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Change in the heat of D-glucose dissolution in water
exposed to electromagnetic field

The article is devoted to the study of the influence of weak electromagnetic fields of 90, 110 and
frequency on water properties. The calorimetric measurement of the integral heat of dissolution of n
lyte (a-D-glucose) was chosen as an indirect method to study the change in water properties. The heal

glucose dissolution was measured in relation to field frequency for the first time. The results of calori
measurements of the thermal effects of the carbohydrate dissolution in field-exposed water
unirradiated are presented. The measurements were carried out with a Beckman thermometer.
of the relative heat of a-D-glucose dissolution on time after field exposure was establishedg#

acter takes place for the 90 MHz and 110 MHz frequencies. That is reflected in t al i : endoef-
fect. The dependence has a maximum on the third day in the case of 170 MHz. e at of
dissolution was observed within three days for the 90 MHz and 110 MH ies. a weak time

dependence is registered after twenty days. In general, there is an increase nicity of the a-D-
glucose dissolution process. The assumption has been made that the hydration h
in field-exposed water reduces due to the increased intermoleculaginteractions een water particles and
weakened interactions between water particles and carbohydrat e

Keywords: electromagnetic field, glucose, heat of dissolution, cal
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ily due to the fact that the density of such fie
frequencies for communication and navigati
used ranges. In this regard, it is interesti
in various processes. Water and aqu
fields influence the properties of wa
energy of water molecules interacti iquid state, i.e. the change in the hydrogen bond energy. Earlier a
method to quantify the cha nergy of hydrogen bonds due to the influence of a magnetic field by
calorimetric estimation of t solids dissolution was proposed [1].

Internal energy d C y dH are the thermodynamic functions that describe intermolecular inter-
actions. They are rel e equation dH = dU + pdV. The volume change is minimal within solution
he equality of internal energy and enthalpy can be assumed. The enthalpy of
| effect of dissolution at constant pressure) can be determined experimentally by the

dissolution (or

calorimetri

gexperiments have been conducted to measure the thermal effects of salt dissolution. Starting
ntal works of Klassen [2] it was shown that the heat of salts dissolution in magnetized and

frequency (HF) electromagnetic fields in the range of 30-200 MHz are no less interesting [4]. The presented
data shows a multidirectional effect depending on the field frequency. The explanation is based on the assump-
tion of structural reorganization of water and water clusters and changes in the degree of ion hydration, which
is also confirmed by experimental data on the measurement of the electrical conductivity of salt solutions in
field-affected water [5].

However, a small number of experiments with the dissolution of non-electrolytes in field-exposed water
are known to date. Thermal effects of propanol-1 — water mixing are presented in [6]. When using water
exposed to a high-frequency electromagnetic field, the heats of mixing noticeably change both towards the
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increase of thermal effect and towards its decrease depending on the field frequency. The changes in the heat
of mixing are also dependent on the exposure time and the initial temperature. The authors assume that the
observed phenomena occur due to the changes in the energy of interaction of propanol molecules with a struc-
turally reorganized solvent.

In the above studies, we measured either the heat of mixing of two liquids or the heat of dissolution
(dehydration) of inorganic salts. To supplement the experimental data, it is of interest to study the dependence
of the dissolution enthalpy of a non-electrolyte solid in treated water on the frequency of high-frequency (HF)
field.

Natural monosaccharides such as glucose are unique on their properties. Having a chiral atom in it§struc-

interactions [8].

Carbohydrate molecules are bifunctional in relation to their hydration capacity. H
cific hydrophilic hydration through the formation of hydrogen bonds between hy,
and water particles, as well as a specific hydrophobic hydration through in
CH- and CHy- carbohydrate groups and water particles [8].

Application of molecular dynamics methods to aqueous solutions
model the structure of hydrogen bonds. Calculations showed that the hydrogemsbond network differs little from
the network in the crystal structure [9]. It is assumed that when idering thedinteraction of water with car-
bohydrate molecules, it is necessary to take into account the compl tarity of the geometry of the location
of hydroxyl groups and the structural matrix of the solvent 0, 11] first studied the problem of
s determined by the ratio of the number

of axial and equatorial hydroxyl groups with a preferre
hydration is ensured by a good agreement between
matrix. The distance between the oxygen atoms in¢
of the second maximum of the radial functio
carbohydrate molecule is embedded in the st
when glucose dissolves, the dynamic stru
particles being replaced by glucose m

y of the equatorial OH-groups and the water
droxyls is 0.485 nm, which lies in the region
tribution (0.49 nm). This fact suggests that the
e hydrogen bonds of the solvent [8]. It follows that

hydrate the hydrogen-bond network s structliked.
Given the above, the research imed at the study of changes in the heat of glucose dissolution in
water exposed to high-freque omagnetic field of certain frequencies.

Experimental

To estimate the ghanges, ifsthe intermolecular interactions of glucose and field-exposed water, we used
the literature data % al heats of dissolution. According to these data, the thermodynamic character-
istics of a-D-gl iSsaldtion in water at 298.15 K are as follows:
17 kJ/mol — integral heat of dissolution at infinite dilution;

ol — entropy factor;
.5 kJ/mol — change in Gibbs dissolution energy.

e heat of a-D-glucose monohydrate dissolution at infinite dilution is 19 kJ/mol [8].

e frequencies of the electromagnetic field of 90, 110 and 170 MHz were chosen as the most effective,
b on previous studies in the field of water systems [15].

e G4-119A high-frequency generator was used to exert a field effect on water. A sample of deionized
water was placed in an axial-type cell, the design of which is described in [15]. The cell was connected to a
generator, which was used to set a certain frequency of HF field. The field exposure with a certain frequency
lasted continuously for two hours. At the end of the field exposure, the water sample was either used immedi-
ately or placed in an airtight container and used at different time intervals after the field action. The measure-
ments were carried out on a calorimetric setup, the scheme of which is shown in Figure 1.
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Figure 1. Scheme of calorimetric setup

For calorimetric measurements, we weighed 2.000 g of a-D-glucose
and placed the sample in a control tube, afterwards the tube was wei
100 ml of water, which was poured into a 400 ml porcelain beaker, wh
Thereupon, we placed a tube with glucose and a Beckman metastatic thermometer through a hole 2. The con-
trol tube was kept in a calorimeter until a uniform variation of.ﬁn ature over time was established. When
the range of readings became uniform, we quickly emptied glucos of the control tube through hole 2.
After the start of the main period, the thermometer readings we rded every 30 seconds. We completed
the measurement when a uniform variation of temperature wa blished. The control tube was weighed, and
the specified mass of dissolved glucose was calculated. T ture drop corrected for heat exchange was

put into a calorimeter.

p
rried out with field-exposed water. Each ex-

periment was repeated twice. The relative change i ssolution enthalpy was calculated by the formula:
-100%, (1)

AH, = %- 100%,where AH; is t
solution in field-exposed water, kJ/
field exposure), kJ/mol.

According to formulas

ange in the heat of dissolution, %; AHe is the heat of dis-
the heat of dissolution in the control experiment (without

ta Were reduced to the same mass of glucose sample:
AH_ -m
o—=C- AT, (2)

g
By subtracting (2 @ 2), dividing the difference by (1) and performing the simplest transformations,
we obtained:
AH, —AH. m.-AT,-m_-AT,

ex — , (3)
AH, m,, - AT,
¢ e mass of glucose in the control experiment; mex is the mass of glucose in the experiment with
pOS is the calorimeter constant, J/K; AT. — temperature change during dissolution in the control

ent K; ATex — temperature change during dissolution in the experiment with field exposure; My is the
mass of glucose monohydrate, g/mol.
us, there is no need to determine the calorimeter constant for each experiment, if we compare the heats
of dissolution under control.

The heat of glucose dissolution was measured immediately after field action (0 days), on days 3, 11, and
21. We also used two water samples subjected to field effect 60 days ago (110 and 170 MHz) and 133 days
ago (90 MHz).

Results and Discussion

Obtained dependences of heat of glucose dissolution on time of water exposure (90, 110 and 170 MHz)
are presented in Figures 2—4.
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Figure 2. Dependence of heat of glucose dissolution on time of water exposure. Frequency of figld re— 90 MHz
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Figure 3. Dependence of heat of glucose di tion e of water exposure. Frequency of field exposure — 110 MHz

In all cases the dependence of thexfield ct on the time of water exposure is clearly observed. The heat
of dissolution measured immedi he field effect does not differ from the control one. For each of the
frequencies, a sudden chan at of dissolution takes place on the third day after the exposure. The
time dependence of the eff e frequencies of 90 MHz and 110 MHz is similar: after the third week a
«saturationy of the effeg b d, i.e. it becomes time-independent. For the 170 MHz frequency, there is
aximum is reached on the third day. Experimental data correlate with other data
increase in field effect during the week.

30

Relative change in heat of dissolution, %
o

Time, days

Figure 4 Dependence of heat of glucose dissolution on time of water exposure. Frequency of field exposure — 170 MHz
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The solubility enthalpy can be represented as the sum of two opposite in sign components:

AHOdissoI = AHOceII + AHOhydrat, (4)
where AH%isso1 is the dissolution enthalpy; AH % is the enthalpy of the crystal lattice of glucose (> 0); AH %yqrat
is the hydration enthalpy (<0).

As can be seen from the literature data [8], the heat of a-D-glucose dissolution is positive. It means that
the energy of the crystal lattice prevails over the energy of hydration. The enthalpy of the crystal lattice can be
considered constant in all calorimetric experiments, since only water was exposed to the field. Although we
used the monohydrate, the heat of hydration cannot be considered equal to zero. An additional intermolecular
interaction between water and glucose may occur.

In all cases (except for the first point in Figure 2), a change in the thermal effect towards endothermic
values is observed. Based on Franks’ assumption that a carbohydrate molecule is embeddedd
hydrogen bond network, we can assume an increase in the interactions of homogeneous p
water and carbohydrate — carbohydrate. Additional hydration of the monohydrate occurs i
extent in the field-exposed water, or does not occur at all, or dehydration occurs. This correlate
in the heat value in a positive direction, i.e. the predominance of the energy of the crystal | \4
of hydration.

Taking into account the existence of short-lived water molecules associates rs ed by hydro-
gen bonds, we can assume that the HF field shifts the equilibrium:

(HzO)n — H,O + (HzO)n71<—> H,O +
which is characterized by the equilibrium constants K; and K.

The values of the constants depend on the strength of interaction of the r molecule with the collective
aggregate, which, in turn, essentially depends on the number of-th' s in the aggregate and the perfection of
its structure. If, based on the data of some researchers [16, 17],
molecule from the n > 10 aggregate, about 30 kJ/mol and take
of water molecules, then the values of K; and K> will differ “Despite the fact that clusters exist for a
very short time (a few picoseconds) due to heat motion, th formed again. Under this assumption, the
time dependence can be explained by the time it takeg new equilibrium between different particles
in water. Based on the Figures 2—4, it is possible t that the time to reach equilibrium in the case of
frequencies of 90 MHz and 110 MHz is appro |i| e e weeks. At 170 MHz frequency, an unstable equi-

librium occurs on the third day, which, for reé so far, relaxes to the original.

@oénclusion

Summarizing all the above me ed Itis possible to come to the following conclusion:

1. Preliminary field effect ith frequencies of 90, 110 and 170 MHz increases the endothermic-
ity of a-D-glucose dissolutiops

2. For 90 and 110 MH
For 170 MHz frequenc

cies a cumulative time effect is observed, with «saturationy after 21 days.
m effect occurs on the third day;

3. It has been sug e interaction of water-water particles increases as a result of the field effect
on the solvent th decrease in the enthalpy of carbohydrate hydration;

4. For the first , Itwas found that the field effect depends on water exposure time after the field action.
The maximum effect for’different frequencies is observed under different exposure time.
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B.II. HlunyHos., A.B. Psa0bix

JJIEKTPOMATrHMUTTIK epic Hawl( iHze cyia
D-riioxo3aHbIH epireH KbL1y JcepiHiH o3repyi

Makana cynsiH Kacuerrepine apuanran (90, 110 sxone 17, erapTepiepiy 9JICi3 ICKTPOMArHUTTIK
3aHBI €PITYyIiH HHTETPATIBIK KBUTYbI-
IiH JKaHaMa ofici peTiHAe TaHJaJFaH.
epIcC XUUIITiHIH (QYHKIUACH PETIHAE OJIIICHII.
eri cyna KeMipCylapIblH epiTIHIICIHIH KBLUTY
dCepliepiH  KATIOPUMETPUKAIIBIK ~ OIIIIICY Renripiren.  [Jlama ocepiHeH KEWiHTI  yaKbITKa
0-D-riroK03aHbI epiTYdiH CATBICTHIPMAITBI i anpIkTanabl. 90 MI' xone 110 MIn xuinikrep
YILIIH KyMYJISTHBTIK cunat Gap, an 17 H JKarIania TOYeIIUTIKTIH YIIIHII KYHI €H )OFapbl MOHre
ne. 90 MI'm xone 110 MI'y xni iH VI KYH iOIiHAE epireH >KbUIYIbIH KYPT e3repyi GalKaijbl,
COfIaH KeWiH >KUBIPMACHIHIIIBI KY,

HBIH KaJIOPHUMETPHSUIBIK OJIIeMi CYIbIH KacHeT
A-D-rnroxo3aHbIH epiTIHAICIHIH XKBUTYBIH eJIIey Qi

1. CyFa ocep eTeTiH CyIarbl KeMipcylap MOJEKYIaChIHBIH THI-
paTTalybIHBIH XBUTY Cy 06 apaJbIK MOJIEKYJIPIIBIK ©3apa dPEKETTECyl KoHe Cy OemmeKTepiMeH

KeMipcyJap MOJIEKyJTalL

Kinm co30ep: snmexTp
KOMipCyIapIbl iTi

pic, TIIIOKO03a, epireH XKbUTy, KATOPUMETPHS, bUIFaIIay, TSPMOIMHAMHKA,
1Iiri.

B.IT. Hlunyros, A.B. Ps0bIx

3MEHeHHUe TenJ10Boro 3¢gp¢pexra pacteopenns D-riaroko3bl
B'Bo/ie B pe3yJbTaTe JeHCTBHUSA 3JIEKTPOMATHUTHOIO OIS

CraThsl MOCBSIIIEHA UCCIIEOBAHHIO BIUSHUS CJIA0BIX 3JEKTPOMAarHUTHBIX IMOJEH MerarepoBOro Auama3oHa
(90, 110 u 170 MI'm) Ha cBo¥icTBa BOoMIBL. B KauecTBe KOCBEHHOTO METO/1a M3YUEHHSI I3MEHEHHUS CBOHCTB BOJIBI
ObUIO BBHIOPAHO KAJOPHUMETPHUECKOE M3MEPEHHE WHTETPAIBHONM TEIUIOTHI PAacTBOPEHMS HEXIEKTPOINTA —
o-D-rimroko3s1. BiepBble npon3BeaeHO U3MepEeHUEe TEIUIOThI PAaCTBOPEHHs o-D-TIIt0K03bI B 3aBUCUMOCTH OT 4a-
CTOTHI 3JIEKTPOMAarHUTHOTO HOJIs, KOTOPOE BO3JeiicTBOBaNO Ha Boy. [IpuBenieHb! pe3yapTaThl KalopuMeTpu-
YECKHX M3MEPEHH TeIOBbIX 3()(EKTOB PaCTBOPEHHS YIIIEBOJAA B BOAE, MOABEPIIICHCS MOJICBOMY BO3JCH-
CTBHIO, IO CPAaBHEHHIO C HeoOTyueHHOH. M3MepeHHs MpoBOAMIICEH C MOMOIIBIO TepMoMeTpa bexmana. Ycra-
HOBJIEHA 3aBUCHMOCTh OTHOCHTEIBHOH TEIUIOTHI PAaCTBOPEHHS 0-D-TItoK035I OT BpeMeHH MOcCIIe T0JIeBOT0 BO3-
nericrBud. [ yactot 90 u 110 MI' uMeeT MecTO HAKOMUTENbHBINH XapakTep, YTO BhIPAKaeTcsl B OCTEIEH-
HOM yBeNMYeHUH 3HA03QdekTa, a B caydae 170 MI'1 3aBHCHMOCTD BO3HHKAeT MAaKCHMyM Ha TPETbU CYTKH.
Juis gactor 90 u 110 MI'n Habnromaercst pe3koe W3MEHEHUE TEIUIOTHI paCTBOPEHHS B TCUCHUE TIEPBBIX TPEX
CYTOK, 3aTeM, [OCJIe ABA/IATBIX CYTOK, IPOCIeKHUBAETCs ciiabas 3aBUCMMOCTh OT BpeMeHH. B 1iesiom, Habumro-
JIaeTCsl yBENWYEHHE SHAOTEPMUYHOCTH Ipollecca pacTBOPEeHUs «-D-Iioko3sl B pesyibTaTe IOJIEBOIO
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BO31eicTBuUs Ha Body. Habmronaembie 3(eKThl OOBSICHSIIOTCS HA OCHOBE HPEIIOI0KEHNS 00 YMEHbIICHUN
TEIUIOTHI THAPATAH MOJIEKYJIbI YTIEBOA B BOJE, MIOABEPIILICHCS MOJIEBOMY BO3ICHCTBHIO, BCIEACTBHE yCHU-
JICHUS! MEXKMOJICKYJIIPHBIX B3aUMOACHCTBUI MEXy YaCTHUIIAaMU BOBI U OCIA0ICHUS B3aMOACHCTBUI MEXIY
YaCTUIIAMH BOJBI U MOJICKYJIAMHU YTIICBOJIA.

Knroueswvie cnosa: OJICKTPOMArHuTHOE II0JIC, IJII0OKO3a, TEIJIOTa PaCTBOPCHUSA, KaJIOPpUMETPU, TUApATaAlluA,
TEpMOJUHAMUKaA, paCTBOPLI YIJICBOJOB, 4YaCTOTa.
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