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The effect of electromagnetic field on silver iodide sols stability

It is shown that the influence of the ultrahigh-frequency electromagnetic field on purified water leads to a
significant increase in its electrical conductivity and pH. The effect can be interpreted as a change in the
supramolecular organization of water. The kinetics of the formation of nuclei of the crystalline phase in irra-
diated water by the example of silver iodide sols was studied by turbidimetry. It is shown that in the irradiated
water the growth of Agl crystals slows down, which is noticed as a slower decrease in the light transmission
of the sol in time. The effectiveness of electromagnetic influence depends on the frequency and time of irra-
diation so that the maximum effect is achieved at the field frequency of 170 MHz and at the irradiation time
of 3 hours. Destruction of the sols prepared with irradiated water takes place on the 4th day, while in the con-
trol samples it begins after 24 hours. It is assumed that in the irradiated water the growth of crystalline nuclei
slows down due to a change in the surface tension and a decrease in Agl solubility.

Keywords: water, silver iodide, sol, light transmission, stability, electromagnetic field, frequency, irradiation
time.

Introduction

The problem of the disperse systems stability is one of the most important in colloid chemistry. It is of
great importance in many processes occurring in nature and used in the national economy. Ensuring the free-
disperse systems stability is necessary in the production of various products, coatings, binders, medicines,
aerosols, etc. Destruction of stability is required to cause structure formation in materials, to obtain precipita-
tion during phase separation, to purify industrial emissions. The stability of hydrosols is affected by various
factors, namely, heating and cooling, mechanical stirring, the introduction of electrolytes into the system [1].
Another possibility to control the disperse systems stability is the effect of physical fields of various nature
as ultrasonic, permanent magnetic and electric, electromagnetic field, as evidenced by numerous publications
[2-8].

In recent years, the scientific interest in the problems of the interaction of electromagnetic fields with
matter has increased, and the particular interest is the study of the effect of high-frequency and ultrahigh-
frequency electromagnetic fields (HF and UHF EMF) on various environments. This interest is due to the
perspective of using electromagnetic interference in scientific industries to intensify technological and physi-
cal-chemical processes and manage them by directly influencing the working environment. HF and UHF
technological processes have been widely used and distributed in various fields of industry such as chemical,
mechanical engineering, food industry, woodworking industry, pulp and paper industry, medicine, etc. Ex-
amples of such electric and magnetic fields applications are technologies for separating constituents of an
inhomogeneous medium, as well as a variety of applications HF and UHF EMF in the technological process-
es of heating and heat treatment, drying, thawing, etc. [9].

Unlike the methods of influence on the continuous media, the effect of HF and UHF EMF has a number
of advantages. So, firstly, electromagnetic waves extend over sufficiently large distances into the object until
complete attenuation, and we can talk about various electro-hydrodynamic phenomena and control them in
the depths of the dispersion medium. Secondly, under the influence of HF and UHF EMFs in the medium
due to the dissipation of the electromagnetic field energy into heat, distributed heat sources arise. The value
of the density of thermal sources is determined by the type (geometry) of the electromagnetic wave extend-
ing in the dispersion medium and the dielectric properties of the dispersion medium. Thus, for a given wave
geometry for a given medium, with use of changed frequency HF and UHF EMF it is possible to carry out
controlled processes of interaction of EMF with the medium (for example, heating to a given depth) [10, 11].

Smaller applications so far low-intensity fields have been found, although numerous studies in this area
also make it possible to conclude that they are promising for use in various technological processes associat-
ed with the use of disperse systems.

Previous studies [12—16] have shown that as a result of the action of the ultrahigh frequencies electro-
magnetic field (30-300 MHz), the optical and electrical properties of the silver halides, iron and aluminum
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hydroxides sols are changed. It was found that the effectiveness of electromagnetic influence depended on
the frequency, field strength, exposure time and concentration of the dispersed phase of the sol. Each dis-
perse system is sensitive to the action of a field of strictly defined frequencies. It is possible to significantly
change the stability of these disperse systems by varying the field frequency and the exposure time. All pre-
vious experiments were carried out when the field affected directly on the sol [16]. At the same time, in our
studies and studies of other authors, it is asserted that electromagnetic fields primarily affect water, changing
its supramolecular organization [17-19]. Therefore, it was of interest to study the processes of formation of a
dispersed phase particles in a medium with a modified field structure. As an object of study, an Agl sol with
a negative charge of particles was chosen. The purpose of the study is to evaluate the influence of the elec-
tromagnetic field on the kinetics of formation and stability of silver iodide sols, based on the measurement of
their optical properties.

Method

The Agl sols, as a classic example of hydrophobic sols, were prepared by the reaction (1):

AgNO;+ KI= Agl + KNOs (1)

Schematically, the micelle structure of the silver iodide sol obtained with an excess of KI can be repre-
sented as follows (2):

{[Agl]nl - (n-x)K ¥ xK". 2)

AgNOs3 (99 % pure) and KI (99 % pure) were used as a reagents. To prepare the sol 5 mL ofa 0.1 M KI
solution was added to 25 mL of water purified by reverse osmosis. With stirring, a 0.1 M of AgNOs solution
was gradually added in an amount necessary to produce a sol of the desired concentration. The concentration
of the obtained sol was calculated with use of the reaction equation, taking into account the 100 % yield of
Agl (solubility product of Agl is 8.3x107'7).

The light transmission measurements were carried out with use of a CPC-2 colorimetric spectrometer at
a wavelength of 440 nm and a temperature of 22-24 °C. Water was used as a standard solution. The length of
the cuvette was 5 cm.

A high-frequency (HF) signal generator G3—19A, allowing to vary the frequency of the EM field in the
range 30200 MHz, was used to irradiate water. The voltage at the HF electrodes was 20-22 V. The genera-
tor power was 1 W. Irradiation of water was carried out in a 50 mL capacitive cell made of glass (Fig. 1).
The cell consisted of a glass cup with a volume of 50 mL with an internal HF Wood's alloy electrode and an
external electrode made of aluminum foil closely adhering to the outer surface of the cell. HF-electrodes
were connected to the HF-generator with the help of a RF connector RC-75.

1 — glass cup; 2 — internal electrode; 3 — external electrode
Figure 1. HF cell structure

Water with a specific electric conductivity of 1.4 x 10™* S/cm was used. The water was irradiated with a
field of 170 and 180 MHz for 1-3 hours. The choice of frequencies is due to the fact that it was shown earlier
that the maximum change in the properties of water is observed as a result of the action of the field at a fre-
quency of 170 MHz, and the maximum change in the properties of the sol is at 180 MHz [5, 4]. After irradi-
ating the water, the change in its electrical conductivity and pH was recorded (Table 1). In our experiments, a
more noticed change in the water properties corresponded to f= 180 MHz so that the electrical conductivity
changed almost 3 times, and the pH was changed more than one.
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Table 1
Change in the electrical conductivity of water as a result of electromagnetic interference
f, MHz 0 170 180
@-10°, S/cm 1.4+0.2 3.0+0.3 4.1+0.6
pH 6.5+0.1 7.4+0.3 7.6+0.2

Sols with a concentration of 0.1 and 0.2 % were prepared by pouring the reagent solutions either to the
non-irradiated control sample or to irradiated water (f = 170 or 180 MHz). Their light transmission was
measured every 20 minutes. The Table 1 data indicate that as a result of the influence of the electromagnetic
field, the water properties changed, so that the properties of the sols prepared with irradiated water could also
be expected to change.

Results and discussion

Silver iodide sols are formed almost immediately after mixing the reagents, as evidenced by a lower
light transmission of the resulting system compared to the light transmission of water. They are metastable
and over time, auto-coagulation processes occur in them, which can be noticed in a fairly rapid decrease in
light transmission. With increasing sol concentration, the rate of the auto-coagulation process increases (Ta-
ble 2). For further studies, 0.1 and 0.2 % of Agl sol was chosen, because the auto-coagulation proceeds rap-
idly enough in them, which makes it possible to compare the kinetics of this process for irradiated and non-
irradiated systems.

Table 2
Change in light transmission (7, %) of Agl sols of different concentrations with time

t, days T, %
’ C=001% | C=0.02%| C=01% C=02%

0 97+2 9412 8342 7543

1 512 50+£5 Precipitate | Precipitate

2 38+3 39+4

3 34+6 3242

4 24+2 22+1

5 19+£2 18+£2

6 Precipitate | Precipitate

Studies have shown that the sols prepared in irradiated water (170 MHz) initially have a higher light
transmission: 87+1 % (0.1 % sol) and 80+2 % (0.2 % sol). For control samples, these values were 83+£2 %
and 75+3 %, respectively (Table 2). Over time, the light transmission in all disperse systems decreased, but
in the samples prepared in irradiated water it decreased to a much lesser extent. This is especially true for
0.2 % sols so as at the end of the experiment, the difference in light transmission of the sol was 9+2 %
(Fig. 2, 3).

The values of light transmission and its time variation for 0.2 % of Agl sols prepared in irradiated water
with a field of 180 MHz are given in Table 3. In this case, the field effect proved to be ineffective. Thus, the
Agl sols prepared in irradiated water with a field of 170 MHz were more susceptible to field action than those
prepared on water irradiated at a 180 MHz field. Thus, it can be affirmed that the influence of an electromag-
netic field on water dispersions is selective. The determining parameter is a frequency of an applied field.

Table 3
Change in time of light transmission of 0.2 % Agl sols prepared in irradiated water with a field of 180 MHz

t, min T, % . .T’ %.
’ control sample Agl sol in irradiated water
0 58 59
30 46 47
60 39 41
90 34 35
120 27 28
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t, min
30 T T »
0 20 40 60 80 100
—e— control sample —a— control sample
o~ Agl sol in irradiated water (C=0.1%) o Agl sol in irradiated water (C=0.2%)
/=170 MHz, t;, = 1 h, L =440 nm, C = 0.1 % /=170 MHz, #,, = 1 h, A =440 nm, C=0.2 %

Figure 2. Change in time of light transmission of Agl sols Figure 3. Change in time of light transmission of Agl sols
prepared in irradiated and non-irradiated water prepared in irradiated and non-irradiated water

The dependence of the effectiveness of the electromagnetic effect on its duration was studied. The in-
crease in time of irradiation of water, which was then used to prepare the sols, increased their stability to
3 hours (Fig. 4, 5).

2T, % AT %

L

80 20

70 +

70

60 o 60

50 4 50
t, min t, min
40 T T T T T » 40 T T T T T »
0 20 40 60 80 100 0 20 40 60 80 100
—s— control sample —e— control sample
--oe- Agl sol in irradiated water (t=2 h) --o- Agl sol in irradiated water (t=3h)
f=170 MHz, t;, =2 h, A =440 nm f=170 MHz, t;, =3 h, A =440 nm
Figure 4. Change in time of light transmission of 0.1 % Figure 5. Change in time of light transmission of 0.1 %

Agl sols prepared in irradiated and non-irradiated water Agl sols prepared in irradiated and non-irradiated water

Table 4 shows the initial light transmission values of 0.1 % of Agl sols prepared in non-irradiated and
irradiated (f = 170 MHz) for 1-3 hours with water. The initial value of light transmittance (T;,, %) increased
with increasing time of electromagnetic influence on water. Table 4 also gives the final light transmission
values (T, %) after the end of the experiment (100 min). The transmission of light by irradiated systems dur-
ing this time was reduced, as well as by non-irradiated systems, but had higher values. At the end of the ex-
periment, it was higher by 3, 7 and 14 %, depending on the time of field influence.

Cepusa «Xumunsi». Ne 3(91)/2018 87



l.Ye. Stas

Table 4

The initial and final (after 100 min) light transmission values of 0.1 % of Agl sols
prepared in non-irradiated and irradiated (f = 170 MHz) water title

Irradiation time
Control sample h oh 3
T, % 8342 87+2 89+1 91+2
Ty, % 48+1 5142 5542 62+1
AT, % - 3 7 14

If a solution of AgNOs is added to the KI solution in small portions, then, when the Agl solubility prod-
uct is reached, the crystals of the new phase begin to form. Since KI is taken in excess, the particles are
charged negatively due to the selective adsorption of iodide ions. However, as AgNO; is added, the negative
charge of the particles will decrease down to zero (the neutralizating mechanism of coagulation). With fur-
ther addition of the electrolyte, the surface is recharged so as the particles acquire a positive charge due to
adsorption of potential-determining ions of silver. Thus, the light transmission curve of a given system as a
function of the AgNOs concentration should be characterized by a sufficiently deep minimum, which was
confirmed in practice (Fig. 6).

1%

5

CAg‘NOa * ].02, g/mol

.
Ll

50

00 02 04 06 08

—e— control sample
-0 Agl sol in irradiated water (170 MHz)

Figure 6. Change in the light transmission of 0.01 M KI solution with the addition of a 0.01 M AgNO; solution

A similar experiment was carried out with a KI solution prepared in irradiated water: 0.01M AgNO; so-
lution was added to 0.1 M KI solution in 0.1 mL of each one and the light transmission was recorded. The
shape of the obtained curves is the same, but all points of the curve for the irradiated system are located
higher. Moreover, on the descending part of the curve (negatively charged particles), the AT value is 6-8 %,
and on the ascending one (positively charged particles) is 2-3 %, which indicates that the field effect has a
greater effect on sols with a negative particle charge. Because the minimum of the light transmittance curves
(Figure 6) corresponds to the same AgNO; concentration, it can be assumed that the charges of colloidal par-
ticles in irradiated and non-irradiated water coincide, and the higher light transmission of the sols in irradiat-
ed water is due to the smaller particle size of their particles.

About an increase in the stability of 0.1 % Agl sols prepared in water irradiated with an electromagnetic
field of 170 MHz for 3 hours we can know by the fact that the destruction of the sol and the formation of the
precipitate occurred on the 4th day, while in the control sample the precipitate formed after a day. With a
shorter exposure time, the precipitates in the irradiated systems formed on the third day.

The observed phenomena may be caused by the formation of smaller colloid particles in sols prepared
in irradiated water. The size of the formed crystals of the dispersed phase is determined by the ratio between
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the rate of nucleation of the solid phase and the rate of their growth. The condition for the formation of nu-
clei of the solid phase is expressed by the equation (3) [20]:
2oV,

r=———m———,
RTIn(C,/C,)

where » — is the radius of the particles; 0 — is the surface tension at the solid-liquid interface; V,, — is the
molar volume of the dispersed phase; R — is the gas constant; 7— is the temperature; C; — is the concen-
tration of supersaturated solution; C, — is the concentration of saturated solution.

Analysis of this equation allows us to state that the reduction of surface tension at the solid-solution in-
terface and the increase in the degree of supersaturation y = C,/C, facilitates the production of smaller crys-
tals. It can be assumed that the electromagnetic action causes a decrease in the surface tension due to a
change in the energy of interaction between solvent and solid phase as a result of reorganization of the
supramolecular structure of water. In addition, an increase in the degree of supersaturation of the solution
can be observed due to a decrease in the solubility of Agl in the reorganized solvent as a result of a decrease
in the energy and degree of hydration of the silver ions and iodine ions.

The rate of precipitation of the dispersed phase particles in the gravitational field is proportional to the
square of their radius, therefore, even a small change in particle size leads to a significant slowing of sedi-
mentation and to an increase in the stability of the disperse system. In irradiated sols, the increase in light
scattering (decrease in light transmission) with time is slower than in non-irradiated ones, which indicates a
slowing of the rate of crystalline solid-phase nuclei growth.

3)

Conclusions

The research has shown that during the exchange reactions accompanied by the formation of a slightly
soluble compound (Agl) in an aqueous medium at an electromagnetic field, a slowdown in the growth of
crystalline nucleus is observed. This leads to an increase in the stability of the silver iodide sols, as evidenced
by higher light transmission values compared to the light transmission values of the control samples. Sedi-
mentation occurred on the 4th day, while in the control samples it happened after a day. The influence of the
electromagnetic field is selective and the effect is noticed only as a result of the action of a field of a certain
frequency on the water. With increasing irradiation time, the efficiency of electromagnetic influence increas-
es.
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HN.E. Crace

DJIeKTPMATHUTTIK OPICTIH KyMic iloau/i 30JIiHIH TYPAKTBUIBIFBIHA dCepi

Aca >KOFaphl JKHITIKTET] 3JeKTPMarHATTIK OPICTIH Ta3apThUIFaH CyFa oCepiHEH OHBIH AJIEKTPOTKI3TIMITITT MEH
pH kepcerkimi MoHIHIH jKOFapiiaybl OaliKaiaraH, O MOJEKYJAJIBIK AEHTeHIEeH >KOFaphl Cy/BIH e3repiciMeH
tycingipineni. TypOuaumerpus omiciMeH CoyJeJeHIeH CyAa KyMic MOIHUII MbICAJbIHAA KPUCTAIIBIK (a3a
TY31HAUIEPiHIH Ty311y KuHeTukachl 3eprrenai. Coynenenret cyna Agl KpucTangapbIHbIH 6Cyi 0asyTaiThIHbI
GaiikanraH. DIEKTPMArHUTTIK ocep €Ty THIMAUIINT COyJeNeHyIiH JKUIIri MeH yakbIThIHA Toyesai Oosasl,
COHJIa CAyJeNieHYy YakbIThl 3 car, an xuiniri 170 MI'u GonaTeiH epic acepi THIMAIPEK eKeHi aHBIKTAJbI.
Coyrneneny ocepiHe YIIbIparaH CyMeH NalbIHIaIFaH 30JIbAIH BIABIpays! 4-1Ii KyHi, an Oakpulay yJirinepinue
24 car keitin xyperiHi Oenrimi Oonmel. CoylielleHTeH CyAa KpHUCTIABIK TY3IHIUIEPIiH ©Cyl apaibIK
KepHEYiH e3repyiHeH xoHe Agl Ty3bIHBIH epirilTiriHiH a3aloblHaH 00JIybI MYMKIH JIeTI TYCIHIIPLII.

Kinm cesoep: cy, xymic Honuai 3011, >KapbIKOTKI3Y, TYPAKTIIBIK, JICKTPMarHUTTIK OPIC, KUK, COyIeIeHY
YaKBITHL.

HN.E. Cracse

BausiHue 31eKTPOMArHUTHOTO MOJISA
HAa YCTOMYHUBOCTD 30J1ei iloauaa cepedpa

IToxazaHo, 4TO BO3/IEHCTBUE AIEKTPOMATHUTHOTO TIOJISI YIBTPABBICOKUX YacTOT HA OYHINEHHYIO BOAY IIPHUBO-
JUT K 3HAYUTEIHHOMY YBEIHYEHHIO €€ HJICKTPOIPOBOIHOCTH M pH, 94TO MHTEpPIPETHPOBAHO KaK M3MEHEHHE
HaJIMOJICKYJSIPHOH OpTraHM3aluy BOJBL. METOIOM TypOHIMMETpUH U3ydeHa KHHETHKa 0O0pa30BaHUS 3apo-
JBIIeH KpUcTayuTdeckol (as3bl B 00JIydeHHOH Boje Ha IpuMepe Hoxuna cepebpa. JlokazaHo, 4Tto B 00Iy-
YEHHOH BoJie 3aMeAseTcss pocT KpucTamioB Agl, urto mposBisieTcst B 6ojiee MEATIEHHOM CHUKEHUH CBETO-
HPOITyCKaHHs 3011 BO BpeMeHH. D(P(PEKTUBHOCTH EKTPOMATHUTHOTO BO3JEHCTBUS 3aBUCUT OT YacTOTHI U
BpEeMEHH O0JIyueHHUs] — MaKCHMAJbHBIH 3G QEKT gocTUraercs npu BoszaeiicTBuu nosns dactotoit 170 MI'y u
BpeMeHH 00myueHusi, paBHOM 3 4. PaspymieHne 307ei, IPUrOTOBIEHHBIX C MOMOINBIO OOIY4YE€HHON BOJBI,
MIPOUCXOJMT Ha 4-¢ CyTKH, B TO BpeMsI Kak B KOHTPOJIBHBIX 00pa3nax — depe3 24 4. OTMedeHo, 4To B 00Iry-
YEHHOH BOJIE 3aMEUIICTCSl POCT KPUCTAJUTMYECKUX 3apO/bIIIeH BCIISICTBUE N3MEHCHNUS IIOTPAaHUIHOTO HATS-
JKEHUS ¥ CHIDKEHHUS pacTBopuMocTH Agl.

Knioueswie crosa: Boxa, 30116 fomuna cepedpa, CBETONPOIyCKaHHE, YCTOWINBOCTD, SJIEKTPOMAarHUTHOE TI0JIE,
4acToTa, BpeMs O0IydeHus.
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