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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-
guently, 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.
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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.

References

1 Kiaccen B.W. OmaramunBanue BoaHbIX cucteM / B.M. Knaccen. — 2-e uzn., nepepa0. u gon. — M.: Xumus, 1982. — 296 c.

2 MoxkpoycoB I'.M. ®usuko-xuMH4YecKue mpoieccel B MarHuTHOM mose / I.M. Moxkpoycos, H.II. T'opnenko. — Tomck: U3x-
Bo TI'Y, 1988. — 128 c.

3 [yxanuu B.C. HccnenoBanne BIMSHUS MarHUTHOTO TIOJIS HA TH/PATALIMIO HOHOB B PACTBOPAX 3JIEKTPOJIMTOB M Ha CKOPOCTh
HEKOTOPBIX XUMHUYECKHUX peakuuii: aBroped. auc. ... kaua. xuM. Hayk: 02.00.04 — «Duznueckas xumus» / B.C. lyxanun. — M.,
1973. — 21 c.

4  Koxkmapos C.A. Ouenka 3¢¢hexra MarHuTHOI 00pabOTKH PACTBOPOB IO TAHHBIM TEPMOXUMHH PACTBOPEHUS HIIEKTPOJIUTOB /
C.A. Kokmapos, B.B. lBanoB // XKyp#. o6mr. xum. — 1997. — T. 67, Bem. 1. — C. 17-21.

5 Tanmanmukuit A.A. O BIMSHUE MarHUTHOTO, JIEKTPOMAarHUTHOTO M YJIBTPA3ByKOBOTO MOJICH Ha (DU3UKO-XUMHYECKHAE CBOM-
CTBa BOAHBIX pacTBOpoB / A.A. [amanuikuii / Bompocsl Teopuu U MPaKTHKH MAarHUTHOW OOPaOOTKH BOABI U BOJHBIX CHCTEM. —
HoBouepkacck, 1975. — C. 22-28.

6 Poszentame O.M. Kpucrammmsamus Boxel B MarHutHom mone /  O.M. Posenrams, JI.A. Bauteim, O.E. Yeruw,
B.B. AnTHIIeHKOB // DnekTpoHHast 06paboTka MatepuanoB. — 1976. — Brim. 5. — C. 50-52.

7 bantem JILA. OcobenHOCTH (Pa30BBIX MEPEXOJ0B BOAa—IEA M BOAa—IIap MPH ACHCTBUH IIOCTOSHHOTO MarHUTHOTO IOJS /
JI.A. Bautsim // DnexrpoHnas o6paborka marepuanoB. — 1977. — Beim. 5. — C. 63, 64.

8 IHumynos B.I1. I3MeHeHune o0beMa BOABI U BOAHBIX PACTBOPOB IO/ BO3JCHCTBUEM TOCTOSSHHOTO MArHUTHOTO MOJISI U TIOHH-
xenHoit Temmeparypst / B.I1. Iunynos, K.B. Cenuxos // 13B. Antl'Y. — 2005. — Bpm. 3. — C. 94-101.

9 Ilunyno B.II. Bimsame BU monst Ha pacTBOPHMOCTH KHCIOpOJa B BOAe M ee (DM3MKO-XMMUYECKHE CBOWCTBa /
B.I1. lunyroB, M.B. XXunpko // Xumus u xumudeckas TexHojorus: Marepuansl I MexayHap. Poc.-Ka3. kord. — Tomck: U3n-Bo
Towm. monurexH. ya-ta, 2011.— C. 77-79.

10 Shipunov B.P. Change in the heat of D-glucose dissolution in water exposed to electromagnetic field / B.P. Shipunov,
A.V. Ryabykh // Bectn. Kaparauz. yu-ta. Cep. Xumust. — 2020. — Ne 1(97). — C. 83-89.

11 Munysos B.I1. Biusuue BY mosst Ha TepMOAMHAMHYECKYIO YCTOMYMBOCTH KPHCTALIOTHUAPATOB XJopHuaa Kobaibra /
B.I1. lunynos, 10.M. Yameas // 13B. By30B. ®usuka. — 2014, — T. 57, Bem. 7/2. — C. 202-204.

12 Diizentepr . Ctpykrypa u cBoiictBa Boasl / 1. Ditzentepr, B. Kayuman. — JI.: F'unpomereounsaat, 1975. — 280 c.

13 3anenuna I'.H. CsotictBa u ctpykrypa Boasl / I'.H. 3anenmaa. — M.: U3zn-Bo Mock. yH-Ta, 1974. — 168 c.

14 Capxucos ['.H. Ctpykrypubie monenu Boasl / I.H. Capkucos // Ycnexu ¢u3. Hayk. — 2006. — T. 176, Bem. 8. — C. 833—
845.

15 Stas’ LE. The Stripping Voltammetry In High Frequency Electromagnetic Field / I.E. Stas’, B.P. Shipunov, T.S. lvonina //
Electroanalysis. — 2005. — Vol. 17, Iss. 5. — P. 794-799.

16 Koponskos JI.B. Teopernueckas xumus / [I.B. Koposnbkos, T.A. CkopoboratoB. — 2-u3f., nepepad. u gomn. — CII6.: Uzn.
CII6. yu-ta. — 2005. — C. 485-493.

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

KoFapbIKMUTIKTI 2JIEKTPOMATHUTTIK OPICTIiH
dcepiHeH CyIbIH KPUCTAJNIAHY KOJeMiHiH o3repyi

CyIpIH KpHUCTallaHy HPOIeciHe >KOFAPBDKHUINIKTI IEKTPOMArHUTTIK epicTiH acepi 3eprrenmi. 30-man 200
MI 1 neiiiHTi )KULTIKTET1 JajaiblK OHAey e YIIbIparaH cy kaOblK biapicTa 0-m1eH 21 KyHTe AeiiH cakTasbl,
coflaH KeWiH My3/1aThUIabl. J{ananblK OHAEIMEreH CyAbIH KPUCTANaHybl Ke3iHAeri My3/bIH KOJIeMi JIaalbIK
OHJICY/IeH KeHiH Cy/bIH KpUCTAIaHybl Ke3iH/IeTi My3/IbIH KOJIEeMIMEH CalbICThIPbULABL JKuinmikTepin 3 ToObI
Gap: onap yIIiH HIamanap coylielieHOereH CyJaH ajlbIHFaH 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 KWiiriHge JKoHe OSKCIO3MIUS YakbIThl 11 KyHre neifin Oaiikanmmel. KenemHiH
CaITBICTBIPMAITBI YIIFAIOBIHBIH MaKCUMAJIIIBI dcepi mamameH 2 ece, 200 MI'n xwuinikre Oaifkanapl, 1 Toymikke
OKCIIO3UIHSAMEH, MY3JbIH MaKCHMAJIbl CBIFBLTYBI, COYJIEICHOCTeH ChIHAMAaMEH CallbICTBIPFaH/a IIaMaMeH
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3 ece, 90 MI'u xwuinikrere epic acepineH keitin 11 Toynik ycray yakbITel KesiHze sxkone 140 MI'm xuimiri
yiiH 21 Toymik ycTay yakbIThl Ke3iHAE HajlaliblK ocep eTy opbiH anabl. 170 MITI KHUiTIKTeri SKCTIOo3UIus
YakbITBIHA TOYCIAUTIKTIH epTe >KyMbICTap[a alblHFaH TJIIOKO3aHBIH €pyl JKBUIYJIBIK dCepiHe TIyeNIiIiri
YKCACTBIFBI aTall oTUIl. AJIBIHFAH MOJIIMETTEp AlalbIK SPEKSTTIH HOTIKECIHAE CY KYPBUIBIMBIHBIH KYIIEI01
e, KOIICHITYBI J1a OOJIaTBIHBIH PacTaibl.

Kinm ce30ep: 3MeKTPOMAarHUTTIK OPIC, Cy KYPBUIBIMBI, MY3 KYPBUIBIMBI, My3 KYPBUIBIMBIHAAFHl aKayJap,
OpICTIH acep eTy JKUIJITi, coyeTeHyAeH KeHiHTi Cy KypBUIBIMBIHIAFBI ©3TepicTep, Cy KYPBUIBIMBIH O0carTy, Cy
KYPBIIBIMBIH HBIFAHTY.

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

H3menenune 00néMa KpuCTAJUIM3allUA BOABI B pE3yJIbTaTE BO3)1€ﬁCTBHﬂ
BBICOKOYACTOTHOI'O 3JICKTPOMAIrHUTHOIO IMOJIA

M3ydeHo BiMsHHE BHICOKOYACTOTHOTO SJIEKTPOMArHUTHOTO MO Ha MPOIecC KPUCTANIN3anuy Boasl. Bona,
MOABEPIIIAsiCS TOJIEBO 00paboTke yacToToi B auamazone ot 30 mo 200 MI'm, BemepkuBanack ot 0 mo
21 nus, 3ateM 3amopaxuBanack. O0BEM Nblla MPH KPUCTAIUIU3AIMHA HEOOPaOOTAHHOW TIOJIEM BOJBI CPaBHU-
BaJICS ¢ 00BEMOM JIbJja MPU KPUCTAIUTU3ALNH BOJBI IIOCIE MMOJIeBOH 00paboTky. Brineneno 3 rpymmsl yacTor
TIOJIEBOTO BO3ACHCTBHS: 1) Te, AIst KOTOPBIX 3HAYCHHS PACIIONAraloTCs BOIM3H HYJICBOrO 3HAYCHUS; 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 BeLAEpKKH — 10 11 cyTok.
MaxkcuMansHbIH 3)(HEKT OTHOCHTENBFHOTO YBenuueHus 00bEMa, MouTH B 2 pasa, HaOIromancs Uil 9acTOTHI
200 MI', npu BbIIepxKe | CYTKH, MAaKCUMATBHOE CKATHE JIbJia, MPUMEPHO B 3 pasa, Mo CPaBHECHHIO C HEOO-
JTy4EHHBIM 00pa3IoM, MPOUCXOIIIIO MOCTe MOJEBOro Bo3aciicTBus Ha yactore 90 MI'I| mpu BpeMEHHU BHI-
nepxku 11 cyTtok, u uig yactotel 140 MI'y mpu BpeMeHH BbLAEpKKU — 21 cyTku. OTMEUYEHO CXOJCTBO 3a-
BHUCHMOCTH OT BPEMCHHU BBIICPKKHU JUTA 4acToThl 170 MI'I] ¢ 3aBHCUMOCTBIO TEIUIOBOTO 3 (deKTa pacTBope-
HHS TIIIOKO3BI, TIOJy9€HHOE B PAaHHUX paboTax. Pe3ynbTaTsl MHOATBEPKAAIOT, YTO MPH IIOJIEBOM BO3IEHCTBUI
MPOUCXOAUT KaK YIIPOUHEHHE, TaK U Pa3pBIXJICHNE CTPYKTYPHI BOABL

Kniouesvie cnoga: 3neKTpoOMarHUTHOE TI0JIE, CTPYKTYpa BOJBI, CTPYKTYpa JIbJa, 1e(eKTsl B CTPYKTYpe JIbJa,
YacTOTa MOJIEBOTO BO3JCHCTBHA, H3MEHEHHS B CTPYKTYpe BOJBI MOCIIE OOTYUCHUS, Pa3PBIXJIICHHE CTPYKTYPhI
BOJIbl, YKPEIUIEHHE CTPYKTYPbI BOABL.
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