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Abstract: Water vapor absorbs well in the infrared (IR) region of the spectra. On the other hand, it
was recently demonstrated that IR radiation promotes formation of the so-called exclusion zones (EZ)
at the interfaces between hydrophilic surfaces and water. EZ-water properties differ significantly
from that of bulk water. It was studied for the first time whether treatment of water with humid air
irradiated with IR-C band could change its physical-chemical properties, making it EZ-water-like.
Humid air irradiated with IR was called coherent humidity (CoHu). Redox potential and surface
tension decreased in deionized water and mineral water samples that were treated with CoHu, while
dielectric constant increased in such water samples. After such treatment of carbonate or phosphate
buffers, their buffer capacity against acidification and leaching significantly increased. No such
changes were observed in water samples treated with non-irradiated humid air. Thus, after treatment
of tested aqueous systems with humid air exposed to IR radiation, their properties change, making
them more like EZ-water. The results suggest that IR irradiation of humid air converts it into a carrier
of a certain physical signal that affects water properties.

Keywords: water vapor; coherent phase; exclusion zone; redox potential; pH; infrared; microdroplets

1. Introduction

There is more and more evidence that water, the most common substance in nature
and in particular in all living organisms, performs not only the function of a solvent, but
also carries certain active functions due to its ability to cooperate and form supramolec-
ular structures with physicochemical properties that differ from those expected for the
ideal homogeneous water [1,2]. Indeed, atomic force microscopy allowed to image up to
millimeter large stable water clusters consisting of millions of water molecules present
in bulk water [3]. An idea of heterogeneous water was also supported by the dynamic
light scattering that allowed to detect stable supramolecular complexes in the range of
hundreds of nanometers in water that could be formed and reorganized, which at least
complements the flickering water clusters model that was suggested earlier [4]. Mae Wan
Ho et al. demonstrated that water inside living organisms, unlike bulk water, exhibits
properties of a liquid crystal [5]. X-ray emission spectroscopy and neutron diffraction study
provided evidence that there is high-density water and low-density water [6,7]. According
to these authors, high-density water is characterized by strong hydrogen bonds between
molecules surrounded by low-density water with weak hydrogen bonds.

Formation of heterogeneous water is often triggered by particles in water and by
surfaces that it wets. The phenomenon of the formation of negatively charged exclusion
zones (EZ) in water at hydrophilic surfaces that exclude most solute molecules and have
peculiar physicochemical properties has been described years ago [8]. The size of EZ-water
varies from tens of nanometers to hundreds of microns, depending on the properties of the
surface, quality of water and electromagnetic influences on water [9]. Thus, illumination
with infrared (IR) light leads to the increase of EZ as it weakens bonding between water
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molecules in bulk water adjacent to EZ-water, and “free” water dipoles are attracted to
the negatively charged EZ-water region and support its buildup [10]. In another study,
the formation of structured water with the use of infrared radiation emitting ceramic
powder without its contact with water was demonstrated [11]. As all liquids of a living
organism are constantly in contact with hydrophilic surfaces (biopolymeric molecules,
supramolecular complexes, cell surfaces), EZ research is important for understanding the
fundamental mechanisms of biological action.

Absorption characteristics of IR light by water are determined by rotation and vi-
bration of its molecules. According to Hamashima et al., the spectral signature of a fully
hydrated, four-coordinated water molecule is in the hydrogen-bonded O-H stretch region
of the IR spectra at 3000–3600 cm−1, depending on the cluster size [12]. In liquid water,
hydrogen bonding limits rotational and vibrational changes of water molecules that occur
after adsorption of visible and infrared light. In vapor, the gaseous state, rotation of the
water molecule is free, combined with stretching and bending of the O-H bonds of water
with absorption in the IR spectra region, and leads to a huge number of rotational and
vibrational combinations [13,14]. Interestingly, large, hydrogen-bonded water clusters of
water molecules make the major contribution to water vapor and humid air absorption
in IR regions where individual water molecules do not absorb [15]. The ratio of water
liquid-to-vapor IR absorption coefficients can be as high as 104. Researchers suggested a
hypothesis that water vapor anomalous adsorption can be explained by the presence of
areas in vapor rich with hydrogen bonding, which resembles liquid water, whose hydrogen
bonds adsorb intensely in the IR region. It is the presence of hydrogen bonds that is
responsible for the absorption of electromagnetic energy by clusters in the infrared range.
This peculiar adsorption was regarded as an indicator of the presence of water clusters.
However, these clusters were considered neutral and uncharged.

There is experimental proof that aqueous systems are capable of storage, modification
and transmission of external electro-magnetic signals from a source molecule to biological
targets, specifically affecting their endogenous activity and closely resembling the effect
of a source molecule via a resonance effect [16]. Here, we irradiate humid air with IR
energy with the wavelength of 4000 nm and inquire if such air can change the properties of
distilled and mineral bottled waters.

2. Materials and Methods
2.1. Water Preparation

Type I pure deionized water was prepared with Millipore Direct Q3, Merck, and stored
in a 500 mL sterile dark borosilicate glass bottle. Senezhskaya and BioVita mineral waters
were purchased in 1.5 L plastic bottles. The chemical characteristics of Senezhskaya water
were as follows: pH 7.52, [HCO3

−] 350 mg/L, [Na+] 5.5 mg/L, [K+] 11.8 mg/L, [Ca2+]
67 mg/L, [Na+] 6.9 mg/L, [Mg2+] 27 mg/L, [Cl−] 39 mg/L, total hardness 5.2 grains/gal,
total mineralization 496 mg/L. The chemical characteristics of BioVita water were as fol-
lows: pH 7.6, [HCO3

−] 487 mg/L, [Na+] 7.4 mg/L, [K+] 17.3 mg/L, [Ca2+] 94 mg/L, [Na+]
6.9 mg/L, [Mg2+] 20 mg/L, [Cl−] 49 mg/L, total hardness 5.5 grains/gal, total mineraliza-
tion 513 mg/L, and measurements were performed according to standard specifications
presented by the American public health association [17]. Water from bottles was trans-
ferred in 500 mL sterile dark borosilicate glass bottles. Then, the bottles were left in a dark
place at room temperature and were treated with humid air irradiated with IR afterwards.

2.2. Water Treatment

CoHu was produced with a NanoVi Exo (Eng 3 Corporation, Seattle, WA, USA) device
that generates humid air with particles 1–10 µm in size out of pure distilled water (Figure 1).
The device consists of a humidifier, excitation unit and a control unit. The method involves
humidification of the carrier air with water microdroplets, irradiating it with infrared
electromagnetic energy and treatment of bulk water or other objects with the irradiated
humid air. Unpurified ambient air with initial humidity of 25–30% is used as the carrier
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gas. The pump (in) takes in ambient air and presses it through the diffuser to water in the
humidifier glass container. The pump (out) takes the humidified air above water in the
humidifier glass container and presses it through the quartz glass tube of the excitation
unit. Each pump creates an air output of 3–4 L per minute. The pump membrane is made
of medical grade silicon rubber. The humidified airstream (70–85% humidity) goes to the
excitation unit equipped with 24 LEDs, a heat sink element and a thermo sensor. The
humid air goes through a 40 mm long quartz glass tube with an inner diameter of 3 mm.
Within the glass tube, the water vapor absorbs energy that is emitted by the LEDs placed
around the tube at a distance of 2.3 mm. The diameter of each LED is 4.7 mm, and they
emit IR energy at about 4000 nm with a beam cone of 30◦and the output power of 700 pW.
The control unit allows to switch the LEDs off and to obtain the non-irradiated humid
air for control measurements. After exiting the excitation unit, humid air exits the device
through the 70 cm long flexible plastic outlet with the inner diameter of 3.2 mm.
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Figure 1. The scheme of the apparatus for CoHu preparation.

Pure and mineral waters were placed in sterile 20 mL glass flasks, and a humid air
supply tube was placed 5 cm above the water surface in ambient light. Three parallel 20 mL
samples were treated with CoHu and non-CoHu for 1 to 3 min depending on experiment
design. Two ways of application of CoHu and non-CoHu were suggested — “blowing” the
airstream above the water surface and “bubbling” the airstream via immersion of sterile
shortened medical PVC cannula (Philips, Amsterdam, Netherlands) into water samples.
Untreated samples were left as controls. Then, the samples were covered with Parafilm,
and water parameters were measured within 5 min.

2.3. Redox Potential Measurement

Redox potentials were measured using the potentiometer Ekspert-001 (Ekoniks-
Ekspert, Moscow, Russia) equipped with combined Pt/AgCl electrodes in control samples,
samples treated with non-CoHu and CoHu for 2 min. In all three groups of samples, redox
potential was measured for 10 min continuously and once in an hour during 2 h after
treatment, with humid airstream at 21 ◦C. Measurements were repeated with intervals of
5–10 min.

2.4. Surface Tension Measurement

Surface tension of water samples was measured by using the KSV Instruments Sigma
702 ET tensiometer using the ring method. Surface tension was calculated based on the
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maximum tension at the moment when a platinum-iridium ring, being slowly pulled out of
the liquid sample, broke the surface. Surface tension measurements were repeated 3 times
for each group of samples. CoHu or non-CoHu were applied to 20 mL water samples
during 5 min.

2.5. Dielectric Constant Measurement

Dielectric constant in pure water and mineral waters, along with samples treated with
CoHu and non-CoHu, was measured using the Brookhaven Instruments BI 870 dielectric
constant meter at 25 ◦C with 2% accuracy at 10 kHz. The measurements were repeated
3 times for each group of samples and controls. Treatment with CoHu or non-CoHu was in
10 mL liquid samples during 2 min.

2.6. pH Measurements

Ultra-pure water was obtained as described above. Sodium bicarbonate, HCl, NaOH,
Na2HPO4 and NaH2PO4 were purchased from Sigma-Aldrich (St. Louis, MO, USA).

This experiment had a goal to access the ability of CoHu, the humid air irradiated
with IR electromagnetic frequency, to affect buffer capacity of water and buffer solutions.
We used pure water, 0.01 M bicarbonate buffer with pH 8.2 and 0.05 M phosphate buffer
with pH 7.0. Ultra-pure water was obtained as described above. Sodium bicarbonate, HCl,
NaOH, Na2HPO4 and NaH2PO4 were purchased from Sigma-Aldrich (USA).

Ten mL of a buffer was put into a glass beaker with a magnet, and the beaker was
placed on a magnetic mixer. Experimental and control samples were treated with CoHu or
with non-CoHu for either 1 or 3 min. Samples were treated with air-humidity using the
blowing method without immersing a cannula into the liquid.

Bicarbonate buffer was prepared by dissolving 0.84 g of NaHCO3 in 1000 mL of
distilled water. Tests were carried out with each group of samples separately. A 150 µL
portion of 0.1 M HCl was added to 0.01 M bicarbonate buffer solution and 30–40 s later, pH
value was registered with a pH-meter Ekspert-001-3pH (Ekoniks-Ekspert, Moscow, Russia)
(equipped with combined platinum/AgCl electrodes). Then, the next portion of HCl was
added. This procedure was continued until 10–11 portions of HCl were added. In another
set of tests, 0.1 M NaOH was used for titration. This type of experiment was repeated with
0.05 M phosphate buffer with pH 7.0, and portions of HCl and NaOH were per 750 µL. A
part of the samples that was treated with CoHu and non-CoHu was not used in titration
immediately, but in 24, 48 and 72 h after treatment.

2.7. Data Processing

Data were collected and analyzed with a PC equipped with Windows 7 Professional
software, Microsoft Office Excel 2010 (Microsoft Corp., Redmond, WA, USA), Statistica 10
(Statsoft, Tulsa, OK, USA) and Minitab 17 (Minitab Ltd., Coventry, UK).

3. Results
3.1. Redox Potentials Measurements in Pure and Mineral Waters

Figure 2 illustrates the effect of “blowing” of humid airstream upon water surface of
pure water, Senezhskaya and BioVita on their redox potentials. Bubbling of humid air led to
either irreproducible or no significant effect, presumably because of excessive perturbation
of the aqueous medium. For the same reason, the treatment time was reduced to 2 min in
the course of preliminary tests. Redox potential was measured for 10 min continuously,
and then the electrode was removed and immersed again into the sample 1 and 2 h after
treatment with humid airstream. Control samples were not treated. Comparison of initial
redox potential data in different waters shows that pure water has lower redox potential
compared to Senezhskaya and BioVita. Samples that were treated with CoHu for 2 min
had lower redox potential in all types of water, and this trend remained the same during
the whole period of measurements. Treatment with non-CoHu increased redox potential in
Senezhskaya and BioVita waters in comparison to respective controls, while in pure water,
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it resulted in a slight decrease. In Senezhskaya water, redox potential did not differ in pure
water and in samples treated with non-CoHu 1 and 2 h after treatment, while according to
the Mann–Whitney test, there was significant difference between potentials in these waters
and water treated with CoHu.

Table 1. Mean surface tension and standard deviation of the mean in pure water, Senezhskaya and
BioVita mineral waters in samples that were treated by CoHu, non-CoHu and untreated control.

Control CoHu Non-CoHu

Pure Water Mean, σ 70.29 70.16 70.28

Pure Water σ, SD 0.047 0.044 0.038

Senezhskaya Mean, σ 73.72 73.66 73.81

Senezhskaya σ, SD 0.048 0.042 0.036

BioVita Mean, σ 73.18 73.09 73.18

BioVita σ, SD 0.04 0.047 0.045
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Figure 2. (A) A typical continuous measurement of redox potential in pure water in control samples
(blue lines), samples Table 1. min after treatment. (B) Mean redox potential data recorded 1 and 2 h
after treatment are presented. * p < 0.05 between the three groups of samples by paired comparison
by Mann–Whitney U-test. (C) A typical continuous measurement of redox potential in BioVita.
(D) Mean redox potential data in BioVita recorded 1 and 2 h after treatment. ** p < 0.05 samples
treated with CoHu differ from the two other groups. (E) A typical continuous measurement of
redox potential in Senezhskaya mineral bottled water. (F) Mean redox potential data in Senezhskaya
recorded 1 and 2 h after treatment. *** p < 0.05 samples of all groups significantly different from each
other, **** p < 0.05 samples treated with CoHu differ from the two other groups.

3.2. Surface Tension Measurement

Surface tension was measured in 5 parallel samples for each of the 3 groups in pure
water, Senezhskaya and BioVita waters. The results are shown in Table 1. In all water sam-
ples, surface tension was unchanged after treatment with non-CoHu for 3 min. Treatment
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with CoHu led to a slight decrease in surface tension values in all three types of water,
especially in BioVita.

According to Fisher pairwise comparisons, mean surface tension in pure water and
BioVita controls was significantly different from that of samples treated with CoHu. In
Senezhskaya water, the difference was not significant enough. In all water types, there was
a reliable difference between samples treated with CoHu and non-CoHu. In neither type
of water were differences considered significant between control untreated samples and
non-CoHu-treated samples. The data analysis is shown in Figure 3.
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3.3. Dielectric Constant Measurement

The static dielectric constant of pure water is around 81 due to the fact that water is a
strongly polar liquid; however, its molecules have a degree of freedom and rotation. Each
water molecule has a significant dipole moment. In the absence of an electric field, the
dipoles are oriented randomly, and the total electric field created by them is equal to zero.
If water is placed in an electric field, then the dipoles will begin to reorient themselves so
as to weaken the applied field. Such a picture is observed in other polar liquids, but water,
due to the large value of the dipole moment of H2O molecules, is capable of a very strong
(around 80 times) weakening of the external field. Thus, dielectric constant reflects the
capability of water to react to external electromagnetic fields. In the presence of solvents, it
slightly varies.

Figure 4A presents dielectric constant measurement data and Fisher pairwise com-
parisons for pure water control samples, samples treated with CoHu and non-CoHu
(Figure 4B). Dielectric constant increased in samples that were treated with CoHu and did
not significantly differ in samples that were treated with non-CoHu according to the Mann–
Whitney U-test. A very similar pattern was observed in Senezhskaya water (Figure 5B)
and BioVita (Figure 6B). In both these cases, treatment with CoHu significantly increased
the dielectric constant. However, according to Fisher pairwise comparisons, means are
different in all pairs in pure water and Senezhskaya (Figures 5B and 6B). In BioVita, mean



Water 2021, 13, 1370 7 of 15

dielectric constant values did not differ significantly between control and samples treated
with non-CoHu (Figure 6B).
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3.4. pH Measurement

Figure 7 represents typical results of pH measurement in bicarbonate buffer that was
titrated with 0.1 mol/L HCl or 0.1 mol/L NaOH. Graphs also show pH values for titration
of buffer samples that were treated with CoHu for 3 min 24 h before titration. In case of
titration with HCl, pH started to drop after the 7th portion of HCl in control samples and
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samples that were treated with non-CoHu, while in samples that were treated with CoHu
for 1 or 3 min, pH started to drop after the 8th or the 9th portion. In the case of titration
with NaOH, pH began to rise in samples that were treated with CoHu after addition of one
or two portions, more than it did in control samples and samples treated with non-CoHu.
Titrations with HCl and NaOH were repeated 4 times for all groups of samples. In the case
of titration with HCl, pH values in samples treated with CoHu after the addition of the
8th and 9th portion significantly differed from control samples and samples treated with
non-CoHu according to the Mann–Whitney test, with p = 0.0128 and 0.0117, respectively.
Similarly, in the case of titration with NaOH, pH values in samples treated with CoHu
significantly differed on the addition of the 7th and 8th portion of alkali from control
samples and samples treated with non-CoHu, with p = 0.0376 and 0.0202, respectively.
After addition of the 9th portion of NaOH, pH data was reliably different between samples
that were treated with CoHu for 3 min before titration and 24 h before titration (p < 0.05).
pH values in control samples and samples treated with non-CoHu did not differ.
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Figure 7. (A) A typical curve of titration of 0.01 M bicarbonate buffer treated with CoHu or non-CoHu with 0.1 M HCl and
(B) with 0.1 M NaOH. Some samples were treated with the airstream for 3 min.

In a parallel experiment, pH was measured in the course of titration either with
HCl or NaOH of buffer samples that were treated with CoHu or non-CoHu immediately
before titration and 1–3 days prior to it. The results with statistical errors are presented in
Figures 8 and 9 along with Mann–Whitney U-test probability analysis.
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Figure 8. Averaged 0.01 M bicarbonate buffer titration curves with 0.1 M HCl. Samples were treated
with CoHu for 3 min immediately before titration, 24, 48 and 72 h before titration. * p < 0.01 between
control and samples that were treated with CoHu 0, 24 and 48 h before treatment; **, *** p < 0.01
between united control and samples that were treated with CoHu 48 h before treatment and samples
that were treated with CoHu 0 and 24 h before treatment.
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Very similar results were obtained with phosphate buffer (Figure 10). In case of
titration with portions of 0.1 M HCl in samples treated with CoHu, pH began to drop
2 or 3 portions later than it did in control samples. Values of pH remained more stable in
samples that were treated for 3 min. This effect cannot be attributed to any impact of the
airflow as pH change pattern in samples that were treated with non-coherent humid air
(non-CoHu) is undistinguishable from controls. Four titrations both with HCl and NaOH
were performed.
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4. Discussion

According to our knowledge, we examined the effect of coherent humid air on such
parameters of the aqueous medium as oxidation-reduction potential, changes in pH with
the addition of acid or alkali, surface tension and dielectric constant for the first time.
Deionized pure water, two types of mineral waters and buffers were the examples of
aqueous systems that were considered as test systems to determine possible effects of
CoHu for its potential future application to biological objects, for agricultural and medical
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purposes. A feature of our experiments is that the water systems were not directly irradiated
with infrared light, but aqueous aerosol was used as an intermediary.

Aqueous aerosol, or humid air, produced by a compressor-type evaporator, was
treated with IR radiation (CoHu) or was not treated (non-CoHu) for control. This allowed
to perform tests with an appropriate control treatment on the impacts of the airstream,
shaking and heating, while sample treatments were equal both in test and control samples,
which is important for such study that requires accuracy to detect subtle effects.

The volumes of water samples treated with CoHu or non-CoHu were 10 and 20 mL,
depending on the method of measurement. In both cases, the surface area to volume ratio
was approximately the same, however the study of the effects of volume and surface area
is worthy of a separate study.

Redox potential was measured in pure water and the two types of mineral waters—
Senezhskaya and BioVita (Figure 2). Untreated control pure water had lower redox po-
tential compared to untreated control mineral waters. Treatment of all types of water
with CoHu for 2 min led to a redox potential decrease in all types of water, and this trend
remained the same during the whole measurement. In samples that were treated with
non-CoHu, redox potential increased in Senezhskaya and BioVita waters, while in pure
water, a slight decrease was observed. The redox potential decrease indicates that water
treated with CoHu may possess antioxidant properties. The redox potential of the aqueous
medium in living organisms is usually lower than in environmental water. Interestingly,
redox potential of EZ water formed at the surface of hydrophilic powder also showed a
decrease [11]. The development of a negative electric potential of −120 to −160 mV across
the boundary between the exclusion zone formed at the Nafion® surface and bulk water
(EZ-water is negatively charged) was reported in the context of EZ-water studies [9]. The
charge separation occurred immediately as the EZ was formed and protons were excluded
from it.

After treatment of pure water (Figure 4), Senezhskaya (Figure 5) and BioVita (Figure 6)
waters with CoHu, a tendency for the increase of the dielectric constant in all these waters
was observed. Fisher pairwise comparison showed also that in pure water and Senezh-
skaya water, both CoHu-treated samples and non-CoHu-treated samples had higher mean
dielectric constant values. In BioVita water, both CoHu-treated samples and non-CoHu-
treated samples differed from untreated water however they did not differ from each other.
Dielectric constant indicates the ability of the liquid to weaken the external field. Pure and
mineral waters interact with the field and weaken it almost 80 times. The increase of the
dielectric constant was slight, though may be indicative of the increased charge storage
capacity and the dipole moment of the whole sample or some zones in them.

It should be noted that tap water in which surface tension reaches ~75 dyn/cm hardly
supports metabolism in living organisms and in cells. A cell is capable to use water having
surface tension of ~43–45 dyn/cm (45 dyn/cm is a biologically optimal surface tension
of the tissue fluid and blood) [18]. Surface tension decreased in all types of waters after
treatment with CoHu (Table 1), which is in line with [11] as the density of coherent water is
approximately 0.97 g/cm3, as coherent water molecules take up more space. In samples
that were treated with non-CoHu, no change in surface tension was observed, so the impact
of “blowing” of the airstream upon the sample surface should be considered (Figure 3).
More research is needed to determine whether the density is heterogenous or not in the
samples treated with CoHu.

The character of pH change in CoHu-treated bicarbonate and phosphate buffer in
response to the addition of portions of alkali or acid allows to suggest the ability of CoHu
to alter buffer capacity of aqueous systems. Interestingly, this effect did not depend on
whether CoHu was applied for 1 or 3 min. Moreover, this effect persisted for 48 h after
treatment with CoHu. If it is suggested that CoHu acts as a source of EZ or as a factor
providing for its formation in treated water, it can be assumed that the effect on the
buffer properties of solutions is associated with the separation of negative and positive
charges. We have already demonstrated that in highly diluted hydrated fullerene C60
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solutions prepared using vigorous agitation at each step, pH response to the addition
of HCl demonstrates an increase in buffering capacity in comparison with control [19].
In the same study, we observed structural heterogeneity in samples with highly diluted
hydrated fullerene. This corresponds with data obtained in the laboratory of Elia, who have
demonstrated that homeopathic remedies such as Arnica Montana, Arsenicum Album
and Magnesium Muriaticum have higher capability to buffer pH decrease when they
are titrated with HCl than water used for the preparation of these solutions [20]. The
authors suggested that excessive buffering capacity was provided by supramolecular
organization occurring in the extremely diluted solutions, namely by the appearance
in them of dissipative coherent water structures in the course of serial dilutions with
intensive shaking.

Thus, water, either liquid or gaseous, has a potential to form unstable aggregates. Del
Giudice and Preparata [21,22] suggested a quantum-physics-based model that involved
the presence of 100 nanometers large coherent domains (CDs) in liquid water. Del Giudice
and colleagues [23–25] saw similarities between EZ-water and coherent domains, although
Pollack [26] has proposed a different structure and origin for EZ-water. The surface charge
of the EZ was suggested to depend on the surface charge of the hydrophilic surface on
which it is formed, thus positively charged hydrophilic gels promote a positive charge at
the surface of the EZ with a high pH zone [27].

Conventional quantum electrodynamic (QED) field theory applies only to gases, how-
ever Del Giudice and Preparata expanded it to the condensed phase of liquids. According
to QED theory, two substances are formed in water in order to minimize potential energy—
CDs and common bulk water. In a CD, all water molecules are in a coherent state with
in-phase wave functions. As a result, the overall wave function of the entire domain is
a million times magnified wave function of any of the individual water molecules in the
domain [28].

The CD contains a large number of quasi free electrons. The reason for this lies in the
fact that the energy of the excited state of the CD is 12.06 eV, which is very close to the
ionization energy of water molecules of 12.6 eV [29]. Therefore, water in CD can serve
as a donor of electrons, which participate in redox processes, and this is in line with the
findings of this paper. Emerging and reforming CDs surrounded by bulk incoherent water
may play a particular role in the biological functions of water [30–33].

In a study on aerosols formed at waterfalls, Madl et al. have shown [34] the presence
of negatively charged nanometer-sized and up to 100 nm large water clusters that contain
millions of water molecules. Unlike unstable small clusters, large water aggregates can
be found hundreds of meters away from the waterfall. Both negative surface charge and
the size are in accordance with the QED theory of water developed by Del Giudice and
colleagues [25]. The authors suggest that the river flow offers conditions for formation
of CDs made up by both positively and negatively charged entities. Then, it becomes
fragmented by the waterfall, acquires a portion of energy and the CDs become separated in
the form of an aerosol. Thus, these aerosol water clusters can act as a surface, and exposure
to IR is expected to cause the growth of these clusters in humid conditions.

Water clusters can make crucial contributions to the IR absorption spectrum of water
vapor [35]. Moreover, infrared absorption of water vapor is related to ion-production in
vapor and electrical properties of air, which also fits into the concept of charged surfaces
and charge separation during the formation of CDs and EZ-water. Carlson’s suggestion
that the hydronium ion could be implicated in the absorption at 3–5 µm observed in water
vapor measurements also implies charge separation in vapor [36].

Using the methods of dynamic light scattering, nanoparticle tracking analysis (NTA)
and transmission electron microscopy (TEM), it was possible to experimentally show the
existence of nanoscale self-regulating molecular ensembles in aqueous systems, nano-
associates, with sizes of 100–400 nm and a ζ-potential from −2 to −20 mV [37,38]. A
necessary condition for their formation is the presence of traces of impurities in the water
and the presence of external electromagnetic fields. According to the research data of other
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authors, from the standpoint of QED, it is possible to assume the formation of nanoscale
CDs in the presence of external fields in an aqueous medium [39].

A noteworthy NMR study [40], where proton relaxation times T1 (the spin-lattice
relaxation time) and T2 (the spin-spin relaxation time) were measured in distilled water,
homeopathic remedy, spring water and water treated with electromagnetic fields, demon-
strated evidence of the presence of supramolecular structures similar to liquid crystals,
whose molecules are arranged in some order and whose state of matter is between that of a
liquid and a crystalline solid. The authors suggest that their findings could be explained
from the point of the hypothesis of CDs and EZ-water formation.

Messori et al. provided a holistic overview of the role and physical mechanisms of
action of EZ and CDs in living organisms, where EZ is regarded as long-range ensembles
of CDs [40]. They focused on phase transition of water from the ordinary coherence of its
liquid state (bulk water, as water cannot be completely incoherent) to the semi-crystalline
state of interfacial water and its role in living organisms, where electron/proton dynamics
and response to electromagnetic fields are used to receive electromagnetically encoded
signals endowed with coherence at a low frequency. The resultant excitations are summed,
and the coherence is distributed at frequencies that may affect biological systems.

It has recently been shown that laser radiation induced ROS (hydrogen peroxide,
hydroxyl and superoxide radicals) generation in solutions of blood serum proteins, bovine
serum albumin and gamma-globulin, resulting in the formation of long-lived reactive pro-
tein species [41]. These visible light- and heat-induced long-lived reactive protein products
can generate hydrogen peroxide in aqueous medium and it contributes to the adaptation
of living organisms to stress factors [42]. Authors suggest that ROS generation can be
related to the release of extra free energy via surface tension in air nanobubbles present in
water (bubstons—bubbles stabilized by ions) as a result of their collapse under the action
of visible light, laser irradiations or heat. A resonance excitation of molecular oxygen by
wavelengths corresponding to its transition to singlet state leads to electromagnetic distur-
bance, resulting in collapse of nanobubbles. Interestingly, the size of mesoscopic droplets
formed in low-concentration aqueous solutions of polar organic compounds increases with
temperature [43], which also contributes to the mass of evidence of the peculiar role of heat
in water solutions. We have already mentioned the work of [11], where EZ-like water was
obtained by its non-contact treatment with IR–emitting QELBY ceramic powder (Quantum
Energy Co Ltd., Hanam-si, South Korea) that was at temperature equilibrium with water.
Thus, the authors suggest that it was not heating that changed water structure but the
IR emission of the powder, which is suggested to be more coherent compared to a more
chaotic IR component in environmental IR radiation associated with the ambient heat. The
physicochemical characteristics of IR-altered water in this paper are supported by strong
evidence of the authors of [44], who have shown that water prepared either by mixture
with the ceramic powder, or which is especially noteworthy, by non-contact treatment,
exhibited antioxidant properties, stimulated plant growth, increased normal cell culture
viability and decreased cancer cells’ viability, and also increased the cytokine expression in
the splenocytes.

Hydrogen bonding, whose behavior and fluctuations depend on energetic characteris-
tics of O–H bond in water molecules, plays an important role in EZ-water maintenance.
Thus, energy absorption by O–H bonds can affect hydrogen bonding and EZ formation.

The question may arise as to why the humid air was treated with IR radiation, and
not the liquids themselves. According to Pollack’s theory [26], water microdroplets have
an exclusion zone water layer on their surface, and water is spherically confined there due
to surface tension at the air–water interface. Smaller droplets have a relatively larger EZ
area. As it was mentioned above, EZ expands upon absorption of a sufficient amount of
IR energy to modify the hydrogen bonding network in a water microdroplet. As water
vapor absorbs more intensely in IR, it is used as an inducer of EZ in bulk liquid water.
Moreover, irradiation of water with IR leads to its heating, and microdroplets lose obtained
heat quicker. Irradiation with LED is mostly coherent and transferring of this coherent
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signal to humid air with suspended microdroplets and molecular water, when they begin
to oscillate in a coherent manner, is more effective than transferring it to liquid water. If
we suggest that water microdroplets uptake extra energy in the form of IR and store it in
the form of EZ, when they fuse with condensed phase, they are likely to give this energy
off. Another aspect comes from studies of plasma–water interactions, where the highest
production of hydrogen peroxide in water was obtained by treating water microdroplets
with plasma, which is known to cause reactive oxygen species generation in water [45].
This is explained by the large surface area of the vapor droplets. So, it can be assumed that
microdroplets in the humid air have an increased surface-to-volume ratio and absorb well
in the IR region of the spectrum, which leads to an increase in the EZ and promotes the
transition of water molecules to a coherent phase. These microdroplets come into contact
with the treated liquid, which leads to a change in its physicochemical parameters. To sum
up, water microdroplets are more effective in exchange of IR energy than condensed water.

5. Conclusions

According to the results of our study, in which we investigated the changes in the
physicochemical properties of aqueous systems after non-chemical treatment with humid
air exposed to IR waves, we obtained a number of similarities with exclusion zone water,
which were absent after treatment with untreated humid air and untreated water control.
These were changes in the redox potential and dielectric constant. A change in buffer
properties indicates an alteration in the distribution of positive and negative charges
characteristic of EZ, and a change in surface tension indicates the presence of heterogeneity
in the treated aqueous medium, which is typical of both EZ and CDs.
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