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Abstract
A brief review of the history of the problem is intended to trace the progress in the development of scientific views on the 
structure of water. The discoveries in this area made in the first half of the last century are considered in comparison 
with modern data. It is shown that due to the de facto ban on the study of the structure of water in 1971, work in this 
direction was frozen for a long time. The paradox is that many forgotten truths have been independently "rediscovered" 
in our time, which speaks of their authenticity. On the basis of scientific literature and their own research, the authors 
come to the conclusion that water under room conditions is a micro dispersed system, one phase of which is represented 
by continuous water, and the other - by polywater, discovered in the 70s of the last century.
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1. Introduction 
From the standpoint of world academic science, water at room 
temperature and humidity is still an association of Н2О molecules, 
molecular chains and nanometer-sized clusters dynamically 
changing their structure in femtosecond time [1,2]. By introducing 
certain assumptions, the authors of such views were able to 
explain certain anomalous properties of water and ice with the help 
of molecular modeling. At the same time, information about the 
presence of other phases of water coexisting with the continuum 
one was not taken into account. 

Meanwhile, more than 70 years ago (see review), convincing 
experimental facts were obtained that indicate that water near 
hydrophilic surfaces forms a new phase - a nearsurface layer, 
which is very different in terms of the complex of physical 
properties from bulk water [3]. The thickness of this layer is up 
to hundreds of microns. Direct evidence of the existence of a new 
water phase was presented, including in terms of refractive index, 
diffraction of X-ray and neutron radiation, viscosity, adhesion, 
and the presence of long-range order in structural ordering. This 
information has been repeatedly confirmed by many researchers 

using different techniques of physical experiments. Experimental 
evidence was obtained for the fact that the structure of water 
formed at hydrophilic surfaces corresponds to the structure of 
ice and represents layers of hexagonal structures superimposed 
on each other in one, two, three or four layers [4-7]. It has been 
shown that thin (h <150 µm) layers of water located between glass 
surfaces have shape elasticity [8]. Films with a thickness of 0.35 
μm had the rigidity of metallic lead [9]. The viscosity of water in 
the gap between glass plates separated by 1 μm was many times 
higher than the viscosity of water in the volume, and at a distance 
between the plates of 2.5 μm it was times higher [10,11]. 

The data on the existence of a new phase of water under room 
conditions were not accepted by representatives of "classical 
science". Suffice it to recall the opening and closing of 1 "polivoda" 
(water-II) [12-14]. The water obtained by Soviet scientists during 
the condensation of water vapor in ultra-thin quartz capillaries 
had a significantly higher viscosity, density, refractive index, and 
surface tension than ordinary water. Its dissolving power was 
less. Experiments on obtaining polywater have been successfully 
reproduced in many research laboratories around the world, 
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including Europe, the USA and Australia, and were widely 
discussed in the press and at international forums [15,16]. The 
molecular weight of water-II determined from the vapor density 
exceeded this indicator for ordinary water by 8-10 times, and the 
absorption in the IR region was characterized by two peaks that 
are not characteristic of any other known substance [17]. Based 
on the data obtained, it was assumed that the new substance is a 
polymer consisting of water molecules combined into hexagonal 
cells (Figure 1) [17]. Upon the formation of water-II from ordinary 
water vapor on the surface of fused quartz or glass B.V. Deryagin 

assumed the existence of a special kind of condensation catalysis 
[16]. However, in water samples in a number of laboratories, 
inorganic and organic impurities were found [16,18-20]. In 
addition, unique IR absorption bands characteristic of polywater 
(1595 cm– 1 and 1400 cm– 1) were also found in a sample of human 
sweat [21]. All this, ultimately, served as a reason for accusing the 
authors of the discovery of insufficient purity of the experiment 
and called into question the very existence of the phenomenon 
[22]. At the same time, for example, the hypothesis about the 
possible existence of polywater in biological fluids was ignored.
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Figure 1. Representation of the authors [17] about the molecular structure of polywater: a - 
structural diagram of polywater, consisting of a network of hexagonal blocks; b - monolayer. 

Under the onslaught of skeptical colleagues, the authors were forced to publicly 
“repent” [23,24]. However, it turned out that the "impurities", interacting with the surrounding 
water, significantly change its properties at the interface. In the work [25, p. 68] we read: “A 
new stage in the study of surface phenomena was the discovery of a special structure of layers 
of polar liquids, bordering with the surface of an adjacent phase. Under the influence of this 
surface, polar molecules are oriented relative to it in a certain way, and this orientation is 
transferred from layer to layer over a certain distance. A similar phenomenon was observed for 
the first time in water layers adjacent to the surface of a hydrophilic body. In this case, the 
degree of orientation decreases with distance from the substrate, becoming insignificant at a 
distance of the order of the length of hundreds of molecules. As a result of a change in the 
structure, the properties of the boundary layers of water (refractive index, density, viscosity, 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 May 2021Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 May 2021 doi:10.20944/preprints202105.0212.v1

Figure 1: Representation of the authors about the molecular structure of polywater: a - structural diagram of polywater, consisting of a 
network of hexagonal blocks; b - monolayer [17]

Under the onslaught of skeptical colleagues, the authors were 
forced to publicly “repent” [23,24]. However, it turned out that the 
"impurities", interacting with the surrounding water, significantly 
change its properties at the interface. In the work [25, p. 68] we 
read: “A new stage in the study of surface phenomena was the 
discovery of a special structure of layers of polar liquids, bordering 
with the surface of an adjacent phase. Under the influence of this 
surface, polar molecules are oriented relative to it in a certain 
way, and this orientation is transferred from layer to layer over a 
certain distance. A similar phenomenon was observed for the first 
time in water layers adjacent to the surface of a hydrophilic body. 
In this case, the degree of orientation decreases with distance from 
the substrate, becoming insignificant at a distance of the order of 
the length of hundreds of molecules. As a result of a change in the 
structure, the properties of the boundary layers of water (refractive 
index, density, viscosity, dissolving ability) differ from the normal 
one’s characteristic of the volume of water. The freezing point also 
changes. It is for this reason, as we have shown, that in permafrost 
regions the layers of water adjacent to the particles of hydrophilic 
clays do not freeze, at least at temperatures not lower than -10 
° C. " And further (p. 70): “According to its optical properties, 
the boundary layer is homogeneous and anisotropic, like liquid 
crystals, and is separated from the bulk phase by a sharp interface. 
Thus, in addition to the previously known solid, liquid and gaseous 
phases, there are "boundary phases" of a strictly defined thickness, 
which naturally decreases with increasing temperature. " 

2. Current Data 
After the "exposure" of the researchers of the new phase of water, 
the work in this direction was frozen and partially forgotten. 
However, after half a century, the opinion that liquid water is two-
phase resurfaced. According to modern data, the simplest model of 
the structure of liquid water assumes the existence of two separate 
microscopic phases [26–31]. Many physical quantities exhibit 
behavior that suggests the presence of two states in liquid water. 
For example, infrared and Raman spectra, as well as the presence 
of an isobestic point in the Raman spectra, are considered as a 
clear sign confirming the model of a mixture of two phases [31]. 
According to Preparata et al, liquid water is a two-component 
liquid system consisting of a coherent phase (about 40% of the 
total volume at room temperature) and an incoherent phase [32]. 
Thin films of water of ice-like structure with a thickness of several 
molecular layers on hydrophilic surfaces have been rediscovered 
[33–37]. Obviously, these water films are formed from water 
vapor present in the ambient air, since their thickness depends on 
humidity. 

At this nanoscale level, interfacial water near hydrophilic surfaces 
exhibits a viscosity of about 2 to 106 times that of bulk water, while 
no significant changes in the viscosity of water near hydrophobic 
surfaces are observed [38]. When a hydrophilic surface is 
immersed in water, a layer of structured liquid crystalline water 
up to 500 μm thick forms near it in a few minutes, displacing ions 
and microparticles from it, which are usually present in an aqueous 
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medium [39,40]. An exclusion zone (EZ) is formed, due to which 
the concentration of ions and particles in free water increases, 
increasing also its osmotic pressure [41]. It is believed that the thin 
ice-like layer that covered the previously dry surface is used as 
a matrix for EZ growth [42–44]. Molecular dynamics has shown 
that water / solid and water / air interfaces strongly affect the 
structure and intermolecular dynamics of sessile water droplets, 
and suggests that intermolecular dynamics in other systems with 
interfaces differs from that in liquid water [45]. Interfacial water 
EZ is much more viscous than bulk water [46].
 
Despite the abundance of experimental evidence for the existence 
of the near-wall phase of water, a number of researchers stubbornly 
continue to deny this fact [47-51]. Several alternative explanations 
for EZ have been presented, in particular, Schurr's theory based on 
chemotaxis and diffusionophoresis [47]. This theory was strongly 
supported by Elton et al and Esplandiu et al [48,49]. Another 
view of the formation of EZ is associated with swelling in water 
and partial destruction of Nafion, a solid polymer electrolyte, a 
popular owner of hydrophilic surfaces [50,51]. When this polymer 
swells, its fibers partially untwist and go out into bulk water. Such 
elongated strands can also form a rigid, parallel palisade that can 
repel colloidal microparticles; this, according to the authors of, 
creates the effect of an exclusion zone near Nafion [51]. Analysis 
of alternative opinions is beyond the scope of this work. Pollack 
clearly commented on skeptical statements about the formation 
of a special near wall layer of water: “In sum, the four issues of 

challenge fail to derail the original line of interpretation, that the 
EZ is a distinct, ordered structure that excludes solutes. Ample 
evidence for this interpretation (which Schurr seems to have 
missed) lends strength to this view” [52]. Further, we present 
works that, in our opinion, clearly indicate the existence of an 
additional phase in liquid water. 	

3. Additional Research Methods and Materials Used 
Two decades ago, sensational information appeared that liquid 
water is a heterogeneous polydisperse system [53-58]. To detect 
this fact, the following methods were used: visualization using 
laser radiation, which makes it possible to capture an insignificant 
difference in the refractive indices of two phases of water; laser 
modulation interference phase microscopy and scattering of 
laser radiation in aqueous media purified from solid impurities; 
static and dynamic small-angle light scattering; method of small 
scattering angles in bidistilled water [53-56,58]. Measurements 
showed the presence in water of a spectrum of clusters in the range 
of 1.5 - 6.0 microns, as well as giant clusters tens and hundreds 
of microns in size. In Figure 2 shows a microphoto of ultrapure 
water preparations (OST 34-70- 953.2-88, specific conductivity 
0.04-0.05 μS / cm, pH 5.4-7.0), distilled water (TU 2384-009-
48326337-2015, specific 84 electrical conductivity 4.5 μS / cm, 
pH 7.0) and mineral water "Seraphim Dar" (mineralization 0.05-
0.12 g / l). The thickness of the liquid layer in the preparations is 8 
μm, the width of each frame is 3 mm.
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Figure 2: The structure of ultrapure water (a, b) immediately after depressurization of the container is also a microdispersion and 
fundamentally corresponds to the structure of distilled (c) and mineral (d) water. The width of each frame is 3 mm [59]

The fact that water is a polydisperse system can be verified by 
observing under a microscope a drop suspended in a micro-hole 

0.5 mm in diameter made in a plastic substrate (Figure 3).
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Figure 3. Microstructure of liquids in the "hanging drop" preparation. Liquid placed in a hole in 
a plastic plate with a diameter of 0.5 mm. Microscopy "through liquid": a - distilled water; b - 
tap water; c - water of the Black Sea [59]. 

After evaporation of equal volumes of water samples presented in Fig. 3, it turned out that the 
mass of the solid sediment corresponds to the proportion a: b: c = 0.2: 0.45: 2.5. In other 
words, the degree of dispersion of water in the volume turned out to be inversely proportional 
to the mass of substances dissolved in it. The fact that the dispersed phase of water is not an 
optical illusion can also be seen by examining the layer of water between the slide and the 
cover glass during the evaporation of the liquid phase (Figures 4, 5). 

 

Figure 4. The “crushed drop” preparation is a thin layer of liquid between the slide and the 
cover glass during the evaporation of the liquid phase of water through the slits between the 
glasses. Evaporating through the edges of the preparation, the liquid recedes to the center, 
leaving a solid sediment on its way (Fig. 5): L - Liquid phase, S - Solid sediment. 
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After evaporation of equal volumes of water samples presented 
in Figure 3, it turned out that the mass of the solid sediment 
corresponds to the proportion a: b: c = 0.2: 0.45: 2.5. In other 
words, the degree of dispersion of water in the volume turned out 
to be inversely proportional to the mass of substances dissolved 

in it. The fact that the dispersed phase of water is not an optical 
illusion can also be seen by examining the layer of water between 
the slide and the cover glass during the evaporation of the liquid 
phase (Figures 4, 5).
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Figure 5. Microphoto of a part of the “crushed drop” preparation (Fig. 4) in the process of 
evaporation of the liquid phase. Fragment a: on the right (light part) - an evaporating liquid; on 
the left (dark part) the dispersed phase of water settling on a substrate; b - fragment a, limited 
by a light square, at higher magnification. Frame width “a” is 3 mm [60]. 

In smears prepared from water and aqueous solutions, the dispersed phase is visible in the 
form of aggregates (Figure 6) [61]. 

 

Figurure 6. Aggregates of the dispersed phase in dried smears: a- distilled water; b - dry white 
wine; c, d - water solution of “Nescafe Gold” freeze-dried coffee. Microphoto. The width of 
each frame is 3 mm [61]. 

a

b
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Figure 6: Aggregates of the dispersed phase in dried smears: a- distilled water; b - dry white wine; c, d - water solution of “Nescafe 
Gold” freeze-dried coffee. Microphoto. The width of each frame is 3 mm [61]

In Figure 7 clearly visible aggregates of the dispersed phase of water in a thin layer of an aqueous solution of freeze-dried coffee 
“Nescafe Gold” (250 mg / 100 ml).
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In Figure 7 clearly visible aggregates of the dispersed phase of water in a thin layer of an 
aqueous solution of freeze-dried coffee “Nescafe Gold” (250 mg / 100 ml). 

 

Figure 7. A layer of coffee solution between the slide and the cover slip is 8 µm thick. 
Aggregates of the dispersed phase are visible. 

Below is a diagram of the proposed organization of the structural unit of the micro-aggregate of 
the dispersed phase (Figure 8). 

 

Figure 8. Scheme of the proposed organization of the structural unit of the microaggregate of 
the dispersed phase. 

It is obvious that individual microaggregates can be combined into larger formations. 
Earlier, we put forward a hypothesis, which received experimental confirmation that the basis 
of the dispersed phase of water are microcrystals of NaCl salt, surrounded by a thick liquid 
crystal shell of hydrated water [60, 62]. The evolution of water sediments drying in the open air 
has been traced [62, 63]. It was shown that the aggregates do not evaporate at room 
temperature, exhibit the properties of a viscous liquid, do not dissolve in organic solvents 
(ether, hexane), but break down in strong salt solutions (Figure 9). 
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It is obvious that individual microaggregates can be combined 
into larger formations. Earlier, we put forward a hypothesis, which 
received experimental confirmation that the basis of the dispersed 
phase of water are microcrystals of NaCl salt, surrounded by a 
thick liquid crystal shell of hydrated water [60,62]. The evolution 

of water sediments drying in the open air has been traced [62,63]. 
It was shown that the aggregates do not evaporate at room 
temperature, exhibit the properties of a viscous liquid, do not 
dissolve in organic solvents (ether, hexane), but break down in 
strong salt solutions (Figure 9).
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Figure 9. Dried sediment of coffee solution: a - after two hours of extraction with hexane, the 
dispersed phase aggregates retain their integrity; b - after adding NaCl to the coffee solution at 
a dose of 4.0 g / 100 ml, the dispersed phase aggregates are destroyed. 

The fact that an increase in NaCl concentration destroys the EZ structure was also 
reported by the authors of publications [64–66]. This fact confirms the common nature of the 
dispersed phase of water and EZ. 

According to the results of gas chromatography-mass spectrometric analysis of a sample 
of dried coffee for water content, in the temperature range of 200 - 300 ° C, the amount of 
water released from the analyzed sample increases abruptly, which may be associated with the 
destruction of its polymer structure [67] (Figure 10, Table 1.). 

 

Figure 10. Results of gas chromatography-mass spectrometric analysis of a sample of dried 
coffee for water content. A sharp increase in water evaporation occurs in the range of 200 - 300 
° C, which may be associated with the destruction of the polymer structure of hydrated water. 

To determine the relative density of dispersed phase aggregates, we centrifuged a Nescafe 
Gold coffee solution (250 mg / 100 ml of water) for 20 min at 1.5 thousand rpm and prepared 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 May 2021Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 May 2021 doi:10.20944/preprints202105.0212.v1

Figure 9: Dried sediment of coffee solution: a - after two hours of extraction with hexane, the dispersed phase aggregates retain their 
integrity; b - after adding NaCl to the coffee solution at a dose of 4.0 g / 100 ml, the dispersed phase aggregates are destroyed

The fact that an increase in NaCl concentration destroys the EZ 
structure was also reported by the authors of publications [64–66]. 
This fact confirms the common nature of the dispersed phase of 
water and EZ. 

According to the results of gas chromatography-mass spectrometric 
analysis of a sample of dried coffee for water content, in the 
temperature range of 200 - 300 ° C, the amount of water released 
from the analyzed sample increases abruptly, which may be 
associated with the destruction of its polymer structure (Figure 10, 
Table 1.) [67].
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water released from the analyzed sample increases abruptly, which may be associated with the 
destruction of its polymer structure [67] (Figure 10, Table 1.). 

 

Figure 10. Results of gas chromatography-mass spectrometric analysis of a sample of dried 
coffee for water content. A sharp increase in water evaporation occurs in the range of 200 - 300 
° C, which may be associated with the destruction of the polymer structure of hydrated water. 

To determine the relative density of dispersed phase aggregates, we centrifuged a Nescafe 
Gold coffee solution (250 mg / 100 ml of water) for 20 min at 1.5 thousand rpm and prepared 
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Figure 10: Results of gas chromatography-mass spectrometric analysis of a sample of dried coffee for water content. A sharp increase 
in water evaporation occurs in the range of 200 - 300 ° C, which may be associated with the destruction of the polymer structure of 
hydrated water

To determine the relative density of dispersed phase aggregates, 
we centrifuged a Nescafe  Gold coffee solution (250 mg / 100 ml 
of water) for 20 min at 1.5 thousand rpm and prepared smears from 

the upper, middle, and lower parts of the centrifugate. The results 
are shown in Figure 11.
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Fig. 11. 

 

Figure 11. Microphoto of smears of Nescafe Gold coffee (250 mg / 100 ml of water), before and 
after centrifugation for 20 min at 1.5 thousand rpm. Samples were taken before centrifugation 
(a) and after, from different heights of the centrifuge tube: b - from the upper part, c - from the 
middle part, d - from the lower part. Frame width - 3 mm. 

Most of the complete aggregates were contained in the upper and middle parts of the tube. 
From this fact, it can be concluded that the dispersed phase is close in density to continuous 
water. More accurate measurements are needed. 

The authors of [68] reported the discovery of isolated stable water clusters ranging in 
size from tens of nanometers to microns as a result of the evaporation of a highly dilute sodium 
chloride solution (10–7 M) at room temperature and normal atmospheric pressure. Stable water 
clusters are electrically charged (from 1.257 V to −0.246 V), as shown by studies using an 
electric force microscope. Raman scattering and infrared spectra of sediments show similar but 
not identical characteristics to liquid water. We will return to this information later. A review of 
modern works on the existence of isolated stable water clusters was made by Ho [69]. In 
studies [70, 71], water structures are described, some of which, according to the authors' 
assumption, are accumulations of gas microbubbles. The above facts leave no doubt that water 
is a polydisperse system. According to Borilo [72, p. 18] “Dispersion (or specific surface area) is 
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Figure 11: Microphoto of smears of Nescafe Gold coffee (250 mg / 100 ml of water), before and after centrifugation for 20 min at 1.5 
thousand rpm. Samples were taken before centrifugation (a) and after, from different heights of the centrifuge tube: b - from the upper 
part, c - from the middle part, d - from the lower part. Frame width - 3 mm

Most of the complete aggregates were contained in the upper and 
middle parts of the tube. From this fact, it can be concluded that 
the dispersed phase is close in density to continuous water. More 
accurate measurements are needed. 

4. Discussion 
The authors reported the discovery of isolated stable water clusters 
ranging in size from tens of nanometers to microns as a result of the 
evaporation of a highly dilute sodium chloride solution (10–7 M) 
at room temperature and normal atmospheric pressure [68]. Stable 
water clusters are electrically charged (from 1.257 V to −0.246 V), 
as shown by studies using an electric force microscope. Raman 
scattering and infrared spectra of sediments show similar but not 
identical characteristics to liquid water. We will return to this 
information later. A review of modern works on the existence of 
isolated stable water clusters was made by Ho [69]. In studies, water 
structures are described, some of which, according to the authors' 
assumption, are accumulations of gas microbubbles [70,71]. The 
above facts leave no doubt that water is a polydisperse system. 
According to Borilo [72, p. 18] “Dispersion (or specific surface 
area) is an independent thermodynamic parameter of the state of 
the system, a change in which causes corresponding changes in 

other equilibrium properties of the system. Dispersion acts as an 
intense feature of the system. This value can be compared with 
concentration, that is, with the amount of surface per unit volume. 
Thus, the surface acts as a separate component. In this case, you 
can draw an analogy with temperature or pressure. Preliminary 
consideration shows that dispersion is an independent and full-
fledged thermodynamic parameter of the system. ... Thus, the 
surface tension is a partial derivative of any thermodynamic 
potential with respect to the interfacial area at constant 
corresponding parameters.” This pattern was also demonstrated 
with specific examples in [73]. 

The destruction of water units by mechanical action does not raise 
questions. It turned out that low-intensity light also leads to the 
dissociation of the microdispersed phase of water. In Figure 7 
shows the result of irradiating water with a 20 mW green LED 
laser for 10 minutes. Natural mineral drinking water "Serafimov 
Dar" was used in the experiment. Water was poured into a 100 ml 
glass beaker; the light source was placed vertically directly above 
the water surface in the central zone equidistant from the glass 
walls. The microdispersed phase of water was examined under a 
microscope before and after irradiation (Figure 12).
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the surface tension is a partial derivative of any thermodynamic potential with respect to the 
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The destruction of water units by mechanical action does not raise questions. It turned 
out that low-intensity light also leads to the dissociation of the microdispersed phase of water. 
In fig. 7 shows the result of irradiating water with a 20 mW green LED laser for 10 minutes. 
Natural mineral drinking water "Serafimov Dar" was used in the experiment. Water was poured 
into a 100 ml glass beaker; the light source was placed vertically directly above the water 
surface in the central zone equidistant from the glass walls. The microdispersed phase of water 
was examined under a microscope before and after irradiation (Figure 12). 

 

Figure 12. Microstructure of natural mineral drinking water "Serafimov Dar". Microscopy of a 
liquid layer ~ 16 μm thick before (a) and after (b) irradiation of a glass with water with a 20 mW 
green laser for 10 minutes. 

 It is obvious that irradiation led to the dissociation of large aggregates of the 
microdispersed phase. Simultaneously, there was also a decrease in the electrical capacity of 
the liquid by ~ 1 pF [74]. The changes were reversible and returned to baseline within an hour. 
A review of the available literature on the results of the impact on water of various disturbing 
factors of a physical nature made it possible to conclude that they all lead to the same 
consequences - an increase in pH, a decrease in ORP, an increase in electrical conductivity, and 
a decrease in viscosity [73]. We associate these changes with the destruction of aggregates of 
the dispersed phase of water and an increase in the specific surface area of the system. 
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Figure 12: Microstructure of natural mineral drinking water "Serafimov Dar". Microscopy of a liquid layer ~ 16 μm thick before (a) and 
after (b) irradiation of a glass with water with a 20 mW green laser for 10 minutes

It is obvious that irradiation led to the dissociation of large 
aggregates of the microdispersed phase. Simultaneously, there 
was also a decrease in the electrical capacity of the liquid by ~ 
1 pF [74]. The changes were reversible and returned to baseline 
within an hour. A review of the available literature on the results 
of the impact on water of various disturbing factors of a physical 
nature made it possible to conclude that they all lead to the same 
consequences - an increase in pH, a decrease in ORP, an increase 
in electrical conductivity, and a decrease in viscosity [73]. We 
associate these changes with the destruction of aggregates of the 
dispersed phase of water and an increase in the specific surface 
area of the system. 

The development of an original technique for obtaining samples of 
"solid-state water" by the method of repeated rinsing of hydrophilic 
surfaces in high-purity water and subsequent lyophilization of the 
used liquid allowed the authors to obtain solid-state microstructured 
sediment [75-82]. The structure of the sediment depended on the 
nature of the hydrophilic substrate used (nafion, cellophane, cotton 
wool, filter paper). The physicochemical properties of water after 
repeated contact with different hydrophilic surfaces had a number 
of similar features: all samples contained associates 10–4 m in size, 
but in different concentrations, had a higher density and electrical 
conductivity than the initial water. According to the authors, the 
associates were a detached from the surface and crumpled EZ, 
as a result of mixing and deformation of the surfaces [81]. When 
water was disturbed by cellulose preparations, in particular, pH, 
electrical conductivity, heat of mixing with acids or bases, and 
density changed. It is natural to assume that the nature of these 
changes is also associated with an increase in the specific surface 
area of the system caused by multiple mechanical disturbances. 
 
In particular, this fact is confirmed by the linear correlation between 
electrical conductivity and other physicochemical variables [75]. 
In this case, the use of quantum electrodynamic field theory to 

explain the observed changes seems to us excessive, since the 
determining events, as we see, develop not at the atomic, but at the 
micrometer level [83,84]. Thus, the classical concepts of water as a 
liquid homogeneous at the micrometer level must be revised, since 
they do not correspond to reality. 

Based on the features of the IR spectrum, the deconvolution 
of the OH stretching peak between 2880 and 3800 cm– 1 shows 
the complete disappearance of the higher energy component 
by about 3600 cm– 1 relative to bulk water [75]. This feature is 
characteristic of OH stretching in ice. It is also noted that “Other 
features appearing at 1418 cm-1 and 1105 cm-1, that are not present 
in liquid water, are difficult to attribute univocally at the present 
stage of knowledge.” [74, p. 22]. Let us recall that the authors of 
the discovery of polywater faced a similar problem more than 
50 years ago: "the complete absence of absorption from 2500 to 
4000 cm-1, the presence of a strong band at about 1595 cm-1 and 
an intense doublet in the region of 1400-1" [17]. ... And further: 
“… we believe that water is restructured on the fused quartz or 
Pyrex surface into a polymeric form with bonds and bond energies 
completely different from that of ordinary water. Its properties 
are not those of water, and it should not be considered to be or 
even called water, any more than the properties of the polymer 
polyethylene can be directly correlated to the properties of the 
gas ethylene. In the case of the formation of polyethylene, a bond 
change occurs. In the case of polywater, a bond change also occurs, 
although it has previously been unknown. … Vibrational spectra 
indicate unique stable polymeric structure” [17, p. 1486]. As you 
can see, the authors of the discovery of "polywater" also obtained 
it upon contact of ordinary water with hydrophilic surfaces - fused 
quartz and glass. Let us return to the publication by Lo et all [68]. 
The structures discovered by the authors - stable water clusters - 
at room temperature also had characteristic differences in the IR 
spectrum from ordinary water: the absorption peaks for pure water 
are 3283.5 cm- 1 and 1634.5 cm- 1. The absorption peaks for stable-
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water-clusters are 3371.4 cm- 1, 1639.5 cm- 1, 1342 cm- 1, 822.5 cm- 

1. We see the same "red shift" and characteristic absorption for 
"water structures" obtained by other authors. The IR spectrometric 
analysis of the Nescafe Gold coffee solution1, in which we clearly 
observed aggregates of the dispersed phase of liquid crystalline 
water, revealed similar shifts [67]. To obtain the IR spectrum, 
a part of the sample dried to constant weight was ground in an 
agate mortar with a certain amount of KBr powder and pressed 
into a tablet. The IR spectrum was recorded on an IRRAFINITY-1 
instrument (Shimadzu) in the range of wave numbers 400 - 4000 
cm- 1. The spectrum of a pure KBr tablet was used as a background. 
In Figur 13 shows the IR spectrum of the sample at room 

temperature. It can be seen that, along with residues of free water 
(3381.2 cm- 1), there are bands characteristic of structured water (~ 
1600 cm- 1, ~ 1400 cm- 1, ~ 1100 cm- 1). 

 Thus, all the detected stable aqueous structures have similarities 
in the features of the IR spectrum characteristic of polywater. Does 
this mean that there are only two phases of water - continuous and 
near-wall (EZ), and the latter can also exist in the form of “water 
structures”: EZ near hydrophilic impurities or EZ, exfoliated from 
the substrate [60,64]. This second phase of water has a unified 
structure and corresponds to the previously described polywater 
[17]. 

12 
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Figure 13. IR spectrum of dried powder of aqueous coffee solution at room temperature. 

By the way, certain differences in the appearance of "dry water" obtained by iteration 
and lyophilization from different substrates (Nafion, cellophane, cotton wool, paper filter) can 
be explained by the presence of microparticles of these substrates in the sediments (see, for 
example, Fig. 2b [74 ]; Fig. 1-3 [78]; Fig. 6.7 [80]; Fig. 6.7 [81] All used substrates have a fibrous 
structure [82, 83], the micro-fragments of which can be torn off during repeated friction against 
water Since all the substrates used are hydrophilic, EZ is formed on their surface, which is 
revealed through the characteristic absorption in the IR spectrum.  

This brief review is devoted to the discovery and development of only one idea about 
the interaction of water with hydrophilic surfaces and the existence of two phases of water at 
room temperature. These are continual water and structured water EZ, which is similar to 

                                                           
1 The analysis was carried out in the laboratory of the N.I. Lobachevsky (head – Dr. V.F. Zanozina). 
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Figure 13: IR spectrum of dried powder of aqueous coffee solution at room temperature

By the way, certain differences in the appearance of "dry water" 
obtained by iteration and lyophilization from different substrates 
(Nafion, cellophane, cotton wool, paper filter) can be explained by 
the presence of microparticles of these substrates in the sediments 
(see, for example, Figure. 2b; Figure. 1-3; Figure. 6.7; Figure. 6.7 
[74,78,80,81]. All used substrates have a fibrous structure, the 
micro-fragments of which can be torn off during repeated friction 
against water [82,83]. Since all the substrates used are hydrophilic, 
EZ is formed on their surface, which is revealed through the 
characteristic absorption in the IR spectrum.  

This brief review is devoted to the discovery and development 
of only one idea about the interaction of water with hydrophilic 
surfaces and the existence of two phases of water at room 
temperature. These are continual water and structured water EZ, 
which is similar to polywater. This, in our opinion, is sufficient for 
a consistent explanation of all the phenomena described to date. 

We have not touched upon the alternative opinion of a number 
of physicists - theorists on the structuring of water by the action 

of a "vacuum electromagnetic field" on it. According to Giuliano 
Preparata, Emilio Del Giudice and colleagues, liquid water is 
a two-fluid system, consisting of a coherent and incoherent 
phases [83]. In the coherent phase, water molecules vibrate 
between two electronic configurations in phase with a resonating 
electromagnetic field (EMF) and, as a result, large stable coherent 
domains (CD) with a diameter of about 100 nm are formed in it at 
ordinary temperature and pressure. It is argued that these CDs can 
be responsible for all the special properties of water etc. Not all 
authors agreed with the adequacy of the presented model [69,83-
86]. An attempt to combine two different views on the structure 
and dynamics of water was made in [86]. Undoubtedly, the 
involvement of quantum electromagnetic dynamics in the study of 
Nature is a promising theoretical tool, however, in the application 
to the problem considered here, we do not find a place for it. Let us 
summarize what has been said. 

5. Conclusion 
Under room conditions, water is a microdispersed system with 
all its inherent properties. There are two phases of water: this is 
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the usual continuous water and water, which is a cyclic polymer 
Н2О, consisting of flat layers of hexagonal cells superimposed on 
each other (polywater). Polywater can exist as a near wall layer 
at hydrophilic surfaces (EZ), and as “micron-sized structures” 
floating in continual water. The structures are prone to the formation 
of aggregates (coagulates) tens and hundreds of microns in size. 
The degree of water dispersion determines its physicochemical 
properties. The downsizing of aggregates by any disturbance leads 
to a decrease in viscosity, an increase in electrical conductivity, 
an increase in pH, and a decrease in ORP. That is, the reason for 
the change in properties lies at the micrometer level, accessible 
for observation under an ordinary light microscope, and this 
reason is a change in the "surface concentration". We consider the 
continuation of research in this area to be promising. 

In conclusion, let us remember the statement of A. Schweitzer: 
"Any truth is first ridiculed and then recognized." 
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