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Effect of ultrahigh-frequency electromagnetic field
on the properties of associated liquids

The influence of the electromagnetic field on the refractive index, evaporation rate and surface tension of wa-
ter, propanol-1 and pentanol-1 solutions have been studied. It was shown that the properties of these liquids
depend on the field frequency and the time of exposure. The action of the field on the structure of water and
alcohols is selective; changes in their properties are due to frequencies that are individual for each liquid.
Both deceleration and acceleration of the alcohols evaporation occurs depending on the frequency of the elec-
tromagnetic field. Evaporation of the field exposed water is slowing down at all the studied frequency range.
There is an increase in the surface tension for water and pentanol, and a decrease for propanol. The properties
of alcohols return to their initial values, and the properties of the water remain unchanged after the termina-
tion of the field action. Thermodynamic functions of surface water and propanol-1 have been calculated on
the basis of the temperature dependence of the surface tension. It has been demonstrated that the total internal
energy of the surface increases for water and reduces or propanol-1. This indicates the strengthening of the
structure in an aqueous solutions and a weakening of intermolecular interaction in the propanol-1 medium.

Keywords: water, propanol-1, pentanol-1, electromagnetic field, frequency, refractive index, evaporation rate,
surface tension.

Introduction

Many studies demonstrate that water is able to react to any external influence. This fact is revealed in
the change of its bulk and surface properties. There is an annual increase in publications devoted to the study
of response of liquid water on the influence of physical fields of different nature [1-5]. Previous studies have
shown that water treatment with an electromagnetic field of low-intensity of radio frequency leads to an in-
crease in its electrical conductivity, surface tension and heat of evaporation. A decrease in the rate of evapo-
ration and adhesion to a solid surface has been observed. These effects are revealed only at certain frequen-
cies of the field (the range of 30-200 MHz has been studied) and rise up to a specific limit with increasing of
exposure time. It has been also found that the changed properties of water do not return to their original val-
ues, and were kept for a long time; for example, the observations were carried out during the year [6—8]. The
experimentally observed changes in the properties of water are associated with the rearrangement of the
supramolecular organization of water due to the presence of hydrogen bonds [9-11].

However, water is not the only liquid whose molecules are hydrogen-bonded. Hydrogen bonds are also
formed between alcohol molecules, carboxylic acids, esters, mercaptans, etc in a liquid state [12]. Monobasic
alcohol and water differ significantly in the energy of hydrogen bonds. According to [13], the hydrogen bond
energy for water is 18.8, while for methanol and ethanol is 25.9 kJ mol™. Considering that one water mole-
cule has two hydrogen bonds, while alcohols have only one, it becomes obvious that the stability of the water
structure is much higher.

Alcohol molecule is considered as a water molecule with one hydrogen atom substituted with a hydro-
carbon radical [14]. The fraction of association, the composition and the form of associates depend on vari-
ous factors. The association fraction of the alcohols decreases with increase of alcohols molecular weight.
The so-called weighting effect is typical to them [14—16]. Its physical existence is associated with a weaken-
ing of hydrogen bonds due to steric factor and thermal vibrations of the particles. The rise in temperature and
the addition of some non-polar substances act in the same direction as the weighting effect. The effect of
weighting is also revealed in the fact that their structure becomes denser with an increase in the alcohols mo-
lecular weight [14].
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It can be expected that the field action can change the structure of the alcohols, which should reveal in
the change of their bulk and surface properties.

The aim of the work is to determine the changes in physical and chemical properties of propanol-1 and
pentanol-1 and water, caused by the intermolecular interaction, as a result of exposure of electromagnetic
field.

Research in this area has expanded the understanding of the nature of the interaction of electromagnetic
field with the matter. Research in this area has expanded the understanding of the nature of the interaction of
an electromagnetic field with matter.

Experimental

Propanol-1 (GOST 6006-78), pentanol-1 (chemically pure, TU 2632-106-4449379-07 at a concentra-
tion not less than 5 % and the water purified by using membrane distillation DME-1/B have been used. Spe-
cific conductivity of the water was 1.1 ps/cm.

Irradiation of alcohols and water was carried out in a contactless manner using a GZ-19A generator
with a variable frequency in the range of 30-200 MHz. Generator power output was 1 watt. The voltage on
the HF electrodes was 20-22 V. Cell of a capacitive type with a volume of 20 ml with the axially spaced
electrodes has been used in the work.

The refractive index was determined using refractometer URL No. 77-2549 (accuracy £0.0001).

Determination of surface tension was carried out by weighing of drops (variety of stalagmometric
method). Weighting of 50 drops leaked out of stalagmometry, was carried out on an analytical balance
BM153M-II with an accuracy of £0.001 g. Deionized water has been used as the standard liquid. Thermostat
TJ-TB-01 was used when studying the temperature dependence of surface tension of liquids. The tempera-
ture accuracy was +0.10 °C.

The evaporation of alcohol and water was performed from plastic Petri dishes (surface area of the liquid
S =50 cm?) at room temperature, (22 °C) for an hour, recording the mass loss of the dishes with the liquid
every 10 minutes with the help of analytical balance BM153M-II. The experiment with irradiated and non-
irradiated alcohols or water was performed simultaneously to ensure the same external conditions (atmos-
pheric pressure, humidity and air temperature). Kinetic curves were plotted in the coordinates of the mass of
evaporated liquid (m) vs time (t) based on the obtained data. The evaporation rate was determined from the
slope of the kinetic curve.

Results and Discussion

Studies have shown that the refractive index (n) of propanol as a result of exposure to an electromagnet-
ic field (EMF) practically does not change (the increase does not exceed 0.01 %). The increase in n is more
signified for pentanol (0.03—0.06 %) (Table 1).

Table 1
Refractive index n of pentanol-1 exposed by electromagnetic field of different frequencies
(t;rr.=60 min, T=295 K)
f, MHz 0 50 70 90 100
n 1.4096+0.0002 1.4096+0.0001 1.4100+0.0001 1.4104+0.0002 1.4100+0.0001
An, % - - 0.03 0.06 0.04

The increase in refractive index is observed only at the 3 frequencies EMF: 70, 90 and 100 MHz. The
effect for water is revealed at frequencies exceeding 100 MHz, and much higher — 0.10-0.15 % (Table 2).

Table 2
Refractive index of water exposed by electromagnetic field of different frequencies
(t;;r=60 min, T=295 K)
f, MHz 0 100 130 140 150 170
n 1.3330+0.0002 | 1.33384+0.0003 | 1.3345+0.0002 | 1.3344+0.0002 | 1.3343+0.0003 | 1.3350+0.0003
An, % - 0.06 0.11 0.10 0.10 0.15
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The refractive index of a liquid is related to its density by empirical relation:
n=1+ap, (D)
where n — is the refractive index; a — is an empirical coefficient; p — is the fluid density [17].

Therefore, it can be argued that the increase in # indicates a certain increase in the density of pentanol
and water, which is most typical for water. And the density of a liquid is directly related to their structural
organization.

The rate of evaporation is also determined by the force of intermolecular interactions in the liquid. The
evaporation rate of irradiated and non-irradiated alcohols with the free surface at T =295 K has been studied.
The kinetic curves are presented in Figures 1 and 2. The evaporation rate was determined from the slope of
the curves based on the mass of the evaporated alcohol (m) vs the time as:

U=dm/dtS,
where dm — is the mass of the evaporated alcohol; dt — is the evaporation time; S — is the surface area of
the alcohol.
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Figure 1. Kinetic curves of evaporation
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Figure 2. Kinetic curves of evaporation

The values of relative evaporation rate, irradiated by the field of various frequencies (U, = Ui /Unonirr.
where U, and U,y — are evaporation rates of irradiated and non-irradiated alcohols, respectively) are pre-
sented in Tables 3 and 4.

Table 3

Relative evaporation rates of non-irradiated and irradiated with an electromagnetic field
of different frequencies propanol (T = 295 K)

Frequency f, MHz 0 70 80 90
Relative rate Uy, /Uponine 1.00+0.01 1.274+0.01 1.244+0.01 1.08+0.02
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Table 4

Relative evaporation rates of non-irradiated and irradiated with an electromagnetic field
of different frequencies pentanol (T = 295 K)

Frequency f, MHz

0

50

70

90

Relative rate Uy, /U on-icr

1.00+0.02

1.154+0.02

0.8540.01

1.10+0.03

The rate of evaporation of the irradiated alcohols differs markedly from the rate of evaporation of non-
irradiated alcohol, both upward and downward. Pentanol-1 evaporates at a maximum rate after exposure to
EMF with a frequency of 50 MHz, and propanol-1 — after exposure to a field with a frequency of
70-80 MHz. Reducing the rate of evaporation is observed for the pentanol at a frequency of 70 MHz.

Experiments have shown a slowdown in water evaporation as a result of exposure to EMF in the fre-
quency range of 120 and 190 MHz. The maximum effect is achieved for EMF frequencies of 130 and

170 MHz and is approximately 20 %, as evidenced by the reduced mass of fluid evaporated in two hours
(Table 5).

Table 5

Mass of evaporated water irradiated with an electromagnetic field
of different frequencies (T =295 K, t;,,=2 h)

1, MHz Mass of evaporated water, g Am, %
0 1.68+0.05 —
130 1.354+0.04 19.6
140 1.50+0.05 10.7
150 1.374+0.02 18.4
160 1.394+0.07 17.3
170 1.354+0.05 19.6
190 1.48+0.05 11.9

The irradiation time also influences affects the magnitude of the effect in addition to EMF frequency.
Experiments on exposure of water by a field of the particular frequencies (130, 150 and 170 MHz) for differ-
ent periods of time (from 30 minutes to 3 hours) were carried out.

It has been shown that 30 minutes is enough for maximum effect. When 2- and 3-hour effects of the
field, evaporation slowing was exactly the same as at 30 minutes. Slower evaporation of water exposed to the
electromagnetic influence, may be a consequence of strengthening of intermolecular interactions. Confirma-
tion of this hypothesis is the previously detected increase in the boiling temperature and evaporation heat of
water, which also depend on the energy of intermolecular interactions [7].

The surface tension of liquids also depends on intermolecular interactions, since it is determined by the
work of the molecules coming out from the phase volume to the surface. Measurement of the surface tension
of pentanol demonstrated its significant increase as a result of exposure to EMF at only three frequencies: 50,

70 and 90 MHz (Fig. 3). The maximum surface tension increases by 3.5 % at a frequency of 50 MHz (for
non-irradiated alcohol 6 = 25.6+0.1 MJ/m?).

MJ/m2
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T
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Figure 3. Dependence of surface tension of pentanol on the frequency of the electromagnetic field (T =298 K)
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Since all previous studies have shown an increase in the efficiency of field effects with an increase in
the exposure time, the time dependence of the changes in surface tension during irradiation of pentanol to
field of frequency 50.70 and 90 MHz was studied. Figure 4 shows the kinetic curves for two frequencies of
50 and 70 MHz.
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a — on the time of irradiation; » — on time after the termination of radiation (T = 298 K)
Figure 4. Dependence of surface tension of pentanol

It was detected the intensification effect by increasing the exposure time to 1 hour. Further exposure led
to a slight decrease in surface tension. It is the most evident at the frequency of 90 MHz. A gradual approach
of the measured value to the initial amount was observed after the termination of the EMF emission
(Fig. 4b). It should be noted that the relaxation of surface tension began due to the ongoing exposure of alco-
hol. The relaxation time ranged from 45 minutes to 1 hour depending on the field frequency.

Strengthening of the effect and relaxation occurred simultaneously when pentanol was irradiated to a
field with a frequency of 50 MHz. At the same time, the relaxation of the properties to the initial value oc-
curred faster than the increase effect when it was exposed to fields with a frequency of 70 and 90 MHz (Ta-
ble 6).

Table 6
Surface tension, increase and relaxation times for irradiated pentanol (T =298 K)
I/, MHz 50 70 90
o, MI/M* 26.54+0.2 26.2+0.1 25.9+0.1
Ao, % 3.5 2.6 1.4
Increase time o, min. 60 60 60
Relaxation time o, min. 60 45 45

Similar studies have been carried out for propanol-1. In this case, the surface tension change was well
signified only for the frequencies of 70 and 80 MHz, and there was not an increase but there was a decrease
by 10.9 % and 3.9 % respectively (Fig. 5).
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Figure 5. Dependence of surface tension of propanol on the frequency of the electromagnetic field (T =298 K)

The maximum effect in this case was also achieved with an exposure time, of 1 hour. After the termina-
tion of the field effects the surface tension of propanol returns to its initial value in 40 minutes (Fig. 6). The
presence of relaxation processes proves that the results obtained are not associated with the error in determi-
nation of the surface tension.
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6 MJ/m2

X «
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a — on the time of irradiation; » — on time after termination of irradiation (f'= 70 MHz)
Figure 6. Dependence of surface tension of propanol

The EMF exposure on water, as well as on the pentanol led to an increase in surface tension, mainly at
frequencies of 130 and 170 MHz. The maximum effect is achieved within 1 hour (Table 7). After termina-
tion of irradiation the surface tension of water decreased for 3 months, during which we conducted observa-

tions.
Table 7

Change of surface tension of water depending on the time of exposure to electromagnetic fields
(60 = 72.8 MJ/m?, T=295 K)

t, min 30 60 90 120 150
2
fz’f\fé/ﬁﬁz 747407 82.2+1.1 82.340.9 82.240.7 82.241.0
2
fg’f\%/ﬁﬁz 77.4+0.8 82.541.0 82.541.0 82.5:0.9 82.541.1

It is known that the surface tension of the liquid reduces with increasing temperature. This occurs on the
one hand, due to the convergence of the force fields of coexisting phases (liquid — vapor), and, on the other
hand, due to the weakening of the intermolecular interactions, as a result of an increase in the intensity of the
thermal motion of molecules [18]. Conducted studies have shown that the surface tension of water activated
by EMF also decreases with increasing temperature, but to a greater extent compared to non-activated (Ta-
ble 8). Temperature coefficient do/dT for non-activated water is (—0.154) MJ/m*-K [19]. After its electro-
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magnetic treatment the linear character of the dependence of surface tension on temperature is kept, howev-
er, the temperature coefficient increases sharply do/dT =—0.251 MJ/m*-K (130 and 170 MHz). For irradiated
propanol temperature coefficient of surface tension has a lower value do/dT = —0.05-0.06 MJ/m*-K com-
pared to non-irradiated, for which do/dT = —0.08 MJ/m*-K [19].

The thermodynamic functions of the surface layer (internal energy (U;), entropy (S,) and heat of unit of
area formation (g,)) were calculated based on the temperature dependence of the surface tension of water and
propanol. The calculation was performed using the equations of Gibbs-Helmholtz [18]:

Us =06 —T"(do/dT),, (2
U=0+gqy 3)
S, = — (do/dT),. 4)

The results of the calculations are presented in Tables 8 and 9.

Table 8

Thermodynamic functions of the surface layer of non-activated and activated water (170 MHz)
in the temperature range 289-300 K

T,K | 289 | 293 | 295 | 296 | 297 | 300
non-activated water
o, mJ/m” 73.3 72.7 72.5 72.3 72.1 71.6
q,, mJ/m” 43.6 443 44.5 44.7 44.8 45.3
U,, mJ/m” 117 116 117 117 117 117
activated water (170 MHz)
6, mJ/m’ 82.2 77.1 76.2 73.2 72.2 69.2
q,, mJ/m” 72.5 73.5 74.3 74.3 74.5 75.3
U,, mJ/m” 155 151 150 147 146 144
Table 9

Thermodynamic functions of the surface layer of water
activated by electromagnetic field of different frequencies

J, MHz 0 130 160 165 170
U,, mJ/m’ 117 153-145 138 129 155-144
g5, mJ/m’ 43.6453 71.5-74.8 70.4-75.0 67.0-68.4 72.5-753
S,, mJ/m° 0.154 0.251 0.241 0.160 0.251

Similar calculations have been carried out for propanol (Table 10).

Table 10
Thermodynamic functions of the surface layer of propanol
. . L Irradiated propanol
Thermodynamic function Unirradiated propanol (/=70 MHz) (/= 80 M)

T,K 276 282 288 276 282 288 276 282 288

o, mJ/m’ 24.4 23.9 23.4 239 | 234 | 233 | 242 | 237 | 234

U, J/m’ 46.5 46.5 46.4 37.7 | 37.5 | 37.7 | 40.8 | 40.6 | 40.6

¢s, mJ/m’ 22.1 22.6 23.0 13.8 14.1 144 | 16.6 | 169 | 172

S,., mJ/m’ 0.08 0.08 0.08 0.05 | 0.05 | 0.05 | 0.06 | 0.06 | 0.06

As can be seen from Table 10, the heat of formation of the surface as an entropy component makes a
significant contribution to the total surface energy. It is about half of the total surface energy for many organ-
ic substances, [18]. This is due to the fact that when molecules move from one liquid volume to its surface,
bonds are broken and the substance is in a state close to the vapor phase, with higher entropy on the surface.
Values U,, ¢y, and S, of irradiated propanol-1 are significantly lower than the corresponding values for non-
irradiated alcohol. Therefore, it can be concluded that the intermolecular interaction is weakened as a result
of field exposure. On the contrary, the total surface energy of water increases by both enthalpy and entropy

factors (Tables 8, 9). This indicates the opposite effect of the field on water, that is, on the strengthening of
its structure.
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Conclusions

Thus, the studies carried out have shown that alcohol, as well as water, is capable to absorb the energy
of the electromagnetic field, changing its physical properties, which can be a consequence of changes in the
supramolecular organization of these liquids. The absorption of electromagnetic energy is selective. Each
liquid corresponds to a specific set of frequencies, where there are change in surface tension, refractive index
and evaporation rate. The maximum change in properties is observed at 70 MHz for propanol-1 and at 50
MHz for pentanol-1. The extreme frequencies for water are 130 and 170 MHz and they differ significantly
from those values. The magnitude of the field response at these frequencies is markedly different; the effect
is much more pronounced in the water medium.

There is a common "cumulative effect”" for all three liquids, which is a gradual increase in property
change during irradiation. For all liquids there is a "saturation", i.e. the change in measured properties in-
creases within 60 min. Further irradiation is ineffective. At the same time, although further action of the field
on water does not lead to changes, the relaxation process begins in alcohols (the property is aimed at its ini-
tial value). With regard to the rate of evaporation of liquids, there is a correlation between its change for irra-
diated systems and the change in surface tension. The deceleration of evaporation corresponds to the value of
the surface tension for water and pentanol-1, which increased as a result of field exposure. The acceleration
of evaporation corresponds to the reduced surface tension value for propanol-1. These results suggest a
greater cohesive interaction in activated water and pentanol and its weakening in propanol. The different ef-
fects of the two alcohols can probably be associated either with differences in their structural organization or
with the range of studied frequencies. It is possible that different effects can be observed when exposed to a
field of higher or lower frequencies.
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N.E. Cracp, C.C. IlaBnoBa

YabTpaxkorapsbl :KULTIKTerl 3JIEKTPOMAarHUTTIK OPIiCTiH acCOMATIAHFAH
CYHBIKTBIKTAPbIH KACHETTEepiHe dcepi

DJEeKTPOMArHUTTIK OPICTIH Cy, IPONAHOI-1, MEHTaHONI-1 CBhIHY KOpCeTKilliHe, OyIaHy KBULIAMJIBIFBIHA KOHE
OeTki KeplryiHe acepi 3epTTenyi. bysl cyHBIKTBIKTapABIH KacHeTTepi OpiCTiH JKULUIIriHe KOHE OHBIH ocep eTy
YaKbITBIHA OAlJIaHBICTHI eKEHAITT KOPCeTUIreH. OPICTiH ¢y MEH CHHPTTEPAiH KYPBUIBIMBIHA dcepi TaHIaMallbl,
OJIapIbIH KAaCHUETTEPiHIH 03repyi op CYMBIKTHIK YIIiH JKeKe KHUTKTepAe KYpeai. DICKTPOMArHUTTIK OpiCcTiH
JKHiTiriHe GalnaHpICTHl CIUPTTEpAiH OynaHybIHBIH Oasynaysl jga, yaeyl e »kypenmi. OpicTiH acepine
YUIBIPaFaH CyJbIH OysaHybl OapiblK 3epTTENreH XUUIK Juana3oHblHAa Oasynaiabl. IIeHTaHON MEH CyIbIH
OeTki Kepimyi apThil, MPOMAaHON — a3asabl. Opic ocepi TOKTaraHHaH KeHiH CHOUPTTEpAiH Kacuerrepi
OacTamnkbl MoHAEpiHE Opalajibl, al CyABIH KacuerTepi esrepicciz Kamagsl. Cy MeH mpomaHon-1 OeTiHig
TEePMOANHAMUKAIBIK (YHKIMSIIApB! OSTTIK KeplIyAiH TeMIepaTypanblK Toyelautiri Herizinae ecenteneni. Cy
YIIH OeTTiH aJIbl ilIKi SHEPrHsACH apThII, NPONAaHO-1 YIIiH a3asThIHBI KOPCETLINI, Oy CyJIBI OpTafarsl
KYPBUIBIMHBIH O€piKTeyiH jKoHe IpOIaHoJ-1 OopTachklHAA MOJIEKYJIaapaliblk e3apa 9peKeTTeCyIiH oJcipeyiH
KepceTeni.

Kinm ce30ep: cy, nponanoi-1, meHTaHoi-1, 3MeKTPOMArHUTTIK OpiC, JKHUIMIK, ChIHY KepceTkilri, OyraHy
JKBUIIAMIBIFBI, OCTTIK Kepiy.

N.E. Cracs, C.C. IlaBmoBa

Bausinue 371eKTPOMATHUTHOIO MOJISl YJIBTPABBICOKHX YaCTOT
HA CBOMCTBA ACCOUMHMPOBAHHBIX KHAKOCTEH

W3yueno BiusHUE 2JIEKTPOMArHUTHOIO IOJIS HA MOKA3aTellb NIPEIOMIICHHS, CKOPOCTh UCIAPEHUS U IOBEPX-
HOCTHOE HaTsDKEHHE BOJIBL, IPONaHoa-1 u neHraHona-1. bplio moka3zaHo, 4TO CBOMCTBA 3TUX KHUIKOCTEH 3a-
BHUCAT OT YaCTOTHI MOJISI M BpEMEHHU ero BozzeicTBus. JleficTBue Mo Ha CTPYKTYPY BOJBI U CIIUPTOB M30H-
paTenbHO; U3MEHEHHSI X CBOICTB MPOMCXOMAT NMPU YACTOTAX, MHIUBUAYAIbHBIX JUI KaXJIOH XHUIKOCTH. B
3aBHCHMOCTH OT 4acTOTBI 3JIEKTPOMArHUTHOTO MOJISt MPOMCXOTHUT KaK 3aMeJUIeHHE, TaK U YCKOPEeHHe HCIape-
HHs crUpToB. McnapeHue BOABI, MOJABEPrIIEHCsS BO3AEHCTBUIO MOJS, 3aMEIUISIETCS BO BCEM HCCIEAYEMOM
Juana3oHe 4acToT. IIoBepXHOCTHOE HATsSXKEHUE IIEHTAHOJA M BOJbI YBEIMYUBACTCA, a IPOIAHOIA — YMEHb-
maercs. ITocne npekparieHus AeHCTBUS MO CBOMCTBA CIUPTOB BO3BPALIAIOTCS K CBOMM MCXOAHBIM 3Hade-
HUSIM, a CBOICTBa BOJBI OCTAlOTCSl HEM3MEHHBIMH. TepMoanHaMHu4ecKHe (YHKIUH ITOBEPXHOCTH BOIBI U
nponaHoya-1 paccuuTaHbl Ha OCHOBE TEMIEPATYpHOW 3aBHCUMOCTH IIOBEPXHOCTHOIO HATsDKEHHS. bbuio
MPOJIEMOHCTPUPOBAHO, YTO TOJIHASI BHYTPEHHSSI SHEPTHs MOBEPXHOCTH YBEIMUMBACTCS ISl BOJABI M YMEHb-
MIAeTCsl IJIsl MpOMaHoia-1, 9To yka3blBaeT Ha yNPOYHEHHE CTPYKTYpPBl B BOJHON cpefe U ocnabieHHe Mex-
MOJIEKYJISIPHOTO B3aUMOJIEHCTBUS B Cpejie MpomaHoia-1.

Kniouesvie crosa: BOJa, HpOHaHOJ’I-l, HeHTaHOH-l, DJIEKTPOMArHUTHOE II0JIE€, YacTOTa, IOKA3aTelib IPEIOM-
JICHUS, CKOPOCTh UCTIapCHUS, ITIOBEPXHOCTHOC HATSAKCHUC.
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