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ABSTRACT
In living systems, water takes part in the dynamics of life, not only because it accounts for 99% of all  
biomolecules but also because it provides energy to living matter. Water has the ability to achieve an extended 
form of organization and provide an ensemble of different coherence domains (CDs) that are phase locked, 
thus maximizing their capacity to ‘look for’ energy from the environment. This ‘coherence of coherences’ of 
‘biological water’ in living systems corresponds to a sort of higher organization. An efficient mechanism of 
energy transformation from CDs to biomolecules in living matter guarantees the transfer of biochemical energy 
necessary for the maintenance of life cycles. The dynamics of formation of dissipative structures in liquid water 
and the process of self-organization of living organisms induced by water are briefly discussed. Dissipative 
structures appear as a consequence of the phase locking within an ensemble of CDs. The process of charge and 
discharge of energy is discussed.
Keywords: coherence, dissipative structures, quantum fluctuations, self-organization, water.

THERMODYNAMICS AND SELF-ORGANIZATION1  
Dynamics of living matter differ deeply from those of non-living matter. The main difference is that 
inert non-living matter demands a simultaneous supply of external energy to perform work, whereas 
on the contrary living matter is able to move spontaneously by extracting the necessary energy from 
its own stock of energy stored over time by metabolism; the organism picks up energy from this 
reservoir when it is needed. What is the dynamic origin of this difference? Let us recall thermody-
namics. The variation of energy U2 – U1 between the initial state 1 and the final state 2 is the sum of 
the work W performed on the system and the heat Q supplied to it:

 U2 – U1 = W + Q. (1)

Since temperature T is almost constant in biological processes we can express Q as a function of the 
variation of entropy.

 Q = T (S2 – S1). (2)

Combining eqns (1) and (2) we get:

 W = U2 – U1 – T (S2 – S1), (3)

which summarizes the requirements of thermodynamics.
In living organisms the dynamics is driven by a decrease of entropy, so that there should be a first 

stage where the decrease of the thermal energy TS should be transformed into an energy U able to 
produce work:

 T∆S = ∆U < 0. (3′)

This transformation should occur within a ‘specialized’ structure of the system and produce an 
energy ∆U that, being negative, gets out of the structure. It is possible that this structure could be 
just water; the process of transformation of energy described earlier is the nucleus of the process 
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of self-organization. The energy ∆U released by the self-organizing structure is received by the 
‘active’ structures of the organism and transformed into work on the environment. Therefore the 
system should be open.

We now stress a very important point. The energy released from the self-organizing structure is 
not blind, but is informed energy. Actually this energy arises from a process of concentration from a 
huge number of degrees of freedom (high entropy) to a smaller set of degrees of freedom (low 
entropy), but the choice of the degrees of freedom on which the concentration occurs is done by the 
system itself and is driven by the decrease of entropy. Therefore the direction of the process is dic-
tated by entropy whereas energy, whose flow is driven by the variation of entropy, plays the executive 
role. In conclusion the possibility of an ‘active’ matter, and therefore of life, demands the capability 
of decreasing entropy.

This requirement has been recognized long ago by pioneers such as Schroedinger [1], Szent- 
Gyorgyi [2] and Prigogine [3]. Since at that time there was not yet an example of a process internal 
to the matter able to decrease entropy permanently, Schroedinger introduced the concept of negen-
tropy as a variable whose flow was able to decrease the entropy of the system. However modern 
Quantum ElectroDynamics (QED) [4, 5] has shown that mutual electromagnetic (e.m.) interactions 
among molecules are able to produce this result from inside the system. We summarize shortly the 
QED argument.

ELECTRODYNAMICS AND SELF-ORGANISATION2  
Atoms and molecules are made up of electrically charged particles (nuclei and electrons) that 
couple with the e.m. field. These microscopic units may have several configurations, each cor-
responding to a well-defined value of energy. They settle spontaneously in the lowest energy 
state (ground state) whereas they can assume the other configurations provided that the necessary 
difference of energy is supplied from outside, the only possible supplier being the e.m. field. The 
typical scale of an atom is 1 Å (Angstrom, which corresponds to 10–8 cm). The typical scale of 
an energy jump between two different atomic or molecular configurations is about some elec-
tronvolts, let say for the sake of definiteness 10 eV. This energy should be supplied by a quantum 
(photon) of the e.m. field, either coming from the ambient e.m. background or emerging from the 
quantum vacuum. The typical space scale of a photon is its wavelength, which in the case of  
10 eV is 1200 Å. This means that the volume V of a photon is a cube whose side is the  
wavelength.

 V = λ3. (4)

We realize the existence of a mismatch between the space scales of the matter field (the ensem-
ble of atoms/molecules) and that of the e.m. field. An atom needs an object about a thousand times 
larger than itself to change its own configuration. Let us start from an ensemble of molecules  
having a density

 n = N/V, (5)

where V is assumed to be the one given by eqn (4).
Let us assume for the sake of simplicity that the atoms have only one excited state with an excita-

tion energy E.
A photon having a wavelength

 λ = hc/E, (6)
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where h is the Planck constant and c the speed of light, coming from the ambient background or the 
quantum vacuum, excites an atom that, after an interval corresponding to the life time of the excited 
state, decays releasing back the photon that has two possible fates:

to return back where he came from;1. 
to excite another atom.2. 

Should the density n be low, the second option could occur a small number of times only and the 
photon would eventually join the e.m. field again. However, when the density n exceeds the threshold 
ncritical such that

 PVncritical = Pλ3ncritical = Pc3h3ncritical/E
3 = 1, (7)

where P is the elementary probability of excitation of an atom by a photon, then the photon cannot 
revert any longer to its previous state of a quantum of a free e.m. field but remains permanently 
trapped in the ensemble of atoms.

The same fate occurs to the other photons emerging from the ambient background or the vacuum 
so that after a short time a large e.m. field is built up within the volume occupied by the ensemble of 
molecules. This field attracts inside the volume other similar atoms from the surroundings producing 
an increase of density until the limit density is reached, which corresponds to an interatomic distance 
equal to the diameter of each atom in the largest configuration involved in the oscillation. The oscil-
lation of atoms between the two configurations and the e.m. oscillation are phase locked and hence 
this region is called coherence domain (CD). The motion of molecules, which was previously  
chaotic, now becomes coherent, implying a large decrease of entropy.

The aforementioned dynamics describes exactly the phase transition from a vapour to a liquid and 
gives a simple example of how a novelty can emerge in a dynamics occurring in an elementary sys-
tem. Notice also that this phase transition corresponds to a flow of energy from the vacuum to the 
matter and this breaks the time translation invariance, introducing an internal time of the coherent 
system. The amount of this flow of energy is controlled by the density of matter and by the strength 
of coupling of the units of matter to the e.m. field (this parameter is P in eqn (7)).

This scheme holds for all molecular species. However the case of water [6] is peculiar since in this 
case the coherent oscillation involves an excited configuration at 12.06 eV where there is one elec-
tron just below the ionization threshold of 12.60 eV. Therefore a CD of water whose size according 
to eqn (6) is 1000 Å includes a reservoir of quasi-free electrons. Since, according to [6], the statisti-
cal weight of the excited configuration in the coherent state is 0.13 and the number of component 
molecules of the CD at room temperature is about 5.5 millions, we have about 700,000 quasi-free 
electrons in each CD. As a consequence, the water CD, different than the CDs of other species, can 
be further excited. Each supply of external energy, lower than the ‘energy gap’ that would vaporize 
the domain, could be received by this ensemble of coherent quasi-free electrons producing a collec-
tive motion that because of the coherence would be frictionless [7], so that the lifetime of the induced 
excitation would be quite long (up to weeks or months; see [8]). The moment of inertia I of the 
ensemble of the cloud of quasi-free electrons in the CD is very small, because of the very small mass 
of the electron. Consequently the excitation energy L2/2I of the collective excitations (L is the angu-
lar momentum) could be quite large increasing indefinitely with the angular momentum. Moreover 
these excited states have a magnetic moment proportional to L that is aligned by the ambient  
magnetic field; the earth’s magnetic field plays thus a fundamental role.

The long lifetime of these CD excited states and the alignment of their magnetic moments 
allows to sum up many excitation-producing states with very large angular momenta and very 
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large energies. Water CDs become devices able to pick up high entropy energy from the environment 
and transform it into low entropy energy stored in the CD. This is the precondition for the formation 
of a dissipative structure.

THE BIRTH OF A DISSIPATIVE STRUCTURE3  
The long lifetime of the excited states of water CDs depends on the inability of CDs to release the 
energy in a thermal way, since their effective temperature is quite low because of coherence. In order 
to make possible a CD oscillation, we need to open a channel for the release of energy. This channel 
is offered actually by the possibility of chemical reactions. Since water molecules cannot react 
chemically among them, the presence of other molecules is mandatory. As a matter of fact, there is 
no such thing as pure water; there are always atmospheric gases dissolved into it or even impurities 
such as ions and other molecules. The particular role of bicarbonates is discussed in ref. [9]. As 
mentioned in this ref. [9], a bicarbonate aqueous solution is a system able to concentrate environ-
mental chaotic energy and transform it into high grade free energy of photon emission, due to the 
decrease of its own entropy.

An interesting case is offered by those molecules having in their spectrum an oscillation fre-
quency matching the frequency of oscillation of the water CD, which in its ground state is 0.26 eV 
corresponding to 6.25 * 1013 Hz. These co-resonating molecules can join the collective coherent 
oscillation of the water molecules in the CD. However the different value of their radiative dipoles 
(connected with the intensity of the field wavelets each one of them is able to re-emit after being 
excited) could disrupt the coherence of the ensemble, unless their number would be quite small, say 
less than 1% of the water molecules. In fact, in living matter, water molecules account for 99% of 
the grand total of the molecules and the earlier argument could provide a rationale for the water 
dominance in living organisms; a water CD would not be able to govern coherently an ensemble of 
foreign molecules exceeding the 1%. Under these conditions, the non-aqueous molecules become 
guest molecules of the CD and co-owners of the energy stored in them. When this energy increases 
until reaching the activation energy of the guest molecules, which, different than water molecules, 
are able to react chemically, the excitation energy is transferred resonantly from the CD to the guest 
molecules that, as in a multi-mode laser, discharge the CD producing an ordered pattern of chem-
ical reactions. Since these reactions occur according to a mutual recognition code based on 
resonance, they develop not randomly but according to a code. This means that the molecular 
encounters are selective and very fast since they are induced by a field attraction and do not follow 
a diffusive regime.

According to this interplay between chemistry and electromagnetism, water CDs can enter into an 
oscillatory regime between their fundamental configuration and one among many excited configura-
tions. Each one of these oscillations can give rise to the onset of a coherence among the CDs [10]. 
The size of this ‘super-domain’ is given by the wavelength of the associated e.m. mode, namely by 
the duration of its oscillation times the speed of light c. The duration of oscillation is the conse-
quence of the rate of the energy charge, of the level of the activation energy of the guest molecules 
and of the rate of the chemical reactions.

However the chemical reactions produce an output of energy that cannot but be assumed by the 
same coherent region, producing a shift in its frequency of oscillation, which in turn changes the 
species of guest molecules able to join the coherent oscillation. In this way we gain the possibility 
of a time dependent biochemistry, where the outcome of a particular cycle opens the way to another 
different cycle. In each step of this dynamics the environment enters in a fundamental way through 
the rate of the flow of energy (non-informational parameter) and, more fundamentally, the resonance 
conditions between molecules and CDs (informational parameter).
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We know, see section 1, that in order to produce coherence we need to release energy outwards, 
producing disorder beyond the boundaries of the coherent system. Should the system be much too 
large, the outflow of energy would disrupt its peripheral parts, so that the system should not be larger 
than its maximal coherence super-domain. It is clear that a decrease of the size of this super-domain 
would imply a pathology for the whole system.

The analysis of the supercoherent structure of liquid water, and consequently of its self-organization 
dynamics, is still in an early stage. However the first rough considerations outlined here suggest 
intriguing convergencies with the results obtained in different frameworks by pioneers such as Pri-
gogine [3], Szent-Gyorgyi [2] and Piccardi [11]. The structure of superdomains shows similarities 
with the COOS introduced by Tiezzi and Marchettini in this same issue [12]; in particular we stress 
the appearance in both approaches of an history, of the possibility of an evolution [13]. The concept 
of supercoherence could also provide a rationale for the peculiar properties exhibited by water 
undergoing a living dynamics [14] or by interfacial water [15].

At this point we stop writing, imitating Sherazad who became silent when approaching the most 
telling part of the story.
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