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ABSTRACT

An effect of Rhodamine 6G dye introduced into vinylidenefluoride and tetrafluoroethylene copolymer on a number of its structural
and electrical characteristics has been detected. It was shown that at film crystallization, the inserted dopant shifts the equilibrium
distribution of isomers to the side of increasing concentrations of chains with the conformation of a planar zigzag. The dye intro-
duced strongly increases ac conductivity, especially at high electric fields. The investigation of high voltage polarization under
bipolar external field conditions shows slow switching of gigantic current which is observed at fields lower than coercive ones. The
estimation of the charge density indicates the non-ferroelectric nature of the phenomenon observed. The analysis of the data
shows that in the system, Maxwell–Wagner relaxation processes take place, which lead to the space charge formation in the
polymer matrix. It is established that current switching observed must be attributed to the relaxation of the space charge field.

Published under license by AIP Publishing. https://doi.org/10.1063/1.5067272

INTRODUCTION

Ferroelectric polymers represent a relatively new class of
materials. Among them, polymers on the base of polyvinylide-
nefluoride (PVDF) are the most widespread ones. Just like in
inorganic ferroelectrics (crystals and ceramics of many kinds),
in these polymers, it is possible to initiate the appearance of
piezo- and pyro-electricity after polarization. Values of the
majority of piezo-constants in inorganic materials turn out to
be an order of magnitude higher than those in polymer ferro-
electrics. Nevertheless, because of the chain nature of macro-
molecules, the latter have a number of specific properties
which make them interesting for practical usage. The low
mechanical quality factor makes it possible to use such mate-
rials as sensors with a wide dynamic diapason.1–3 High shock
viscosity of flexible chain crystalline polymers is another valu-
able property for their practical realization as pressure

sensors. This makes it possible to produce shock wave
sensors on the base of ferroelectric polymers.4 Crystalline
polymers under consideration also contain an amorphous
phase, which may reach the value of 0.5 and more. At room
temperature, such a phase is in the liquid-like state. That is
why such polymers demonstrate gigantic electrostriction.5

Because of their high electric breakdown fields, it is possible
to recommend the creation of capacity accumulators of
energy on their basis.6

Doping of polymer materials is one of the methods used
for modifying their properties. Since polymers studied are
soluble in a number of organic solvents, it is possible to intro-
duce molecules of dyes into them from their common solvent.
It was shown earlier that spectra characteristics of Rhodamine
6G (R6G) luminescent molecules introduced into the copoly-
mer of vinylidenefluoride (VDF) with trifluoroethylene (TFE)
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turn out to be sensitive to the ferroelectric–paraelectric phase
transition.7 One of the applications of dyed ferroelectric poly-
mers is associated with the possibility to investigate the phe-
nomenon of electrochromism. A practical investigation of
devices based on the application of such an effect is described
in Ref. 8, where the change of the dye absorption spectrum
under the influence of the electric field is demonstrated.
Besides, as shown from our early works, in the structure of
domains in the considered polymers, there are regions of the
amorphous phase.9,10 Since the introduced dye is localized in
the range of the increased free volume (that is in the amor-
phous phase), it may be expected to affect the switching char-
acteristics of spontaneous ferroelectric polymer polarization.
In this work, the statistical copolymer of VDF with TFE has
been used, the mole fraction of the last comonomer being 6%.
In a previous work, we used R6G with the same copolymer,
but the content of TFE was 29mol. %.11 So, in this work, the
polymer matrix has a higher concentration of polar groups
responsible for the formation of ferroelectricity.1,2,12 It has
been shown that the dye molecules introduced, which are
crystallization centers, mostly promote the formation of crys-
tals with the conformation of a planar zigzag. Besides, the
intensive process of current switching, which we attribute to
the switching of the space charge field formed by the dye mol-
ecules, has been registered.

EXPERIMENTAL AND MATERIALS

The 94:6 statistical copolymer was the object of our
study. According to the data of a high-resolution nuclear
magnetic resonance (NMR) study, copolymer chains contain
4.5mol. % defects “head to head (tail to tail).”13

Absorption electron spectra have been registered with
the use of a HACH DR-4000 V (Hach-Lange, USA) spectro-
photometer at room temperature with wavelengths in the
range of 320-900 nm with 1 nm steps. The absorption spectra
of dye solutions in acetone (Ac) were carried out in a quartz
cuvette with 10mm length optically. Optical microphoto-
graphs of surfaces of doped films were obtained using a
BS-702 B binocular microscope equipped with a digital USB
camera.

Infrared spectra were obtained on a Bruker Equinox 55s
(with Fourier transform) spectrometer. Shooting was per-
formed in transmission and attenuated total reflection (ATR,
ZnSe crystal) regimes; the latter was used to probe the 0.5-2
μm thick surface layer of the polymer. Dielectric properties
were investigated by means of a Novocontrol Concept 40
broadband dielectric spectrometer in isothermal regime in
the frequency range 10−2 to 107 Hz at 20 °C. Prior to dielectric
measurements, 50-nm-thick gold electrodes were deposited
on films via thermal vacuum evaporation. The measurement
of high-voltage polarization and conductivity was carried out
on the modified setup combined according to the Sawyer–
Tower scheme provided that Cs << C0 (Cs and C0 were capaci-
ties of the sample and the reference capacitor, respectively).

Kelvin probe force microscopy (KPFM), piezoresponse
force microscopy (PFM), and switching spectroscopy were

carried out with an Asylum Research MFP-3D atomic force
microscope, using the CSG30/Pt conductive probe with the
spring constant of 0.6 N/m. For KPFM measurements, the
probe scanned the surface topography using a tapping mode.
1 V AC voltage was applied to the probe near its frequency
(∼48 kHz) to measure the sample surface potential distribu-
tion through a DC voltage feedback loop. All KPFM mappings
were performed at room temperature with the lift height of
30 nm, and 3 V DC voltage was applied to the probe. The drive
amplitude for PFM scanning was 1 V. All the poling processes
were conducted in contact-mode by applying DC voltages
(±50 V) to the conductive tip.

RESULTS

First, it should be proper to consider data for the original
dye solution, which will be added to the polymer solution. As
seen from Fig. 1(a), the absorption spectra change notably

FIG. 1. (a) Electron absorption spectra for a series of solutions with different
R6G concentrations in acetone. (b) Optical microphotography of the copolymer
doped film with R6G concentration 0.2%.
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with an increase in the dye concentration. Analysis shows
that at the chosen concentrations, the dye exists at any rate
in two forms: dimer (D) and monomer (M). Absorption bands
492 and 526 nm relate to the first and second forms, respec-
tively.14 As it can be seen from Table I, the results show that
an increase in the dye concentration leads to an increase in
its dimer form content. It is seen that at the dye concentra-
tion higher than 10−5 mol/l, signs of aggregation are observed.
Deflections from linear dependence of Burger–Lambert–Beer
law and increasing ratios of optical densities of absorption
bands of dimer (λD = 492 nm) and monomer (λD = 526 nm)
forms of the R6G dye in absorption electron spectra indicate
it. The formation of higher orders than dimers should not be
ruled out.

Data on dye solutions obtained may also be used at inter-
pretations of the structure formation in ferroelectric films
also. As it has been noted above, films were formed by crystal-
lization of the doping polymer from a common solvent. At
slow solvent removal, it is equal to an increase in dye concen-
tration in the rest of the solution. It will promote the aggrega-
tion of R6G molecules to the level of dimers and more
complex formations. At considerable lowering of the solvent
content, interchain interactions of the copolymer macromol-
ecules will become stronger, which will result in their crystal-
lization. So, dye molecules will be displaced into the
amorphous phase, which has an increased free volume. Due
to this process, local R6G concentration in the amorphous
phase must rise, which will intensify dye molecules’ aggrega-
tion. Optical microscopy data on the doped crystallized film
may be used to check such hypothesis. On the microphoto-
graph [Fig. 1(b)], heterogeneous inclusions several microns in
size are seen in the film volume. Local absorption spectra of
the region of their localization show that they have been
formed by R6G crystals.

Indication of the dye aggregation process in films is also
obtained by the piezoforce microscopy method in the variant
of Kelvin-mode. For Figs. 2(a) and 2(b), surface potential dis-
tribution patterns for initial and doped samples are shown.
Since the dye used is poorly compatible with the copolymer,
during crystallization, it can be displaced into the surface.
Therefore, we associate light areas observed in the doped
copolymer [Fig. 2(b)] with the presence of dye molecules. As
shown in figure, linear dimensions of the marked areas can be
of microns and above. Thus, according to this method, we
also see indications of dye molecules aggregation with the
formation of larger supramolecular associates.

TABLE I. Relations for bands height of monomer (M) and aggregated (D) forms for
R6G solutions in acetone with various molar concentrations of the dye.

C, mcM AD, 492 nm AM, 526 nm AD/AM

3 0.116 0.379 0.306
6 0.257 0.834 0.307
9 0.389 1.236 0.314
12 0.511 1.587 0.322
15 0.592 1.782 0.332

FIG. 2. Surface potential images of pure VDF-TFE 94:6 (a) and VDF-TFE 94:6
+ Rh6G (b), the histogram distribution of surface potential for investigate copoly-
mer samples (c), relaxation dependences of the remnant piezoelectric response
signals for both samples after local poling at 50 V for 10 s (symbols) and fitting
by Kohlrausch–Williams–Watts function (solid lines) (d). The inset in (c) and (d)
presents fitting parameters to investigate the polymer samples.

Journal of
Applied Physics ARTICLE scitation.org/journal/jap

J. Appl. Phys. 125, 044103 (2019); doi: 10.1063/1.5067272 125, 044103-3

Published under license by AIP Publishing.

https://aip.scitation.org/journal/jap


Since this dye has an ionic nature, it can influence the
copolymer crystallization process during the film formation.
In particular, dye ions may be crystallization centers, and in
the presence of polymorphism in the polymers studied,1,2,15

they may affect the formation of one or another crystallo-
graphic modification. There are enough evidence of the cor-
rectness of such a hypothesis in the literature. There are
several works16–18 where it is shown that the introduction of
dopants, containing ions, results in enriching the forming
polymer with chains in the conformation of a planar zigzag.
In this connection, we checked for such a possibility by
doping the polymer studied by R6G molecules. In Fig. 3, IR
spectra for various spectral intervals are shown. Figure 3(a)
shows the initial (non-doped) film of the copolymer crystal-
lizes as a mixture of γ- and β-phases. It can be judged by the
presence of absorption bands 1235 and 1275 cm−1, where the
first is sensitive to γ-phase T3GT3G

−1 conformation and the
second reflects the presence of long sequences with the con-
formation of a planar zigzag, characteristic of the polar β
phase.1,2,15 It is seen from the picture that at crystallization of
the copolymer with this dye, intensity redistribution of bands
1235 and 1275 cm−1 takes place. It means that the structure
formation in the presence of R6G molecules is accompanied
by a partial polymorph γ→ β transition that agrees qualita-
tively with conclusions made by authors of Refs. 16–18. The
dye introduced also affects crystallization and additional
structuring of the film. Demonstration of these phenomena
can be seen in Fig. 3(c), where symmetrical and asymmetrical
absorption bands of valent vibrations of methylene groups are
presented. For the non-doped copolymer, two absorption
bands are present. With regard to those for polyethylene,
these bands are substantially shifted to the high frequency
region because of the presence of F atoms with strong
electron-acceptor properties of the chain.1,2 It follows from
the same figure that, if the dye is introduced, along with main
bands noted, additional duplet bands at 2853 and 2926 cm−1

observed for polyethylene appear. We studied this effect in
more detail for the case of the VDF–TrFE (trifluoroethylene)
copolymer.19 It was shown that similar defects of chain struc-
ture may aggregate during polymerization with the formation
of clusters, where CH2 groups will be isolated from CF2
groups. Usually, it is the most noticeable one for the film
surface,19 but in the case of our copolymer crystallization in
the presence of R6G, this additional structuring is noted over
the whole volume [in Fig. 3(c), transmission spectra are pre-
sented]. In Fig. 3(b), the spectra range, where the copolymer
itself practically does not absorb, is shown (curve 1). However,
for the doped film, a number of absorption bands are noted.
Their frequency positions turn to coincide with those for the
copolymer which contains less VDF.11 In our opinion, such
bands reflect the interactions in aggregated R6G crystals and
do not depend much on a surrounding matrix.

Another task of our work was to check the following
hypothesis. It is expected that dye molecules in the solvent as
well as in the amorphous phase of the copolymer are in the
partially dissociated state. The presence of additional current
carriers in the doped film can be seen in Fig. 4. In the doped

FIG. 3. Comparison of vibration spectra for original (1) and doped (2) copoly-
mer films for different spectral intervals: (a) 1200-1400, (b) 1450-1800, (c)
2750-3150, (d) 3100-3600 cm−1.
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film, gigantic low-frequency dispersion [Fig. 4(a)] and weakly
expressed maximum on the frequency dependence of the loss
factor [Fig. 4(b)] are observed. It is seen from the inset of the
last figure that the tangent of dielectric losses tgδ has a
clearly expressed maximum. Its value as well as gigantic low-
frequency dispersion [Fig. 4(a)] indicates that the relaxation
process observed cannot be attributed to the reaction on the
field of bond charges of polymer chains. As shown in Fig. 4(b),
such a process is characterized by the maximum ε// in the
frequency region close to 1MHz. These data are obtained at
the amplitude of an external voltage equal to 1 V. As the data
from Fig. 5 show, when increasing the external source
voltage, the difference in high voltage conductivity of the
original and doped samples turns out to be considerably

higher. In addition, at such high fields, current-voltage char-
acteristics are asymmetric.

DISCUSSION

The nature of additional current carriers in doped films
must be associated with the presence of dye molecules or
their aggregates in the matrix. It has been noted above that
the dynamics of chains in the amorphous phase (where R6G
molecules localize) at room temperature has a liquid-like
nature, which is why the dye molecules will be partially disso-
ciated just like in a solvent. Apparently, ions will be additional
carriers. It can be seen from Fig. 5 that the current of a doped
film will be several orders of magnitude higher than that of a
non-doped one. It follows from general correlations that the
current value j measured by supplying a sample with dielec-
tric permittivity ε of field E may be written as follows:

j(t) ¼ jc(x, t)þ jp(x, t)þ εε0
@

@t
E(x, t): (1)

The first item characterizes the conductivity current, the
second one is the polarization current, and the third is the
displacement current. For fields lower than coercive ones, it
is possible to neglect the polarization current. At low fre-
quencies of the field, the conductivity current will mainly
contribute to the measured current

jc ¼ enμ(x, t)E(x, t)� eD
@

@x
n(x, t): (2)

In this equation, the second item characterizes diffusion con-
tribution. If it is ignored, a higher current in the doped film as
well as concentration will be determined by field E. It seems

FIG. 4. Frequency dependencies of real (a) and imaginary (b) components of
dielectric permittivity for the original (1) and doped (2) films. Inset: frequency
dependencies of tangent of dielectric loss angle.

FIG. 5. Volt-Ampere dependencies at supplying triangle-like voltage with fre-
quency 25 mHz to the original (1) and doped (2) copolymer films.
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that in our case, the mechanism of such influence is
described by the Pool-Frenkel equation20

jPF ¼ nTμqE exp �ET0 � βPF(E)
1
2

kT

" #
: (3)

The role of the field is only to diminish the potential barrier at
carriers’ drift. As shown in Fig. 6, for the dye R6G, additional
ions in the copolymer differ substantially in size and, conse-
quently, in mobility μ, which is why the response of the doped
films to low-frequency electrical field must depend on the
sign of the potential supplied, as is seen in Fig. 5. When sup-
plying triangle-like voltage to the sample, at the positive
direction of the field, current switching is seen. This means
that anions contribute to the signal. In accordance with Fig. 6,
switching current should be associated with the reaction in
the field of the counterions Cl− of the dissociated molecule
R6G.

Such details could be seen in Fig. 7, where 10 s long
bipolar rectangular voltage pulses were supplied to the doped
film. At low voltages of an external source [Figs. 7(a) and 7(b)],
it can be seen that the current for the whole half-period
reveals monotonous decrease. According to Eq. (2), at cons-
tant amplitude of the external voltage, it is reasonable to
attribute this to a decrease in the concentration of Cl− ions.
Since the matrix is dielectric, these ions will be trapped. Since
the polymer relates to the class of ferroelectrics and crystal-
lizes as a mixture of polar crystals of β− and γ− phases,1,2,15 in
this case, the polar planes of such crystals will be the deepest
traps. The scheme of such a trapping is shown in Fig. 8. In
light of such conception, a decrease in the current during the
positive half-period of the field applied [Figs. 7(a) and 7(b)]
may characterize kinetics of ion Cl− trapping process by polar
planes of β− and γ− phases. According to Fig. 6, a xantene
group, where the positive charge of the quaternary nitrogen
atom is delocalized, is another ionic fragment of the dissoci-
ated R6G molecule. It may be conceived that this group can
interact with fragments of amorphous phase chains. Earlier,
such an effect was shown with the use of another VDF

FIG. 7. Time dependencies of current through the doped film (1) when supplied
with bipolar rectangular pulses of electric field (2) of different voltages: (a) 9, (b)
14, (c) 18, (d) 22, and (e) 25 MV/m.FIG. 6. Structural formula of the Rhodamine 6G molecule.
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copolymer doped with the same dye.11 To check such a
hypothesis for the copolymer studied in this work, the IR
spectroscopy method has been applied. In Fig. 3(d), the spec-
trum region, containing no non-doped film bands, was
shown. But they appeared after R6G introduction. Just like in
our previous work,11 the doublet 3445, 3387 cm−1, which char-
acterizes valent vibrations, respectively, of free and bond N–H
groups, is observed. We suppose that the linked state of the
N-H group on condition of R6G localization in the amorphous
phase may be realized by the formation of hydrogen bonds of
the N-H···F-C type. R6G dimerization in the film as well as
aggregation of the dye to the level of microcrystals formation
[Figs. 1(b) and 2(b)] contains the possibility of the formation of
three-dimensional net of labile bonds. The copolymer struc-
turing noted above, which has been observed because of the
“anomaly” in the region of valent vibrations of methylene
groups [Fig. 3(c)], may reflect such processes. Conductivity
during the negative half-period of the external field may be
accompanied by breaking hydrogen bonds and shift equilib-
rium to the free N-H group formation side.

As it is shown below, the increased ionic conductivity in
the doped film leads to a change in the nanoscale distribution
of surface potential. To gain better statistics, we performed a
histogram analysis of surface potential for pure copolymer
and doped films [Fig. 2(c)]. As it can be seen, the full-width-
at-half-maximum (FWHM) value of the pure (undoped) film is
two times as high as that of the doped one. Besides, the
surface potential signal distribution shows that the pure
copolymer on average exhibits a potential signal is less than a
doped copolymer film, i.e., −0.56 V for pure copolymer and

−0.65 V for doped film. We believe that both facts have the
same cause. As it has been shown above, film crystallization in
the presence of dye is accompanied by partial polymorph
transformation γ→ β [Fig. 3(a)]. It is known that polar planes
of β-phase crystals are characterized by the higher value of
the surface charge density.1,2,15 If these planes appear on the
surface, in the case of the doped film, its surface potential
must increase. Only this is observed in the experiments
[Fig. 2(c)]. The film surface potential forms due to the pres-
ence of polar β- and γ-phases. It means that the FWHM value,
which is shown in Fig. 2(c), will depend on the ratios of these
crystals. If at dye introduction the share of the β-phase
increases at the expense of the γ-phase, it must result in the
narrowing of the distribution of the surface potential. This is
also shown in Fig. 2(c).

It is seen from Figs. 7(c)–7(e) that the rise in amplitude
creates the tendency to reveal the switched current
maximum as it is usually observed in the case of ferroelec-
trics. According to such a mechanism, the field must be
higher than the coercive one. For our polymers, it is equal to
50MV/m. As shown in Fig. 7, the field of the external source
Eext is several times lower than this value. It may be seen from
the same figure that switching time is about tens of seconds
that is not characteristic of classical switching of ferroelec-
trics spontaneous polarization. Full surface density of the
switched charge σ has been estimated as follows:

σ ¼
ðt2
t1

j(t)dt, (4)

where j(t) is the density of switched current during the
period of time Δt = t2− t1. Estimation shows that the charge
density is about 4 C/m2. It turns out to be more than an
order of magnitude higher than that at polar β–modification
(0.13 C/m2).1,2 All this means that the presented data do not
characterize ferroelectric switching itself, but reflect some
other process. Taking into account that the copolymer is het-
erogenic (at any rate two-phase system), where phases differ
in conductivity and dielectric permittivity, it may be a
Maxwell–Wagner (MW) polarization.

The accumulation of Cl− ions on polar planes of crystals
noted above will be one of the stages to form the field of the
space charge Esc which may be presented for the one-
dimensional case as follows:

Esc(x, t) ¼
ðd
0

ρ(x, t)
ε0ε

dx
ð1
0

dt, 0 � x � d, (5)

where ρ (x,t) is the volume density of the space charge and ε
is the dielectric permittivity of the sample with thickness d.
Frequency dependency component ε* [Figs. 4(a) and 4(b)]
indicates the presence of such polarization. As shown in the
figure, the appearance of one more relaxation region in the
doped film in the range of low frequencies takes place. If it is

FIG. 8. Scheme of trapping of ions Cl− by polar planes of lamellar crystals of
β− and γ− phases.
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MW polarization, the formation of the space charge men-
tioned above will be the consequence of this polarization.
Since the last one gives the appearance of the Esc field, it is
convenient to watch its relaxation by presenting data of Fig. 9
in the form of complex electrical modulus M* compo-
nents21,22 as follows:

M*(ω) ¼ 1
ε*(ω)

¼ M= þ iM== ¼ ε=

ε=2 þ ε==2
þ i

ε==

ε=2 þ ε==2
: (6)

Frequency dependencies of the imaginary item M// for
control and doped films are presented in Fig. 9(a). It can be
seen that in the latter, the curve maximum is shifted by three

orders of magnitude to the side of high frequencies as com-
pared with that of the control (non-doped) film. Clear regis-
tration of this relaxation process for the initial film is
observed at higher temperatures.23 The same patterns are
registered for such relaxations of the space charge in the
VDF–TrFE copolymer too.24 Apparently, the higher conductiv-
ity of the doped film is the cause of such a substantial differ-
ence in relaxation times of the space charge formation in our
case. Indeed, relaxation time of this process is presented as
follows:

τMW ¼ εaε0
Aσ

: (7)

As it can be seen from Fig. 9(b), low-frequency conductivity σ
of the doped film turns out to be 2−3 orders of magnitude
higher than that of the controlled one. According to equilib-
rium (7), it must result in a decrease of τMW value and to a
shifting of the dispersion region to the side of higher frequen-
cies. Only that is seen in the experiment [Fig. 9(a)]. In light of
such conclusions from low-voltage measuring, we must attri-
bute current switches in the high fields to switching of the
space charge field when high voltage pulse sign changes
(Fig. 7).

Since the concentration of carriers in the doped film is
significantly higher, we should expect a decrease in remnant
polarization due to the capture of the marked carriers by the
polar planes. This corresponds to partial internal compensa-
tion of the depolarization field. Such a process can lead to a
decrease in local spontaneous (remnant) polarization and,
accordingly, to a decrease in the initial signal local piezores-
ponse after local polarization. Data presented in Fig. 2(d)
confirm this hypothesis, as in the undoped film the initial
signal is more than 2 times higher.

The model of trapped carriers created by the dissociation
of R6G by the polar planes of crystals is also confirmed by
independent experiments on the study of phase transition of
a ferroelectric-paraelectric in the copolymer P (VDF-TrFE)
doped with the same dye. It has been found that in the para-
electric phase, where there are no polar phases and deep
traps, respectively, an “abnormal” change in the characteris-
tics of luminescence is shown.7

As it is mentioned above, the formation of space charge
in the electric field also affects the kinetics of the decay of
the piezoresponse signal after local polarization [Fig. 2(d)]. As
can be seen, doping of the film leads to a strong change in
the time dependence of the decay of the initial piezoelectric
response. To quantify the decay of the piezoresponse signal, a
Kohlrausch-Williams-Watts (KWW)25 function was used

y ¼ y0 þ exp � t
λ

� �β
" #

, (8)

where τ is the relaxation time and β is a parameter character-
izing the distribution of relaxation times. Doping of the film
leads to a change in β and a decrease in relaxation time by
several times.

FIG. 9. Frequency dependencies of imaginary components of electrical modulus
(a) and real component ac conductivity for original (1) and doped (2) films.

Journal of
Applied Physics ARTICLE scitation.org/journal/jap

J. Appl. Phys. 125, 044103 (2019); doi: 10.1063/1.5067272 125, 044103-8

Published under license by AIP Publishing.

https://aip.scitation.org/journal/jap


As shown above, there is a qualitative correlation
between changes in macroscopic relaxation times of the for-
mation of a space charge obtained in low electric fields
[Fig. 9(a)].

CONCLUSION

The analysis of spectral data and those of piezoforce
microscopy shows that in the crystallization of the copolymer
doped with R6G dye from solution, the dye tends to transit
from the monomer form to the dimer one. Using the methods
of optical microscopy and spectroscopy of piezo-force
response, it has been found that in the film formed, micro-
crystals of micron size may appear. It was assumed that the
dye aggregated forms can additionally structure the copoly-
mer. The confirmation of such structuring was obtained by IR
spectroscopy when the appearance of “anomalies” in the
region of manifestation of methylene group valent vibrations
was noticed. It is supposed that the structuring mentioned
above proceeds due to the formation of labile hydrogen
bonds of N-H…F-C type.
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