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Abstract:
The paper presents the results of the investigation of certain chemical elements stable
isotopes concentration changes in ordinary water under the influence of acoustic
oscillations. Changes in the isotopic composition may be due to nuclear processes
arising in the experiment. Our explanations for the results of experimental
measurements are offered. Complex effects of mechanical vibrations on the change in
the concentration of chemical elements in the water are shown. A mechanism is
proposed for the formation of quasi-neutrons and complexes based on them involved
in nuclear processes. This mechanism is based on the concept of a double electric
layer arising at the contact of two environments.
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1. Introduction
It was shown in [1-10] that during mechanical action on deuterium containing solid

bodies and during acoustic action on heavy water, as well as during deuteration of
titanium and palladium electrodes, neutrons are observed in the process of electrolysis
in D2O. Direct correlations of changes in the intensity of neutron bursts with acoustic
radiation signals were obtained [5]. The authors of these works associate neutron
emission with the achievement of low-temperature synthesis in heavy water according
to the DD reaction scheme. The basis for this statement is the appearance of cavitation
bubbles under the action of ultrasonic vibrations, which is accompanied by the
phenomenon of sonoluminescence. According to the authors, in the field of collapse
of cavitation bubbles, the pressure can reach 105–106 atm, and the temperature can
reach 108 K [2], which is considered sufficient to achieve the synthesis of deuterium
nuclei. There is no effect and far from resonance when cavitation is absent. However,
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in the cited works, the authors quite convincingly prove the fact of the presence of
neutron emission under the influence of ultrasonic radiation. However, under similar
conditions of experiments performed with ordinary pure water, the authors [2] did not
observe neutron emission. With some correction of the experimental conditions and
far from resonance, we were able to detect γ - radiation. To confirm the fact of the
presence of ionizing radiation, measurements were also performed on a precision low-
background γ-spectrometer with a semiconductor germanium detector from Camverra.
In the absence of contact of the titanium concentrator with water, γ-radiation signals
were not recorded. Another feature of exposure to an acoustic emitter with water is
that after several hours of operation, eroded sections appear on the end surface of the
titanium concentrator. The authors of the cited works attribute this to the phenomenon
of cavitation. However, in our experiments, where cavitation was absent, fairly deep
etched areas were also observed. Under the influence of mechanical vibrations with
steep fronts, a change in the concentration of some stable isotopes of water impurities
was obtained depending on the duration of the effect of acoustic vibrations on
ordinary water.
In [12], the occurrence of γ - radiation and nuclear conversion of aluminum to

silicon on the electrode surface under the influence of a low-energy electric field
applied to the electrolyzer was shown. In [13], γ - radiation was obtained in ordinary
water under the influence of mechanical vibrations with an ultrasound repetition rate
in the absence of cavitation and sonoluminescence. To explain the processes taking
place, a mechanism is proposed for the formation of radiation by an abrupt change in
the potential of the electric double layer, which occurs when metal electrodes come
into contact with water, which is exposed to acoustic impulses with a steep front.

2. Materials and Methods
We studied the effects of acoustic waves on ordinary water at room temperature.

The schematic diagram of the experimental setup is shown in Figure 1.

Figure 1. Schematic diagram of the experimental setup.

Piezoceramic washers (1) with a titanium concentrator (2) tuned to the resonant
frequency 19.3 kHz were used as the source of the ultrasonic emitter. Piezoceramic
washers were powered from a sound generator (3) through an amplifier (4). In
resonance, the sound level reached 120 dB. When exposed to ordinary water (5) by
ultrasound with a sinusoidal shape, we did not detect any emitted γ - radiation by the
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dosimeter DKS-04 (6) and the radiometer RUP-1. In resonance, the sound level
reached 120 dB. When the shape of the electrical signal applied to the piezoceramics
changes from the sinusoidal to the rectangular, γ - radiation was detected far from
acoustic resonance with frequency 25 kHz and a sound level of 75–80 dB or less by
the DKS-04 dosimeter and the RUP-1 radiometer [13]. In this case, ionizing radiation
was also recorded far from acoustic resonance with a sound level of 75-80 dB or less,
also at repetition frequencies lying in the range of acoustic and infrasound spectra. In
the absence of contact of the titanium concentrator with water, γ-radiation signals
were absent.
The time of ultrasonic exposure to water was 3 and 6 hours. Prior to the experiment,

water was kept in contact with the titanium tip for 12 hours.

3. Results and Discussion
This paper presents the results of experimental studies of nuclear processes in

distilled water and their influence on its chemical composition. The mechanisms of
the observed processes are discussed. For a better understanding of the mechanisms of
phenomena, some conclusions are represented, mentioned in [11,12,13].
The results of studies of the ionizing radiation effect on ordinary water obtained by

the mechanical action of acoustic pulses with a steep front (less than 50 μs) are
presented. After several hours of vibration exposure to water, traces of erosion appear
on the end surface of the titanium concentrator, which deepens during further
vibrational exposure to water. To check the availability of gamma radiation used γ –
spectrometer. The small dimensions of the ultrasonic emitter (diameter 2.5 cm, length
~ 20 cm) made it possible to conduct studies when emitter was placed in the chamber
of a γ - spectrometer from Camverra. The measurements were carried out with an
accumulation time of one hour. The γ - spectrum was measured with the acoustic
emitter turned on without contact with water and in contact with water of the titanium
tip of the ultrasonic emitter. Figure 2 shows the γ-radiation spectrum of a working
acoustic emitter without contact with water of a titanium tip (background radiation)
and in contact with water. The measurement results confirm the fact of the presence of
γ-radiation during the interaction of the acoustic field with water, which may indicate
possible nuclear processes of the type of (n, γ) reactions (n is a neutron).

Figure 2. The spectrum of γ – radiation. An acoustic emitter is operating without contact
with water of a titanium tip (triangles) and in contact with water (points).
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The experimental conditions are also described in [13].The presence of γ-radiation
indicates the presence of nuclear processes, a possible mechanism of which is
presented in [12,13].
When a metal comes into contact with water, a double electric layer appears which

is formed by an electron layer on the metal surface and a layer of hydrogen ions
present in water due to the dissociation of its molecules. It can be assumed that under
the influence of oscillations with steep fronts in the phase of sharp compression, the
integrity of the double electric layer violation and the transition of charges under the
influence of Coulomb attraction forces are possible. As a result of this, as was shown
in [12,13], by analogy with K capture, the formation of quasineutrons with a mass
defect is possible according to the following scheme:

H+ + e- → n* + v (1)

where n* - is a quasineutron and H
+
- is a hydrogen ion, v – is electron neutrino. To

compensate for a mass defect, a quasineutron enters the nucleus of the nearest atom,
creating an isotope of this atom. Since the tip of the acoustic emitter is made of
titanium, changes in the concentration of Ti isotopes are possible. In addition, the
appearance of the isotopes of atoms and ions of which water molecules are composed,
and the impurities of which it consists, is not ruled out. To detect changes in the
concentration of isotope composition in the water samples under study, measurements
were made on a Nex ION 9000 mass spectrometer from Perkin Elmer. Bidistilled
water was used in the experiment. Since water samples should be in direct contact
with the titanium concentrator, before dividing them into three equal parts, the entire
volume of water without sound generation was kept in contact with the titanium tip
for 12 hours. After that, the water was poured in equal amounts into special glasses
designed for chemical analysis.
The results of the measurements were compared with the data of samples not

subjected to acoustic influence. The results of measuring the concentration of stable
isotopes of titanium showed significant changes in their ratios depending on the
duration of exposure to acoustic vibrations. Figure 3 presents graphs of stable isotopes
of titanium concentrations after exposure to the acoustic oscillations on distilled water
from exposure duration. The zero points on all graphs correspond to the concentration
of the isotope in water not exposed to acoustic vibrations.
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Figure 3. Dependence of the stable titanium isotopes concentration in distilled water on the
duration of the action of acoustic oscillations.

From these graphs (Figure 3), the complex nature of the change in the concentration
of titanium isotopes from the duration of the acoustic vibrations of the titanium
concentrator on the studied distilled water follows, although a certain pattern is
observed. With duration of exposure up to six hours, a decrease in the concentration
of 22Ti46 is recorded. An increase in 22Ti47, 22 Ti48 and 22Ti49 isotopes concentration is
observed. For the isotope 22Ti50, up to three hours of exposure to acoustic vibrations, a
decrease in the concentration is observed, and some increase in the concentration with
a six-hour exposure is observed. Since the isotopes are stable, the observed changes in
concentration can be schematically represented as follows:

22Ti
46 + n* →

22
Ti

47
+ γ;

22
Ti

47
+ n* →

22
Ti

48
+ γ; 22Ti

48
+ n* →

22
Ti

49
+ γ;

22
Ti

49
+ n

*

→
22
Ti

50
+ γ (2)

Such a complex change in the concentration of titanium isotopes, in all probability,
can be attributed to the difference in the cross - sections (n, γ) of the reactions. The
decrease in the concentration of the isotope 22Ti46 appears to be due to the absence in
the water of the element 21Sc45 or the relatively long duration (83.8 days) of the half-
life of the β-radioactive isotope (21Sc45)* compared to the duration of the acoustic
action on water. Figure 4 shows the dependence of boron isotopes concentration on
the duration of acoustic exposure.
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Figure 4. Dependence of boron stable isotopes concentration in distilled water on the duration of
the action of acoustic oscillations.

As follows from the graphs (Figure 4), the value of the change in the concentration
of stable isotopes of boron is not large and can be realized according to the scheme:

4
Be

9
+ n* → (

4
Be

10
) * +γ →

5
B
10
+ β

-
+ �㌠ + γ;

5
B
10
+ n* →

5
B
11
+ γ (3)

where �㌠ is an antineutrino.
The measurements indicate the presence of beryllium in the water under study, the

concentration of which varies insignificantly when exposed to water by acoustic
vibrations for six hours. An analysis of the possible increase in beryllium
concentration based on the (n, γ) reaction shows that it is impossible to achieve this on
the basis of the 3Li

7 element, in view of the fact that when a neutron is captured by
lithium, a radioactive beryllium isotope is formed, which is divided into two helium
nuclei according to the scheme:

3
Li

7
+ n* → (

3
Li

8
)* +γ → (

4
Be

8
)* + β

-
+ �㌠ + γ → 2 (

2
He

4
) + β

-
+ �㌠ + γ (4)

Figure 5 shows a significant increase in the concentration of the stable isotope of
sodium (11Na23).

Figure 5. Dependence of the stable sodium isotopes concentration in distilled water on the
duration of the action of acoustic oscillations.
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This is possible due to the presence in the water of a stable isotope of neon (10Na22)
according to the scheme:

10
Ne

22
+ n* → (

10
Ne

23
)* +γ →

11
Na

23
+ β

-
+ �㌠ + γ (5)

There is also a change in the concentration of stable isotopes of magnesium in water
under the influence of sharp mechanical vibrations with an acoustic frequency.
Figure 6 shows the dependence of the concentration of three stable isotopes of

magnesium on the duration of the action of acoustic oscillations.

Figure 6. Dependence of stable magnesium isotopes concentration in distilled water on the
duration of the action of acoustic oscillations.

A peculiarity of these changes is the identical character of the change in the
concentration of stable isotopes of magnesium from the effect of oscillations. By
analogy with the above explanations, an increase in the concentration of magnesium
isotopes can be attributed to the probable capture of a quasineutron by a stable sodium
isotope in accordance with the following scheme:

11
Na
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+ n* → (

11
Na

24
)* +γ →

12
Mg

24
+ β

-
+ �㌠ + γ; (6)

12
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24
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12
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25
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12
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26
+ γ (7)
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Figure 7 shows the dependence of the concentration of stable lithium isotopes in
distilled water on the duration of exposure to acoustic vibrations, from which a
significant increase in the concentration of two stable isotopes 3Li6 and 3Li7 follows.

Figure 7. The dependence of the concentration of stable lithium isotopes in distilled water on the
duration of exposure to acoustic vibrations.

Determining the source of lithium elements is not easy. This is due to the fact that
the atomic weight preceding lithium of the 2He4 element is significantly different from
the atomic weight of lithium. One of the channels for increasing lithium concentration
may be α - decay of the radioactive isotope 4Be11. Considering the very long half-life
of the β-active 4Be10 radioisotope (1.6 * 106 years), it can be assumed that a
quasineutron can be captured by a radioactive isotope during the action of vibrations
with an acoustic frequency on the water under study. Then, along with reaction (8):

4Be9 + n* → (4Be10)* + γ (8)
It is possible the reaction:
(4Be10)* + n* → (4Be11)* + γ →α (2He7)* + 2He4 +γ → 3Li7 + β- + �㌠ + 2He4 + γ (9)

where 2He7 is a β - active isotope and in a very short period of time (2.9 ∙ 10-21 sec.)
turns into a stable lithium isotope. However, the α-decay channel described by
reactions (7) is only 2.9%. The main part of the decay (97.1%) proceeds according to
the scheme:

(4Be10)* + n* → (4Be11)* →β 5B11 + β- + �㌠ + γ (10)
Consequently, the significant change in lithium concentration shown in Figure 5

cannot be explained by the decay channel (7). Moreover, according to the results of
additional measurements of changes in the concentration of chemical elements from
the time of exposure of water in the acoustic field, the amount of stable beryllium
isotope is practically unchanged. Therefore, it becomes necessary to search for new
channels for the emergence of lithium elements. It is known that in water, under
ordinary conditions, there are certain gases in the dissolved form, including the inert
gas helium, which is also found in significant quantities in the air. Of the two stable
helium isotopes, 2He4 is 99.9999% and, based on this isotope, the generation of
lithium elements can be possible, while the helium nucleus absorbs two or three
quasineutrons. However, this is unlikely in view of the fact that the half-life of the
radioactive isotope 2He5 is extremely small and amounts to 7 * 10-22 sec. If in
accordance with reaction (1), the arising quasineutron, striving to neutralize the mass
defect, enters into a bond with the nearest nucleus, then it is possible that complexes
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consisting of two, three or more quasineutrons, i.e. the formation of diquazineutrons,
triguasineutrons (0n *2, 0n *3) and further. Therefore, the formation of stable lithium
isotopes (Figure 7) can be represented as follows:

2He4 + 0n*2 → (2He6)* + γ → 3Li6 + 2�㌠ + β- + γ (11)

2He4 + 0n*3 → (2He7)* + γ → 3Li7 + 3�㌠ + β- + γ (12)
To detect changes in the concentration of isotopes in the studied water samples, the

measurements were carried out on a Perkin Elmer ICP MS ELAN 9000 mass
spectrometer. One vessel, the control, was not exposed to sound vibrations. The
second vessel was exposed to sound for three hours, and the third was exposed to
sound for six hours. Samples of double-distilled water in the second and third beakers
were subjected to sharp mechanical stress at a frequency of 25 kHz.
Table 1 presents some chemical elements found in the studied water samples

subjected to acoustic exposure with a frequency of 25 kHz and duration of exposure
of 3 hours and 6 hours.

Table 1. Some chemical elements found in the studied water samples.

An analysis of the water composition showed that under the given experimental
conditions, the concentration of elements (Li, B, Mg, K, Ca, V, Cr, Ni, Cu, Ge, Se, Rb,
Sr, Mo, Ag, Sb, and Cs) increases with increasing duration of exposure to sound. At
the same time, the concentration of some elements (Mn, N, Pb) decreases. The
concentration of elements (Ru, Re, Ir, Pt, Au, Tl, U) does not change within the
measurement accuracy. For some elements, (see Table 1) there is a change in
concentration at times, which confirms the reliability of the results. The more
complex nature of the change in the concentration of some elements under the
influence of ultrasonic pulses with steep fronts on the water is also observed.
Measurements on a mass spectrometer showed the presence of a large number of
chemical elements in the studied water samples, the concentration of which varies in a
complex way depending on the decay channels of radiation isotopes arising from
acoustic signals. To confirm the measurement results, repeated measurements of

Chemical
element

Atomic mass
number
(a.m.u)

The concentration of impurities, mg / l The maximum
change in the
concentration
of elements,%

The control
sample

3 hours of
exposure time

6 hours of
exposure time

Li 7 0,000050 0,000141 0,000277 454
Be 9 0,000005 0,000005 0,000006 20
Mg 24 0,008085 0,009921 0,042501 425,7
Ca 43 0,013358 0,014885 0,027868 108,6
Ti 48 0.0006079 0.0006595 0.001363 124,2
V 51 0,000146 0,000173 0,000305 108,9
Ni 60 0,000048 0,000157 0,000162 237,5
Cu 63 0,000245 0,000847 0,000899 266,9
Zn 66 0,002575 0,006509 0,005330 152,8
Sr 88 0,001158 0,001318 0,002385 106
Ag 107 0,000006 0,000008 0,000043 616,7
Sb 121 0,005497 0,006442 0,021572 292,4
Ir 193 0,000001 0,000001 0,000001 0
Tl 205 0,000001 0,000001 0,000001 0
Pb 208 0,000449 0,000171 0,000177 -61,9
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changes in the concentration of chemical elements from the duration of the impact of
acoustic vibrations with steep fronts on distilled water were carried out.
The study of the effect of sharp mechanical vibrations on ordinary water leads to a

change in the concentration of impurities in the water of not only cations but also ion
exchangers.
Table 2 presents the results of measuring the concentration of some ion exchangers

present in the studied water samples performed on a Dionex ICS-1000 device.
Complex dependences of changes in their concentration on the duration of exposure
to ultrasonic vibrations with a frequency of 25 kHz on the water are observed.

Table 2. Results of measuring the concentration of some ion exchangers present.

Chemical element
Atomic mass
number
(a.m.u)

The concentration of impurities (mg / l)

The original
sample

After 3 hours of
exposure time

After 6 hours of
exposure time

N 14 0.0350 0.0000 0.0456
F 19 0.0057 0.0061 0.0074
S 32 0.1017 0.0156 0.0387
Cl 35 0.0000 0.0341 0.0329

From Table 2, it follows that with the duration of exposure up to six hours, there is
an increase in the concentration of N, S, Cl, and fluorine in the samples. The fluorine
formation scheme can be represented as follows:

8O18 + n* → (8O19)* → 9F19 + β- + �㌠ + γ (13)
The half-life of the radioactive isotope 8O19 is 27 seconds. Fluorine is a chemically

active element. Its affinity for hydrogen is great, and it takes away hydrogen from
such strong compounds as water. The result is hydrofluoric acid (HF) molecules,
which are chemically aggressive. Therefore, the cause of the destruction of the
titanium tip of an ultrasonic emitter immersed in water can be explained by the
appearance of hydrofluoric acid in water. Measurement of the hydrogen index of the
studied water samples before and after exposure to sound showed the change in pH
magnitude from 0.14 to 0.18 depending on the duration of exposure to acoustic
radiation.

4. The Main Results
• Nuclear processes in water were experimentally implemented at room temperature

under the influence of mechanical vibrations with steep fronts.
• Implemented the formation of new chemical elements in ordinary water.
• Based on the concept of a double electric layer that occurs when a metal comes

into contact with water, a mechanism has been proposed for the formation of
quasineutrons and their complexes that are involved in nuclear transformations.
• A possible mechanism is proposed for a complex change in the concentration of

chemical elements in water from the duration of exposure to acoustic pulses with a
steep front (less than 50 μs) with an acoustic repetition rate.
• Based on the formation of fluorine and, accordingly, molecules of aggressive

hydrofluoric acid, the occurrence of erosion of the surfaces of metal structures in
water is explained.
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5. Conclusions
Experimental results of the realization of the phenomenon of acoustic-induced

nuclear processes in water, confirmed by direct measurements of the presence of γ -
radiation and the formation of new elements, the appearance of which cannot be
explained by chemical processes, are given. This phenomenon is obtained in ordinary
water, subjected to exposure to acoustic pulses with steep fronts (less than 50 μs). In
order to observe these processes is no need for the presence of the phenomenon of
cavitation and sonoluminescence. The very complex nature of the effect of
mechanical oscillations on the change in the concentration of chemical elements in
water is shown. By means of a double electric layer, arising from the contact of media,
a possible mechanism for the formation of quasineutrones and complexes based on
them that participate in nuclear processes is presented. A mechanism is proposed for
the formation of erosion of the surfaces of metal structures in the event of cavitation
in water through the formation of fluorine and, accordingly, aggressive molecules of
acid HF.
Complex changes in element concentration can be explained by the difference in

the cross section of nuclear reactions of the type (n, γ), half-life of a radioactive
isotope obtained after neutron capture, and the proximity of the elements location to
the titanium concentrator, near which quasineutrons are produced.
Evidence of the implementation of low-temperature nuclear transformation when

ordinary water exposed to mechanical vibrations with steep fronts (less than 50 μs) at
the acoustic frequency was obtained. The presence of a double electric layer, which
arises when metal media interact with water, explains the possible mechanism of
formation of quasineutrons and complexes based on them, which participate in low-
temperature nuclear processes.
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