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Boiling temperature and the enthalpy of water vaporization
exposed to high frequency electromagnetic field

The article is dedicated to the study of the influence of a high-frequency electromagnetic field on the boiling
temperature and the enthalpy of water vaporization. It has been established that as a result of exposure to de-
ionized water of the electromagnetic field of ultrahigh frequencies, its boiling point and evaporation enthalpy
increase. It has been shown that the effectiveness of electromagnetic exposure depends on the frequency of
the field and the exposure time. The maximum increase in the enthalpy of evaporation is observed as-a result
of exposure to a field with a frequency of 60, 130 and 170 MHz and is 5-10 %. The observed phenomena can
be caused by a change in the structural organization of water as a result of electromagnetic interference, effect
has a cumulative nature — the value of AH,, increases with an increase in the exposure time to 2 hours; the
effect of «saturation» is established — an increase in the exposure time over 2 hours does not lead to a further
increase in enthalpy. The effect of the electromagnetic field is selective — the properties of water are sensi-
tive to the action of a field of strictly defined frequencies.
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Introduction

Interest in the study of water and its unique properties has not waned for many decades [1-3]. Numer-
ous studies are focused on changing the properties of water and aqueous solutions under the influence of
magnetic and electromagnetic fields [4]. Experimental material accumulates, numerous theories are created
to explain the changes in the properties of water and aqueous solutions under the influence of field effects,
but there is currently no generally accepted theory about.the nature of changes occurring in water as a result
of external influences. Numerous experiments on the effects of the electromagnetic field (EMF) of ultrahigh
frequencies (30-300 MHz) indicate the sensitivity of the properties of the aquatic environment to this type of
exposure [5—8]. Based on the experimental data, it can be assumed that under the influence of the field, the
cohesive interaction within the aqueous phase is enhanced, which is manifested in an increase in its surface
tension, weakening of the hydration characteristics [6], etc. The enhancement of the intermolecular interac-
tion in the aquatic environment can be fixed by measuring the properties that depend on it. Accurate infor-
mation on cohesion can be obtained from thermodynamic characteristics related to the energy of vaporiza-
tion. In the process of evaporation of a substance, a complete rupture of intermolecular bonds occurs; there-
fore, the work of cohesion is determined by the enthalpy of vaporization (evaporation). The determination of
the enthalpy of evaporation of water and its changes as a result of exposure to an electromagnetic field with a
variable frequency was the purpose of this study.

Method

Deionized water purified with the deionizer of water WD-301, with an initial specific electric conduc-
tivity of 1.4=1.810"* S/m was used in this study.

The source of the electromagnetic field was a high-frequency generator G4—119A, which output power
was 1 W and its frequency range was 30-200 MHz. The voltage at the high-frequency electrodes was
20-22 V. The cell consisted of a 50 ml teflon beaker, in the center of which an internal high-frequency elec-
trode was located. The high-frequency electrode was a brass rod isolated with teflon. The outer high-
frequency electrode was an aluminum cup, closely fitting to the teflon surface. The electrodes through the
bottom of the cup were connected to the generator by means of an high-frequency cable. The field frequency
was varied in 10 MHz steps. The time of exposure of the field to water ranged from 1 to 3 hours. It was
found that the maximum effect was achieved within 2 hours, but the main changes were observed at an expo-
sure time of 1 hour. In the future, precisely this time was chosen for the experiment.

The determination of T and the enthalpies of evaporation were carried out using a standard setup [9].
In a round bottom flask, equipped with a reflux condenser and a thermometer (division price 0.1 °C), 50 ml
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of a predetermined frequency of irradiated field or unirradiated water was poured. In the flask, a vacuum was
created using a vacuum pump (minimum pressure 0.1 atm), which was monitored with a pressure gauge
(graduation value 0.05 atm). The water was kept at a minimum pressure for 1 hour to remove dissolved gas-
es. Then water was heated to boiling at a given vacuum and the temperature was fixed. The pressure was
gradually increased up to atmospheric, determining the boiling point at each pressure value with a step of
0.10 atm. Experimental data on the batch of water at different pressures were compared with the table values
[10]. A satisfactory agreement of the results was obtained (the discrepancies did not exceed + 0.2 °C). The
enthalpy of vaporization AH,, was determined from the slope of the line in the coordinates InP — 1000/T ac-
cording to the linear form of the Clausius-Clapeyron equation: InP = const — 1000AH,, /RT.

Results and Discussion

Studies have shown that as a result of exposure to electromagnetic fields at certain frequencies (60, 130
and 170 MHz), an increase in the boiling point of water is observed. The use of other EMF frequencies either
did not change the batch of water, or the changes were expressed slightly. Figure 1 shows the dependences of
Thoit ON the pressure P for non-irradiated and irradiated EMF frequencies of 170 and 80 MHz of water. In the
first case (Fig. 1a), in the region of low values of atmospheric pressure, the batch of irradiated water exceeds
a similar value for unirradiated water at P <0.60—0.75 atm. A similar pattern is observed for frequencies 60
and 130 MHz. Figure 15 shows that the effect of an EMF of 80 MHz slightly changes the boiling point of
water only at P <0.35 atm.
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Figure 1. Dependence of the boiling point of water exposed to an electromagnetic field of a given frequency f,
from atmospheric pressure (T = 23 °C; f.x,= 1 hour)

Table 1 shows the Ty, values of unirradiated and irradiated EMF of various frequencies of water at
P =0.20 atm (average values from 5 parallel experiments).

Table 1
The boiling point T}, of water at P =0.20 atm, depending on the frequency
of the electromagnetic field (exposure time 1 hour)
Frequency f, MHz Tooir, °C AT, °C Frequency f, MHz Tooir, °C AT, °C

0 59.8+0.2 - 120 61.0+0.4 1.2
30 59.8+0.2 — 130 61.6+0.3 1.8
40 60.2+0.3 0.4 140 59.6+0.2 0.2
50 59.6+0.3 0.2 150 60.2+0.3 0.4
60 61.0+0.4 1.2 160 59.8+0.1 —
70 59.8+0.1 — 170 61.7+0.3 1.9
80 60.1+0.2 0.3 180 59.4+0.2 0.4
90 59.7+0.1 0.1 190 59.6+0.3 0.2
100 59.9+0.3 0.1 200 59.6+0.2 0.2
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From the experimental dependence of 7, — P (in the range of 0.10—0.70 atm, where the differences in
boiling points are quite well expressed), the enthalpies of evaporation of water exposed to EMF of different
frequencies were calculated using the Clapeyron-Clausius equation. The correlation coefficient of the linear
approximation of the experimental data was 0.997-0.999. Table 2 shows the values of AH,, at those EMF
frequencies at which its significant change is observed — by 5-10 %. The impact of the field of other fre-
quencies in the studied range did not lead to a noticeable change in AH.

Table 2
The enthalpy of evaporation of water exposed to an electromagnetic field (exposure time 1 hour)

Frequency f, MHz | AH,,, kJ/mol A, %
0 45.3+0.5 —
30 47.6+0.6 5.1
60 48.2+0.9 6.4
130 49.9+0.9 10
170 48.1+0.8 6.5

The determination of the enthalpy of evaporation was carried out immediately after the electromagnetic
treatment of water, then after 1, 2 and 7 days. The results are presented in Table 3 for 2 frequencies of EMF
(60 MHz and 170 MHz). It can be stated that with time there is a tendency to a slight‘increase in AH.,. The
effect of relaxation is absent, i.e. the original properties of water during the week are not restored.

Table 3
The enthalpy of evaporation of water depending on the time elapsed after exposure to an electromagnetic field
Time after exposure _ _
to electromagnetic field, day AH,, k] / mol (f= 60 MHz) AH,, kJ / mol (f= 170 MHz)
0 48.2+0.9 48.1+£0.8
1 48.3+0.8 48.3+£0.9
2 49.0+0.8 47.8+£0.9
7 48.7+0.7 49.0+0.6
Conclusions

Thus, as in all previous studies'[5—8], it was shown that the effect of EMF is selective — the properties
of water are sensitive to the action of a field of strictly defined frequencies. It was also established that the
EM effect has a cumulative nature — the value of AH.,, increases with an increase in the exposure time to
2 hours; the effect of «saturation» is established — an increase in the exposure time over 2 hours does not
lead to a further increase«in enthalpy. The enhancement of the cohesive interaction in the aqueous phase as a
result of exposure to EMF can be due to several reasons: hardening of the hydrogen bonds between water
molecules, an increase in the proportion of water bound into clusters, or an enhancement of the van der
Waals interaction. The question remains controversial, since the enthalpies of evaporation characterize the
intensity of intermolecular interaction, but do not reveal its nature. Nevertheless, the obtained data are con-
sistent with the results of [6] on the increase as a result of the electromagnetic effect of the surface tension of
water by 5-10 %, which is also determined by the intensity of the intermolecular interaction.
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7Korapsl KMUTIKTEr 2JIEKTPMATHUTTI 6PIC dpeKeTiHe YIIbIPAaFaH
CYIbIH KaliHay TeMIepaTypachl :kdHe 0yJIaHy IHTAJIbIUACHI

Makana cynblH KaiiHay TeMIlepaTypachl MeH OyilaHy SHTalbIHACHIHA JKOFapbl JKHITIKTEr! IEKTPMArHUTTI
epicTiH acepiH 3epTTeyre apHanraH. J[eMOHIAIFaH CyFa ©Te KOFaphl KULTIKTET] IEKTPMArHUTTI Opic 9peKeT
€TKEeH/IC OHBIH KallHAy TeMmIlepaTypachl MEH OyJaHy SHTaJbIHACHI apTAThIHBI aHBIKTAJFaH. JJIEKTPMArHUTTI
OpPEeKeTTiH THUIMIIIIr epic XUiNiriHe KoHe dKCHO3UIUS YaKbIThIHA TyeNai O0MaThiHbl KepceTinred. bymany
SHTANBIISCHIHBIH MaKCUMaJIIbI KoFapbuiay xuimiri 60, 130 xone 170 MI' epicTiH opekeTiHeH Oaiikaiaibl
xoHe 5—10 % kypaiinsl. Balikanran KyObUIbICTap JI€KTPMArHUTTL OpEKET HOTHKECIHAE CYABIH KYPBUIBIMIBIK
yibIMaacy e3repyiMeH TYCIHAIpITyl MYMKIH JKOHE JJICKTPMAarHHTTi OpPEKeT >XMHAKTAJIAThIH CHIIAaTKA He
eKeHI — OyJlaHy SHTAIBIMACHI MOJNIIEPi COYJIENCHIIPY YaKbITHI 2. caraTKa JeHiH apTKaHJa >KOFapbLIaid-
TBIHBI — QHBIKTAIIFaH; «KaHYFbD» 3 {EKTiCi — IKCIO3UIMS YAKBITHl 2 CaraTTaH apThIK OOJIFaHa SHTAIIBITHS
opi Kapail ecmeiTiHi aHBIKTanFaH. DJIEKTPMArHUTTI OPICTIH OpPEKeTl TaHAaylbl CHMATKa He OONaThIHBI
KOPCETIIreH — Cy/bIH KaCHeTTepi KaTaH Oeriii )KUITIKTer @piCTiH SpeKeTine ce3iMTal Goasl.

Kinm ce30ep: cy, 2MeKTPMarHUTTi epic, XKHULIIK, COyIeICHAIPY YaKbIThl, KailHay TeMmIepaTypacel, OyiaHy
SHTAIBIMSICHL.

B.1O. Yupxkosa, E.A. llapnaesa, 1.E. Ctach

Temnepatrypa KMIIEHUS] M SHTAJIbINUS UCTIAPEHUs BObI,
NnojABepriueiicss Bo31eiiCTBIAIO BLICOKOYACTOTHOIO 3JIEKTPOMATHUTHOTO TOJISI

CraTbs NOCBSIIEHA U3YUYCHUIO. BIUSHUSA BBICOKOYACTOTHOTO JIEKTPOMArHUTHOTO IOJIsI HA TeMIIepaTypy Ku-
NICHMS ¥ SHTAJBIUIO HCIIApEHHUs BOJABL Y CTaHOBIEHO, YTO B PE3yJbTaTe BO3JCHCTBHA Ha JCHOHU30BAaHHYIO
BOJly 3JIEKTPOMAarHUTHOI'O/MOJS yIbTPABBICOKHX YACTOT MPOUCXOAUT MOBBIIICHUE TEMIIEPATYpPhl €€ KUIEHHS
W SHTanenuu ucnapenus. [Tokasano, 4to 3pHEeKTHBHOCT 3JIEKTPOMArHUTHOTO BO3ISHCTBHUSI 3aBUCHT OT Yac-
TOTHI TOJIS ¥ BPEMEHU AKCIO3UIIHA. MaKkcHMallbHOE YBEIMUYCHUE SHTAIBINH HCIIAPEHHS HAOI0AaeTCs B pe-
3ynbTare Bo3aeiicTBus most yactorod 60, 130 u 170 MI'n u cocraBiser 5—10 %. Habmonaemele sBieHUsS
MOTYT OBITH 00YCIOBJICHBI H3MEHEHUEM CTPYKTYPHOW OpTaHU3AIMU BOJBI B PE3YJIbTATE AIEKTPOMAarHUTHOTO
BO3MEUCTBHsL. Taike YCTaHOBJIEHO, UTO AJIEKTPOMArHUTHOE BO3/IEHCTBUE UMEET HAKONMTENIBbHBIN XapakTep —
BeJIMYMHA SHTAJIBIINY UCIIAPEHUS BO3PACTACT MPH YBEIHUCHUN BPEMEHH OOIydeHHs 10 2 4acoB; YCTaHOBJIECH
3 pexT «HACHIICHHS» — yBEINYEHNE BPEMEHH YKCIIO3UIMH CBBIIIE 2-X 4aCOB HE MPUBOAUT K JalbHEHIIEMY
pocty sHTanenuu. [lokazaHo, 4TO BO3JAEHCTBHE 3JIEKTPOMArHUTHOTO IOJISI HOCHT W30HMpaTeNbHBIA Xapak-
Tep — CBOMCTBA BOJIbI YyBCTBUTEIbHBI K JEHCTBUIO OIS CTPOTO ONPEAEIEHHBIX YaCTOT.

Kniouesvie cnosa: BOAa, 31€KTPOMarHUTHOE MOJIE, YaCTOTA, BPeMs OOTydeHHs, TEMIepaTypa KUIEHHUs, H-
TaJIBIUS NCTIAPCHUSL.
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