities but also through 

created disorder in it. The self-replicating DNA has become 

a major metaphor for understanding life. The world is in-

creasingly divided into replicators to control development 

representing fundamental level of action for natural selec-

tion. 

The emergent, self-organizing spatial-temporal patterns 

are seen not only in cells and organisms, but in ecosystems. 

What so important are the dynamics of non-linear interac-

tions (where the responses of a system can be much larger 

than the stimulus) and autocatalytic cycles (reaction se-

quences that are closed on themselves where a larger quan-

tity of one or more starting materials is made through the 

processes). Given that the catalysts in biological systems 

are coded in the genes of the DNA, thus living systems are 

seen as informed, autocatalytic cyclic entities that develop 

and evolve under the dual dictates of the second law of 

thermodynamics and of natural selection. 

Living beings exhibit complex functional organization 

(inherently involves functions and their interrelations) and 

the ability to adapt their environments over generational 

time, representing the challenge to physically-based expla-

nations based upon mechanistic (reductionistic) assump-

tions. A ―fourth law‖ of thermodynamics about such phe-

nomena may be needed. The physics-based theories can 

robustly address phenomena of emergence without having 

recourse to the type of ―vitalism‖ that was in the earlier part 

of the twentieth century. 

2.9. The Problem of Harmonizing Entropy with    

Evolution 

According to the Nobel Prize committee, the work of 

Prigogine is building a bridge between the physical and 

biological sciences[24,25]. He had shown that the tre-

mendous amount of information necessary for molecular 

self-replication can be produced naturalistically despite the 

entropy law. He has offered a theoretical speculation, not an 

experimental demonstration. According to a principle as 

―order through fluctuations‖ the biological structures are 

created by the continuous flow of energy and matter from 

the outside world. Their maintenance requires a critical dis-

tance from equilibrium, that is, a minimum level of dissipa-

tion with a higher degree of structure, or order. 

Also their generation is accompanied by a large dissipa-

tion of energy in the form of heat. With the formation of 

convection currents and vortices in a fluid subjected to a 

temperature gradient, vortices (or other fluctuations or in-

stabilities) may be generated and maintained. This pheno-

menon is known in hydrodynamics but Prigogine suggested 

that it can be applied in certain chemical and biological 

reactions which are proceeding under non-equilibrium con-

ditions. Dissipative structures require the dissipation of 

much flow energy in the form of heat for their generation.  

As far as chemical or biological reactions are concerned, 

the generation of dissipative structures is limited to au-

to-catalytic processes. But catalytic processes, like fluid 

vortices, do not generate higher order going downhill ther-

modynamically. The auto-catalytic processes would require 

already-living systems for their own generation, so they can 

hardly explain the generation of living systems! Prigogine's 

analysis failed to solve the problem of harmonizing entropy 

with evolution and he has not shown that life can evolve 

from non-living chemicals. His dissipative structures do not 

constitute either the required program or the required me-

chanism to enable any kind of permanently increased order 

to be produced in an open system.  

The problem of the origin of life can really only be re-

solved by recognition of the omnipotent Creator. The only 

alternative to belief in special creation is credulous faith in 

impotent chance. Genesis was a statistically unlikely event, 

but certainly it occurred. Was there a temporary repeal of 

the second law that permitted a "fortuitous concourse of 

atoms"? It may hold with the more traditional scientific 

attitude that the origin of life is beclouded merely because 

no one knows enough about thermodynamics and other 

conditions on the earth many eons ago. Why this should be 

called the scientific attitude when all the scientific evi-
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dences continue to support special creation. 

3. Hierarchical Thermodynamic Theory 

The study of thermodynamic systems far from equili-

brium (nonequilibrium thermodynamics), or synergetics, is 

far applicable only to certain phenomena based on pure 

kinetic methods. It led to that the evolution of living sys-

tems cannot agree with the second principle of thermody-

namics[26]. To overcome this problem, a new hierarchic 

thermodynamics or macrothermodynamics discipline has 

recently appeared[27-29], which allows a study of living 

objects on the basis of equilibrium thermodynamics and the 

physical chemistry of natural systems[28-31]. Macrother-

modynamics is also based on the principles of macrokinet-

ics, an alternative to the thermodynamics of systems close 

to equilibrium.  

Modern hierarchical thermodynamic theory of the bio-

logical evolution and aging of living beings has developed 

upon thermodynamic models of quasi-closed qua-

si-equilibrium systems due to J.W. Gibbs' works 

(1873–1878)[32]. The methodologies of Gibbs‘ thermody-

namics and the law of temporal hierarchies, or Gladyshev‘s 

law,[33-35] have been approximately extended to all hie-

rarchies of biological systems, which are generally open 

ones[27,35-37]. Since thermodynamics of nonequilibrium 

processes (equilibrium thermodynamics and kinetics) deals 

with the rate of increase in production of entropy, therefore, 

nonequilibrium thermodynamics provides quantitative cha-

racteristic of the second law of thermodynamics[34]. 

The variation of the chemical composition of living be-

ings in the course of ontogenesis and phylogenesis is a 

consequence of change in the mean specific value of the 

Gibbs function of formation for supramolecular and inter-

molecular interactions operating during the formation of 

supramolecular structures of an organism's tissues (func-

tioning of biological systems) tends to a minimum. The 

value of Gibbs function tends toward a minimum as a result 

of the system‘s tendency to seek the equilibrium state; i.e., 

the tendency of the system (within constant temperature and 

constant pressure) to evolve towards a stable potential 

energy well, as defined by a minimum of free energy 

(Helmholtz).  

The principle of the substance stability and feedback is 

applicable to any biological hierarchies. This principle ex-

plains the accumulation of a substance with chemically high 

energy capacity by biological systems in the course of evo-

lution and aging of living beings. This energetic accumula-

tion of substance forces water out of these systems. The 

thermodynamic theory of biological evolution and aging of 

living organisms provides general concepts pertaining to 

nutrition. These concepts will encourage and stimulate be-

havioral and dietary changes thermodynamically-favored 

towards the development of long and healthy human lives. 

Anti-aging diets should balance the composition and caloric 

value. 

3.1. Law of Temporal Hierarchy 

The law of temporal hierarchies substantiates the possi-

bility of identifying, or discerning, quasi-closed monohie-

rarchical systems or subsystems within open polyhierar-

chical biological systems[27,32,36-38]. As a rule, at the 

phenomenological level such investigations are carried out 

in terms of kinetic, or dynamical, linear thermodynamics. 

The law of temporal hierarchies can be presented as a series 

of strong inequalities. The direction of this series is towards 

increasing average life-spans of structures on going from 

lower to higher structures. The law of temporal hierarchies 

makes it possible to identify subsystems and to study their 

development (ontogenesis) and evolution (phylogenesis) by 

measuring the change (per unit of volume or mass) in the 

specific value of the Gibbs function of formation of the 

given higher hierarchical structure from structures of a low-

er level. 

3.2. Principle of Substance Stability 

The principle substance stability describes the tendency 

of temporal and structural natural hierarchy systems to seek 

out local equilibria (Van‘t Hoff) at all levels of the organi-

zation. These tendencies derived from the second law ther-

modynamics (the Clausius–Gibbs variation) in coordination 

with the Le Chatelier–Braun principle[32,36-41]. The prin-

ciple of substance stability is determined by the limited 

energetic potential, i.e. the Gibbs potential energy, of asso-

ciated interacting elementary structures at time scales rela-

tive to our capabilities. 

The principle applied to molecular and supramolecular 

structures was named the principle of the stability of a 

chemical substance. This principle is also known as the 

principle of stability of matter, the principle of substance 

stability, the feedback principle, or Gladyshev‘s principle. 

Similar phenomena occur in molecular chromatographic 

columns; specifically, hydrophobic cells and columns[32, 

39-41]. These columns accumulate substance with a high 

energy capacity.  

For instant, the tumor cells have a lower ability for ag-

gregation and they easily move in the body, which leads to 

the appearance of metastases. The tumor cell membrane is, 

apparently, formed from supramolecular structures of in-

creased stability. Hence, the supramolecular stability of cell 

aggregates formed with the participation of tumor cells 

should be lowered according to the principle of substance 

stability. In order to increase the adhesive ability of the cells, 

the structure of membranes should be ―diluted‖ and made 

less thermodynamically stable. This explains why experi-

mental anticancer diets recommend the use of plant oils, 

fats of animals from cold seas, and other products contain-

ing residues of unsaturated low-melting-point fatty acids. 

The anti-tumor effect and the influence of some chemical 

substances on the supramolecular structures of nucleic acids 

can also be explained on the basis of such principle[32,37]. 

Socially, the relationship between the principle of sub-

stance stability and the elemental structures of any inside 
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social hierarchy are defined as an understructure hierarchy; 

e.g., a hierarchy of organisms, groups of organisms[32]. For 

instant, the stronger the family ties and mutual understand-

ing (understructure hierarchy) between family members, the 

less time they spend outside the family, i.e. the ―overstruc-

ture hierarchy‖. It can be seen that hierarchical thermody-

namics may apply appropriately to understand the human 

life as well. 

Accordingly, the principle of substance stability corres-

ponds with the rules of maintenance of stability of parties, 

unions, states, communities and nations[32,35]. Thus one 

can realize the age-old social management methods as ―di-

vide and rule‖. The history of mankind can be possibly pre-

dicted on the basis of the principles of hierarchical thermo-

dynamics. In such case the quantitative thermodynamics of 

social hierarchy and the concept of sociological potential 

can be used[27]. 

Regarding connections between the principle of sub-

stance stability and politics, it is clear why people who are 

distinguished by their independence and audacity seek 

achieving power. These individuals use techniques and me-

thods developed only by their own and unavailable, due to 

moral considerations, to the average cultured person. Nev-

ertheless, having achieved a high position, these members 

of society begin, under favorable conditions, to come into 

conflict with similar members of society. Achieving great 

power requires not only a combination of favorable factors 

but also a person's intelligence, which, however, usually 

shows itself in various weird and particular activities.  

Technologically, the rapid development of human race is 

associated with a better selection of energy-consuming sys-

tems and devices. These systems and devices, while making 

life easier for the people who own them and for society as a 

whole, invariably result to increase humanities‘ thermody-

namic or sociological potential. However, in accordance 

with the principle of substance stability, humankind togeth-

er with its technogenic environment as a single system will 

become with time unstable. This will lead to the partial de-

gradation of the system and to its complete destruction. The 

laws of thermodynamics are relentless and they effect eve-

rywhere in universe extended to all hierarchies of matter 

[32,35,36]. Based on ecological theory, the earth is a 

self-regulating organism that adjusts to changes in order to 

maintain suitable conditions for life. Thus feedback be-

tween all hierarchical levels of biological world based on 

hierarchical thermodynamics should exist[32,37,38]. 

3.3. Supramolecular Thermodynamics and Anti-Aging 

Quality of Foodstuff 

From the thermodynamics laws, the supramolecular 

structures of a foodstuff (a substance) and the value of ge-

rontological (anti-aging) quality of foodstuff depend on the 

Gibbs specific function or Gibbs specific free energy of the 

supramolecular or intermolecular formation of the con-

densed phase. This depends also on the change of specific 

enthalpy and entropy during the solidification of natural fat 

(oil), melting point and on the standard temperature[32]. 

The value of standard temperature must be lower than value 

of melting temperature. When the gerontological value of a 

food is evaluated, the choice of standard temperature is de-

termined by the melting point of the lowest melting-point 

substance in the series of compared products. It is assumed 

that the low melting-point substances take part in the for-

mation of corresponding low melting-point supramolecular 

structures in an organism‘s tissues. Such a correlation is 

used as an indicator of the anti-aging (gerontological) value 

of the food[32,38].  

3.4. Artificial Life and in Silico Simulation 

Today, the theoretical biology with the advances in ma-

thematical physics, in modeling and in computer technolo-

gies permit an exploration of life ―in silico‖. Computer si-

mulations are used to explore ‗Artificial Life‘ or ‗A-Life‘ 

seeking life as it was on earth in a larger conceptual context 

of any possible form of life[42,43]. Work in A-Life empha-

sizes on the processes of living things rather than the ma-

terial constituents of their structures[44]. However such 

studies emphasize on the organizational relationship be-

tween components rather than the components themselves. 

Focusing on the emerging age of ―proteomics‖ - in the post 

human genome era- the complex functional interactions of 

the large array of cellular proteins are being studied[45]. In 

spite A-Life allows life to be subject of physical and chem-

ical laws, it is too soon yet to know how important the con-

tribution of the A-Life programs will be. 

3.5. Mathematical-Physics Modeling of Evolution 

The mathematical modeling of evolution was elaborated 

in several directions: life origin models, mathematical pop-

ulation genetics, models of evolution of genetic regulatory 

systems, as well as artificial life evolutionary models. These 

models give generalized descriptions of biological experi-

ments. Some evolutionary models (life origin models, ar-

tificial life evolutionary models) provide us with more ab-

stract pictures – they describe artificial evolutionary 

processes, not as we know them, but as they could be. Nev-

ertheless, there are serious problems to be analyzed such as 

the problems of evolution of cybernetic, and computer-like 

"intelligent" features of biological organisms. The theoreti-

cal investigations of these problems could constitute the 

subject of "evolutionary biocybernetics". In general evolu-

tionary modeling fields are: 

Models of molecular-genetic systems origin which de-

scribe mathematically some hypothetical evolutionary stag-

es of prebiological self-reproducing macromolecular sys-

tems. 

Artificial life evolutionary models which analyze the 

evolution of artificial organisms. 

Computer algorithms are used to solve practical problems 

of evolutionary methods of optimization. 

General models of evolution describing some informa-

tional and cybernetic aspects of evolution.  
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The Artificial Life models are incorporating in activities 

such as learning, neural networks and adaptive behavior.  

4. Conclusions 

Understanding of the physical-chemical basis of living 

systems has increased enormously in the past century giving 

a plausible definition of life. Living organisms are auto-

poietic systems: self-constructing, self-maintaining, ener-

gy-transducing autocatalytic entities. Information needed to 

construct the next generation of organisms is stabilized in 

nucleic acids that replicate within the context of whole cells 

and work with other developmental resources during the 

life-cycles of organisms. They are also systems capable of 

evolving by variation and natural selection: 

self-reproducing entities, whose forms and functions are 

adapted to their environment and reflect the composition 

and history of an ecosystem[14]. Such a perspective 

represents a fulfillment of the basic dual insights of 

Schrödinger near mid-century. Much remains to be eluci-

dated about the relationships among the complex molecular 

systems of living entities, how they are constrained by the 

system as a whole as well as by physical laws and their ac-

tion with evolutionary theory. Recently there is a sense of 

the importance of putting Schrödinger's program into a 

‗systems‘ context[46-58]. Work in A-Life seeking evidence 

of extra-terrestrial life may help the formulation of a more 

universal concept of life. The principle of the stability of 

chemical substances of the supramolecular structures of 

tissues makes it possible to understand the causes of the 

evolution of the biological world[3]. The emergence of life 

characteristics are complexity, metabolism, teleonomy, ab-

undance and diversity, and especially their far- 

from-equilibrium state, all derive directly from the kinetic 

character of the nucleic acid replicating reaction of complex 

living systems. From replicative chemistry point of view, 

efficient molecular replicators might derive from alternative 

carbon based systems, or even non-carbon ones. No attempt 

has been made to discuss the particular evolutionary stages 

from simple replicating molecules to complex biostructures. 

Thermodynamics governs the behavior of chemical 

processes, where life is consistent with the second law, both 

in living and non-living systems. According to the thermo-

dynamic theory and experimental data, the specific value of 

the Gibbs function of the formation of supramolecular 

structures of organisms during ontogenesis and phylogene-

sis tends to a minimum. Living systems exhibit an extreme 

expression of kinetic control. So our kinetic perspective on 

life seems to lead to some interesting conclusion. Unified 

theories or even postulates are still needed to integrate 

strongly the molecular biology and biochemistry (micro-

structure) into the thermal physics (macrostructure) provid-

ing a better gain to understand the amazing phenomena: 

genesis and evolution of biological organization up to the 

human conscience.  
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