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Abstract
The purpose and objectives of this article are to study 
structure formation and the physicochemical properties 
of an aqueous material solution (SM) prepared using the 
supramolecular technique (SMT) method. The paper in-
troduces the study of self-organization and physicochem-
ical properties of the initial SM and solvents: distilled wa-
ter (DW), municipal water (MW) used for the SM prepa-
ration, Kazan municipal water (KMW), and samples SM/
DW, SM/MW, SM/KMW. The obtained data is evidence 
that, in the 1:200 – 1:400 dilution interval, all the samples 
(SM/DW, SM/MW, SM/KMW) represented self-organized 
dispersed systems. They have the pronounced ability for 
nonlinear changes of physicochemical properties (spe-
cific conductivity, pH, and redox potential), prompting 
suggestions that, in this dilution interval, systems might 
influence biological objects within a minimum of two 
months after preparation of SM.

 
Highlights
Variations in the electromagnetic field and those of the 
electrical type can be transformed into electromechanical 
impulses, consequently generating a certain amount of 

kinetic energy. The obtained data is evidence that, in the 
1:200 – 1:400 dilution interval, self-organized structures 
are formed with a pronounced manifest ability to induce 
nonlinear changes in physicochemical properties (specif-
ic conductivity, pH, redox potential), prompting sugges-
tions that, in this dilution interval, systems might influ-
ence biological objects within a minimum two months af-
ter preparation. This finding is rich in consequences and 
applications in agriculture, biology, and ecology.

Introduction
Based on the method developed for studying highly di-
luted aqueous solutions (Ryzhkina et al. 2009), it was 
shown for the first time (Ryzhkina et al. 2011a; Ryzhkina 
et al. 2012) that highly diluted solutions of many bioactive 
substances (BAS) represent a self-organized dispersed 
system. Obtained experimental results allowed for pro-
posing a method for forecasting biological effects under 
the impact of such systems. The essence of this phenom-
enon is nanoscale information (up to 400 nm, ζ-potential 
from -2 to -20 mV) structures consisting mainly of ar-
ranged water molecules called nanoassociates (Ryzhki-
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	 Diameter of free	 Mean distance between	 Van der Waals	  		
	 doublets and orbitals	 radius of oxygen nucleus	 radius of oxygen
			 
  Fundamental state	 0.090 nm (0.90 Å)	 0.080 nm	 0.140 nm

  Excited state	 0.125 nm	 0.150 nm	 0.200 nm	
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na et al. 2009). The low-frequency electromagnetic field 
(LEF) effect is a mandatory condition for nanoassociates 
to be produced in aqueous systems. It means that highly 
diluted aqueous solutions are open self-organized non-
equilibrium dispersed systems, which as a general mat-
ter are characterized by concerted nonlinear changes of 
all properties.

It is established that formation and restructuring of 
nanoassociates are the reasons for the unusual physico-
chemical properties of highly diluted aqueous systems 
made from BAS. It is imperative to correlate with their 
bioeffects (Palmina et al. 2009: Ryzhkina et al. 2009b; Ry-
zhkina et al. 2011b; Ryzhkina et al. 2011c). Conclusions 
that nanoassociates play a considerable role in the oc-
currence of bioeffects in highly diluted systems are made 
based on simultaneous analysis of concentration de-
pendences of system properties found in the course of 
physicоchemical, and biological experiments (Palmina et 
al. 2009: Ryzhkina et al. 2009b; Ryzhkina et al. 2011b; Ry-
zhkina et al. 2011c) performed for a wide range of bioac-
tive substances of different chemical structure.

Study of structure formation and physicochemical prop-
erties of diluted aqueous solutions studied aqueous ma-
terial (SM) prepared with the SMT method (supramolecu-
lar technique) will be performed using the method devel-
oped by Luciano Gastaldi. In the paper, we will establish 
the presence of nanoassociates in the SM and dilution 
intervals in which the formation of nanoassociates and 
maximum nonmonotonic changes of physicochemical 
properties of the studied systems are observed. Accord-
ing to Banzhaf, self-organization is the ability of specific 
systems to change their structures or functions to orga-
nize their elements to stabilize themselves in the face 
of external fluctuations (Banzhaf 2009). Herein, it was 
characterized by the following methods: dynamic light 
scattering (DLS) and electrophoretic light scattering (ELS) 
methods, both critical physicochemical properties.

The comparison of the physicochemical properties and 
the self-organization of the studied material indicated 
that SM is a structured and self-organized aqueous dis-
persion system. The following dilutions could be distin-
guished: 1:150, 1:200, 1:250, 1:300, and 1:350, in which 
size and ζ-potential of dispersed phase, the type of par-
ticle distribution by size and polydispersion index (PDI 
<0.3) almost met the full quality criteria of the self-orga-
nized dispersed system.

The information gathered on self-organization ultimately 

demonstrates the formation of a negatively charged in-
ternal phase as large as hundreds of nm and that these 
systems can influence biological objects. It will allow fore-
casting the possibility of bioeffect occurrence under the 
impact of the studied systems in dilution intervals.

Material and Methods
The Studied Material

The studied material (SM) was prepared through the SMT 
method. The SMT method integrates a dual technology: 
a high sensitivity antenna SMT analyzes the electromag-
netic spectrum emitted by the mineral (or biological) sys-
tems under study, using a low-frequency receiver; next, 
all those frequencies emitted in the ultrasound spectrum 
are sampled, listening punctually down to the subsonic 
frequencies. A sample of water is made to pass at high 
speed through a forced path in which obstacles are in-
stalled to create turbulence in the fluid. It eliminates all 
possible existing structured patterns and makes the sam-
ple receptive to a new ordering pattern. The variations in 
the electromagnetic field and those of the electrical type 
can be transformed into electromechanical impulses, 
consequently generating a certain amount of kinetic en-
ergy. The SMT method is described in the Supplementary 
Material.

Equipment

The analyses were performed using a methodology com-
monly applied for studying biologically active compounds 
in low and extra-low concentration, using a set of sensing 
and precise equipment:

•	 conductometer (inoLab Cond 7110, WTW)

•	 pH-meter (inoLab pH 7110, WTW)

•	 redox potential meter (inoLab pH 7110, WTW)

•	 highly sensitive analyzer Zetasizer Nano ZSP (“Malvern 
Instruments,” UK) allowing the study of particle size 
and ζ-potential.

Study Design

1.	Study of self-organization plus physicochemical prop-
erties of the initial SM and solvents: distilled water 
(DW), municipal water (MW) used for the SM prepa-
ration in the SMT device, and Kazan municipal water 
(KMW).
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2.	Study of self-organization plus physicochemical prop-
erties of the following systems:

1.	 SM diluted in distilled water (DW)

2.	 SM diluted in municipal water (MW)

3.	 SM diluted in Kazan municipal water (KMW)

4.	 Control 1 – municipal water, as used for the material  
		 preparation

5.	 Control 2 – distilled water, as used for dilutions

6.	 Control 3 – Kazan municipal water

The following dilutions were studied for SM/DW, SM/MW 
and SM/KMW systems:

1, 1:10, 1:50, 1:100, 1:150, 1:200, 1:250, 1:300, 1:350, 
1:400, 1:450, 1:500, 1:700, 1:1000.

1.The SM/DW System

Fresh DW was distilled for each SM dilution. Each system 
with the above dilutions was prepared with fresh DW. Be-
fore studying physicochemical properties, the prepared 
SM/DW system with preset dilution was allowed to stand 
for 18-24 hours. DW, which was used for system prepara-
tion, was poured into a 10 ml vial and let stand for a day 
just like for dilution.

Upon 24 hours’ expiration, we studied self-organization 
(with dynamic light scattering (DLS) and electrophoretic 
light scattering (ELS) methods), physicochemical proper-
ties of the SM/DW system of a specific dilution, and of 
DW, which was used for the dilution (Table 2 and Figures 
7-9).

2.The SM/MW System

The SM/MW system was prepared with MW used for the 
SM preparation. Before studying physicochemical prop-
erties, a prepared SM/MW system with specific dilution 
was allowed to stand for 18-24 hours. Upon 24 hours’ 

expiration, we studied self-organization, physicochemical 
properties of the SM/MW system, and MW for compari-
son (Figures 13, 15, 17).

3.The SM/KMW System

The SM/KMW system was prepared with KMW. Dilu-
tions prepared for studying with physical and chemical 
methods were allowed to stand for 18-24 hours. Upon 24 
hours’ expiration, we studied self-organization, physico-
chemical properties of the system of a specific dilution, 
and KMW for comparison. Physicochemical parameters 
of allowed to stand KMW and SM/KMW systems are pre-
sented in Figures 14, 16, 18.

When we studied dilutions of SM/DW, SM/MW, and SM/
KMW systems with DLS and ELS methods, we found fil-
ters for solution purification impractical due to the deg-
radation of the particles’ parameters quality during filtra-
tion, which is consistent with (Yakhno and Yakhno, 2019).

The properties of the solutions of each dilution have 
been studied in three parallel samples with triple repeti-
tion of each experiment and the results are presented in 
a descriptive way.

Results and Discussion
Study of Self-Organization, Physicochemical 
Properties of Initial SM and Solvents 
(DW, MW, and KMW)

To study self-organization and properties of SM/DW, SM/
MW, and SM/KMW systems, it is necessary to know physi-
cochemical properties (specific conductivity, pH, redox 
potential) of the initial systems’ components (SM aque-
ous solution prepared with the SMT method using MW 
and such solvents as DW, MW, and KMW). It is also neces-
sary to know its structural condition to specify SM and 
solvent interaction type. Results of the systems’ physico-
chemical properties are provided in Table 1.

Table 1. Values of specific conductivity, pH, and redox potential of initial 
components of the studied systems

	 Physiochemical Properties	 SM	 MW	 KMW	 BDW

	 Specific Conductivity µS/cm	 260±2	 240±5	 346±3	 8.0±1.5

*pH	 6.92±0.2	 6.85±0.2	 6.85±0.2	 5.2±0.2

* redox potential, mV	 330±2	 345±1	 286	 380±30
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Study of SM aqueous solution self-organization with dy-
namic and electrophoretic scattering demonstrated (Fig-
ure 1) that particles with a hydrodynamic diameter of 800 
nm (Figure 1a) are present in the SM. Herewith ζ-potential 
of such particles is -11 mV (Figure 1b).

SM is a self-organizing nonequilibrium dispersed system 
sensitive to the impact of external physicochemical fac-
tors, in which negative structures such as nanoassociates 
as big as hundreds of nm are formed, suggesting the ex-
istence of their ability to impact biosystems similar to the 

one demonstrated earlier for diluted aqueous systems 
of a biologically active substance (Ryzhkina et al. 2009a, 
2009b, 2011a, 2011b, 2011c, 2012; Palmina et al. 2009).

However, as any self-organizing nonequilibrium dis-
persed system with time, SM undergoes structural trans-
formations that degrade the quality of dispersed phase 
size and ζ-potential determination (Figure 2). The colors 
represent the repetitions done and are represented sep-
arately for better reading. It can be applied to all figures 
below.

Figure 1. Distribution of 
particles by size (a) and 
ζ-potential (b) in a SM sample.

Figure 2. Distribution of 
particles by size (a) and 
ζ-potential (b) in a SM 
sample upon 2.5 months’ 
expiration.
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Figure 3. Distribution of 
particles by size (a) and 
ζ-potential (b) in a MW sample.

Figure 4. Distribution of 
particles by size (a) and 
ζ-potential (b) in a MW sample 
upon two months’ expiration.
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Figure 5. Distribution of par-
ticles by size (a) and ζ-potential 
(b) in a KMW sample.
The KMW system keeps 
structuring within two months 
(Figure 6). 

Figure 6. Distribution of 
particles by size (a) and 
ζ-potential (b) in a KMW sample 
upon two months’ expiration.
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A study of MW, which was used for SM preparation, dis-
covered the distribution of particles by size (Figure 3a) 
and by ζ-potential (Figure 3b) is bimodal. The distribution 
of particles as big as hundreds of nm changes consider-
ably during the measurement of a sample. The hydrody-
namic diameter varies from 400 to 650 nm (polydisper-
sity index PDI=0.8). A similar pattern is observed when 
we measure ζ-potential. It is impossible to define the 
size and ζ-potential of particles in MW. It is impossible to 
precisely define MW as a dispersed system. At the same 
time, MW is not a homogeneous medium; it is a pseudo-
nano-heterogeneous medium proved by data in Figure 4.

Comparison of data on size and ζ-potential of SM pre-
pared by the SMT method based on MW (Figure 1) dem-
onstrates that MW structuring is achieved using the SMT 
method, which is accompanied by dispersed system for-
mation, i.e., the transformation of the aqueous medium 
into SM self-organizing nonequilibrium aqueous dis-
persed system takes place.  

KMW samples are more structured (PDI=0.4) (Figure 5) 
than MW samples. Mono- and bimodal distribution of 
particles by size was observed during measurements. The 
average hydrodynamic diameter in the case of monomo-
dal distribution is 540 nm; in the case of bimodal distri-
bution by size, it is 100-120 nm and 750 nm (Figure 5a). 
The particles’ distribution by ζ-potential is monomodal; 
ζ-potential equals -16 mV (Figure 5b).

Figure 8. Dependence of pH from dilution in the SM/DW 
system (curve 1). The pH values allowed to stand for a day DW 
used for the corresponding dilution are shown in curve 2. 

Figure 7. Dependence of specific conductivity from dilution 
in the SM/DW system (curve 1). Specific conductivity values 
allowed to stand for a day DW used for the corresponding dilu-
tion are shown in curve 2.

The DW distribution of particles by size is polymodal, 
making DW samples unfit for analysis with the DLS meth-
od (PDI > 0.5). i.e., DW is a homogeneous medium. Thus, 
a comparison of physicochemical properties and self-or-
ganization of the SM and solvents (MW, KMW, and DW) 
indicates that SM is a structured self-organized aqueous 
dispersed system. The structuring degree of solvents falls 
as follows: KMW> MW> DW. It means that when SM in-
teracts with the studied solvents forming mixed systems 
(SM/DW, SM/MW, SM/KMW), interaction type changes 

Figure 9. Dependence of redox potential from dilution  
in the SM/DW system (curve 1). ORP values used for the  
corresponding dilution are shown in curve 2.
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from “dispersed system (SM) – aqueous system (DW)” to 
“dispersed system (SM) – dispersed system (KMW)” that 
may be accompanied with behaviors of the studied sys-
tems during dilutions.

Study of Self-Organization, Physicochemical  
Properties of SM/DW System

Results of research of SM/DW aqueous system physico-
chemical properties are provided in Table 2. The study of 
the SM/DW system against dilution with the conducto-
metric analysis method (Figure 7, curve 1) demonstrates 
that the specific conductivity (χ) dependence from dilu-
tions is nonlinear. χ values change from 5 to 30 µS/cm.

In Figure 7 (curve 2), specific conductivity values of DW 
used to prepare the system are provided for comparison. 
Like the SM/DW system, DW was allowed to stand regu-
larly on a laboratory workbench for a day. In 3 weeks of 
measurements, the DW χ value was within the range be-
tween 7.5 and 4.5 µS/cm; the average value was 6.0±1.5 
µS/cm.

About the specific conductivity dependence in SM/DW 
systems, one can distinguish three dilution areas (Figure 
7, curve 1): 1:50 – 1:150, 1:150 – 1:350, and 1:400 – 1:1000. 
In the second area, χ values changes were observed with 
considerable deviations from linearity, evidencing that 
nonequilibrium self-organizing systems may form in this 
interval. The formation of negative dispersed phases as 
big as hundreds of nm, which can influence biosystems, 
is a feature of such systems. Minor linear deviations are 
seen; there are almost no deviations in the third area. 

Figure 8, curve 1, demonstrates pH dependence from 
dilution in the SM/DW system. The pH values of DW al-
lowed to stand for a day (curve 2) are shown for com-
parison. The pH variations in SM/DW system and DW are 
synchronous in 1:300 – 1:1000 interval (plateau access) 
and are asynchronous in the 1:50 – 1:300 interval, indi-
cating considerable differences in the SM/DW system in 
comparison to solvent, particularly in this interval.

Please note that in the case of 1:50 – 1:150 dilutions, pH 
values of the SM/DW system are comparable to values 

	Dilution	 χ, µS/cm	 *σ χ	 pH	 *σ pH	 ORP, mV	 *σ ORP

	0.065	 0.035	 0.015	 0.080	 0.090	 0.100	 0.140

1:10	 30.35	 1.20	 6.69	 0.39	 271	 31.46

1:50	 12.35	 0.07	 5.85	 0.52	 314	 20.5

1:100	 10.55	 1.62	 5.26	 0.08	 344	 20.5

1:150	 11.15	 2.47	 5.33	 0.01	 337	 10.18

1:200	 7.2	 1.69	 6.88	 0.35	 299	 11.10

1:250	 9.4	 1.69	 5.64	 0.08	 361	 4.94

1:300	 7.45	 0.07	 5.40	 0.00	 344	 4.31

1:350	 6.35	 1.06	 6.04	 0.18	 349	 0.28

1:400	 7.55	 1.48	 5.94	 0.05	 334	 1.34

1:450	 7.65	 0.21	 5.58	 0.02	 358	 13.29

1:500	 6.7	 1.13	 5.62	 0.22	 361	 20.01

1:700	 7.7	 0.84	 5.38	 0.04	 361	 12.51

1:1000	 4.4	 0.14	 5.52	 0.05	 347	 11.38

*σ is standard individual measurement deviation.

Table 2. Specific conductivity, pH, and potential redox values of the SM/DW system in 
different dilutions.
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of much higher dilutions (1:450 and higher), where pH 
values access plateau (Figure 8, curve 1). Similar to the 
concentration dependence of the SM/DW system-specific 
conductivity (Figure 7, curve 1), the pH dependence of the 
system (Figure 8, curve 1) allows distinguishing 1:150 – 
1:450 dilution area, where pH dependence is nonlinear. 
In the case of 1:200 and 1:350 – 1:400 dilutions, nonlin-
ear pH values changes (Figure 8, curve 1) are observed. 
Accordingly, the highest pH deviation from the plateau 
value is 1.5 and 0.5 pH units. 

Figure 9, curve 1, demonstrates potential redox depen-
dence from dilution in the SM/DW system. Redox poten-
tial (ORP) values that stand for a day DW (curve 2) are 
shown for comparison. The pH variations of redox po-
tential in the SM/DW system and DW were synchronous 
in 1:100 – 1:150 and 1:450 – 1:1000 intervals and in 1:150 
– 1:400 intervals, respectively, which indicates consider-
able differences in the behavior of the SM/DW system in 
comparison to solvent, particularly in this interval.

The 1:50 – 1:150 dilutions SM/DW systems had the poten-

Figure 10. Distribution of particles 
by size in the SM/DW system in 
case of 1:200 dilution.

Figure 11. Distribution of 
particles in the SM/DW 
system in case of 1:100 (a) 
and 1:500 (b) dilutions.
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tial redox values comparable to values of much higher 
dilutions (1:400 and higher), where ORP values access 
the plateau (Figure 9, curve 1). In the 1:150 – 1:450 di-
lution interval, a nonlinear redox potential change was 
observed, especially noticeable in the case of 1:200 and 
1:400 dilutions, where potential redox values differed 
from the plateau values by 50 and 20 mV.

Study of SM/DW systems’ self-organization with DLS 
demonstrated that distribution of particles by size in SM/
DW systems in all the studied dilutions is bimodal (Figure 

Figure 12. Distribution of particles by ζ-potential in the  
SM/DW system in case of 1:300 dilution.

Figure 14. Dependence of specific conductivity from dilution in 
the SM/KMW system (curve 1) and KMW specific conductivity 
value (Line 2) provided for comparison.

Figure 13. Dependence of specific conductivity from dilution 
in the SM/MW system (curve 1) and MW specific conductivity 
value (line 2).

10), i.e., dilution degenerates structuring of initial SM. It 
is possible to distinguish the following dilutions: 1:150, 
1:200, 1:250, 1:300, and 1:350 structuring, the most ap-
proximate to SM. In these dilutions, the type of particles’ 
distribution by size and polydispersion index (PDI<0.3) al-
most meet the quality criteria of SM’s self-organized dis-
persed system (Figure 10).

For reference below, we provide the distribution of par-
ticles by size in SM/DW systems that do not meet quality 
criteria (Figure 11), for example, in the case of 1:100 and 
1:500 dilutions.

Study of ζ-potential of particles in SM/DW systems dem-
onstrated that in the whole studied interval of dilutions, 
almost all particles with negative ζ-potential are formed 
within the range of -18≈-30 mV except 1:10, 1:50, 1:500, 
1:700, and 1:1000 dilutions being a part of intervals with 
linear dependence or plateau of physicochemical proper-
ties’ dependence. In the 1:150 – 1:350 interval where non-
linearity of systems’ physicochemical properties is found, 
ζ-potential of nanoassociates meets quality criterion. For 
example, Figure 12 shows the distribution of particles by 
ζ-potential in the SM/DW system for 1:300 dilution. In the 
dilution, ζ-potential value equals -20 mV.

Thus, based on both nanoassociates’ parameters (size 
and ζ-potential), it is possible to distinguish SM/DW sys-
tems having dilutions in the 1:150 – 1:350 interval as non-
equilibrium self-organized dispersed systems and there-
by as the ablest to demonstrate nonlinear properties. In 
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the 1:150 – 1:400 interval, we also observe the sharpest 
variations of physicochemical properties of the SM/DW 
system that suggests the ability of the SM/DW system to 
influence biotest objects in the interval.

Study of Self-Organization, Physicochemical  
Properties of SM/MW and SM/MWK Systems 

Study of SM/MW and SM/KMW systems against dilution 
with conductometric analysis method (Figures 13, 14) 
demonstrates that the systems’ specific conductivity (χ) 
from dilutions is nonlinear. χ values change from 170 to 
250 µS/cm in the SM/MW system and from 320 to 350 
µS/cm in the SM/KMW system. Line 2 in Figures 13 and 14 
correspond to MW and KMW specific conductivity values 
accordingly. However, χ variations in dilutions are slightly 
different in the systems.

In SM/MW systems, in the case of 1:50 dilution, χ values 
are almost the same as in the MW solvent. Figure 13 dem-
onstrates that the specific conductivity of the systems 
changes in a nonmonotonic way with further dilution dif-
fering from χ values of MW in 1:100, 1:300, and 1:450 dilu-
tions. In these dilutions, χ deviations from plateau χ value 
are approximately 40 µS/cm. 

The dilution interval where we observed considerable de-
viations of χ values from the plateau value is more com-
prehensive than in the case of the SM/DW system, and 
the deviations begin with a hundredfold dilution and fin-
ish with only five hundredfold dilutions.

It could mean that SM/MW systems diluted with the sol-
vent used for SM preparation are nonequilibrium self-
organizing in a wider dilution interval from 1:100 to 1:500 
than the systems prepared with DW as may be seen be-
low with KMW.

The SM/KMW systems’ specific conductivity varies some-
what differently (Figure 14) than SM/MW systems (Figure 
13). Figure 14 demonstrates that in the case of 1:50 di-
lution χ value of SM/KMW system and SM/MW system 

Figure 15. Dependence of pH from dilution in the SM/MW  
system (curve 1) and MW pH value (line 2).

Figure 16. Dependence of pH from dilution in the SM/KMW 
system (curve 1) and KMW pH value (line 2).

Figure 17. Dependence of redox potential from dilution in  
the SM/MW system (curve 1) and MW redox potential value 
(line 2).
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comes close to solvent’s (KMW) χ value. Further depen-
dence of SM/KMW systems’ specific conductivity against 
dilutions almost reached a plateau coinciding with χ val-

Figure 18. Dependence of redox potential from dilution in the 
SM/KMW system (curve 1) and KMW redox potential value  
(line 2).

ue for KMW. Specific conductivity of SM/KMW systems 
differs from KMW χ values only in 1:100 and 1:250 dilu-
tions. Deviations of χ value from KMW χ value in these di-
lutions are 10 and 25 µS/cm, which is significantly lower 
than 40 µS/cm in the SM/MW system in which SM was 
prepared using MW.

Comparison of SM/MW and SM/KMW aqueous systems’ 
specific conductivity dependencies from dilutions evi-
denced that solvent quality does not influence 1:50 di-
lution, where χ values come close to plateau occurring 
along with higher dilutions. However, solvent quality in-
fluences dilution intervals in which nonlinear variations 
of χ value are observed; it also influences maximum ∆χ 
values in some dilutions of the interval.

Analysis of SM/MW systems’ pH dependences against di-
lutions (Figure 15) evidenced that the pH of the systems 
considerably differs from MW pH in the whole studied 
range of dilutions. It rises significantly with the increase 
of dilution degree (∆pH around 0.9 pH units). For pH de-
pendence, we distinguish three dilution areas (Figure 15). 
Am almost linear increase of the systems’ pH is observed 
in the first area (1:50 – 1:250); a nonlinear increase with 

Figure 19. Distribution of 
particles by size (a) and 
ζ-potential (b) in the SM/MW 
system in the case of 1:450 
dilution. 
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extreme values in 1:300, 1:400, and 1:450 dilutions is ob-
served in the second area (1:250 – 1:500), and pH values 
reach a plateau in the third area (1:500 and higher).

The pH dependence of SM/KMW systems (Figure 16) is of 
a more complicated nature. The specific conductivity and 
pH dependence of SM/KMW systems in the case of the 
1:50 dilution, where the value is around 7.75, is compa-
rable to the pH value at the plateau obtained with high 
dilutions (1:350 and higher). However, the SM/KMW sys-
tems’ pH significantly differs from pH at the plateau in 
1:100, 1:200, and 1:300 dilutions. Maximum deviations 
equal to 0.6 and 0.35 pH units are observed in 1:100 and 
1:300 dilutions.

Figure 17 demonstrates the potential redox dependence 
from the dilution in the SM/MW system. Similar to the pH 
dependence (Figure 15), the redox potential values of the 
systems considerably differ from the redox potential of 
the solvent (MW) alone in the whole range of dilutions. 
Three areas of redox potential were seen. The linear de-
pendence of redox potential from dilution was observed 
in the first area (1:50 – 1:200) and the third area (1:500 
– 1:1000); a nonlinear dependence with extreme values 

in 1:250, 1:350, and 1:450 dilutions was observed in the 
third area.

Figure 18 demonstrates the dependence of redox poten-
tial from dilutions in the SM/KMW system. Redox’s poten-
tial dependence on SM/KMW systems is of a complicated 
nature. Similar to the specific conductivity and pH seen 
in SM/KMW systems, the potential redox dependence 
may be divided into two areas. The dependence of SM/
KMW systems’ redox potential in the first area of dilu-
tions (1:100 – 1:350) is of pronounced nonlinear nature; 
it almost reaches a plateau in the second area (1:400 – 
1:000), which coincides with KMW redox potential value. 
The redox potential of SM/KMW systems differs from 
KMW values in 1:100, 1:150, and 1:300 dilutions.

Comparing the distribution of particles in the solvent 
(MW) and SM/MW system by size, we distinguish the fol-
lowing dilutions 1:100 and 1:450, in which distribution of 
particles by size and ζ-potential is monomodal (PDI<0.4). 
Figure 19 shows an example of particle distribution by 
size and ζ-potential for 1:450 dilution.

In the same way, we distinguish 1:200, 1:250, 1:300, and 

Figure 20. Distribution of 
particles by size (a) and 
ζ-potential (b) in the SM/KMW 
system in the case of 1:200 
dilution.
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1:450 dilutions in SM/KMW systems. Figure 20 shows an 
example of distributions for 1:200 dilution.

Conclusion
Our study confirms the possibility that molecular water 
configurations may assume different structural levels, 
thus contributing to the aim of the present Special Edi-
tion of the WATER Journal with a more profound under-
standing of molecular water dynamics, which may lead 
to further applications of great relevance in many fields, 
from biology to ecology.

Using DLS and ELS methods, we established that the 
studied material (SM) forms an aqueous self-organized 
dispersed system, in which the dispersed phase is 
formed with dimensions around 800 nm and negative 
surface potential (ζ-potential – 11 mV). The result of the 
studies on the MW used for the preparation of SM shows 
that the use of the SMT method leads to the structuring 
of MW accompanied by dispersed phase formation, i.e., 
the transformation of the unstructured aqueous medi-
um into a self-organized dispersed system.

The physicochemical properties of the SM, even if pre-
pared in different solvents – DW, municipal water (used 
for SM preparation or MW), and Kazan municipal water 
(KMW) – indicate that the SM is the most structured self-
organized aqueous dispersed system. The structuring 
degree of solvents drops as follows: KMW> MW> DW. 
This means that, when the SM interacts with the studied 
solvents, forming mixed systems (SM/DW, SM/MW, SM/
KMW), the interaction type changes from “dispersed sys-
tem (SM) – aqueous system (DW)” to “dispersed system 
(SM) – dispersed system (KMW)” that may be accompa-
nied by different behaviors of the systems when dilu-
tions are made.

The study of self-organization, physicochemical proper-
ties of the SM/DW system in dilution series (1, 1:10, 1:50, 
1:100, 1:100, 1:150, 1:200, 1:250, 1:300, 1:350, 1:400, 
1:450, 1:500, 1:700 and 1:1000) shows that on the total-
ity of values of dispersed phase’ parameters – size and 
ζ-potential – it is possible to distinguish the SM/DW with 
dilutions in 1:150 – 1:350 interval as the most self-orga-
nized dispersed system. It is translated by its pronounced 
ability to demonstrate nonlinear properties. Sharp varia-
tions of physicochemical properties (specific conductiv-
ity, pH, redox potential) are observed in the 1:150 – 1:400 
interval of SM/DW system dilutions, prompting sugges-

tions that SM/DW systems may influence biological ob-
jects in this dilution interval.

Comparison of dependencies of SM/MW and SM/KMW 
systems’ specific conductivity from the different dilutions 
proves that solvent’s properties almost do not influence 
1:50 dilution, where χ values come close to the plateau 
occurring in high dilutions. However, solvent properties 
influence dilution intervals in which nonlinear variations 
of χ value are observed; the properties also influence 
maximum ∆χ values in some dilutions of the same in-
terval. In the SM/MW case, both parameters are more 
remarkable and higher (dilution intervals from 1:100 to 
1:500 and ∆χ is around 40 µS/cm) than in the SM/KMW 
system (dilution intervals from 1:100 to 1:300 and ∆χ, not 
more than 25 µS/cm).

Studies of SM/MW and SM/KMW systems’ pH and poten-
tial redox prove the conclusion that in the SM/MW dilu-
tion intervals between 1:200 and 1:500, nonlinear varia-
tions of the system properties are observed; on the oth-
er hand, in SM/KMW systems it happens between 1:100 
and 1:350.

The self-organization of SM/MW and SM/KMW systems 
shows the formation of negatively charged dispersed 
phase as big as hundreds of nm within 1:100 – 1:450 dilu-
tion intervals; corresponding to the intervals of nonlinear 
variations of physicochemical properties and, according 
to the literature, these dispersed systems can influence 
biological objects (De Ninno 2016; Del Giudice et al. 1988, 
2014;Konovalov et al. 2017; Murtazina et al. 2014; Ryzh-
kina et al. 2018, 2019, 2020, 2021a, 2021b, 2021c, 2021d).

The population of obtained data shows that in the 1:200 
– 1:400 dilution interval all the studied samples (SM/DW, 
SM/MW, SM/KMW) represent self-organized dispersed 
systems that can be translated to their pronounced abil-
ity for nonlinear changes of physicochemical properties 
(specific conductivity, pH and redox potential). It sug-
gests that the systems may influence biological objects 
within a minimum of two months after preparation of 
the SM in this dilution interval.

The description of the SMT method is detailed in the fig-
ures that make up the Supplementary Material.
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Discussion with Reviewers (DWR)
Reviewer: What is the dilution method for preparing the sys-
tems (SM/DW, SM/MW, and SM/KMW)?

Authors: The following dilutions were studied for SM/DW, 
SM/MW, and SM/KMW systems: 

1 (SM), 1:10, 1:50, 1:100, 1:150, 1:200, 1:250, 1:300, 1:350, 
1:400, 1:450, 1:500, 1:700, 1:1000.

Three parallel samples were prepared in 10 ml volumet-
ric flasks using pipettes from 0.01 to 10 ml and a micro 
syringe with a volume of 10 μl with graduation of 0.01 μl 
to measure the particle parameters and solution proper-
ties. The amount of SM calculated for each dilution was 
poured into a volumetric flask using a pipette, then DW, 
MW, or KMW was added to the mark. For example, for a 
ratio of 1: 100, 0.1 ml of SM was poured into the flask, and 
DW, MW, or KMW was added to the mark. After that, each 
flask was placed in a mini shaker for 10 s and kept for 20 
hours on the laboratory bench.

Reviewer: The authors claim that, when studying systems SM/
DW, SM/MW, and SM/KMW with DLS and ELS methods, they 
found that filters for solution purification are impractical 
due to degradation of the quality of parameters during fil-
tration. What happened? Did the differences disappear? Did 
variations appear without a defined pattern?

Authors: It is known that water under room conditions 
is a nanodispersed system (Yakhno and Yakhno. 2019). 
All methods of physical impact on water, including filtra-
tion with microfilters, are accompanied by the dissocia-
tion of the nano dispersed phase of water and their re-
association after hours (days). Therefore, filtration leads 
to a deterioration in the quality of the parameters of the 
nanodispersed phase, and it takes time to recover.

Yakhno T, Yakhno V (2019). A Study of the Structural Or-
ganization of Water and Aqueous Solutions by Means 

of Optical Microscopy. Crystals 9 (1): 52. doi: 10.3390/
cryst9010052
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Supplementary Material

The Supramolecular Technique – SMT – Structure

A

Lower part of the SMT in which eight circular spaces are visible 
to be used for the transmission of single frequencies to water.
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B

Lateral sectioned view 
of the SMT in which you 
can see the spirals for 
the obligatory path of the 
water. Between the two 
cylinders there is (indicated 
with the number 7) 
a pressure gauge to 
maintain the right water 
pressure.

The drawing at left depicts the 
upper part of the SMT in which 
there are, in correspondence 
with the lower part, eight 
other spaces to contain the 
frequencies inside the SMT.
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C

The technological process of S.M.T. is divided into two specific steps:
1. Preparing the fluid (cylinder 1)

2. Fluid computerization (cylinder 2)

Based on the principle of the diamagnetic behavior of the water molecule 
and the consequent aggregation into macromolecules, which earned Linus 
Pauling the Nobel Prize in Physics, using the interference method, a spiral 
helix of cylindrical shape, equipped with generators of turbulent motions 
with a fixed pitch but with different amplitude, where the fluid is made to 
pass. With the same principle but using a different passage to cylinder n° 2, 
the fluid is computerized and then introduced into the irrigation system.


