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Abstract—Experimental results on the destabilization kinetics of compounds with chelate structure (polyvi-
nylpyrrolidone-iodine) in the field of the impact of low-frequency vibrations (from 2 to 45 Hz) are presented.
The optimum frequencies at which the process rate is greatest are found for different impact modes. Based
on the experimental data, conclusions are drawn as to the effect the energy of low-frequency impacts has on
the studied clathrate and chelate structures.
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INTRODUCTION

It is well known [1–4] that low-frequency vibra-
tions adversely affect the human organism. The inter-
val of frequencies that affect different systems of the
organism lies in the infrasonic and bottom ranges of
sound: from 2 to 35 Hz. In [5–9], we established the
destabilization dependence of biochemically active
clathrate complexes on the parameters of external low-
frequency impacts. We concluded that the main role
in sonochemical transformations was played by the
state of the low molecular part of the complexes (i.e.,
iodine), which actively responded to external low-fre-
quency impacts [8].

It was of fundamental importance to determine if
the studied clathrate structures were exceptional, or if
there were other types of compounds that were sensi-
tive to low-frequency impacts. The next step in this
direction was to study the effect low-frequency vibra-
tions have on structures of chelate type (i.e., com-
pounds of polyvinyl pyrrolidone with iodine (PVP-
iodine) that display biochemical activity).

EXPERIMENTAL

A PE-5400V spectrophotometer (St. Petersburg,
Russia) with a measuring range of 335 to 1100 nm was
used in our experiments. The accuracy of establishing
wavelengths was ±0.5 nm; that of establishing absor-
bance was ±0.05 nm. Changes in the absorbance of
aqueous solutions of PVP-iodine caused by exposure
to low-frequency impacts were determined at a wave-

length (λ) of 500 nm. The absorbances of the solutions
were measured before and after exposure to vibrations.
The effects of the following frequency intervals were
studied:
—infrasound (from 2 to 10 Hz);
—the boundary of the infrasonic and audible sound
ranges (from 15 to 20 Hz);
—the range of audible sound (from 25 to 45 Hz).

RESULTS AND DISCUSSION
When subjected to low-frequency vibrations, the

studied chelate was permanently discolored. The opti-
mum frequencies at which the effects of polyvinylpyr-
rolidone-iodine exposure were maximal lay (Fig. 1) in
the infrasonic range of 10–12 Hz. The kinetic param-
eters we determined were the order of the reactions,
the rate constants, and the activation energies. The
order of the sonochemical transformations of our
PVP-iodine complex was found experimentally over
the range of the studied frequencies (from 2 to 45 Hz)
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Rate constants (k × 104, s−1) of the sonochemical transfor-
mation of PVP-iodine complex in the frequency range of 2
to 45 Hz

U, V 2 5 10 25 35 45

3 0.94 0.47 2.60 0.47 0.50 0.36

5 4.60 4.80 9.78 1.12 1.06 0.50

7 6.78 13.95 11.72 4.73 1.23 1.23
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and the values of fed voltage U: 3, 5, and 7 V. We cal-
culated the rate constants of the transformation of our
PVP-iodine complex for the above values of frequency
and voltage (see table).

The energy of destabilization (Edest, ±2 kJ/mol) is
determined for the studied structure of PVP-iodine
complex upon sonochemical transformation. A com-
parison of the values obtained for the destabilization
energy of PVP-iodine complex with the same values
for clathrate and chelate structures studied earlier in a
field of low-frequency impacts at 10 Hz and an inten-
sity of 40 dB are given below:

The external energy incident on the complex struc-
tures comprising the polymeric part and the low
molecular component can be distributed in a variety of
ways:

—by being absorbed by the dominant mass of the poly-
mer part of the compound;

—by being divided between the polymer part and low
molecular component of the structure;

—by affecting mainly the state of the low molecular
compound.

The experimentally determined values of the
energy of sonochemical reactions for our PVP-iodine
complex were approximately equal to the values for the
clathrate structures amyloiodine and amylopectoio-
dine. The results from our experimental study of the
sonochemical transformation of clathrate and chelate
structures confirm the assumption made in [3, 5, 8, 9]
that in the sonochemical transformations of the studied

Amyloiodine Amylopectoiodine Iodinol PVP-iodine

29–31 38–41 14–16 34–36

iodine-containing clathrates and chelates, the main role
is played by changes in the state of low molecular weight
component (iodine) upon a slight change in the poly-
mer part of the complexes’ structures.

Raman spectra were recorded to clarify the details
of energy transfer during sonochemical transforma-
tions that occur in biochemically active structures in
the field of action of low-frequency vibrations. A
Ntegra Spectra atomic force probe microscope was
used employing confocal microscopy and Raman
spectroscopy with a resolution of 0.4 μm.

For the clathrate compound, the results for iodinol
are shown in Fig. 2; the spectrum of the chelate struc-
ture of polyvinylpyrrolidone-iodine is shown in Fig. 3.
Notable differences are visible in the spectra before
and after exposure to low-frequency vibrations with
the optimum frequency of 10 Hz and an intensity of
sound pressure of 55 dB. The change in the nature of
the iodinol spectrum in the range of 1.3 × 10−3 and
2.4 × 10−3 cm−1, along with the appearance of peak in
the Raman spectrum of PVP-iodine in Fig. 3 in the
region of (0.4–0.7) × 10−3 cm−1 were probably associ-
ated with the change in the state of iodine present in
the structure of these compounds.

In iodinol, the intermolecular bonds are of the
guest–host type. In polyvinylpyrrolidone-iodine, the
bonds of the donor–acceptor mechanism are the basis
of intermolecular interactions. The authors of [12–16]
believed that both types of bonds allow iodine to form
chains of types -I-I-I-I- [12], ─I-I−-I─I-I−-I─ [15],
and even longer (up to (I24)2−) [14]. Using Raman and
Mössbauer spectroscopy, iodine-containing com-
plexes (trimesic acid · H2O)10H+ ·  were found [14]
in the polycrystalline structure of trimesic (1,3,5-ben-
zene-tricarboxylic) acid with iodine [14]. All these
compounds contain helical and partially crosslinked

5I−

Fig. 1. Change in the optical density of PVP-iodine, depending on impact frequency v, Hz, and the applied voltage: (1) 3, (2) 5,
(3) 7 V. 
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parts that include activated iodine in the form of
chains. The distance between iodine atoms in these
chains are the same at 0.306 nm, which is considerably
greater than the distance (0.250 nm) between the
atoms in an iodine molecule.

The sonochemical activity of the studied struc-
tures of both the clathrate and chelate types is mainly
determined by the state of the low molecular compo-
nent (i.e., iodine). Using Frank and Rabinovich’s
concept of the cage effect [10, 11], we may assume
that not only does the configuration of the polymer
part of the compound change under the impact of
external energy, but the chains formed by atomized
iodine are ruptured as well. For the investigated che-
lating structure, this is accompanied by an increase
in the acidity of the aqueous solution of PVP-iodine
as a result of low-frequency impacts from pH 3.6–4.0

to pH 2.8–3.0. The liberation of H+ cations into the
solution weakens the bond between the groups of
iodine ions and the polymer part of the molecule,
thereby changing the initial configuration of the
chains of atomized iodine.

CONCLUSIONS

Polyvinylpyrrolidone–iodine, a biochemically
active compound belonging to the class of chelates, is
sensitive to low-frequency impacts. The optimum fre-
quencies of the sonochemical transformation of this
compound with different modes of exposure in the
infrasonic and audible sound ranges were experimen-
tally established. Kinetic parameters of these transfor-
mations were determined: the kinetic order, the rate
constants at different frequencies and intensities of
exposure to sound, and the activation energy at a fre-
quency of 10 Hz and an intensity of sound exposure of

Fig. 2. Raman spectra of the clathrate complex of polyvinylalcohol-iodine (iodinol): (a) initial sample, (b) after the action of
acoustic vibrations at a frequency of 10 Hz and an intensity of 55 dB. 
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40 dB. It was established that the main feature of the
studied clathrate and chelate structures that deter-
mines their sensitivity to low-frequency impact was a
change in the state of iodine. Our perception of the
energy of low-frequency impacts is due to intermolec-
ular changes that lead to absorption of the energy of
external low-frequency vibrations.

ACKNOWLEDGMENTS

The authors thank Professor V.S. Gorelik at the
Lebedev Institute of Physics, Russian Academy of Sci-
ences, for his helpful comments on our results.

REFERENCES
1. M. A. Margulis, Fundamentals of Acoustic Chemistry

(Chemical Reactions in Acoustic Fields) (Vyssh. Shkola,
Moscow, 1984) [in Russian].

2. F. M. Dimentberg and K. V. Frolov, Vibration in Engi-
neering and the Man (Znanie, Moscow, 1987) [in Rus-
sian].

3. G. N. Fadeev, N. N. Kuznetsov, E. F. Beloborodova,
and S. A. Matakova,Russ. J. Phys. Chem. A 84, 2254
(2010).

4. G. N. Fadeev, V. S. Boldyrev, and V. I. Ermolayeva, in
Proceedings of the 7th European Symposium on Non-
lethal Weapons, Ettlingen, Germany, 2013, p. 50-1.

5. G. N. Fadeev, V. S. Boldyrev, and V. I. Ermolaeva,
Dokl. Biochem. Biophys. 446, 247 (2012).

Fig. 3. Raman spectra of the chelate complex of polyvinylpyrrolidone-iodine: (a) initial sample, (b) after the action of acoustic
vibrations at a frequency of 10 Hz and an intensity of 55 dB. 

0 0.5

(a)
I

1.0 1.5 2.0 2.5 3.0

800

700

600

500

400

800

700

600

500

400

750

650

550

450

0 0.5

(b)

1.0 1.5 2.0 2.5 Δν × 10−3, сm−1



1728

RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A  Vol. 90  No. 9  2016

FADEEV et al.

6. G. N. Fadeev, V. S. Boldyrev, V. I. Ermolaeva, and
N. M. Eliseeva, Russ. J. Phys. Chem. A 87, 35 (2013).

7. V. S. Boldyrev, G. N. Fadeev, M. A. Margulis, and
B. P. Nazarenko, Russ. J. Phys. Chem. A 87, 1588
(2013).

8. V. S. Boldyrev, Cand. Sci. (Tech. Sci.) Dissertation
(Moscow, 2013).

9. G. N. Fadeev, V. S. Boldyrev, and V. V. Sinkevich,
Dokl. Phys. Chem. 462, 119 (2015).

10. J. Franck and E. Rabinowitsch, Trans. Faraday Soc. 30
(152, part 2), 120 (1934).

11. X. Yu, C. Houtman, and R. H. Atalla, Carbohydrate
292, 129 (1996).

12. T. Handa and H. Yajima, Biopolymers 18, 873 (1979).
13. T. Watanabe, K. Ogawa, and S. Ono, Bull. Chem. Soc.

Jpn. 43, 950 (1970).
14. R. C. Teitelbaum, S. L. Ruby, and T. J. Marks, J. Am.

Soc. 102, 3322 (1980).
15. R. M. Noyes, J. Am. Chem. Soc. 77, 2042 (1955).
16. J. N. Liang, C. J. Knaus, and R. R. Meyers, Reol. Acta

13, 740 (1974).

Translated by Sh. Galyaltdinov


