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Thermodynamics of the origin of life, evolution, and aging

The main provisions of hierarchical thermodynamics created on 
the basis of Gibbs thermodynamics are presented. The thermo-
dynamic theory of the origin of life, its evolution and the aging of 
living beings is presented. The theory considers the change in 
the specific Gibbs function of the formation of structures of differ-
ent hierarchies, that is, the change in the comparative stability of 
these structures in the course of their evolutionary transforma-
tions. The described approach should be considered structural 
kinetic thermodynamics, which allows us not to consider any 
kinetic mechanisms of processes in the evolution of various hier-
archical structures. It is asserted that the principle of substance 
stability determines the direction of the processes of the origin 
of life and its evolutionary transformations. The thermodynamic 
theory of aging and thermodynamic nutrition allows predictions 
concerning healthy life and its duration. It is shown that hierar-
chical thermodynamics is the physical foundation of expanded 
Darwinism. All the conclusions and predictions of the theory are 
confirmed by numerous observations and experimental facts.
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Epigraphs  

 

 

 “The simplicity - the only ground on which it is 

possible to erect a building of generalizations”  

Henri Poincare 

“… The true and only goal of science is to 

reveal unity rather than mechanism.” 

Henri Poincare 

“One of the principal objects of theoretical 

research in any department of knowledge is to 

find the point of view from which the subject 

appears in its greatest simplicity.” 

J. Willard Gibbs 

 “…nothing at all takes place in the universe in 

which some rule of maximum or minimum does 

not appear …” 

Leonhard Euler 

 

 

In early 1975, the author proceeded to study 

biological evolution from the standpoint of 

classical thermodynamics [1, 2]. In the middle 

of 1976 the first version of the article was 

written, in which biological evolution, phylogeny 

and ontogeny were considered as a successive 

hierarchical condensation of structures of living 

matter [3]. It was argued that these processes 

of condensation or structure formation can be 

viewed from the standpoint of the quasi-

equilibrium extended thermodynamics of J. W. 

Gibbs, that is, the thermodynamics of systems 

close to the equilibrium state. 

In order to avoid misunderstandings, it should 

be noted that the hierarchical thermodynamics 

of the author presented in this paper has 

nothing to do with the "thermodynamics of the 

dissipative living structures" of Ilya Prigogine, 

which is far from equilibrium [4, 5]. This 

thermodynamics of I. R. Prigogine is in fact a 

kind of kinetics, since it does not use state 

functions, functions that have full differentials. 

For example, I. Prigogine's entropy in this case 

does not have a full differential and therefore it 

should be considered a kinetic function [4-13]. 

In constructing the theory, the author sought to 

follow the principles of simplicity and generality 

and to single out systems in which interactions 

of one-type objects take place. The necessity of 

using these principles in the creation of truly 

scientific theories was repeatedly drawn to the 

attention of Henri Poincare, J. W. Gibbs and 

other classics of science. Separate statements 

of these creators are given as epigraphs in this 

paper. Striving for the generality and simplicity 

of his approximate theory, the author 

remembered that one should not forget that the 

models created should preserve the real 

physical meaning of the phenomena. 

The law of temporal hierarchies was 

formulated, which allowed considering 

transformations in each separate hierarchy (the 

sub-hierarchy) of structures regardless of the 

processes taking place in the structures of 

other hierarchies. In general, this law can be 

formulated in the form [3-5]: 

t j << t j+1   .  (1) 

Here t j - average lifetime of structures j of lower 

hierarchical level, t j+1 - average lifetime of 

structures (j+1) of higher hierarchical level. 

In the expanded form it is possible to write: 

… << t m << t im << t organelle << t cell << t organisms 

<< t pop << t soc << … (2) 

Here t – average lifetime of “free” molecules-

metabolites (m), supramolecular structures 

(im), organelles (organelle), cells in the tissue 

(cell); organisms (org); populations (pop); 

societies (soc). 

It is easily shown that the existence of series 

(2) allows us to pick out the summation of 

structures of one hierarchy as a subsystem and 

to consider this subsystem as a quasi-closed 

system. It is understood that in order to study 

such a system, it is possible to use the methods 

of equilibrium (quasi-equilibrium) hierarchical 

thermodynamics.  

I note that the law of temporal hierarchies is the 

series of overlapping triads of Nikolai 
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Bogolubov [14]. This clearly proves the 

possibility of using thermodynamics for 

describing each hierarchical level. 

The law of temporal hierarchies allowed to lay 

the foundations of quasi-equilibrium hierarchical 

thermodynamics (thermodynamics of quasi-

closed systems), which uses state functions 

that have real physical meaning. It was argued 

that the transitions from one hierarchy to 

another in the chemical and biological evolution 

can be viewed like the phenomena of phase 

transitions - the crystallization of chemical 

substances in systems close to the equilibrium 

state. 

The author realized that in the study of 

evolution it is convenient (despite the 

approximate character of the theory) to study 

the change in the specific Gibbs function (the 

free energy) of the formation of living structures 

(for example, the Gibbs specific function of the 

formation of living structures in quasi-closed 

systems). This awareness was the key point of 

the theory. It became possible (with a certain 

approximation) to talk about the evolution of the 

stability of structures, more precisely, the 

thermodynamic evolutionary trend of the 

development of these structures. 

It became possible not to take into account 

the kinetics and mechanisms of numerous 

chemical, supramolecular and other 

evolutionary processes (for example, the 

phenomena of the existence of kinetic barriers 

and kinetic traps). Thus, kinetics, as well as 

chemical and other evolutionary mechanisms, 

were, as it were, excluded from consideration. 

It became possible to talk only about the 

thermodynamic kinetics of the change in the 

stability of a substance in chemical evolution, in 

the processes of life formation, its evolution, 

phylogenesis, ontogenesis or aging of living 

beings. 

In other words, the author proposed to study 

the change in the specific function of Gibbs (or 

Helmholtz) of the formation of various 

hierarchical structures with the time of 

evolutionary transformations. For example, 

changes in the specific Gibbs function of the 

formation of chemical and supramolecular 

structures in chemical evolution, in the process 

of life formation, biological evolution, 

phylogenesis, ontogeny (aging of living beings) 

were considered: 

Δ𝑮̅̃ch = f (t) and Δ𝑮̅̃im = f (t), where the wavy line 

above G indicates that the system under study 

is heterogeneous, and the straight line indicates 

that the specific value is being considered.  

Note that in a number of publications, the 

subscript was used instead of the upper index, 

which was equivalent to the upper index. 

The author for the first time claimed [2] that the 

change in the chemical composition of living 

bodies (primarily the water and fat content) is a 

consequence of the directing action of 

supramolecular thermodynamics. It was argued 

that the enrichment of living systems by energy-

intensive chemical substances (fats, proteins, 

etc.) is the result of aspiration of the Gibbs 

specific function of formation of supramolecular 

structures of living systems to a minimum. This 

aspiration or tendency is a consequence of the 

second law of thermodynamics. This trend is 

observed against the background of action the 

environment on living systems. During relatively 

long stages of biological evolution, the 

environment initiates insignificant non-

spontaneous processes that occur within the 

living systems under consideration. At these 

stages, spontaneous processes within systems 

predominate. As a result, the trend of 

directional action of the second principle wins. 

Thus, it was postulated that supramolecular 

thermodynamics (manifested through the 

principle of substance stability) is the driving 

force of evolution, phylogenesis and 

ontogenesis. Enrichment of systems with 

energy-intensive substance is a secondary 

effect. This effect creates the impression that 

the accumulation in systems of an energy-

intensive chemical substance, ostensibly, 

violates the second law of thermodynamics. 

Fig. 1 shows a schematic change in the specific 

Gibbs functions of biomass formation (the 
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energy capacity) during evolutionary 

transformations of chemical and 

supramolecular structures in evolution, 

phylogenesis, and ontogenesis [3-9]. 

Subsequently, similar considerations were used 

to explain the growth in the energy capacity of 

systems at all hierarchical levels. These 

statements made it possible to identify the 

direction of chemical evolution, as well as other 

components of the overall evolution - particular 

evolutions at different levels and sublevels. 

It was consciously [3-5] that the transition from 

one hierarchy to another (or the transition 

between sub-hierarchies) is the result of action 

of the principle of feedback, which was called 

the principle of substance stability or the 

principle of Georgi Gladyshev. 

One of the known formulations of the principle 

can be represented in the form [6, 7, 12]: 

During the formation (self-assembly) of the 

most thermodynamically stable structures at the 

highest hierarchical level (j), e.g., the 

supramolecular level, in accordance with the 

second law, Nature spontaneously uses 

predominantly the (available for the given local 

part of the biological system) least 

thermodynamically stable structures belonging 

to a lower level, for example, the molecular 

level (j-1).  

 

Fig.1. Scheme of changes in the specific chemical energy capacity of the biomass (biological 

tissue),  (ch) - (A) and thermodynamic stability of its supramolecular structures during ontogenesis 

of living beings (im) – B.   

The saw-tooth lines plotted against the curves emphasize that the fluctuation of the environmental 

parameters such as temperature, pressure, nutrition schedule, physical fields, change of day and 
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night, change of seasons, etc., lead to variation of Δ𝑮̅̃ch and Δ𝑮̅̃im . The organisms adapt to this 

variation only within the limits of the adaptive zone.  

 

In other words, the principle of substance 

stability asserts that each hierarchical structure 

of the biologic world evolves in the search for a 

minimum of the specific Gibbs free energy of its 

formation. In this case, enrichment of the said 

structure by the energy-intensive substance of 

the adjacent lower structure is observed. The 

desire to minimize this parameter is observed 

against the background of non-spontaneous 

processes initiated by the environment. 

The author often noted that the principle of 

substance stability is an approximate 

thermodynamic principle, since it is used for 

systems of variable chemical composition (or 

composition of other hierarchies), when 

thermodynamic stability, strictly speaking, 

cannot be considered equivalent to the value of 

the Gibbs specific function of the formation of 

these structures. To put it more strictly: the 

principle of substance stability determines the 

tendency of the development of chemical, 

biological and other hierarchical systems in the 

evolution of matter. It should be remembered 

that the principle is applicable to evolutionary 

transformations, when the environment of the 

systems under study practically does not 

change. In this case, insignificant fluctuations of 

the parameters of this medium in the adaptive 

zone can be observed. In case of revolutionary 

(abrupt) changes in the environment, the living 

system may die. For example, this was the 

case with the death of dinosaurs. There are 

many examples of applying the principle to 

chemical, supramolecular, social processes. 

The validity of the principle of substance 

stability was proved when comparing the 

chemical and supramolecular stability of 

various hydrocarbons of some homologous 

series [5]. 

A good illustration of the principle is also its use 

in comparing the structure of DNA and RNA. 

So the principle of substance stability explains 

the reasons for the existence of DNA in the 

form of double helices, and RNA in the form of 

less regular (less ordered) structures containing 

single-chain fragments of polymer chains.  

Deoxyribose in real conditions is chemically 

less stable than ribose. Similarly, thymine is 

chemically less stable than uracil. Therefore, in 

physiological solutions of DNA macromolecules 

(which contain fragments of deoxyribose and 

thymine) participate in the formation of 

supramolecular structures of increased stability 

in comparison with the stability of 

supramolecular structures formed by RNA 

macromolecules (which contain ribose and 

uracil fragments). 

The above statements are confirmed by 

comparing the values of the standard free 

Gibbs energy of formation (the standard 

isobaric formation potentials at 25 ° C) of the 

substances mentioned above [16], which 

(practically unchanged) are DNA and RNA 

fragments.  

Indeed, it follows from the presented data that 

deoxyribose is less stable than ribose and 

thymine is less stable than uracil. This means 

that RNA chains containing ribose and uracil 

fragments are chemically more stable than 

DNA chains that contain fragments of 

deoxyribose and thymine. Less chemically 

stable DNA chains according to the principle of 

substance stability have a preference for 

complementary pairing in comparison with RNA 

chains, which form supramolecular structures 

mainly with molecules of the environment. 

Thus, the principle of substance stability 

promotes the existence of DNA in living 

systems, preferably in the form of double 

helices, and RNA in the form of conformations 

involving single chains. 
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ΔGfо298(kcal/mole) =  -76.83         ΔGfо298(kcal/mole) = -38.79 

                                           

                 ΔGfо298(kcal/mole) = -10,08       ΔGfо298(kcal/mole) = -28,00 

 

 

 

Fig.2. Illustration of typical DNA structures (a) and RNA (b). RNA forms less regular ordered 

structures containing many single-chain segments of polymer chains. The figure is taken from the 

Internet.  
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The author emphasizes in many recent 

publications [6-12, 15] that all processes of 

evolution are taken into account by the 

advanced hierarchical generalized Gibbs 

equation, the generalized equation of the first 

and second laws of thermodynamics [5-7]: 

 

 

 (1) 

Where G is the Gibbs free energy; T is the 

temperature; S is the entropy; V is the volume; 

p is the pressure; X is any generalized force 

except pressure; x is any generalized 

coordinate except volume; µ is the chemical 

(evolutionary) potential; m is  the mass of the k-

substance; the work performed by the system is 

negative. The subscript i pertains to the specific 

evolution, and k to the component i evolution. 

The superscript * means that behavior of a 

quasi-equilibrium complex system is 

considered.   

Aging of living systems, in particular living 

things, obeys the laws of hierarchical 

thermodynamics. 

The thermodynamic theory of aging is 

sometimes called the chromatographic theory 

of aging [17], because it is based on the model 

of the operation of non-stationary 

chromatographic columns. It is believed that 

aging of organisms is an analog of the aging of 

adsorbents of stationary phases of separation 

columns. 

 

 

 

Fig.3. Сhromatographic column 

 

 

Figure 4 shows a diagram of the change in the specific Gibbs function of formation of tissues in 

ontogenesis. 
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Fig.4. Diagram of variation in the specific Gibbs function (the free energy) of formation of 

supramolecular tissue’s structures in the process of development and aging. Curve 1 indicates 

body development and aging under normal living conditions. Curves 1+ and 1- refer to improved 

and bad living conditions correspondingly. The scheme conforms to the change in chemical 

composition of tissues. 

 

The aging process of the wick of a burning 

candle and the accumulation of rust in water 

pipes is considered an analogue of the aging of 

living systems and the formation of thrombi in 

blood vessels. Below are the photos (Fig.5 – 

Fig.8.) that illustrate the mentioned 

phenomena. 

The formation of rust in water pipes is a 

"thermodynamic analogue" of the formation of 

thrombi in blood vessels. It's amazing, but it's a 

fact. In both cases, the laws of thermodynamics 

are inexorably acting. The stability of the 

systems in both cases increases.  The 

accumulation of an energy-capacity substance 

is observed as a result of the action of the 

second principle at various hierarchical levels of 

living and non-living matter. 

Undoubted success is the birth of the 

foundations of dietetics thermodynamics, which 

allows determining the gerontological value of 

food. 

As applied to natural fats and oils [4-8], it can 

be written down as:  

im
iG
~

 = ( im
mi

H
~

 / imT ) ( imT - oT ),   (2) 

where im
iG
~

  is the Gibbs specific function or 

Gibbs specific free energy of the 

supramolecular or intermolecular formation of 

the condensed phase i, im
mi

H
~

  is the change of 

specific enthalpy during the solidification of 

natural fat (oil); imT  is the pour (the congeal 

point) or melting point; and oT  is the standard 

temperature (e.g., 25, 0, - 25, - 50 о С) at which 

values of
im
iG
~

 , and consequently 

gerontological indicator GPGi are compared. 
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Fig.5. Aging is accompanied by dehydration of the body. 

Δ𝑮̅̃im < 0 

 

Fig.6. The wick ages like a living organism. 
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Δ𝑮̅̃im < 0 

  

 

Fig.7. Rust in the pipe. 

ΔG f о298  <  0  

 

 

 

 

 

Fig. 8. Thrombus formation. 

Δ𝑮̅̃im < 0 

 

 

Comparison of the data presented on Figure 9 

shows that the known nutritional and medical 

recommendations correspond with physical 

chemical calculations made on the basis of 

thermodynamic theory. At the same time, the 

theory specifies and supplements medical 

indications that are often of a purely qualitative 

nature. 
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Fig.9. Dependence of the indicator of gerontological (anti-aging) value of oils and fats, GPGi, on 

their congeal point, T Cong .   

 

In some works [5, 18] the author made a 

number of predictions. This prediction and the 

corresponding facts were used by many 

researchers without reference to the 

thermodynamic theory of aging. So, in the 

article [18] it is possible to read: 

“From the perspective of the thermodynamic 

theory of aging, it is advisable to take into 

account gerontological G. P. Gladyshev’s value 

indicators of food products and medicinal 

preparations, gerontological purity of drinking 

water... However, in practice, it is convenient to 

follow the recommendations listed below. To 

use as much as possible clean drinking water, 

the consumption of which is not contrary to 

medical indications. To eat biomass of 

phylogenetically young (ancient) species of 

plants and animals — relatively young food (for 

instance, algae, some species of fish and 

amphibians) . To eat biomass of ontogenetically 

young plants and animals—relatively young 

food (germinated seeds, animals’ germs, 

maggots, roe, young mammals, juvenile fish, 

chicks, etc.). Preference should be given to: 

Seafood, especially products of cold seas and 

rivers; Biomass of plants and animals growing 

and living in cold regions: the extreme northern 

and southern areas of the planet, highlands; 

Fats and oils with low melting points (algae oil, 

flax seed oil, cedar wood oil, sunflower oil, corn 

oil, soybean oil). In case of propensity for 

diabetes and some other pathology, it is 

advisable to prefer vegetables instead of fruits. 

Besides, it is recommended to minimize 

consumption of carbohydrate-containing 

products (for instance, bread and floury 

products, rice, potatoes). It is recommended to 

use food extracts and medicinal extracts of 

young medicinal plants growing in cold regions. 

It is recommended to avoid eating overdone 

and processed food products with carcinogenic 

properties. Avoid taking medicines and food 

supplements with a low gerontological value. 

The specified recommendations agree with the 

centuries-old human experience”. 
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However, in [19], where the important results 

obtained in the study of the aging of various 

living beings (which fully correspond to the 

thermodynamic theory) are presented, there 

are no references to the thermodynamic theory 

of aging. It can be noted that the basis of the 

author's thermodynamic theory was created by 

him without co-authors, and his predecessors 

are classics, primarily J. W. Gibbs.  

It can again be noted that the composition and 

amount of food (as well as other factors, for 

example, the optimal temperature of life and 

others) affect the life span of living beings 

according to the thermodynamic theory of 

aging. For example, it seems that the relatively 

long life expectancy of a naked mole-rat 

(Heterocephalus glaber) is essentially 

dependent on the food consumed by it. This 

animal basically eats tubers of plants, which is 

equivalent to the predominant human nutrition 

of vegetables. 

In general, it can be argued that hierarchical 

thermodynamics is the foundation of extended 

Darwinism, which describes chemical and 

biological evolution at all hierarchical levels [11, 

15]. Hierarchical thermodynamics creates the 

design of living systems and natural objects. 

Evolution can be represented in the form of a 

spiral (Fig.10), which can be significantly 

transformed during periods of revolutionary 

change, when the parameters of the 

environment change drastically. 

The thermodynamic theory of evolution claims 

that Darwin and Lamarck are both right. The 

reason is that "transformations" of Darwin and 

Lamarck occur at substantially different times 

(i.e. in different time scales). 

Fig.11 below symbolically represents the origin 

and evolutionary transformations of life, which 

occurs against the background of unpredictable 

changes in the environment [20]. 

When creating a thermodynamic theory of the 

origin of life, its development in the 

phylogenesis, ontogenesis or aging of living 

beings, many assumptions and approximations 

were made. However, known facts and true 

predictions of the theory, mentioned in 

numerous publications of the author, make it 

possible to verify the validity of the theory. 

General works of the author are presented in 

the well-known open access journals - on line. 

In these works, references to other author's 

studies in the field under discussion can be 

found. 

 

Fig.10. Spiral of evolution. Hierarchical thermodynamics converts evolutionary biology from "the 

science in pictures" into an exact science. 
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Рис. 11. Life - a spontaneous process takes place against the background of non-spontaneous 

processes initiated by the environment. 

 

In conclusion, it should be noted that many 

biologists and non-professional representatives 

of the exact sciences do not want to recognize 

the thermodynamic theory of the origin of life, 

biological evolution and the aging of living 

beings. At the same time, many from these 

researchers rewrite whole pages and fragments 

from the author's works without referring to his 

research. This is mainly happening in Russia, 

where plagiarism is practically not condemned. 

However, a number of well-known physicists 

and physical chemists welcome this theory and 

outline the ways of its development [4, 5, 21-

27]. This allows us to hope that thermodynamic 

theory will reach a worthy place in the life 

sciences. 
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