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Abstract

Objectives. It was recently discovered that water samples with modified physicochemical properties can be obtained by successive
vibration treatment of intact water together with a solution of a substance located in separate closely spaced vials. We refer to such
samples as iterations. By adding the vibrational iterations into the initial substance, the physicochemical properties of the latter are
changed, i.e., they demonstrate post-vibration activity. In addition, it has been shown that vibrational iterations can be obtained using
water treated with a magnetic field as the initial substance. On this basis, we may hypothesize that the phenomenon of post-vibration
activity is universal. To confirm this hypothesis, water treated with an electric signal having various parameters (electrochemically
activated water) was used as the initial substance for the preparation of vibrational iterations.

Methods. The physicochemical properties of vibrational iterations, which were obtained from electrochemically activated water, were
studied by conductometry, terahertz spectroscopy, and radiometry. The effect of the initial substance or its vibrational iterations on intact
water (a neutral carrier) was evaluated by dynamic light scattering. For this purpose, the intensity of light scattering by the sample and
the hydrodynamic diameter of optical heterogeneities were measured. The attenuation coefficient of an additional electric signal applied
to the samples was determined.

Results. The obtained vibrational iterations differ from intact water and their mixtures with intact water in terms of specific electrical
conductivity, power flux density of microwave radiation, as well as in the contribution of the main (Debye) relaxation process to the
overall dielectric response. Mixtures of vibrational iterations with water also differ from intact water in terms of the size of optical
heterogeneities. By analogy with the vibrational iterations for which solutions of high- and low-molecular-weight substances were used
as the initial substance, vibrational iterations obtained using electrochemically activated water can be classified into different groups
(fractions) according to their physicochemical characteristics. Different degrees of changes in the physicochemical characteristics are
observed depending on the parameters of the electric signal used to obtain the initial substance. The efficiency of electrical signal
propagation in these mixtures, as estimated by the signal strength attenuation coefficient, is additionally changed. The addition of the
initial substance (electrochemically activated water) to intact water also leads to changes in the physicochemical properties of the
resulting mixture compared to the control. Depending on the parameters of the electric signal used to obtain the initial substance, the
magnitude of changes in the physicochemical characteristics of these mixtures similarly varies.

Conclusions. The fundamental possibility of obtaining vibrational iterations from electrochemically activated water similarly to vibrational
iterations prepared in other studies, was demonstrated. This confirms the universality of the phenomenon of post-vibration activity.
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AHHOTaUuS

Ilean. HenaBHO OTKPBITO, YTO IPH MOCIIEN0BATEILHON BUOPALIMOHHON 00pab0TKe HHTAKTHOW BOJIBI COBMECTHO C PACTBOPOM BEILIECTBa,
HaXOJISIIIIUXCSI B PA3HBIX, BITIOTHYIO PACIIOJIOKEHHBIX TPOOHPKAX, MOXKHO IOy YUTH 00Pa3Ibl BOJIbI, 00J1a1at0Ie HF3MEHEHHBIMH (DH3HKO-
XMMHYECKUMH cBolcTBaMH. Takue 0Opasibl Ha3BaHBI HAMH «BHOPALMOHHBIMH HTepalusMiy». [1pyu 100aBiIeHNN BHOPAMOHHBIX UTe-
panuii B NICXOAHYIO CyOCTaHIHIO, OHU CIIOCOOHBI N3MEHSTh ¢ (PM3UKO-XHMMHUUECKHE CBOICTBRA, T.€. BHOPALMOHHBIE NTEPAINU 00J1aJal0T
MOCTBHOPAaMOHHON aKTHBHOCTBI0. KpoMe Toro, ObUT0 IOKa3aHo, YTO BHOPAMOHHBIE HTEPAL[MH MOYKHO ITOJYYUTh IIPH HCIOIL30BaHUH
B Ka4eCTBE UCXOAHOMN CyOCTaHIINK BOJBI, 00paOOTaHHOM MAarHUTHBIM ITOJIEM. DTO ITO3BOJIHIIO MIPEIIIOJIOKHUTE, 4TO (PeHOMEH ITOCTBHOpa-
LIMOHHOH aKTUBHOCTH UMEET YHUBEpCallbHbII Xapakrep. s MoATBEpKACHUS 3TOI rUIOTE3bl B HACTOSIIEM UCCIEJOBAaHUU B Ka4yeCTBE
HCXOJHOU CyOCTaHIMM ISl IIPUTOTOBIICHUS] BHOPALIMOHHBIX UTEPAIMil HCIIOIB30BaIM BOAY, 00pabOTaHHYIO JIEKTPHYECKUM CUTHAIOM
C pa3IMYHBIMU [apaMeTpaMHu (EKTPOXHUMHUYECKN aKTHBHPOBAHHAS BOZIA).

MeTtonpl. 3ydenne pU3NKO-XUMIYECKHX CBOMCTB IOy I€HHBIX BUOPAIMOHHEIX HTEPALIHii, KOTOPBIC SIBIISIOTCS IPOM3BOIHBIME OT JIIEKTPO-
XUMHYECKH aKTUBUPOBAHHOHN BOJBI, IPOBOIMIIN METOIAMH KOHITYKTOMETPHH, TeParepioBoi CIIeKTPOCKOINY, paaroMeTpur. Bosneiictaue
HCXOJTHOU CyOCTaHIIMU MM €€ BUOPAIMOHHBIX HTepaliii Ha MHTAKTHYIO BOAY (HEHTPAIbHBINH HOCHTENb) OLCHUBAIA METOIOM JIHAMHYIC-
CKOTO paccestHus cBeTa. I 5TOro M3Mepsulll MHTEHCHBHOCTD PACCESIHUS CBeTa 00pasoM M THIPOJHMHAMHYCCKUH JHaMeTp ONTHIECKHX
rereporenHocteil. Kpome sToro, nporryckany yepes 00pasib! SEKTPUISCKUI CUTHAI IS ONIpeIeiieHIs KO HIMeHTa ero ocabIeH s

Pesyabrarsl. [Toka3aHo, 9To MOMyYeHHBIE BHOPAIMOHHBIC UTEPALIUH U MX CMECH C BOJIOH OTIIMYAIOTCS OT MHTAKTHON BOJBI IO 3HAUE-
HUSIM YAETBHOH 3IIEKTPONPOBOJHOCTH, TIOTOKA MOIIHOCTH MUKPOBOJIHOBOTO M3TyUCHHS, a TaKkKe MO BKIaay 0CHOBHOTO (/leGaeBcKoro)
penaKkcannoHHOTO MpoIiecca B OO THIIEKTPUIECKUH OTKINK. CMecH BUOPAIMOHHBIX HTEpaIHii ¢ BOJOH TaKkKe OTIAMYAIOTCS OT HH-
TaKTHOH BOJIBI IO pa3Mepy ONTHYECKNX FeTePOTeHHOCTEH. AHATOTHYHO BHOPAlMOHHBIM UTEPaNUsIM, ISt KOTOPBIX B KAUECTBE HCXOTHOM
CyOCTaHIIMH MCTIOIb30BAIH PACTBOPHI BHICOKO- M HI3KOMOJIEKYISIPHBIX BEIIECTB, BHOPAIMOHHBIE HTEPALIUH, TIOIYyIEHHBIE C HCIIOIb30-
BaHMEM IEKTPOXHMHUIECKH aKTHBHPOBAHHO BOJIBI, B COOTBETCTBHH C (PM3UKO-XHUMHYECKUMH CBOHCTBAMH MOTYT OBITh KJIACCH(PUIIPO-
BaHbI Ha pa3nH4HbIe rpynisl ((pakmun). [Tokazano, 9To GU3NKO-XUMHYECKNE XapaKTePHUCTHKH TAKUX TPYIIT H3MEHSIOTCS B Pa3THIHON
CTENeH! B 3aBHUCHMOCTH OT TTOKa3aTeNei MeKTPHIECKOTO CUTHANA, NCIONB30BAaHHOTO JUTS MONYyUYeHHUs HCXOMHOH cyOcTanmu. Kpome
TOTO, B JAHHBIX CMECSX MeHsAeTCs 3(P(HEKTUBHOCTH PACTIPOCTPAHEHUSI MEKTPHIECKOTO CUTHAJA, OLICHNBaeMasi 1o kod(duimenty ero
ocnabnenus. Brecenne ucxonHo# cyOcTaHINK (3MEKTPOXUMHIYECKN aKTHBUPOBAHHOH BOIBI) B MHTAKTHYIO BOAY TaKkKe PHBOINT K U3-
MEHEHHSM (PU3HKO-XHMHUECKHX CBOICTB MOTyYSHHOI CMECH IO CPaBHEHHIO C KOHTPOJIEM. AHAJIOTHYHO, B 3aBUCHMOCTH OT ITOKa3are-
Jei 3IEeKTPHUIECKOTO CHTHANA, HCTIOIh30BAHHOTO JUISl TTOMYIeHHMST HCXOTHOH CyOCTaHIINH, BRIPQ)KEHHOCTh M3MEHEHHH (PU3NKO-XUMHIe-
CKHUX XapaKTEPUCTHK CMECH Pa3JINIaeTCs.

BriBoapbl. ITokazana npuHIMNHMANBHAS BO3MOXHOCTh MONYYEHHUs BUOPAIMOHHBIX UTEPAIM N3 IEKTPOXUMUUECKH aKTUBHPOBAHHOM
BOJIbI, AHAJOTUYHO BHOPALIMOHHBIM UTEPANUsIM PACTBOPOB, HCHOIB30BAHHBIX B APYTUX UCCIIEIOBAHNUSX, UTO SIBISIETCS MOATBEPKACHUEM
YHUBEPCAIbHOCTU (peHOMEHA TOCTBUOPAIINOHHON aKTHBHOCTH.
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1. INTRODUCTION

Vibrational treatment of various substances (low-
and high-molecular-weight) changes their properties
and imparts the ability to participate in distant
interactions [1, 2—4]. It has recently been discovered
that sequential vibrational treatment (crossing) of
two solutions, one of which is a solution of the initial
substance and the other is a neutral carrier (intact water),
which are located in separate closely spaced vials, can
produce water samples having different physicochemical
properties from those of the neutral carrier. Such
samples are called vibrational iterations [1]. Unlike
a neutral carrier, the addition of vibrational iterations
into the initial substance is capable of changing the
physicochemical properties of the initial substance, i.e.,
vibrational iterations demonstrate post-vibration activity.
Vibrational iterations differ from intact water in terms
of their physicochemical properties, allowing them to be
classified into groups (fractions).

It has been shown that vibrational iterations can be
obtained not only from high- and low-molecular-weight
substancesused astheinitial substance, butalso from water
treated with an external physical factor such as a magnetic
field [5]. An earlier study of vibrational iterations
prepared from magnetized water demonstrated that they
differ from each other in terms of their physicochemical
properties [5]. It is likely that various physical factors
can be used to obtain samples demonstrating post-
vibration activity. One of the types of treatment that can
influence the physicochemical properties of water is
electrochemical activation (ECA) [6-8]. ECA is carried
out by passing through water an electric signal with
defined parameters [9—17]. Thus, we assume that ECA
water can be used to prepare vibration iterations.

The present study sets out to confirm the universal
character of the post-vibration activity phenomenon.
For this purpose, vibrational iterations were obtained
from water previously subjected to electrical treatment
at different signal parameters to study the possibility
of their classification according to physicochemical
properties into fractions demonstrating post-vibration
activity. Then, the effect of different fractions of
vibrational iterations on the physicochemical properties
of intact water was studied by comparing the samples
with the initial substance (ECA water) from which the
vibrational iterations were prepared.

2. MATERIALS AND METHODS

Ultrapure water obtained using a Milli-Q Integral 5 water
purification system (Millipore, France) was used in the
study. Freshly produced purified water having specific
conductivity ~0.06 puS/cm was kept for at least 1 h at
ambient conditions (temperature 24.5°C, humidity

45-50%, and normal atmospheric pressure). After
this period, the specific conductivity of the water was
0.731 £ 0.011 pS/cm. Purified water was also present
among experimental samples, where it is labeled as
“intact water.”

2.1. Samples

In accordance with the purpose of the work, vibrational
iterations of ECA water, their mixtures with intact water
(to assess their post-vibration activity on intact water),
and mixtures of ECA water with intact water (to assess its
effect on intact water) were studied. To perform ECA of
water, voltages less 0.8 V and more 8 V (that is more than

the threshold of water electrolysis (~1.5-2.0 V [18]))

were selected. Electrical treatment was carried out using

both a constant and a sinusoidal signal. The frequency
of the sinusoidal signal was 12.6 Hz, which corresponds
to the frequency of the ion cyclotron resonance of water

(12.6 Hz) [6].

Thus, three groups of samples were prepared.

Group 1. Vibrational iterations of ECA water:

e vibrational iterations of water to which a constant
electric signal with a voltage of 0.8 V was applied
(hereinafter referred to as vibrational iterations of
“ECA water 0.8 V”);

e vibrational iterations of water to which a sinusoidal
electric signal with an amplitude of 0.8 V and a frequency
of 12.6 Hz was applied (hereinafter referred to as
vibrational iterations of “ECA water 0.8 V, 12.6 Hz”);

e vibrational iterations of water to which a constant
electric signal with a voltage of 8 V was applied
(hereinafter referred to as vibrational iterations of
“ECA water 8 V”);

e vibrational iterations of water to which a sinusoidal
electric signal with an amplitude of 8 V and
a frequency of 12.6 Hz was applied (hereinafter
referred to as vibrational iterations of “ECA water
8V, 12.6 Hz”);

e vibrational iterations of water placed in a cuvette
for electric treatment, but in the absence of voltage
applied to the electrodes (hereinafter referred to as
vibrational iterations of “ECA water 0 V).

Group 2. Mixtures of vibrational iterations of ECA
water with intact water in a volume ratio of 1 : 9 and
control:

e vibrational iterations of ECA water (group 1) + intact
water;

e control (mixture of “intact water + intact water”).
Group 3. Mixtures of ECA water with intact water in

a volume ratio of 1 : 9 and control:

e Water to which an electrical signal with different
parameters was applied (ECA water) + intact water;

e Control (mixture of “intact water + intact water”).
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2.2. Obtaining electrochemically activated
water: treating water with an electric signal

To obtain ECA water, we used an electric signal treatment
device (Vitek-Avtomatika, Russia), a hardware and
software complex consisting of an arbitrary waveform
signal generator (NI 9263, National Instruments, USA)
and a measuring module (N1 9215, National Instruments,
USA) installed in a chassis (cDAQ-9185, National
Instruments, USA). The device is operated under the
control of LabView software (National Instruments,
USA). The water incubation period was controlled
using a laboratory timer (VWR® Traceable®, Germany).
Figure 1 demonstrates the appearance and diagram of an
electric signal treatment device.

An optical glass cuvette (704-001-30-10, Hellma
Analitycs, Germany) was filled with 18 mL of ultrapure
water. Two plate electrodes made of AISI 304 stainless
steel were placed inside the cuvette along two opposite
walls. The electrode area completely covered the
corresponding wall of the cuvette. Then, for 60 min,
a potential difference with the following parameters was
applied to the plate electrodes:

e constant electrical signal with a voltage of 0.8 V;

e clectrical sinusoidal signal with an amplitude of 0.8 V
and a frequency of 12.6 Hz;

e constant electrical signal with a voltage of 8 V;

e clectrical sinusoidal signal with an amplitude of § V
and a frequency of 12.6 Hz;

e clectrical signal with a voltage of 0 V (i.e., the
electrical signal generator was turned off).
In this way, 5 types of ECA water samples were
obtained.

2.3. Preparation of vibrational iterations
from ECA water

A row of vibrational iterations was prepared from
each type of ECA water obtained in accordance with
the parameters of the electrical signals applied to the
electrodes (i.e., 5 different rows of vibrational iterations
were obtained). Transparent borosilicate glass vials
(250 mL, Simax, Czech Republic) were used to prepare
vibrational iterations. Schematic representation of the
method for preparing vibration iterations is presented in
Fig. 2.

ECA water (18 mL) obtained after electric treatment
was placed in a borosilicate glass vial (Fig. 2). Next,
180 mL of intact water (neutral carrier) were added to
another vial. The filled vials were placed close to each
other and subjected to joint vibration (MS 3 basic vortex
with MS 1.21 platform, /KA-Werke, Germany) for 10 s
at 3000 rpm, after which they were incubated for 1 min
at room temperature of 24.5°C (during such process,
crossing of water with the initial substance occurred).
As a result, 180 mL of the zero vibrational iteration
(hereinafter, 10) was obtained in the vial with intact
water.

®

NI cDAQ 9185 L NI 9263
—>
—
—

PFI

Q—
To PC @

Port

-+ ]+

—31COm

(b)

Fig. 1. (a) Photo and (b) schematic diagram of the electric signal treatment device.
(1) NI cDAQ-9185 chassis; (2) NI 9263 module (arbitrary waveform generator); (3) NI 9215 module (analog-to-digital signal meter);
(4) optical glass cuvette; (5) stainless steel immersed plate electrodes located along the walls of the cuvette, and a needle electrode,

which is located in the center of the cuvette
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To obtain vibrational iteration No. 1 (I1), a vial with
180 mL of vibrational iteration 10 was placed close to
another borosilicate glass vial with intact water (neutral
carrier) in a volume of 180 mL and subjected to joint
(with close contact) vibration on a vortex for 10 s at
3000 rpm, after which they were incubated for 1 min
at room temperature. As a result, 180 mL of vibrational
iteration I1 was obtained in the vial with intact water.

The above steps were repeated to obtain vibrational
iterations, up to I7 (Step 2, Fig. 2). Samples
from 10 to 17 constituted a row of iterations.

Vibrational iterations of ECA water were prepared on
the same day at room temperature. If the study of the
properties of vibrational iterations or mixtures containing
them was not conducted on the day of preparation, then
on the day of analysis of vibrational iterations, they
were once processed on a vortex for 10 s at 3000 rpm.
Before preparing mixtures with ECA water, for 1 h it
was subjected to repeated treatment with electric signal
with the same parameters that were used in the primary
treatment.

2.4. Preparation of mixtures with intact
water

To study the ability of ECA water (substance) and
vibrational iterations to change the physicochemical
properties of intact water, mixtures of vibrational
iterations (or ECA water, or intact water as a control) with
intact water were prepared in a volume ratio of 1 : 9. The
mixtures were prepared immediately before carrying out
measurements. Depending on the final volume required
for measurements, the mixtures were prepared in 20 or
40 mL borosilicate glass vials (Glastechnik Grafenroda,
Germany) for radiometry or conductometry, respectively,
or in 2 mL plastic test tubes (Eppendorf, Germany) for
THz spectroscopy.

3. METHODS OF ANALYSIS

3.2. Conductometry, radiometry,
and THz spectroscopy

The properties of the samples were studied by

conductometry (specific electrical conductivity) and

radiometry (power flux density), as described in [1]

(Table 1). The study using the THz spectroscopy

(determining dielectric constant dg;, i.e., contribution

of the main (Debye) relaxation process to the overall

dielectric response) was conducted in two versions:

(1) mixing 1 part of the test sample (control or vibrational
iterations of ECA water) with 99 parts of intact water
as described in [1];

(2) mixing 1 part of the test sample (control, ECA water
or vibrational iterations of ECA water) with 9 parts
of intact water.

The samples were subjected to the following numbers
of measurements: conductometry—9; radiometry—not
less than 6; THz spectroscopy—not less than 10.

In the present work, the analysis of vibrational
iterations classified into fractions in accordance with [1]
was carried out. Vibrational iterations can be classified
into four types of fractions as compared to intact water
in terms of their unique physicochemical properties,
as well as according to their ability to influence the
physicochemical properties of intact water and aqueous
solutions (the so-called modifying effect). These four types
of fractions were named Active, Native, Semi-Active, and
Semi-Native. In the work [1], it was demonstrated that
the number of Active fractions increases at the end of the
iteration rows and over time during their storage, while the
Active fraction exhibits stability in its physicochemical
properties when mixed with other types of fractions. In
the present work, only the Active and Native or Semi-
Native fractions were used to study the modifying effect
of vibrational iterations on intact water.

Step 1. Preparation of the initial substance Step 2. Preparation of vibrational iterations 10 to 17 from the initial substance.

* changes in physicochemical properties during the process.

'
© © ; !
'
. ‘Water ‘Water 11 17
18 ﬁ 18 180 180 180 4 = = 180
e . mL A mL mL mL mL
! > >
Intact water l1h ECA water ' 10s 1 min 10s 1 min
Incubation ' Vortexing Incubation Vortexing Incubation
' 3000 rpm 3000 rpm
'
'
'

Fig. 2. Preparation of vibrational iterations of electrochemically activated water. Designations: Water is intact water (neutral carrier);
ECA water is electrochemically activated water; 10 is the zero vibrational iteration of ECA water; I1 is the vibrational iteration No. 1
of ECA water, ..., I7 is the vibrational iteration No. 7 of ECA water
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In addition to conductometry, radiometry, and
THz spectroscopy, we used the following methods
for sample analysis: dynamic light scattering and
oscillography (determination of the attenuation coefficient
of the signal passed through the studied sample).

3.3. Dynamic light scattering

The scattering intensity of solutions and the distribution
of hydrodynamic diameters of optical heterogeneities
in the range of 50-200 nm were determined on
a Photocor Compact-Z analyzer (Photocor, Russia). The
analyzer was equipped with a temperature stabilized
continuous-wave semiconductor laser (80 mW of maximum
output power at 638 nm wavelength) with a thermostated cell
compartment (25 + 0.1°C). The signal was recorded for 20 s;
the number of signal accumulations was 10. The number of
measurements of each sample was at least 10. To establish
the particle diameter according to the Stokes—Einstein
equation, the viscosity of water was taken as 0.89 mPas. Size
distributions were calculated using the Dynal.S software
(version 2.8.3) supplied with the device (4/ango, Israel).

3.4. Determination of the attenuation
coefficient of the signal passed through
the studied sample (oscillography)

18 mL of the mixture “ECA water + intact water” (group 3)
or ‘“vibrational iteration + intact water” (group 2) in
a volume ratio of 1 : 9 were added into a clean cuvette of
the electric treatment device, and electrodes were immersed
in the mixture. An electric signal (of the type used to
prepare ECA water) was applied for 3 min. The procedure
was repeated five times. In all cases (both for supplying
constant and alternating sinusoidal signals), an arbitrary
waveform generator NI 9263 (National Instruments, USA)
was connected to the plate electrodes (“~ electrode and
“+” electrode) of the cuvette (Fig. 1). The signal was recorded
using the NI 9215 module (National Instruments, USA). Two
oscillograms were synchronously recorded: one between the
plate electrodes, the second between one plate electrode, and

an additional needle electrode located in the center of the

cuvette. Then, the attenuation coefficient was calculated.

e The attenuation coefficient for constant signals
was calculated as the ratio of the average potential
difference measured between the central and “—" plate
electrodes to the average potential difference between
the “—” and “+” plate electrodes (Fig. 1b).

e The attenuation coefficient for alternating (sinusoidal)
signals was calculated as the ratio of the average amplitude
of the potential difference measured between the central
and plate electrodes to the average amplitude of the
potential difference between the plate electrodes (Fig. 1b).

3.4. Statistical analysis

Statistical ~data processing was performed in
RStudio 2023.09.1+494 (© 2009-2023 R Foundation
Jfor Statistical Computing, Vienna, Austria) using the
R package version 4.2.2. The normality of distribution
was assessed by the Shapiro—Wilk test, the homogeneity
of variances was assessed by the Bartlett test. Groups were
compared using the Student—Welch t-test and the Kruskal—
Wallis test followed by Dunn’s test. Differences between
groups were considered statistically significant at p <0.05.

4. RESULTS AND DISCUSSION

4.1. Physicochemical properties

and modifying effect of vibrational
iterations of ECA water. Classification
of iterations into fractions

The physicochemical properties and modifying effect of
vibrational iterations 1017 obtained using five different
types of ECA water as the initial substance were assessed.
Crossing water with the initial substance (Fig. 2), five
rows of vibrational iterations were obtained. For each
iteration, the physicochemical properties and the effect
on intact water (modifying effect) were analyzed. The
results are presented in Table 2.

Based on the differences of vibrational iterations from
intact water in physicochemical properties and the modifying

Table 1. Classification of vibrational iterations into fractions according to changes in physicochemical characteristics relative to intact water [1]

Presence of differences from intact water

Parameter (method of analysis)
Native Semi-Native Semi-Active Active
Physicochemical properties (conductometry and N _ n
radiometry)
Modifying effect (THz spectroscopy) - + +

Note: the test result was considered positive (“+7) if it met the acceptance criteria. Otherwise, the result was taken as negative (

«_ o

). The acceptance

criteria: the values obtained for vibrational iterations should statistically significantly (p < 0.05) differ from those of intact water by +5% or more
(by conductometry and THz spectroscopy) and by +10% or more (by radiometry). The values obtained for intact water were taken as 100%.
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effect on intact water, all iterations were assigned to one
or another fraction in accordance with [1]. Depending on
the type of ECA water, which was used as initial substance
to prepare vibrational iterations, the number of iterations
classified into each of the fractions varied (Table 3).

Thus, among all the studied rows of vibrational
iterations, the Semi-Active fraction is absent, while
the Native fraction is detected only among vibrational
iterations for which “ECA water 0.8 V* was used as the
initial substance. In addition, vibrational iterations of “ECA
water 0.8 V” show the smallest number of differences
relative to the control for the studied physicochemical
parameters and the greatest diversity of fractions. In
the row of vibrational iterations of “ECA water 0.8 V,
12.6 Hz,” the Active fraction prevails. An increase in the
intensity of the electrical signal to 8 V (for both constant
and alternating signals) was shown to lead to an increase
in the number of Semi-Native fractions. At the same time,
for the row of vibrational iterations “ECA water 0.8 V,
12.6 Hz” and “ECA water 8 V, 12.6 Hz,” an increase in the
differences in the radiation power flux density was noted.

Thus, depending on the parameters of the electrical
signal for obtaining ECA water used as the initial substance
in the preparation of vibrational iterations, the properties
of the iterations differ. This fact indicates the fundamental
similarity of vibrational iterations obtained from water
treated with an external physical factor with vibrational
iterations of a substance of natural origin, whose properties
also specifically depend on the particular substance [1].

4.2. The influence of vibration iterations
of ECA water on intact water

In order to study the influence of vibration iterations

of ECA water on intact water, the following vibration

iterations were selected:

e among the row of vibrational iterations of “ECA
water 0 V”: I5 (Active), I3 (Semi-Native);

e among the row of vibrational iterations of “ECA
water 0.8 V”: 14 (Active), 10 (Native);

e among the row of vibrational iterations of “ECA
water 0.8 V, 12.6 Hz”: I1 (Active), 16 (Semi-Native);

e among the row of vibrational iterations of “ECA
water 8 V”: I7 (Active), 14 (Semi-Native);

e among the row of vibrational iterations of “ECA
water 8 V, 12.6 Hz”: 11 (Active), 7 (Semi-Native).
After adding the above samples to intact water

in a volume ratio of 1 : 9, the resulting mixtures

were analyzed wusing conductometry, radiometry,

THz spectroscopy, dynamic light scattering, and

oscillography. The measurement results were compared

with the control, to which the corresponding amount
of intact water had been added instead of vibrational
iterations. Different vibrational iterations were shown to

have different effects on intact water (Table 4).

The magnitude and direction of the changes depend
on the characteristics of the electrical signal used to
prepare the initial substance of vibrational iterations.
Thus, each studied vibrational iteration caused changes
in the radiation power of the resulting mixtures: both
studied fractions of iterations obtained from “ECA water
0.8 V” decreased the radiation power, while vibrational
iterations obtained from other substances increased this
parameter.

It is also evident from Table 4 that the mixtures of
intact water with both fractions of the rows of vibrational
iterations “ECA water 0.8 V,” vibrational iterations “ECA
water 0.8 V, 12.6 Hz” and vibrational iterations “ECA
water 8 V" have lower light scattering intensity than the
corresponding control mixture, whereas the mixture of
intact water with the Semi-Native fraction of vibrational
iterations “ECA water 0 V" has higher scattering intensity.
The introduction of other vibrational iterations did not
affect the scattering intensity of the obtained mixtures.
A similar (but not entirely corresponding) situation
is observed with the size of optical heterogeneities:

Table 3. Distribution by fractions in the rows of vibrational iterations prepared from each type of ECA water

Fraction, number
Electric signal parameters
Native Semi-Native Active Semi-Active
ov - 6 2 -
0.8V 2 4 2 -
0.8V, 12.6 Hz - 2 6 -
8V - 7 1 -
8V, 12.6 Hz - 7 1 -
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mixtures of intact water with both fractions of vibrational
iterations “ECA water 0.8 V” and “ECA water 0.8 V,
12.6 Hz,” as well as the Active fractions of vibrational
iterations “ECA water 8 V, 12.6 Hz” and the Semi-Native
fraction of vibrational iterations “ECA water 0 V”’ contain
optical heterogeneities of a smaller size than the control.
Mixtures of intact water with the Semi-Native fraction
of vibrational iterations “ECA water 8 V” and “ECA
water 8 V, 12.6 Hz” contain optical heterogeneities of
a larger size than the control. The resulting mixture is
not affected by the addition of the remaining iterations.
The specific electrical conductivity of the mixture, which
decreases with the addition of both fractions from the
rows of vibrational iterations “ECA water 0.8 V” and
“ECA water 8 V,” does not change with the addition of
the rest of the studied iterations.

The signal attenuation coefficient (according to
oscillography data) decreases with the action of both
fractions from the row of vibrational iterations “ECA
water 8 V, 12.6 Hz” on water and increases with the
action of the Active fraction of vibrational iterations
“ECAwater 8 V, 12.6 Hz” (Table 4). In the overwhelming
majority of cases, different fractions of vibrational
iterations prepared using the same electrical signal
change the physicochemical properties of the resulting
mixture in the same direction (compared to intact water).

In this experimental setup (a 1 : 9 mixture with
intact water), it is important to note that neither the
Active nor the Native/Semi-Native fractions of ECA
water obtained by applying an electrical signal affect
the value of the dielectric constant dg, (obtained using
THz spectroscopy) of the resulting mixture as compared
to the control (Table 4). However, the value of dg; of
the mixture of intact water with both the Active and
Semi-Native fractions of vibrational iterations of “ECA
water 0 V” increases. Comparing the results obtained by
THz spectroscopy (Table 2 and Table 4), it becomes clear
that the degree of influence of vibrational iterations on
intact water depends on the volume ratio of the mixture
components. This conclusion is in agreement with the
conclusion made in [19] that the reaction of the Nafion
polymer depends on the method of obtaining a salt
solution of a certain final concentration, including the
number of cycles of mechanical action on water used.
This fact indicates the regularity of the dependence of
the measurement result on the method of obtaining the
mixtures that we have discovered.

The established changes in the physicochemical
parameters in the mixtures of vibrational iterations of ECA
water relative to intact water demonstrate that intact water
(neutral carrier) after the crossing procedure acquires
physicochemical properties that are different from intact
water, i.e., crossing leads to the formation of a new
substance. However, it is also important to understand

whether the effect on intact water of the samples of the
Active or Native/Semi-Native fractions is similar to that
of the initial substance (i.e., the corresponding ECA
water). In order to clarify this, experiments described in
the next section were conducted.

4.3. Influence of ECA water
on the physicochemical properties
of intact water

In order to test the effect of ECA water on the
physicochemical properties of intact water, one volume
part of ECA water was added to nine volume parts of
intact water, then the resulting mixture was analyzed
using conductometry, radiometry, THz spectroscopy,
dynamic light scattering, and oscillography. The results
were compared with the control (for the control, the
corresponding amount of intact water was added instead
of ECA water). The results are presented in Table 5.

All mixtures of intact water and ECA water
demonstrate differences from the control in terms of
certain physical and chemical characteristics. The
magnitude and direction of these differences depend
on the voltage applied during the preparation of ECA
water. “ECA water 0.8 V” (compared to the control—
intact water) causes an increase in the specific electrical
conductivity of the mixture by 22% and a decrease in the
value of the signal attenuation coefficient (according to
the results of oscillography), in contrast to “ECA water
8 V”’, which has no effect on this indicator.

Increases in radiation power flux density (by 22%
for “ECA water 0.8 V + intact water”; 63% for “ECA
water 8 V + intact water”) and in diameters of optical
heterogeneities (51% for “ECA water 0.8 V + intact
water,” 191% for “ECA water 8§ V + intact water”) are
observed. At the same time, a stronger and oppositely
directed effect is observed in the dynamic scattering
intensity of the resulting mixture (“ECA water 0.8 V”
increases this parameter in the mixture by 177%, and
“ECA water 8 V” reduces by 16%).

The effect of ECA water on intact water (compared
with effect of the control—intact water) differs depending
on whether constant or alternating electrical treatment
was used to obtain it. The addition of “ECA water
0.8 V” leading to an increase in the specific electrical
conductivity, radiation power, scattering intensity and
diameter of optical heterogeneities is accompanied by
a decrease in the signal attenuation coefficient (according
to the results of oscillography). However, the addition of
“ECA water 0.8 V, 12.6 Hz” leads only to a decrease in
specific electrical conductivity, which is accompanied by
an increase in the signal attenuation coefficient (according
to the results of oscillography). The addition of “ECA
water 8 V” leading to an increase in the scattering intensity
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Table 5. Effect of ECA water on the physicochemical properties of intact water (mixture in 1 : 9 ratio)
Parameters of the electric signal used to prepare ECA water
(in ECA water + intact water mixtures)
Parameter
ov 08V 0.8V, 12.6 Hz 8V 8V, 12.6 Hz
Specific electrical
. 106.2 £ 0.8* 122.4 £ 0.3* 93.1 £3.9% 101.4 £ 3.8# 99.5+23
conductivity, %
Power flux density across GHz | 15 5, g 6 1223 +7.9% 1215+ 18.7 163.3 + 8.5%# 142.7 + 13.8%
range, %
Diclectric constant de; % 97.3+4.5 106.0+11.9 104.9 +£12.3 106.1 + 4.4# 104.1£13.5
Hydrodynamic diameter 81.7+21.9 150.8 + 19.4* 100.2 8.2 201.2 + 18.8%# 37.6 + 10.5*
of optical heterogeneities, %
Scattering intensity), % 186.5 £ 18.7* 277.4+26.5* 122.7+234 84.2 + 3.5% 300.7 £ 42.6*
Signal intensity attenuation .
. . Not applicable 0.216 £0.016* 0.506 +0.001* 0.496 £0.012 0.507 £ 0.001*
coefficient (sample), rel. units
Signal intensity attenuation Not applicable | 0.253 = 0.008 0.483 +0.001 0.485 +0.014 0.511 +0.002
coefficient (control), rel. units

Note:

* statistically significant differences from the control, p < 0.05;

# statistically significant differences from the ECA water 0 V and intact water mixture, p < 0.05. Data are normalized to the corresponding

Value measured for the sample

values obtained for intact water according to the formula:

Value measured for intact water

%x100% . This normalization was applied to all

parameters except the signal intensity attenuation coefficient. Data are presented as Mean + SD.

and a decrease in the diameter of optical heterogeneities
in intact water is accompanied by an increase in the
radiation power. Conversely, the addition of “ECA water
8V, 12.6 Hz” leads to a decrease in the scattering intensity
and an increase in the diameter of optical heterogeneities,
which is also accompanied by an increase in the radiation
power. While the signal attenuation coefficient is not
changed by the addition of “ECA water 8 V"’ (according to
the oscillography results) in water, the addition of “ECA
water 8 V, 12.6 Hz” causes its decrease.

Thus, similar to the effect of vibrational iterations of
ECA water on water, the effect of ECA water itself on
intact water depends on the parameters of the electrical
signal that was used to prepare ECA water.

4.4. Comparison of the addition
of ECA water on the physicochemical
properties of intact water

In order to understand whether the samples of the Active
or Native/Semi-Native fractions have the same effect
on the properties of intact water as that of the substance
itself (corresponding ECA water), a comparison of their
effects on water was carried out (Table 6). However, in

order to study the contribution of only the applied electric
signal rather than the presence of contact of water with
the measuring cell (and, accordingly, the immersion
electrodes) in the absence of a signal, the comparison was
carried out using only those indicators that did not differ
between the “ECA water 0 V + intact water” sample and
the control (intact water). Such characteristics were the
dielectric constant de, and the hydrodynamic diameter of
optical heterogeneities (Table 6).

A higher value of dielectric constant is found in
both the mixtures of water with Active and Semi-Native
fractions compared to the control; moreover, in the mixture
of water with the Semi-Native fraction, smaller optical
heterogeneities are found as compared to the control.
Nevertheless, treatment of water with an electric signal
did not affect its ability or that of its vibrational iterations
to change the dielectric constant of intact water. At the
same time, the ability of both ECA water and its iterations
to affect the size of optical heterogeneities in water is
demonstrated. A pattern is observed when ECA is carried
out with a constant voltage: in a mixture with intact water,
the size of the optical heterogeneities increases; however,
when an alternating electric signal (8 V, 12.6 Hz) is used,
it decreases.
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Table 6. Direction of the effect of adding ECA water and vibrational iterations prepared from it to intact water in a volume ratio of 1 : 9

Parameters of the electric signal for processing the initial substance for vibration iterations
ov 0.8V 0.8V, 12.6 Hz 8V 8V, 12.6 Hz
Parameter

5| 2 5 g | 2 g | 2 g | 2

S|E|<|S|Z2|<|S|E|<|S|E|<|S|E|*<

53] 3 0 m A 0 A S} A
Dielectric constant de; % — i 1 —- | - = = — | — | — — | — —
Hydrodynamic diameter of
optical heterogeneities, % o ! o ! { ! o l ! T l o ! ! {

Note: “1” indicates an increase, ““|” indicates a decrease, and “—” indicates no change in the recorded characteristics compared to the

control (p <0.05).

Vibrational iterations (both the Active and Native/
Semi-Native fractions) obtained from “ECA water
0.8 V” and “ECA water 0.8 V, 12.6 Hz” reduce the
size of optical heterogeneities observed in the resulting
mixture when mixed with water. The same effect is
produced by the Semi-Native fractions of vibrational
iteration “ECA water 8 V” and the Active fraction
of vibrational iteration “ECA water 8 V, 12.6 Hz”.
However, adding the Active fraction of vibrational
iteration “ECA water 8 V” to water does not affect
the resulting mixture, while adding the Semi-Native
fraction of vibrational iteration “ECA water 8 V,
12.6 Hz” to water leads to an increase in the optical
heterogeneities in the mixture.

Thus, in the overwhelming majority of the studied
sample types, the effect exerted by vibrational iterations
of ECA water on the size of optical heterogeneities in
water differs from the effect exerted by the substance
used to prepare vibrational iteration. However, the result
of the effect of vibrational iterations of ECA water on the
size of optical heterogeneities in water weakly depends
on the parameters of the electrical signal used to prepare
the substance, as well as on the fraction of vibrational
iteration. Vibrational iterations predominantly cause
a decrease in the size of optical heterogeneities.

5. CONCLUSIONS

1. The study of vibrational iterations of ECA water
demonstrated that they follow general patterns of post-
vibration activity and can be classified into fractions
that differ from each other in physicochemical
properties. The obtained result indicates the
universality of the mechanisms of vibration treatment,

i.e., the possibility of their implementation regardless
of the nature of the initial substance.

2. The use of an electric signal with a constant voltage of

0.8 V for the preparation of the initial substance allows
us to obtain a greater variety of fractions of vibrational
iterations. The use of an electric signal with a constant
voltage of 8 V or alternating voltage of 8 V, 12.6 Hz
allows us to obtain a greater number of vibrational
iterations of the Semi-Native fraction. This result
emphasizes that the mechanisms of formation of the
post-vibration activity are sensitive to the degree and
nature of external influences, which may indicate their
plasticity.

3. The addition of ECA water or its vibration iterations in

a volume ratio of 1 : 9 to intact water leads to a change
in the physicochemical parameters of intact water.
The degree of difference depends on the parameters
of the electrical signal used to obtain ECA water. The
degree of influence of vibration iterations on intact
water depends on the volume ratio of the mixture
components.

4. In the overwhelming majority of the studied types

of electrical signal, the effect of vibration iterations
of ECA water on the size of optical heterogeneities
of water differs from the effect of the substance used
to prepare the vibration iteration. However, in most
cases, vibration iterations cause a decrease in the size
of optical heterogeneities (regardless of the electrical
signal used to obtain the sample).
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