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Abstract

As a primary reaction medium, water profoundly influences the kinetics and mechanisms
of chemical processes. External physical treatments, such as vibration, can alter the physic-
ochemical properties of water, thereby modifying reaction outcomes. This study aimed to
investigate the effect of vibrational iterations (I0-I7) prepared using the “crossing” tech-
nology on the kinetics of the oxidation-reduction reaction between methylene blue and
ascorbic acid, a standard model for evaluating external influences. Initial characteriza-
tion revealed that while pH remained stable across all samples, electrical conductivity
and dissolved oxygen levels deviated significantly from the control (intact water), with
oxygen concentrations measuring either higher or lower than the control. Following the
dissolution of methylene blue in these iterations, absorption spectroscopy was used to
monitor decolorization kinetics. Different vibrational iterations influenced distinct kinetic
parameters, including the rate constant, half-reaction time, and average reaction rate. De-
pending on the number of processing steps used to prepare the iterations, these parameters
exhibited deviations ranging from 3% to 9% compared to the control. This suggests a
complex relationship between the aqueous medium’s structural-dynamic properties and
the reactants’ supramolecular organization. These findings underscore the potential of
vibrational iterations as a tool for modulating chemical reaction kinetics through aqueous
medium engineering. Further research is needed to elucidate the underlying mechanisms
and expand the applicability of this approach to other systems.

Keywords: water; vibrational iteration; modifying action; crossing; methylene blue;
ascorbic acid; reaction kinetics; decolorization; absorption spectroscopy

1. Introduction

Water is the most common medium in which various substances interact, and its
importance to nature is difficult to overestimate. The physicochemical properties, composi-
tion, and structure of the aqueous medium have a significant impact on the processes and
chemical reactions. Specifically, the aqueous environment determines reagent conforma-
tion, supramolecular organization, and subsequent reactivity, influencing the formation of
intermediate and final products [1-6]. This role is critical across various processes, includ-
ing salt metathesis, acid-base and oxidation-reduction reactions, gelation, crystallization,
and coordination interactions [7]. External physical treatments can significantly modulate
internal structure and physicochemical properties of water [7-13]. For instance, vibrational
treatment has been shown to alter pH, dissolved oxygen, hydrogen peroxide levels, and the
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distribution of optical heterogeneities [9,10,14,15]. Consequently, such external treatments
directly impact both the reaction rate and thermodynamic efficiency. A notable example is
the decomposition of sodium thiosulfate by sulfuric acid, where the reaction rate varies de-
pending on the physicochemical properties of water, which had been subjected to vibration
treatment and used to dissolve the reaction components [16].

Beyond solvent composition and structure, reaction yield is significantly influenced
by the reagent mixing method [17]. For example, in glycosylation reactions, the component
mixing technique has been shown to be more important than the nature of the glycosyl
donor [18]. This observation is further supported by studies on the effect of the mixing
method on the result of sialylation under phase-transfer catalysis [19,20]. It has been pro-
posed that chemical reactions involve supramolecular aggregates (supramers) rather than
isolated molecules, with the spatial orientation of reaction centers on these supramers deter-
mining the process outcome [21,22]. Moreover, the structure of these supramers is sensitive
to external factors, including relatively “soft” effects such as mixing methodology [22].
Consequently, any external effects on the reaction medium, even seemingly subtle ones,
can modulate the kinetics and mechanisms of chemical reactions through changes in the
structure and properties of the solution.

Extensive research has demonstrated that solutions subjected to successive serial
dilutions (where the calculated concentration of the solute approaches zero) exhibit physic-
ochemical properties distinct from those of the solvent [15,23,24]. Such systems have been
shown to contain nanoscale optical heterogeneities [8,25]. Furthermore, it is established
that these highly diluted systems can modulate the physicochemical characteristics and
functional capacities of substances at conventional concentrations [23,24,26-28].

A similar phenomenon, involving the alteration of a substance’s functional activ-
ity via a novel water treatment method termed “crossing technology,” was previously
reported [16]. This technology involves simultaneous vibration treatment of the initial sub-
stance and the neutral carrier (ultrapure water) contained in adjacent, isolated vials. At this
step, the initial substance exerts a “distant” effect on water, yielding a product designated as
“iteration zero” (I0). Subsequent iterations are produced by subjecting a new portion of the
neutral carrier to the same treatment in the presence of the preceding iteration; for instance,
10 acts upon untreated water to produce iteration No. 1 (I1). The resulting samples exhibit
distinct physicochemical properties depending on the iteration number. Furthermore, these
iterations demonstrate a “modifying effect” of varying magnitudes, significantly altering
the physicochemical characteristics of the initial substance solution [16]. Similar distant
influences of solutions subjected to successive serial dilutions on an aqueous medium have
been independently demonstrated in multiple laboratories [24,29-35].

However, whether this phenomenon is universal across different chemical systems remains
to be elucidated. The decolorization of methylene blue by ascorbic acid, a well-established
model for investigating external influences on chemical reaction kinetics [36-39], was employed
in this study. While previous research has thoroughly documented its dependence on factors
such as temperature [40—42], ionic strength, pH [41-43], dissolved oxygen levels [39,4345],
and the presence of transition metals or catalysts [41,45], the role of the solvent’s preparation
remains less explored. Therefore, this work focuses on evaluating the kinetic parameters of the
reaction when vibrational iterations are utilized as the solvent medium. Specifically, we aimed
to determine how the vibrational iterations of one reactant modulate the kinetics of this model
chemical process.
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2. Materials and Methods
2.1. Materials

The following reagents were used in the study: methylene blue (OOO KhimMiks, Ufa,
Russia), ascorbic acid (Sigma-Aldrich, St. Louis, MO, USA), sodium hydroxide (AppliChem
Panreac, Chicago, IL, USA), and sodium sulfate (Kupavna-Reaktiv, Moscow, Russia).

2.2. Sample Preparation

Vibrational iterations of methylene blue (I0-17) were prepared using the previously
described crossing technology [16]. In this study, an aqueous solution of methylene blue at
a concentration of 0.35 mM, prepared from a weighed portion of the dry substance (OOO
KhimMiks, Ufa, Russia), was used as the initial substance. Ultrapure water type 1 with a
specific resistance of 18.2 MOhm x cm, obtained from PURELAB Option-Q (Elga LabWater,
High Wycombe, UK), was used for the preparation of vibrational iterations and served as a
diluent for all solutions. Vibrational iterations were prepared in vials made of transparent
borosilicate glass (5 mL and 40 mL, Glastechnik Grafenroda, Grafenroda, Germany).

Vibrational iterations were prepared in several sequential stages as illustrated in
Figure 1. To generate iteration 10, a sealed 5 mL transparent borosilicate glass vial containing
0.35 mM methylene blue solution was placed in direct contact with a sealed 40 mL vial
containing 30 mL of ultrapure water. Both vials were vortexed using an IKA-Werke
MS 3 basic mixer (Sigma-Aldrich, St. Louis, MO, USA) with an MS 1.21 platform at
3000 rpm for 10 s, then left in close proximity for 1 min. The treated water was then
designated as “vibrational iteration 10”, and the source vial was removed. Vibrational
iteration I1 was subsequently obtained by placing a 40 mL vial containing 30 mL of 10
next to another 40 mL vial containing 30 mL of fresh ultrapure water, repeating the same
10 s vortexing and 1 min co-incubation protocol. This repetitive process was continued to
prepare the remaining vibrational iterations (I2 through 17), with each successive sample
derived using the one immediately preceding it.

Next stage Similar stages
40 ml .
vial //
5ml ; .
V'?' Vortex ! -
B 3000 rpm ) .
- 10s C [ ] '
=35 > '
25 Incubation .
SE 1 min Incubation '
: :
30 ml Vibrational Vibrational Vibrational
water iteration of iteration of iteration of
methylene blue methylene blue  methylene blue
10 11 17

Figure 1. Schematic representation of the process of obtaining vibrational iterations of methylene blue.

Environmental conditions during sample preparation and subsequent measurements
were monitored using a verified thermohygrometer IVA-6N (Microfor, Moscow, Russia)
with the temperature maintained at 22 + 3 °C and humidity ranging between 20% and 70%.
Liquid handling was performed using various automatic pipettes (Eppendorf, Hamburg,
Germany; Socorex, Ecublens, Switzerland) and Class A volumetric glassware (Borosil,
Mumbai, India; Steklopribor, Zavodske, Ukraine). To ensure consistency, all samples were
prepared by a single operator and tested on the same day of preparation. Intact ultrapure
water used for the preparation of vibrational iterations served as the control.
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2.3. Study of Physicochemical Parameters of Vibrational Iterations

Analytical measurements were performed using Mettler Toledo (Greifensee, Switzer-
land) equipment: pH values were determined with a SevenCompact 5220 meter, while
electrical conductivity was measured using a SevenCompact S230 conductometer, both
featuring automatic temperature compensation. Additionally, dissolved oxygen concen-
trations were recorded at 21 °C using an Expert-001-4.0.1 liquid analyzer (Econix-Expert,
Moscow, Russia).

To reduce the impact of fluctuating environmental conditions throughout the day,
measurements were conducted sequentially. Each sample underwent its first round of
testing before the sequence was repeated for subsequent measurements.

2.4. Study of the Kinetics of Methylene Blue Decolorization Reaction

The reduction of methylene blue by ascorbic acid results in the decolorization of
the solution due to the formation of colorless leucomethylene blue (Figure 2). While this
reaction is highly reproducible under constant parameters, it remains extremely sensitive
to the properties of the aqueous medium, including temperature [40-42], ionic strength,
pH [41-43], dissolved oxygen concentration [39,43—45], and the presence of transition
metals or catalysts [41,45]. Consequently, all reactions in this study were performed under
strictly identical conditions following a procedure adapted from [41].

H
N N
- H*, 2e”

CH, X _CH, CH, _CH,
N i N \
CH; Methylene Blue CH, CH; Leucomethylene CHj,

Blue

Figure 2. Reaction scheme for the reduction of methylene blue to leucomethylene blue by ascorbic acid.

The decolorization of methylene blue by ascorbic acid was monitored spectrophoto-
metrically, following established methods [36-39]. Methylene blue was dissolved in the
test samples (vibrational iterations or control) to a final concentration of 4.5 x 107> M.
Separately, a stock solution of ascorbic acid (Sigma-Aldrich, St. Louis, MO, USA) was
prepared in intact water at a concentration of 0.055 M (solution B).

Then, solution A was prepared by combining 1200 uL of methylene blue solution in
the respective test sample (4.5 x 107> M) with 195 uL of sodium hydroxide (AppliChem
Panreac, USA) with a concentration of 0.001 M and 195 pL of sodium sulfate (Kupavna-
Reaktiv, Russia) with a concentration of 0.1 M. The mixture was vortexed at 3000 rpm for
10 s. For each sample (vibrational iteration or control), 6 identical aliquots of solution A
were prepared, and each aliquot was used for one reaction (6 reactions in total).

Given that the reaction kinetics are highly sensitive to pH and ionic strength [41-43],
these parameters in solution A were precisely adjusted to ensure that the reaction rate re-
mained within a range suitable for reliable spectrophotometric recording using the current
experimental setup.

To record the kinetics of the methylene blue decolorization reaction, 800 pL of solution
A and 1200 pL of solution B (both equilibrated at 20 °C) were added to a quartz cuvette
with an optical path of 10 mm (Hellma Analytics, Mullheim, Germany). Temperature
stability of the reaction mixture was ensured by a TCC-100 thermoelectrically temperature-
controlled cell holder (Shimadzu, Kyoto, Japan). Nine seconds after mixing solutions A
and B, the time course of the absorbance was monitored at A = 665 nm for 200 s using a
UV-1800 spectrophotometer (Shimadzu, Kyoto, Japan) in the kinetic mode. The kinetic
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characteristics of the chemical reaction were calculated in the range from 0 to 150 s, since
the pseudo-first-order dependence was observed in this range.
The following parameters of the kinetics of the chemical reaction were determined:
The speed constant (k) for a pseudo-first-order reaction was calculated using the
following equation:
InA = InAg — kTt (1)

where Ay is the initial absorbance of the solution at A = 665 nm, and A is the absorbance of
the solution during the reaction, and T is the reaction time.
Half-reaction time ( 7y /») was calculated using the following equation:

In2
Ti = —— ()

k
where k is the reaction speed constant.
The average reaction rate was determined as the change in absorbance at A = 665 nm
or in methylene blue concentration over the given period of time (v or v, respectively).

2.5. Statistical Analysis

Statistical analysis was performed using R version 4.2.2 (R Foundation for Statistical
Computing, Vienna, Austria). The normality of the distribution was assessed using the
Shapiro-Wilk test, and the homogeneity of variances was examined using the Bartlett test.
Outliers were identified using the interquartile range (IQR) method. To compare vibrational
iterations with the control group, a one-way ANOVA followed by Student’s t-test with
Holm’s correction was applied for normally distributed data. When the assumption of
normality was violated, the Kruskal-Wallis test was used instead, followed by the Dunn
test with Holm’s correction for multiple comparisons. Differences between groups were
considered significant at p < 0.05. For pairs of groups that showed statistically significant
differences, Cohen’s d effect size was calculated.

The number of measurements performed per sample was as follows: pH (6), electrical
conductivity (9), dissolved oxygen concentration (6), and methylene blue decolorization
kinetics (6).

3. Results

In the initial stage of the study, we characterized the physicochemical properties
(specifically pH, electrical conductivity, and dissolved oxygen concentration) of vibrational
iterations compared to the control (intact water). The results are summarized in Table 1.

Vibration treatment typically induces an increase in pH and electrical conductivity
while reducing dissolved O, levels [10,12], with the magnitude of these effects depending
on shaking frequency and duration. Notably, despite all vibrational iterations being pre-
pared under identical conditions, i.e., by using the same ultrapure water, glass vials, and
shaking parameters (10 s at 3000 rpm), they exhibit distinct physicochemical properties
compared to the control (intact water). The measured values are in the range of 5.11-5.24
for pH, 0.86-0.93 uS/cm for conductivity, and 7.28-8.07 mg/mL for O, concentration. Only
the pH values of the vibrational iterations remained relatively the same as in the control. In
contrast, both the electrical conductivity and the concentration of dissolved O, exhibited
significant deviations.

Among the vibrational iterations, a statistically significant increase in electrical con-
ductivity compared to the control was observed only in 16 (p < 0.05). The dissolved O,
concentration decreased significantly in 10, I1, and I4-17 (p < 0.05), while an increase was
recorded in I3 (p < 0.05). Notably, following established criteria where d indicates a large
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effect size [46,47], all parameters in Table 1 marked with an asterisk represent statistically
significant differences with a large effect compared to the control.

Table 1. Physicochemical properties of vibrational iterations.

Electrical Conductivity, Dissolved Oxygen
Sample Type pH uS/cm Concentration, mg/mL
Control (intact water) 515+ 0.16 (n=5) 0.89 £0.05 (n=9) 784 £0.12(n=16)
*
10 521+ 0.14 (n=5) 0.86 + 0.05 (1 =9) =3 87;542 flo‘gSlO_g n=6)
1 521+ 0.14 (n=5) 0.88 £ 0.01 (1=9) =5 12;‘2550';20,14 n=6)
2 5.26 + 0.02 (n = 4) 0.89 +0.01 (1=9) 7.87 +0.09 (n = 6)
I3 5.20 £ 0.09 (n = 5) 093 £0.03(n=9) d=2 0578'24:i5 (3;0160,4 1 ="5)
*
14 5214+ 0.11 (n =5) 093 £0.05(n=9) d=-1 7779'62 2[90'3810,4 1=6)
*
5 513+ 0.15 (n = 5) 0.91 + 0.03 (n = 9) - 6.59;16;0%0?;0_15 e6)
0.97 £0.01* 7.45 £+ 0.09 *
16 5244010 (n=5) (@=2.051,p=6x103,1=9)  (d=—3575,p=1x10" n=6)
17 517 £ 0.01 (n=4) 0.87 £0.08 (n=9) 7:57 % 0.06

(d=-2782,p=4x107%n=6)

Note: Data are expressed as mean £ SD. The number of measurements (1), Cohen’s d effect size (d) for group pairs
for which statistically significant differences were present, and corresponding p-values are provided in parentheses.
* indicates statistically significant differences from the control (p < 0.05), determined by the Kruskal-Wallis test
followed by Dunn’s post hoc test, or by ANOVA followed by Student’s t-test with Holm’s correction for multiple
comparisons.

Such heterogeneity in the physicochemical properties of these vibrational iterations
suggests that the contents of the adjacent vial play a critical role during the shaking process.
It is probable that the aqueous solution within the adjacent vial influences the water
through electromagnetic emissions originating from structural heterogeneities, such as
supramolecular systems or nanobubbles [48,49].

Next, we studied the effect of vibrational iterations (I0-17) on the kinetics of methylene
blue reduction by ascorbic acid using absorption spectroscopy. As a preliminary step,
we obtained the absorption spectra of aqueous solutions of methylene blue across the
concentration range employed in the study. These spectra are shown in Figure 3.

665 nm

18 4 610 nm lv

16 | } |

1.4 -
Methylene blue (45 pM)

Q
9 1.2
c
g 1 242 nm Solution A (methylene blue, 34 pM)
o 0.8
8 < === =Solution A diluted by intact water
-g 0.6 - (methylene blue, 13.6 pM)

0.4

0.2

0 = Lt b S -

200 240 280 320 360 400 440 480 520 560 600 640 680 720 760 800

Wavelength, nm

Figure 3. Concentration-dependent absorption spectra of aqueous methylene blue solutions at 20 °C.
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The recorded spectra exhibit distinct absorption bands at 242, 290, 330, 610, and
665 nm. Methylene blue is a thiazine dye characterized by a phenothiazine core. By analogy
with the electronic absorption spectra of phenothiazine solutions [50], the peaks near
242 nm and 330 nm in the methylene blue spectrum are assigned to local 7T—7* transitions
(So—S2) within benzene rings modified by substituents. The peak at 290 nm also corresponds
to m—mt* transitions characteristic of molecules with conjugated bonds [51-53] and /or n—7t*
transitions (59p—S1) on heteroatoms (N, S) [50]. The peak at 665 nm corresponds to n—*
transitions [51-53]. The peak at 610 nm corresponds to the 0-1 vibronic component of the
665 nm methylene blue absorption [52,54,55].

In aqueous solutions, methylene blue exists as a monomer—dimer equilibrium. The
absorption spectrum of methylene blue exhibits a band at 665 nm (Aggs) corresponding to
the absorption of the monomers and a band at 610 nm (A1) reflecting the absorption of
the dimers [56]. In accordance with the law of mass action, increasing the methylene blue
concentration shifts this equilibrium toward the formation of dimers. This is manifested
in a decrease in the Agga/Ag1p ratio (Figure 3), which aligns with previously reported
data [56].

At a methylene blue concentration of 1.36 x 10> M, the absorption band of the dimer
significantly overlaps with the more intense and distinct band of the monomer. Therefore,
the absorbance at 665 nm was selected as a more reliable and selective parameter for
monitoring the kinetics of the reaction of decolorization of methylene blue by ascorbic acid.

Figure 4 illustrates the decolorization kinetics of methylene blue when using intact
water to prepare all reagents, plotted in linear (Figure 4a) or semilogarithmic (Figure 4b)
scales. Data are presented as mean + SD. In the time interval of 0-150 s (Figure 4b), the
semilogarithmic plot appears as a nearly straight line, with SD values (from 0.01 to 0.02)
largely obscured by the line width. On the one hand, this indicates that the data are of
good quality and reproducible. On the other hand, it proves that the reaction follows
pseudo-first-order kinetics. However, beyond 150 s, the SD values become more noticeable
(reaching 0.03 by 200 s), i.e., the results of repeated experiments begin to diverge more
strongly, which indicates that other processes start to contribute to the reaction, and the
pseudo-first-order model gradually ceases. Consequently, when conducting subsequent
studies, we recorded and analyzed the kinetics of methylene blue reduction by ascorbic
acid up to 150 s.

The quantitative parameters of the kinetics of methylene blue reduction by ascorbic
acid in the presence of vibrational iterations and the control are provided in Table 2. Data
are presented as mean =+ SD. Statistical significance was determined by either the Kruskal-
Wallis test followed by Dunn’s test or a one-way ANOVA followed by Student’s t-test
with a pooled standard deviation, depending on the data distribution. To control the
family-wise error rate (FWER) for multiple comparisons, p-values were adjusted using
Holm’s method. For any pair of groups showing a significant difference, the effect size
(Cohen’s d) is reported.

As shown in Table 2, the dissolution of methylene blue in any vibrational iteration
resulted in a statistically significant decrease in the reaction rate constant. Since this effect
was independent of the vibration iteration number, it is likely attributable to the vibration
treatment itself during sample preparation. Furthermore, while all iterations led to an
increase in the mean half-reaction time, statistically significant differences were observed
only for 10, 12, 14, and 15, where values increased by 2-4% relative to the control. This effect
may also be attributed to the vibration treatment of the methylene blue solvent.
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Figure 4. Methylene blue absorbance decay at 665 nm during reaction with ascorbic acid. All reagents
were prepared using intact water. Data are expressed as mean + SD (SD indicated by red error bars),
n = 6, plotted on (a) linear and (b) semilogarithmic scales. In (b), SD values become more prominent
after 150 s.
Table 2. Kinetic parameters of methylene blue decolorization by ascorbic acid.
Sample Type Reaction Rate Half Reaction Time (ty5,), Average Reaction Rate Average Reaction Rate by

Constant (k), x10-2s~1

S

by Absorbance (v,), A/s

Concentration (vc), mmol/s

Control (intact

1.218 £ 0.011 (n = 5)

56.93 + 0.51 (n = 5)

0.677 £ 0.031 (n = 6)

1.34 4 0.06 (1 = 6)

water)

1177 £ 0.014 * 58.92 + 0.71*

10 (d=-3205p=0010,n=6) (d=3.178,p=0.012,n=06) 0.709 % 0.006 (1 = 5) 1404001 (n=5)
1.186 + 0.017 * 0.721 + 0.006 * 142 +0.01*

n (d=—2.207,p = 0.044, n = 6) 58.47 +0.82 (n = 6) (d =1.885, p = 0.007, n = 5) (d =1.885, p = 0.007, n = 5)

o 1.184 + 0.022 * 58.55 + 1.12* 0.741 £ 0.016 * 146 +0.03*

(d=—1837,p=0039,1=6) (d=1.804,p=0046,n=6) (1=2.609,p=2x10"*n=6) (d=2.609,p=2x10"4 n=6)

1.191 + 0.021 *

3 (= 1545, p = 0,044, n = 6) 58.21 + 1.03 (1 = 6) 0.701 £ 0.010 (1 = 6) 1.39 4+ 0.02 (n = 6)
1.180 + 0.027 * 58.76 + 1.31*

4 (= —1771,p=0019,n=6) (d=1762,p=0022,n=6) 0.682 £ 0.009 (1 = 5) 1.35 4+ 0.02 (n = 5)
1.173 + 0.025 * 59.14 + 1.27*

5 (d=—-2267,p=0004,n=6) (d=2.198,p=0.005,n=6) 0.698 + 0.014 (n = 6) 1.38 +0.03 (n = 6)
1.185 4 0.004 *

16 (= 4042, p = 0044, n =5) 58.51 4 0.19 (n = 5) 0.712 + 0.005 (1 = 5) 1.41 £ 0.01(n = 5)

7 1.189 -+ 0.023 5831 4+ 111 (n = 6) 0.718 + 0.003 1.42 £ 0.01

(d=—1.553,p =0.044, n = 6)

(d=1.790, p =0.011, n = 5)

(d=1.790, p =0.011, n = 5)

Note: Data are expressed as mean & SD. The number of experiments (1), Cohen'’s d effect size (d) for pairs of groups
for which statistically significant differences were present, and corresponding p-values are given in parentheses.
* indicates statistically significant differences from the control (p < 0.05) determined by the Kruskal-Wallis test
followed by Dunn’s post hoc analysis, or by ANOVA followed by Student’s t-test, with p-values adjusted using
Holm's correction for multiple comparisons.

However, the impact of vibrational iterations on reaction kinetics varies not only
in magnitude but also in the nature of the effect. The average reaction rate (both v
and v¢) depends on the vibrational iteration number used as the methylene blue solvent.
Furthermore, vibrational iterations exert several different effects on the reaction kinetics
parameters. For example, vibrational iterations I3 and 16 deviate from the general pattern:
while they significantly decrease the rate constant (consistent with all other iterations), their
effects do not reach statistical significance regarding the average rate or half-reaction time,
exhibiting only a trend. Vibrational iterations 10, I4, and I5 had no significant effect on the
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average reaction rate, yet they statistically significantly increased the half-reaction time
(by 3-4%).

Vibrational iterations I1 and 17 statistically significantly increased the average reaction
rate by 6% compared to the control, accompanied by a modest, though non-significant,
increase in the half-reaction time. The effect of 12 was more pronounced, yielding a
statistically significant increase in the average reaction rate by 9%, alongside a statistically
significant increase in half-reaction time (compared to the control). The observed concurrent
decrease in the reaction rate constant and an increase in the average reaction rate (shown
for 12) likely stem from a change in the activity of the reagents induced by changes in
the reaction medium properties. Specifically, these changes may affect the accessibility of
reaction centers, a phenomenon well-documented in various chemical models [57-59].

4. Discussion

The observed differences in the kinetics of the reduction of methylene blue dissolved
in various vibrational iterations likely reflect differences in their physicochemical and/or
structural-dynamic properties. For example, it is known that the kinetics of methylene blue
reduction by ascorbic acid are sensitive to dissolved oxygen concentration, which serves
as an inhibitor [56]. However, our data suggest that oxygen level is not the sole factor
determining the effect of vibrational iterations on the reaction kinetics. This is demon-
strated by vibrational iteration 12, which significantly altered the kinetics despite having an
oxygen level identical to the control. Conversely, vibrational iteration I3, which contained
a higher oxygen level than the control, had no significant effect on the average reaction
rate. However, no direct correlation was found between changes in these physicochemical
properties and the resulting alterations of chemical reaction kinetics. This suggests that
the effects of vibrational iterations on reaction kinetics are not solely determined by pH,
electrical conductivity, and dissolved O, concentration but also involve additional factors
that remain to be identified in future research. Furthermore, the general effects of frac-
tions are reproducible, but the iteration number does not reliably predict their properties
or effects.

By analogy with previous studies [22], we hypothesize that the reaction of methylene
blue reduction by ascorbic acid involves the formation of supramolecular aggregates
(supramers), which serve as the primary reaction centers. The assembly and configuration
of these supramers may be uniquely modulated when vibrational iterations are used as
solvents, likely due to variations in the hydrogen-bond energy within each vibrational
iteration. It is well established that the aqueous microenvironment (including the degree of
solvation and the stereochemical properties of the solvent) can radically alter the reaction
mechanism [60-63].

The non-uniformity of the properties of vibrational iterations has been previously
documented [16]. Specifically, it was reported that these iterations can be categorized
into groups, or ‘fractions,” based on their physicochemical properties and their capacity to
modify the initial substance. For instance, vibrational iterations of sodium thiosulfate were
shown to alter its reaction kinetics with sulfuric acid. Our findings corroborate the existence
of such fractions: different iterations used to dissolve methylene blue exert distinct effects
on its decolorization kinetics.

This is an unexpected observation, because, from a conventional chemical perspec-
tive, each vibrational iteration represents ultrapure water subjected solely to mechanical
treatment. The observation that water samples, differing only in the number of crossing
technology steps (i.e., the number of vibrational iterations, see Figure 1), change chemical
reaction kinetics variably merits close attention. The reasons for this phenomenon have not
yet been fully clarified, but we assume that the main role is played by distant interaction
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during the crossing procedure, described, for example, in [48]. Other researchers have
previously observed similar distant interactions. For example, Penkov and Penkova [24]
showed that highly diluted aqueous solutions can remotely change the physicochemi-
cal properties of interferon-gamma (IFNYy) solution via intrinsic emission in the infrared
range. Subsequent studies revealed that lactose saturated with highly diluted antibodies
to IFNy remotely changed the structural and dynamic properties of IFNYy solution [29].
More recently, Jerman et al. [33,34] observed that high dilutions of antibodies to IFNy
influenced adjacent water containing trace amounts of hydrogen peroxide and bicarbonate.
Novikov et al. [30,35] reported the distant effect of high dilutions of antibodies to IFNy
or phorbol myristate acetate on the production of reactive oxygen species by neutrophils.
Collectively, these findings provide a robust framework that supports our observation of
distant influence during vibrational processing.

Our findings demonstrate that the physicochemical (and potentially stereochemical)
characteristics of a reactant can be effectively modified through vibrational iterations
prepared using that same substance as an initial substance. This approach introduces a
novel strategy for the targeted control of chemical processes by selecting specific vibrational
iterations for dissolving reactants to modulate the structural-dynamic properties of the
reaction medium. Future studies will assess the specificity of the effects of vibrational
iterations of methylene blue, along with a detailed analysis of their physicochemical
properties and the mechanisms of their influence on the parameters of the reaction of
methylene blue reduction by ascorbic acid.

5. Conclusions

Vibrational iterations prepared using methylene blue as the initial substance exhibit distinct
physicochemical properties. When used as solvents for methylene blue, these iterations variably
affect the kinetics of its reduction by ascorbic acid: either uniformly by decreasing the rate
constant or iteration-number-dependently by altering average reaction rates. These effects
suggest a complex underlying mechanism influenced by multiple parameters, likely involving
modifications to the aqueous medium’s structural-dynamic properties and the supramolecular
organization of reaction components (particularly within the methylene blue solution). This
opens up the possibility of targeted control of chemical processes by selecting certain vibrational
iterations for dissolving reactants. Further research is essential to elucidate these mechanisms,
including analyses of impurities, solution structuring, and the development of theoretical
models of “vibrational iteration-reagent” interactions.
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