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amioHux noJOMHAX, WO MICMAMb HAHOUAC-
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mepucmuxu eieKmpoHH020 NApaAMazHIMHOZ0
pe3onancy enexmponpogionux Hamoooracmeil
¢ Olominepanax i mexCmMuabHUX Mamepianax,
wWo Micmamv HAHOUACMUHKU NOJIAHININY, €
nodionumu. Ile o6ymosneno cxoxcicmio napa-
MazHimMHUX Hociie 3apsady, J0KaNi308aHUX 6
HAHOPOIMIPHUX eNleKMPONnpoeioHuUx o6racmax
Oiominepanie i opeaniunux noaimepie
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Hull mamepian, eleKmpoHHUY napamazHimtuull
pe3onanc, esexmponposioni nanoooaacmi
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Memoodom 3nexmponnozo napamazHummnozo
PE30HAHCAUYUEHBLITEKMPONPOBOOAUUE 001~
cmu 6 Guomunepanax (3manv 3yb6os, xocmu),
U 8 NONUAMUOHBLIX NOJIOMHAX, COOEPHCAUUX
HAHOUMACMUYbL NOJUAHUIUHA. YecmaHoeeHo,
UMO XAPAKMEPUCMUKYU INEKMPOHHO20 Nnapa-
MAZHUMHO20 PE3OHAHCA INEKMPONPOBOOAUUX
Hanoobaacmeii 6 GUOMUHEPANAX U MEKCMUTL-
HbIX Mamepuanax, co0epicawux HAHouacmu-
Ybl NONUAHUNUHA, AGAAIOMCA NOOOOHLIMU.
Imo 06ycn06aeHO CXO00CMBOM napamazHum-
HbIX HOcumesell 3apsoa, Komopuie J0KAAU30-
8aHbL 6 HAHOPA3MEPHBIX ITEKMPONPOBOOAUUX
obonacmax GuomMuHepanos u Op2aHuUMecKux no-
aUMepos

Kanrouesvie cnosa: nanowacmuyvt, noauanu-
aun, Guomunepan, amans 3yboe, Kocmu, mex-
CMUNbHLLIL Mamepuai, 3NeKmpoHHbL napa-
MAZHUMHBLIL PE30OHAHC, INEKMPONnPoBoosusue
Hanoobaacmu
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1. Introduction

Availability of local, including nano-sized, zones of high
electrical conductance is likely in biominerals [1, 2] and
organic polymers [3, 4]. Besides, mechanisms of electrical
conductance and many other properties of conductive zones
in these objects turn out to be similar. Study of conductive
nano-sized zones localized in objects of various types is of
interest in solving variety of both basic and applied prob-
lems. Such studies are of importance in solution of basic
problems, for example, elucidation of mechanisms of charge
transfer and description of features of internal structure in
both minerals of biogenic origin [1, 2] and conductive organ-
ic polymers [3, 4]. Among applied problems, retrospective
human dosimetry [5-7] and the problems associated with
creation of conductive textile materials with the use of con-
ductive polymers [8, 9] should be mentioned. Availability of
conductive zones in biominerals exerts an essential influence
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on veracity of the results associated with reconstruction of
radiation-absorbed doses a person got in the past. It is due
to the fact that conductive zones in biominerals generate
signals of electron paramagnetic resonance (EPR) which
overlap with the signals used in reconstruction of the human
radiation dose [5, 6]. Elucidation of connection of the EPR
characteristics with the mechanisms of electrical conduc-
tance in organic polymers is an urgent problem. Solution of
similar problems is of high importance for development of
nanotechnologies for creation of conductive materials con-
taining nanoparticles of polyaniline on the basis of textile
materials [8, 9].

2. Literature review and problem statement

Numerous works [3—7, 10—14] are dedicated to the study
of properties of biominerals (enamel, bones) and organic poly-




mers. Interaction of magnesium ions with a surface enamel
mineral was shown in [10], however variation of EPR signals
under effect of metal ions of various concentrations on prop-
erties of human teeth and bones was not taken in account.
Work [6] investigated properties of enamel by the method of
optically stimulated luminescence (OSL). Intensity of OSL
signal decreased with the growth of annealing temperature
from 260 to 450 °C. Study of features of EPR characteristics
at the mentioned and higher annealing temperatures was
not presented. In work [5], properties of native and radiation
stimulated radicals in enamel were studied by EPR method
but the properties associated with availability of conductive
regions in biominerals have not been considered. It is known
that there was an investigation of nanocomposites based on
nanoparticles of silicon carbide incapsulated in conductive
polyaniline. Features of EPR spectra were analyzed with an
account of paramagnetic particles such as polarons with spin
of S=1/2 taking part in the composite formation [11]. Depen-
dence of characteristics of the EPR spectra on the quantity of
initial materials in nanocomposite synthesis was not studied.
Information on the study of the EPR spin centers associated
with charge transfer in a metallic polyaniline was presented
in work [12]. With the help of the EPR method, variation of
properties of nanoparticles of zirconium dioxide under var-
ious external actions was studied in [13]. Specimen anneal
in hydrogen atmosphere results in appearance of a singlet
EPR signal associated with conductive regions formed at
the surface on zirconium dioxide particles during anneal in
a hydrogen atmosphere. The anneal process was not consid-
ered for other conditions. Aniline-to-polyaniline microwave
polymerization was conducted in work [14]. It was shown
that the EPR signals in polyaniline originate from polarons
formed during protonation and alloying of aniline. Micro-
wave radiation induces growth of spin concentration however
the issue of influence of various levels of microwave power
was not broached. To study properties of conductivezones,
electron paramagnetic resonance (EPR) was used which can
be treated as a noncontact method enabling one to obtain
comprehensive information on the electrical conductance
mechanisms. It should be noted application of noncontact
study procedures for the objects under consideration is of
high importance. It is connected with the fact that the re-
sultant conductance of the studied specimens is determined
not only by the properties of conductive nano-sized zones but
also by the contacts between the conductive regions localized
in various sections of the studied objects. Despite the large
number of performed works, the considered investigation
field is just at the starting stage of its development. The issues
connected with the properties of local conductive regions in
textile materials containing nanoparticles of polyaniline are
not studied so far.

3. The aim and objectives of the study

This work purpose was to study properties of conductive
nano-sized zones depending on the material nature by the
method of electron paramagnetic resonance and elucidation
of the mechanisms of electrical conductance and the possi-
bility of interpretation of interconnected EPR studies for
various materials.

To achieve this objective, the following tasks were solved:

— study of intensity, width and form of the EPR sig-
nals in conductive nanozones depending on the annealing

temperature and power of the microwave field in annealed
biominerals;

— determination of conductive properties of textile mate-
rials containing various quantities of synthesized nano-sized
polyaniline depending on the EPR signal parameters;

— substantiation of possibility of interpretation of inter-
connected EPR studies for annealed biominerals and organ-
ic polymers synthesized in textile materials;

—establishment of features of interconnection of the
EPR characteristics with the mechanisms of electrical con-
ductance of organic polymers for further development of
nanotechnologies for creation of textile materials possessing
electrical conductance.

4. Materials and methods of studying
characteristics of electron paramagnetic resonance for
various materials

4. 1. Materials used in the study

As the objects of studies, samples of biominerals (enamel,
bone) annealed at 200 to 900 °C [5] and polyamide cloth
containing nanoparticles of polyaniline were used. Polyam-
ide stockinet of satin-stitch texture was used as the textile
material. Conductive textile material is prepared as follows.
Aniline is subjected to oxidation in a processing solution
at a certain bath module in the presence of surfactant and
textile material. Ammonium peroxysulphate was used as
an oxidizer. Equivalent oxidizer/aniline ratio was 1.3. The
treatment process lasted for 15—30 min at the temperature of
18-22 °C. Thus, nanodispersed aniline was formed on the
polyamide textile by heterocoagulation mechanism [8].
Next, the conductive textile material was washed with dis-
tilled water and dried.

4. 2. Methods used in the study

EPR characteristics were studied with the help of two
spectrometers (PS.100-X and RE-1306, Russian Feder-
ation) working in a 3 cm wave length range. The tested
sample weight was 10 to 20 mg. To determine radiospectro-
scopic characteristics of the samples, a reference specimen
(MgO:Mn?") was used. Accuracy in determining relative
intensity and width of EPR signals was about 5 %.

3. Results obtained in the study of the test specimen EPR
characteristics

5. 1. Electron paramagnetic resonance study of bio-
genic mineral

EPR signals from so-called native radicals (R,) in unan-
nealed biogenic minerals (enamel, bone) can be successfully
recorded. In this case, the factor of spectroscopic splitting
(g-factor) is 2.0045+0.0002 and the signal width is 0.8+
+0.2 mT. EPR signals from R, radicals exist in all biomin-
erals, however their intensity is low. Anneal of biominerals
leads to the changes in EPR signal characteristics. At the
same time, when anneal is done within the temperature
range of 200 to 300 °C, only intensity of the EPR signals
is changed while the g-factor and signal width remain un-
changed within the test accuracy. When the specimens are
annealed at higher temperatures (T>300 °C), intensity (I),
g-factor and signal width alter (AB). Alteration of the EPR
signal form in the annealed enamel is illustrated in Fig. 1.
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Fig. 1. The EPR signal form in annealed enamel:
1 — spectrum of enamel annealed at 500 °C;
2 — spectrum of enamel annealed at 600 °C;

spectrum of enamel annealed at 850 °C

Since the signal g-factor changes at T>300 °C, this is
an indication of variation of the EPR signal nature at these
anneal temperatures. Following anneal at T=400 °C, magni-
tude of g-factor becomes equal to 2.0036+0.0005 and does
not change with further rise of anneal temperature. When
anneal is proceeded within temperature range from 400 to
900 °C, g-factor magnitude remains constant, however the
EPR signal intensity (Fig. 2) and width (Fig. 3) change
materially.

The EPR signal intensity gets lower at anneal tempera-
tures T>650 °C. Width of EPR signals tends to increase.
Dependences of g-factor, width and intensity of EPR
signals on the specimen anneal temperature for bone were
similar to those obtained for enamel. The data presented in
Fig. 1-3 correspond to specimen anneal in ceramic boats,
i.e. at an unlimited access for oxygen. When anneal was
carried out in a quartz sleeve, i. e. at a limited access for ox-
ygen, the following was observed. Extremum of dependence
of the signal intensity on the anneal temperature (Fig. 2)
shifted to the region of higher temperatures both for bone
and enamel.
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Fig. 2. Dependence of the EPR signal intensity | on enamel
anneal temperature T. |« is maximum signal intensity

Dependences of the EPR signal intensity and form on the
microwave field power at which annealed biomineral spectra
were recorded have been studied as well. It was established
that small signal form variations took place in the specimens

annealed at relatively low (400-450 °C) temperatures for
which exchange narrowing was less significant. In addition,
signs of the EPR signal saturation with microwave field were
observed. For the specimens annealed at T=650 °C, signs of
signal saturation with the microwave field were absent and
no noticeable effects on the EPR signal form were found.
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Fig. 3. Dependence of EPR signal width AB in enamel on
anneal temperature T

It can be assumed that the signals in annealed biominer-
als consist of wide and narrow components. Wide-to-narrow
component ratio differs among different specimens. Con-
clusions can be drawn from the experiments conducted at
various levels of microwave field that the narrow component
is not saturated with the microwave field while the wide
component shows signs of saturation. The abovementioned
influence of the microwave field on the EPR signal form can
be associated with nonlinear effects or with manifestation of
effects of fast resonance-line passage [7]. As known, effects
of fast passage [7] manifest themselves when there is sat-
uration of the EPR signals with microwave power, if ®xT;
parameter is commensurable by magnitude or larger than
one. Here m is frequency of magnetic field modulation and
T is time of spin-lattice relaxation of paramagnetic centers.
Based on the experimental data, it can be supposed that the
specimens annealed at 450 °C have a longer relaxation time
T, than those annealed at 650 °C.

5. 2. Electron paramagnetic resonance of textile mate-
rials containing nanoparticles of polyaniline

At the present-day stage of the technology developed for
synthesis of polyaniline particles in the presence of textile
material, it appears difficult to investigate quantitatively de-
pendences of the signal intensity on optical density (D) and
other technological parameters. Optical density (D) charac-
terizes quantity of the synthesized nano-sized polyaniline in
a textile material [8, 9]. It is connected with a large scatter of
the EPR signal values for different parts of the textile mate-
rial characterized by the same total value of optical density.
Inhomogeneity of properties of the textile materials contain-
ing polyaniline particles resulting in the scatter of the EPR
signal intensities can be due to the specified conditions of
polyaniline particle synthesis in the presence of the textile
material. Hence the EPR signal intensity defined for differ-
ent zones of the textile material can be used as a parameter.
The mentioned parameter can characterize homogeneity of
distribution of the polyaniline particles in a polyamide cloth.

Emergence of the first percolation threshold in synthesis
of polyaniline particles in the textile material [8, 9] could be
associated with the quantitative side of the process i. e. ap-



pearance of the first “endless” conductive cluster or with the
qualitative side of the process. When synthesis of nano-sized
particles of polyaniline at the used experimental conditions
did not result in synthesis of polyaniline with a sufficiently
high level of polymerization, consequently it did not ensure
obtaining of polyaniline with conductive properties. To
reveal conductive areas in the polyamide cloth obtained at
various conditions of polyaniline particle synthesis, the EPR
method was used.

There were no EPR signals with a significant signal/
noise ratio in the initial polyamide cloth samples, which
did not contain nano-sized polyaniline. However, follow-
ing synthesis of nano-sized polyaniline particles in the
polyamide cloth, the EPR signal with a g-factor equal to
2.0036+0.0005 (Fig. 4) was detected. Width, form and in-
tensity of this signal depended on polyaniline content. The
EPR signal intensity in the specimens characterized by low
(0.025) and high (0.5) optical density of cloth solutions in
sulphuric acid changed by more than two orders increasing
with increase in polyaniline content. Regardless concen-
tration of polyaniline in the specimens of fibrous material
(optical density of solutions of dyed fibers was 0.025 to 0.5),
an EPR signal was detected which indicated presence of
conductive zones (domains).
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Fig. 4. Form of the EPR signal in textile materials containing
nanoparticles of polyaniline. Arrow shows signal from a
reference specimen (the fourth line in hyperfine structure of
Mn?* ions in MgO for g=1.9810%0.0002)

Hence, nature of conductive domains is analogous both
for polyaniline nanoparticle content lower than percolation
threshold and for polyaniline nanoparticle concentrations
higher than the first percolation threshold. Presence of poly-
aniline nanoparticles in a form of emeraldine salt with po-
lymerization level sufficient for electrical conductance was
confirmed. However, domains are discrete before the first
percolation threshold and a penetrating cluster consisting
of conductive domains appears during phase transition (first
percolation threshold).

This conclusion conforms with the spectral data: the ab-
sorption spectrum for solutions of dyed cloths in the visible
region is practically the same at polyaniline contents lower
and higher than the concentration corresponding to the first
percolation threshold (Fig. 5).

It has been established that the EPR signal width in
textile materials containing polyaniline nanoparticles de-
creases with the growth of the signal intensity. Correspond-
ingly, signals are wider in the specimens characterized by
low optical density than in the specimens characterized by

higher optical density. Decrease in the EPR signal width
with increase in the quantity (concentration) of paramag-
netic centers is typical for the centers with a strong exchange
interaction. Based on this fact, it can be said that the EPR
signals in the developed conductive textile materials are
exchange-narrowed. It was known in [7] that the exchange
interaction is due to the overlap of wave functions in the
paramagnetic centers (PC) and indicates a high local con-
centration of centers.
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Fig. 5. Absorption spectra: 1 — polyaniline nanoparticles of;
2 and 3 — polyamide textile material containing polyaniline
nanoparticles ahead and behind the first percolation
threshold

The EPR signal width in the tested specimens depends also
on the microwave field power at which spectra are recorded.
Fig. 6 demonstrates dependence of the EPR signal line width
on the microwave field power for specimens 1, 2, 3 character-
ized by low (D=0.025), medium (D=0.15) and high (D=0.5)
optical density. It should be pointed out that the EPR signals,
asarule, [7] get wider and not narrower with the growth of the
electromagnetic field power. Correspondingly, dependences
shown in Fig. 6 should be considered rare or unique.
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Fig. 6. Variations of the EPR signal width AB (peak-to-peak)
determined by the changes in the level of microwave field
power, p/po: 1 —specimen with D=0.025; 2 — specimen with
D=0.15; 3 — specimen with D=0.5. Abscissa axis: decay of
microwave field power, dB

Narrowing of the EPR signal width with the growth of
the microwave field power is possible if the dipole-dipole
reservoir of electron spins plays an important role in the pro-
cesses of the EPR signal saturation [7]. However, connection
of the dependences shown in Fig. 6 with the dipole-dipole
reservoir is seemingly unlikely since the revealed effect is
greatest in specimens with a low PC concentration. Besides,
as it will be shown hereinafter, saturation of the EPR signals
with microwave fields is weak for the tested specimens.



The EPR signal form presented in Fig. 4 can be charac-
terized by A/B ratio where A and B are intensities of low-
field and high-field EPR signal peaks. It has been established
that the A/B ratio depends on the level of microwave field
power at which spectra are recorded. This effect is illustrat-
ed in Fig 7 for a specimen characterized by optical density of
(0.5). Dependences of the A/B ratio on the microwave field
power are presented in Fig. 8 for specimens 1, 2 character-
ized by low (0.025) and middle (0.15) optical density.

To elucidate nature of the effects presented in Fig. 68,
dependences of the EPR signal intensities in the developed
conductive textile materials on the microwave field power
(Fig. 9) were studied. .

Curves 1 and 2 shown in Fig. 9 correspond to specimens
1 and 2 for which optical density was equal to 0.025 and 0.15,
correspondingly. For specimens with higher optical density,
dependences of the EPR signal intensities on the microwave
field power coincide with curve 2. As it is seen in Fig. 9, there
are no signs of saturation of the EPR signals with the micro-
wave field for specimen 2. For specimen 1, an insignificant
saturation of the EPR signals takes place at high levels of the
field power, but this saturation is weak.
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Fig. 7. The EPR signal form variations recorded at various
levels of microwave field power decay: @ —30 dB; b —0 dB
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Fig. 8. Dependence of the A /B ratio characterizing the EPR
signal form on the microwave field power: 1 — specimen with
D=0.025; 2 — specimen with D=0.15. Abscissa axis:
the microwave field power decay p/po, dB

Based on the data presented in Fig. 6—9, conclusions can
be drawn on that the EPR signals from polyaniline nanopar-
ticles consist of two components differing in the line width.
The wide line component manifests itself mostly in the spec-

imens with low PC concentrations. Besides, the wide com-
ponent is most pronounced when spectra are recorded at low
levels of the microwave field power. Dependence of the wide
component on the microwave field power can be explained
within the frames of two models.
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Fig. 9. Graphs of saturation of the EPR signals with the
microwave field: 1 — specimen with D=0.025; 2 — specimen

with D=0.15. Abscissa axis: the microwave field power
decay p/po, dB. Inax is maximum EPR signal intensity

The first model is associated with availability of passage
effects. A conclusion can be drawn from the experiments
that the time of spin-lattice relaxation is longer for the wide
component than for the narrow one. Wide component domi-
nates in the specimens with a high PC concentration. At the
same time, since the passage effects influence [7] the EPR
signal form in the presence of saturation, the second model
should be mentioned: it can explain experiments presented
in Fig. 6-8. Within the frames of the second model, it can
be conjectured that the nature of the dependences under
consideration is associated with the fact that response of
conductive zones to the action with a resonance microwave
field is essentially nonlinear. It is connected with special
properties of paramagnetic centers localized in conductive
nano-sized zones.

6. Discussion of the results concerning interconnection of
the EPR characteristics and the mechanisms of electrical
conductance

Based on the above data on g-factor, width and form of
the EPR signals and the data on signal narrowing with the
growth of intensity, conclusions can be drawn that properties
of the EPR signals in annealed biominerals and conductive
textile materials are similar. Additionally, above conclusions
are confirmed by the demonstrated data on the regularity of
variation of the signal width and form with variation of the
microwave field power. It is worth to note also that the EPR
signals can be recorded in nanoparticles of zirconium dioxide
[13] even after its treatment in hydrogen atmosphere. Proper-
ties of the recorded signals are similar to the properties of the
abovementioned signals in biominerals and nanosructured
polyaniline. Thus, such conditions are realized in different
materials that lead to formation of the EPR signals with relat-
ed characteristics. It can be supposed that the nature of par-
ticles, which determine the EPR signals under consideration
in the abovementioned objects is similar in many respects.
Correspondingly, information on the mechanisms of appear-
ance of the EPR signals in one group of specimens can be used
in interpretation of the signal nature in other specimen group.



It can also be used in elucidation of properties of local conduc-
tive zones in the materials under consideration.

As work [3] shows, dependences on the oxidation level
for electrical conductance of polyaniline with direct current
and for paramagnetic susceptibility in a 3 ¢cm range of wave
lengths are similar. This experimental fact shows that electri-
cal conductivity of polyaniline is determined to a considerable
degree by the number and dynamics of paramagnetic centers.
Dependences of the EPR signal parameters on polyaniline
characteristics such as the oxidation level and electrical
conductance were described in works [3, 4]. Hence, defining
experimentally characteristics of the EPR signals one can
judge on electrical characteristics of polyaniline. The EPR
method can also be used for optimization of nanotechnologies
for creation of conductive textile materials on the basis of
nanoparticles of polyaniline in a form of emeraldine salt.

Using data from articles [3, 4] on the dependence of
width of the EPR signal in conductive textile materials, one
can judge on the oxidation level of polyamine in the tested
specimens. Preliminary estimates by the width of the EPR
signals show that the oxidation level for specimens with low
(0.025), middle (0.15) and high (0.5) optical density is ap-
proximately equal to 0.01, 0.03 and 0.3, respectively. Using
data on the connection between the oxidation level and elec-
trical conductivity of polyaniline [3, 4], it can be considered
that electrical conductance for abovementioned specimens is
approximately equal to 1x1073; 1x107% and 1x10% S/m. The
above numerical values should be considered as preliminary.
Besides, it is important to point out that these figures belong
to the characteristics of polyaniline nanoparticles. Electrical
conductance of textile materials depends also on uniformity
of distribution of polyamine nanoparticles in the textile ma-
terial, which is formed in the course of synthesis.

7. Conclusions

1. Depending on the used anneal temperature, nature of
the EPR signal varies in conductive nano-sized zones of bio-
minerals. It was established that the magnitude of g-factor
after anneal at T=400 °C becomes equal to 2.0036£0.0005
and does not change with the further anneal temperature
growth. During anneal in the temperature range of 400 to
900 °C, the value of g-factor remains constant, the EPR
signal intensity decreases and the EPR signal width tends
to grow. Dependences of the EPR signal intensity and form
on the microwave field power at which spectra in biominerals
are recorded at various anneal temperatures were studied.
It was established that small changes in the signal form
connected with appearance of the EPR signal saturation
by the microwave field are observed at relatively low (400—
450 °C) temperatures. There were no signs of signal satura-
tion with the microwave field and visible effects on the EPR
signal form in the specimens annealed at T=650 °C. Taking
into account the assumption on the presence of wide and
narrow components in the signals of annealed biominerals
obtained at various levels of the microwave field, a conclu-
sion can be drawn. The narrow component is not saturated
with the microwave field. The wide component shows signs
of saturation. Influence of the microwave field on the form of
the EPR signals can be connected with nonlinear effects or
demonstration of effects of fast passage of resonance lines.

2. It was established that the width, form and intensity
of the EPR signals depend on the quantity of polyamine

particles in the textile material. With the growth of content
of polyamine particles, the EPR signal intensity increases
by more than two orders. Regardless of higher or lower
concentration of polyamine particles in the textile material,
the EPR signal is recorded which points to the fact that
conductive nano-sized zones, domains, are available. The
EPR signal width in conductive materials decreases with
the growth of the EPR signal intensity. Decrease in the EPR
signal width with increase in concentration of paramagnetic
centers points to the presence of exchange-narrowed EPR
signals. Exchange interaction suggests that there is high
local concentration of these centers in the developed con-
ductive materials. Based on the obtained data on the EPR
signal width in conductive textile materials, the oxidation
level of the polyaniline synthesized in the presence of textile
material has been determined. Oxidation level depends on
the quantity of polyamine nanoparticles in the textile ma-
terial. The oxidation level and therefore, the textile material
electrical conductance grow with increase in content of poly-
amine particles. It was found that electrical conductance of
textile materials depends also on uniformity of distribution
of polyamine particles in the textile material which is real-
ized in the process of synthesis.

3.1t was shown that characteristics of conductive na-
no-sized zones in annealed biominerals and in oxidized poly-
amine are similar in many respects. The EPR has appeared
to be an effective noncontact method, which enables study of
electrical properties of biominerals and conductive polymers.
It is connected with the fact that the EPR signals in the ma-
terials under consideration are conditioned by the electrical
charge carriers and variation of electrical properties results in
variation of the EPR signal characteristics. At the same time,
it should be noted that the processes associated with charge
transfer in the studied materials are quite complex. Many
issues in this field remain unclear so far and require further
theoretical and experimental studied to be carried out with
the use of various methods and approaches. Since theoretical
and experimental studies connected with polyamine were per-
formed in a relatively large volume, information obtained for
nanostructured polyamine can be used in interpretation of the
data obtained for biominerals. In annealed biominerals, like
in polyamine in a form of emeraldine salt, charge carrier de-
localization along with strong exchange interactions between
paramagnetic centers take place. Disappearance of the EPR
signals in biominerals after their anneal at high temperatures
is connected with the fact that delocalized charge carriers
both in biominerals and polyamine form pairs analogous to
bipolarons. Bipolarons possess zero magnetic moment. Hence,
formation of diamagnetic bipolarons in biominerals proceeds
more efficiently than in polyamine. Bipolaron mobility ap-
pears to be smaller than that of individual polarons, which
leads to a smaller electrical conductance.

4. Since biominerals, unlike polyaniline, can be subjected
to a high-temperature anneal, this broadens abilities of the
EPR method in solving issues associated with the properties
of the conductive zones in nano-sized polyaniline. The data
obtained with the help of the EPR method for biominerals
can be useful in interpretation of the results obtained for
nanoparticles of polyaniline with a high oxidation level.
Hence, the interconnected EPR studies of conductive zones
in various materials can promote a more successive applica-
tion of the EPR method for optimizing nanotechnologies for
creation of conductive textile materials containing nanopar-
ticles of polyaniline.
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