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Change in the volume of water crystallization
as a result of exposure to a high-frequency electromagnetic field

The influence of a high-frequency electromagnetic field on the process of water crystallization has been stud-
ied. Water irradiated by a field at 30-200 MHz was kept from 0 to 21 days; then it was frozen. Volumes of
ice at crystallization were compared for water irradiated and unirradiated by the field. Values located more or
less symmetrically near zero; 2) values with a predominantly positive shift, and 3) values for which the shift
is mostly negative. Positive shift was noted when combining 200 MHz and the exposure time up to 11 days.
The maximum effect of relative volume increase almost two times was observed at 200 MHz and one day ex-
posure time. The maximum compression of ice approximately three times compared to the unirradiated sam-
ple occurred twice: after field effect at 90 MHz and exposure time of 11 days, and at 140 MHz and exposure
time of 21 days. The similarity of time dependence at 170-MHz with the dependence of thermal effect of glu-
cose dissolution found in early works was noted. The data obtained confirm that field effect results in both
strengthening and loosening of water structure.

Keywords: electromagnetic field, water structure, ice structure, defects in ice structure, frequency of field ef-
fect, post-effect changes in water structure, loosening of water structure, strengthening of water structure.

Introduction

The effect of physical fields on water and water-containing systems is of interest not only from an aca-
demic standpoint, but also from a practical point of view, since water is one of the most common substances
on the earth's surface and is a part of living objects. Interest in liquid water, to which the presence of internal
structure is attributed,.is due not only to the presence of physical anomalies, but also to a crucial role in bio-
logical processes. Magnetic field as well as mechanical (ultrasonic), electrical and electromagnetic ones pre-
vail among the factors of influence. There is a wide variability of influencing factors taking into account the
diverse frequency range and field strength. The effect of magnetic field on water and aqueous solution prop-
erties are most often presented in literature [1-4]. One of the important issues is to explain the nature of
changes in structural organization of water and water solutions due to field effect. Some models assume the
presence of monomolecular water and polymolecular formations, which was expressed many years ago by
Samoilov, and then by other researchers [5]. We studied crystallization processes when a magnetic field is
applied to answer the question about the strengthening or loosening of the structural organization of water
[6, 7]. O.M. Rosenthal and his team investigated the kinetics of ice crystal nucleation and growth. It was
found that the share of fine-crystalline ice increases, while the dispersion of their size distribution decreases
simultaneously in the 3 kE constant magnetic field [6]. O.M. Rosenthal as well as V.S. Dukhanin [3] be-
lieved, that the effect of magnetic field loosens the structure of water and promotes the formation of a skele-
tal rather than a close-packed ice structure. It was shown in [8], that the volume of ice increases by about
1.4 % under the influence of magnetic field.
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In turn, electromagnetic fields have a very significant effect on the properties of water and aqueous so-
lutions, which is manifested in changes of pH, electrical conductivity, redox potential, oxygen solubility [9],
as well as in changes of the substances reactivity and of the crystalline hydrates thermodynamics [10, 11].

Although the term «water structurey is criticized and perhaps deservedly is applied to liquids, many
properties of liquid water can be explained only by the presence of internal structural organization.
D. Eisenberg and V. Kautsmann did not find the term «water structure» controversial, including it in the title
of their monograph [12]. Zatsepina [13] agrees with them, using the term «structure» as well. However, this
term is hardly applicable to dynamic systems, to which liquid water should be attributed. The majority of
authors, describing the structural organization of liquid water, refer to the structure of ice, as noted in later
reviews [14].

All models mention the nonideal structure of both ice and water to one degree or another. In this regard,
it can be expected that structural defects of liquid water will influence the process of its crystallization and
affect the properties of ice. There are many methods to study the structural organization of liquid.water, such
as IR, UV, NMR spectroscopy, dielcometry, etc. However, it is the structure that can-be reliably studied di-
rectly or indirectly by transferring water to a crystalline state.

Naturally, the question of how the electromagnetic high-frequency field affects'the process of water
crystallization and the volume of ice was of great interest in order to find out'if the water structure is
strengthened or loosened due to the field effect.

Experimental

Water preparation. The field impact did not fundamentally differ from the methods used in earlier
works. The cell is described in [15]. The experiment was conducted at 30—200"MHz frequency; the exposure
time was 90 minutes. A G4-119A generator was used as the source of high-frequency signal. The difference
was that the water after field exposure was kept in a closed container for a certain time (from 0 to 21 days),
and then it was used in the experiment. This was due to the fact that a complex relationship between fre-
guency and exposure time was found after the field effect [11]. Since we used common equipment, the main
attention was paid to the crystallization process which allowed us to obtain the primary experimental data.
To increase the reliability of the estimation parameter, it was necessary to determine the ice core size as ac-
curately as possible. For this purpose, the crystallization.was implemented in a narrow polypropylene tube
with an inner diameter of 5 mm and a length of 125 mm. The tubes were precisely measured in length using
a micrometer, sealed on the burner, checked for tightness, and calibrated in length again. The main problem
was to organize the process of ice crystal.growth so that it starts from the top of the tube, not from the bot-
tom. Since we used a freezing chamber of the refrigerator as a cryochamber, we measured the temperature of
mixture of water and glycerin in glasses and studied the temperature field; afterwards we chose a homogene-
ous area of 10x15 cm?, where the temperature differed by no more than 1 K. The cassette for tubes was made
of PVC foam. It was 10x15/cm? in area and 3 cm thick, in which holes were made equal to the diameter of
the tubes. The selection of conditions involved changing the distance between the lower edge of the tube and
the cooling surface.

If the distance was not-optimal, either swelling occurred in the lower part of the tube followed by its de-
struction, or water was squeezed out and flowed downward with a distortion of the cylindrical shape, or the
shape of the ‘ice core deviated from the cylindrical one. The temperature during the experiment was
-2 °C.-The choice of temperature was based on preliminary experiments to obtain the correct core. This was
also ‘an. important parameter, since the crystallization temperature determined the cooling rate and, conse-
quently, the rate of crystal growth. Each tube was marked individually, and the dimensions were taken into
account when calculating the relative change in the core length. Water was poured into the tubes with a thin
needle. The control of homogeneity and volume (including the absence of bubbles) was monitored visually
in front of the window. The tubes were filled on a level with the upper edge, placed in the cassette holder and
put into a cryochamber. The core was measured every other day. Ordinary distilled water was frozen concur-
rently with the field-exposed water. Each tube was measured exactly before the experiment. After crystalli-
zation, we measured its length with a protruding core and determined how much the core was above the edge
of the tube, or below it. The measurement was more complicated when the core was below the edge of the
tube. In this case, the tube was shone through and the length of the ice column was determined by the shad-
ow contour.

The mean and the confidence interval were determined using five parallel measurements. To quantify
the effect of field and time exposure, we determined Al =1 — |y, where | is the core above the edge of the tube
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for the affected sample and |, is the same for the unaffected water. To reduce the effect of error mean square,
we estimated the relative effect 6l = Al/l,. The exposure time was chosen using the data obtained in [11],
which indicated that the most significant changes took place within about 20 days. The scale of exposure
time after the field effect was as follows: 0 (immediately after the field), 1, 3, 6, 9, 11, and 21 days. Com-
pared with work [11], we increased the number of frequencies of the field effect, making a series of 30, 60,
90, 110, 140, 170, and 200 MHz.

Based on measurements and calculation of the relative change in the core length, the dependences of the
relative size of the ice core on the frequency and exposure time of water after the field effect were construct-
ed.

Results and Discussion

Figures 1 and 2 show the dependences of the relative change in the length of the ice core at different
exposure time for all frequencies used in the experiment. To simplify the analysis, we present.the depend-
ences in two figures.
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Figure 1. Dependence.of the relative change in the length of the ice core on the exposure time
after the field effect at given frequencies
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Figure 2. Dependence of the relative change in the length of the ice core on the exposure time
after the field effect at given frequencies
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As can be seen from the data presented in Figures 1 and 2, there are three groups of frequencies can be
distinguished: 1) values located more or less symmetrically near zero; 2) values with a predominantly posi-
tive shift, and 3) values for which the shift is mostly negative. Frequencies 30, 60 and 140 MHz are included
in the first group, frequencies 170 and 200 MHz are included in the second group, the remaining frequencies
are included in the third group. Although this is not a completely deterministic feature, the individuality of
the frequency factor is clearly visible. The specific nature of time dependence can also be noted. For exam-
ple, the dependences on the exposure time are antiphase both for absolute values and 4l in the frequency
range of 30 and 60 MHz. At the same time, beats are observed for up to nine days at 90 MHz, and then a
sharp shift to the negative region with a large dl takes place. The higher frequencies show a significant dif-
ference of 4l dependence on the exposure time after the field effect. High positive values are observed at 200
MHz and noticeable negative ones at 110 MHz; beats close to zero are found at 170 MHz, and all curves are
close to zero on the 21st day.

The frequency of 140 MHz stands apart; it showed an abnormally negative 4l after 21 days.of exposure.

Figure 3 shows the time dependence of the core length at 170 MHz.
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Figure 3. Dependence of the relative change in the length of the ice core on the exposure time
after the field effect at 170 MHz

Comparison of the dependence form with the data given in [11] shows a sufficiently clear coincidence
of the curve up to 21 days. It shows that.certain changes in the structural organization of the water network
are manifested in the same way-in different processes. In this case, these are the hydration processes during
the dissolution of glucose and the process of solvent crystallization (water).

When analyzing the exposure time for different frequencies presented in Figures 4 and 5, it should be
noted the multidirectional influence of the frequency factor at short exposure time, which was observed in
Figures 1 and 2. Nevertheless, an unidirectional effect of the 200 MHz field is clearly visible: an exposure
from 0 to 6 days leads to close values of the relative core size. There is a similarity of dependences for 0 and
3-day exposure for all frequencies. If the exposure time is longer (9-21 days), the frequency dependence is
more individual, though the location relative to the zero line is similar: most values are located in the nega-
tive area.

The models, detailed in [13], can be used to explain. First of all, it should be noted that water molecules
in a liquid state have several types of motion: vibrational, rotational and translational. In addition, proton
transfer along structural defects also occurs. These motions have significantly different transformation time.
Taking this into account, it is possible to exclude fast processes and leave only slow ones, coincident or close
to the frequencies of external influence. These include the rotation of a water molecule in the surrounding
field of other molecules, which may coincide with the frequency of the field effect. Consideration of rota-
tional processes and their peculiarity is associated with the fact that usually the ice I is not an ideal structure.
It has D and L defects, the relaxation of which is caused by the rotation of individual molecules. The struc-
tural organization of water at 300 K is polymorphic according to modern models, i.e. consists of domains of
(Hzo)n type'
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Figure 4. Dependence of the relative change in the length of ice core on the frequency of field effect
for different exposure times
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Figure 5. Dependence of the relative change in the length of the ice core on the frequency of the field effect
for different exposure times

Taking into account this fact that, it can be assumed that for each domain group there is the resonance
frequency of oscillation under the effect of an external electromagnetic field. This may lead to a redistribu-
tion of the ratio of the amount of monomolecular water (or the corresponding structural domain) and the
polymolecular domain with a certain n. In turn, such a reconstruction either promotes the «healing» of de-
fects in the ice structure, or stimulates their generation. Oscillation of the field effect in time can be associat-
ed with the fact that crystallization does not occur instantaneously, but takes a certain period of time, includ-
ing the metastable state of supercooling. During this time, the relaxation of water structure to the closest en-
ergy state can occur either with a large or smaller number of defects. Thus, it follows that when the defects
are «healed» and water does not tend to include single molecules in the cluster cavities, the volume of ice
increases in comparison with uneffected water. If the number of defects increases, the structure becomes
denser and shrinks.

CHEMISTRY Series. No. 1(101)/2021 57



B.P. Shipunov, M.V. Zakharova

Conclusion

It is shown that the effect of an electromagnetic field of 30—200 MHz on water subsequently causes a
change in the crystallization volume of ice. The effect of changing the crystallization volume depends both
on the frequency of field action and the time of water exposition after the field action before crystallization.
Both increase and decrease in the ice volume as compared to the uneffected sample were found. The maxi-
mum effect of volume increase was observed for the frequency of 200 MHz and exposure time of 1 day. The
maximum ice compression occurred after the field effect at a frequency of 90 MHz and exposure time of 11
days as well as, at 140 MHz and exposure time of 21 days. It is considered as both loosening and strengthen-
ing of water net structure.
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b.I1. Hlunynos, M.B. 3axaposa

KoFapbIKMUTIKTI 2JIEKTPOMATHUTTIK OPICTIiH
dcepiHeH CybIH KPUCTAJNIAHY KOJeMiHiH o3repyi

CynpIH KpHUCTallaHy HPOIeciHe >KOFAPBDKHULTIKTI JIEKTPOMArHUTTIK epicTiH acepi 3eprrenai. 30-man 200
MI 1 neifiHTi )KULTIKTET1 JajaiblK OHAey e YIIbIparaH cy KaOblK biapicTa 0-1eH 21 KyHTe AeiiH cakTajbl,
CoflaH KeWiH My3/1aThUIIbl. J{ananblK OHAEIMEreH CyAbIH KPUCTANaHybl Ke3iHAeri My3/bIH KOJIeMi JaalbIK
OHJICY/IeH KeHiH Cy/bIH KpUCTANIaHybl Ke3iH/eTi My3/IbIH KOJIEeMIMEH CalbICThIPbULABL JKuinmikTepin 3 ToObI
Gap: onap yIIiH HIamanap coylielieHOereH cyJjaH ajbIHFaH MY3/IbIH MOH/AEPiHE KATHICThl CHMMETPHSIBI TYPIE
a3/IpI-KONTi HOJIre JKaKbIH OpHAllacKaH, oJap YIIIH OH aybiCy OachlM jKoHE aybIChIM HeridiHeH Tepic. OH
KakTBUTBIK 200 MI'T KWiiriHae >XKoHE OSKCIO3MIWS YakbIThl 11 KyHre peifin Oaiikanmmel. KenmemHiH
CaITBICTBIPMAITBI YIIFAIOBIHBIH MaKCUMAJIIIBI dcepi mamameH 2 ece, 200 MI'n xwuinikre Oaifkanapl, 1 Toymikke
OKCIIO3UIHSAMEH, MY3JbIH MaKCHMAIIbl CBIFBLTYBI, COYJEJICHOCTeH ChIHAMAaMEH CallBICTBIPFaH/a IIaMaMEH
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3 ece, 90 MI'u xwuinikrere epic acepineH keiin 11 Taynik ycray yakbITel KesiHze skone 140 MI'm xuimiri
yiiH 21 Toymik ycTay yakbIThl Ke3iHAE HajlaliblK ocep eTy opbiH anabl. 170 MITI KHUiTIKTeri SKCTo3Unus
YaKbITBIHA TOYCIAUTIKTIH epTe >KyMbICTap[a alblHFaH TJIIOKO3aHBIH €pyl >KBUIYJBIK dcepiHe TIyeNIiliri
YKCACTBIFBI aTall oTUIl. AJIBIHFAH MOJIIMETTEp ANaNbIK SPEKSTTiH HOTKECIHAE CY KYPBUIBIMBIHBIH KYIIEI01
e, KOIICHITYBI J1a OOJIaTBIHBIH PacTaibl.

Kinm ce30ep: 3MeKTPOMAarHUTTIK OPIC, Cy KYPBUIBIMBI, MY3 KYPBUIBIMBI, My3 KYPBUIBIMBIHAAFHI aKayJap,
OpICTIH acep eTy JKUIJITi, coyeTeHyAeH KeHiHTi Cy KypBUIBIMBIHJIAFBI ©3TepicTep, Cy KYPBUIBIMBIH O0caTy, Cy
KYPBIIBIMBIH HBIFAHTY.

b.I1. Hlunynos, M.B. 3axapoBa

H3menenune 00néMa KpUCTAJUIM3allUA BOABI B pE3yJIbTaTEe B03lleﬁCTBHﬂ
BBICOKOYACTOTHOI'O 3JICKTPOMAIHUTHOI'O IMOJIA

M3ydeHo BinMsHHE BHICOKOYACTOTHOTO SJIEKTPOMATHUTHOTO MO Ha MPOIEecC KPUCTANIN3anuy Bobl. Bona,
MOABEPIIIAsiCS TOJIEBO 00paboTke yacToToi B quamazone ot 30 mo 200 MI'm, BeepkuBanack. ot 0 10
21 nus, 3ateM 3amopaxuBanack. O0BEM NbJla MPH KPUCTAIUIU3AIMHA HEOOPaOOTAHHOU TIOJIEM BOJBI CPaBHU-
BaJICS ¢ 00BEMOM JIbJja MIPU KPUCTAIUTU3ALNH BOJBI IIOCIE MMOJIeBOH 00paboTky. Brineneno 3. rpymms! yacTor
THOJIEBOTO BO3ACHCTBHS: 1) Te, AIst KOTOPBIX 3HAYCHHS PACIIONAraloTCs BOIM3H HYJICBOTO 3HAYCHHUS; 2) Te, y
KOTOPBIX IPEBAIUPYET MOJIOKUTENBHBIN CABUT U 3) T, Y KOTOPHIX CMEIICHHE, B OCHOBHOM, IMEET 3HaK MH-
Hyc. [lonoxwurensHoe cMmemenne otMedeHo npu couetanun 200 MI'w, u Bpemst BiAepKKd — 10 11 cyTok.
MaxkcuMansHbIH 3)(HEeKT OTHOCHTENBFHOTO YBeNuueHus 00bEMa, MOUTH B 2 pasa, HaOMFOJaNCs IS YacTOTHI
200 MI', npu BbIIepkKKe | CYTKH, MAaKCUMATBHOE CKATHE JIbJia, IPUMEPHO B 3 pa3sa, M0 CPABHECHHIO ¢ HEOO-
JTY4EHHBIM 00pa3IoM, MPOUCXOIIIO MOCTe MOJEBOro Bo3aciicTBus Ha yactore 90 MI'I mpu BpeMEHHU BBI-
nepxku 11 cyTtok, u uig yactotel 140 MI' mpu BpeMeHH BBLACPKKN — 21 cyTku. OTMEUEHO CXOJCTBO 3a-
BHUCHMOCTH OT BPEMEHHU BBIACPKKHU JUTA 4acToThl 170 MI'I] ¢ 3aBHCHMOCTBIO TEIUIOBOTO 3 (deKTa pacTBope-
HHS TIIIOKO3BI, IOJy9eHHOE B PAaHHUX paboTax. Pe3ynbTaTsl IOATBEPKAAIOT, YTO MPH IOJIEBOM BO3IEHCTBUI
MPOUCXOAUT KaK YIIPOUHEHHE, TaK U Pa3phIXJICHNE CTPYKTYPBI BOJBL

Kniouesvie cnoga: 3neKTpoOMarHUTHOE TIOJIE, CTPYKTYpa‘BOJBI, CTPYKTYpa JIbJa, 1e(eKTsl B CTPYKTYpe JTbJa,
YacTOTa MOJIEBOTO BO3JCHCTBHA, H3MEHEHHS B CTPYKType BOJBI HOCIE OOTyUCHUS, Pa3PBIXJIICHUE CTPYKTYPhI
BOJIbl, YKPEIUICHHE CTPYKTYPbI BOABL.

References

1 Kilassen, V.I. (1982). Omahnichivanie vodnykh sistem [Magnetization of water systems]. Moscow: Khimiia [in Russian].

2 Mokrousov, G.M., & Gorlenko, N.P. (1988). Fiziko-khimicheskie protsessy v mahnitnom pole [Physicochemical processes in
a magnetic field]. Tomsk: TSU Publ. [in Russian].

3 Duhanin, V.S. (1973). Issledovanie vliianiia mahnitnoho polia na hidratatsiiu ionov v rastvorakh elektrolitov i na skorost
nekotorykh khimicheskikh reaktsii [Study of the effect of a magnetic field on the hydration of ions in electrolyte solutions and on the
rate of some chemical reactions]. Candidate’s thesis. Moscow [in Russian].

4 Koksharov, S.A.; & Ivanov, V.V. (1997). Otsenka effekta mahnitnoi obrabotki rastvorov po dannym termokhimii
rastvoreniia elektrolitov [Evaluation of the effect of magnetic treatment of solutions according to thermochemistry data of dissolution
of electrolytes]. Zhurnal ebshchei khimii — Russian Journal of General Chemistry, 69, 129, 17-21 [in Russian].

5 Galanitsky; A.A. (1975). O vliianii mahnitnoho, elektromahnitnoho i ultrazvukovoho polei na fiziko-khimicheskie svoistva
vodnykh rastvorov [On the influence of magnetic, electromagnetic and ultrasonic fields on the physicochemical properties of aque-
ous solutions]. Voprosy teorii i praktiki mahnitnoi obrabotki vody i vodnykh sistem — Questions of theory and practice of magnetic
treatment of water and water systems. Novocherkassk [in Russian].

6 Rozental, .M., Bantysh, L.A., Chetin, F.Ye., & Antipenkov, V.V. (1976). Kristallizatsiia vody v mahnitnom pole [Crystalli-
zation of water.in a magnetic field]. Elektronnaia obrabotka materialov — Surface Engineering and Applied Electrochemistry, 5, 50—
52 [in Russian].

7 Bantysh, L.A. (1977). Osobennosti fazovykh perekhodov voda—led i voda—par pri deistvii postoiannoho mahnitnoho polia
[Features of phase transitions water-ice and water-steam under the action of a constant magnetic field]. Elektronnaia obrabotka
materialov — Surface Engineering and Applied Electrochemistry, 5, 63—-64 [in Russian].

8 Shipunov, B.P., & Selikov, K.V. (2005). Izmenenie obema vody i vodnykh rastvorov pod vozdeistviem postoiannoho
mahnitnoho polia i ponizhennoi temperatury [Change in the volume of water and aqueous solutions under the influence of a constant
magnetic field and low temperature]. Izvestiia Altaiskoho hosudarstvennoho universiteta — Izvestiia of Altai State University Jour-
nal, 3(37), 94-101 [in Russian].

9 Shipunov, B.P., & Zhid'ko, M.V. (2011). Vliianie VCH polia na rastvorimost kisloroda v vode i ee fiziko-khimicheskie
svoistva [The HF field influence on oxygen solubility in water and its physicochemical properties]. Proceedings from Chemistry and
chemical technology: | Mezhdunarodnaia Rossiisko-Kazakhstanskaia konferentsiia — | International Russian-Kazakhstan confer-
ence. (p. 77-79). Tomsk: Publ. of Tomsk polytechnical University [in Russian].

CHEMISTRY Series. No. 1(101)/2021 59



B.P. Shipunov, M.V. Zakharova

10 Shipunov, B.P., & Ryabykh, A.V. (2020). Change in the heat of D-glucose dissolution in water exposed to electromagnetic
field. Bulletin of the Karaganda university. Chemistry series, 1(97), 83-89.

11 Shipunov, B.P., & Chashevaya, Yu.V. (2014). Vliianie vysokochastotnykh polei na termodinamicheskuiu stabilnost
kristallohidratov khlorida kobalta [The effect of high-frequency fields on the thermodynamic stability of cobalt chloride crystal hy-
drates]. Izvestiia vuzov. Seriia fizika i khimiia materialov — Russian journal of physics, 57, 7/2, 202204 [in Russian].

12 Eyzenberg, D., & Kautsman, V. (1975). Struktura i svoistva vody [The structure and properties of water]. Leningrad:
Hidrometeoizdat [in Russian].

13 Zatsepina, G.N. (1974). Svoistva i struktura vody [Properties and structure of water]. Moscow: Publ. of Moscow University
[in Russian].

14 Sarkisov, G.N. (2006). Strukturnye modeli vody [Structural models of water]. Uspekhi fizicheskikh nauk — Physics-Uspekhi
(Advances in Physical Sciences), 176, 8, 833-845 [in Russian].

15 Stas’, L.E., Shipunov, B.P., & Ivonina, T.S. (2005). The Stripping Voltammetry in High Frequency Electromagnetic Field.
Electroanalysis, 17, 5, 794-799.

16 Korol'kov, D.V., & Skorobogatov, T.A. (2005). Teoreticheskaia khimiia [Theoretical Chemistry]. Saint Petersburg: Saint Pe-
tersburg University Press [in Russian].

Information about authors

Shipunov, Boris Pavlovich — PhD in Chemistry, Associate Professor, Department of Physical and In-
organic Chemistry, Altai State University, Lenin av, 61, Barnaul, Russia. E-mail: sbp@mc.asu.ru/
https://orcid.org/0000-0002-2387-0848

Zakharova, Maria Vadimovna — Fifth year student, Department of Physical and Inorganic Chemis-
try, Altai State University, Lenin av, 61, Barnaul, Russia. E-mail: mascha-1998@bk.ru

60 Bulletin of the Karaganda University


https://orcid.org/0000-0002-2387-0848



