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ABSTRACT

Pure and different weight ratio of Cu-complex incorporated polypyrrole
have been successfully prepared employing in situ polymerization of
pyrrole solution with Cu-complex. The structure, morphology, optical
and thermal characterization were carried out by X-ray diffraction (XRD),
transmission electron microscopy (TEM), UV-Visible spectrophotometer
(UV-Vis) and thermogravimetric analysis (TGA). The XRD results
appear preparation amorphous polypyrrole and it amorphousity was
reduced with doped Cu-complex. TEM images show preparing spherical
nanoparticles of Cu-complex that covered rod morphology of polypyrrole
and successfully process of in situ polymerization. on the other hand, the
thermal stability of polypyrrole was increased with incorporation Cu-
complex as demonstrated from TGA measurements. LCR measurements
are appeared that the real and imaginary dielectric constant of hybrid
nanocomposite is larger than pure polypyrrole and the storage charges
increase with increasing the Cu-complex concentration.
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INTRODUCTION

Recently, many of works on Schiff bases and
its complexes are explored according to its
implementations in sensor device and using its
as dielectric materials [1,2]. Now, a new area of
research or works contain utilizing polymertic
compounds is appearing and having significant
tension. The prepare of polymers, which contain
nanometric materials, is deem an integral part
of polymer technology and presence of these
organic materials enter polymer structure have
been enhanced essentially features other than
pure polymer [3,4]. There are many papers
carried out on the field of storage of charges, so
this field be current face of works and had the
characteristic interest in electric technologies
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according to its features like low cost, excellent
promising physical and chemical properties [5].
Many oxides were used as dielectric materials and
many works reported success of it in this fields
[6-8]. Bashir et al., reported used of Fe O, that
synthesized hydrothermally as dielectric materials
and its showed 118 F/g at 6 mA [9], while Brousse
shown that same oxide electrode appeared ability
of 75 F/g specific capacitance [10]. However, due
to the redox kinetics are reserved via transfer of
electrons and mass diffusion, this oxide type has
a smaller cycles life. For this, the authors notice
was drawn to hybrid materials due to their long
cyclic life, high voltage and energy density [11].
These materials conduct well in energy storage
field. The organic/polymer nanocomposite
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compounds have different properties than pure
polymeric compounds because of their properties
such as surface area, transfer of lone pairs inside
the polymer chain and chemical structure [12].
In this work, we discussed the energy storage
behavior of copper complex/poypyrrole hybrid
nanocompsoite that appear excellent storage
properties compare with pure polypyyrole, making
it as an elect for potential utilize in supercapacitor
application.

MATERIALS AND METHODS
All chemical materials were supplied from
Sigma-Aldrich and used without future purification

synthesis of ligand and copper complex

Firstly, (1.741 g, 0.01 mole) of (4-H-1-
Benzopyran-3-carboxaldehyde) was dissolved in
(20 ml) ethanol in 50 ml the beaker, then (6 drops)
of glacial acetic acid were added to it and left for
20 min (sol. 1). Then, in another beaker, (1.001 g)
of (2-amino benzothiazole) was added to 20 ml
of ethanol (sol. 2). The two solutions were mixed
by adding the sol. 2 to 1 with continuous stirring.
After that, the mixture was refluxed at 80 °C for
15h continuously until it got a yellow precipitate.
Finally, it filtered, washed and dried at room
temperature. Its weight was (2.15 g), meaning its
percentage was (70.261%). Separately, (1mmol,

0.306g) of 4-H-1-Benzopyran-3-carboxaldehyde
and (1Immol, 0.241g) of copper nitrate were
dissolved in (10 ml) of hot ethanol. Then, the two
solutions were mixed under a continuous stirrer.
After that, the mixture was refluxed at 80 °C for
4 h. Finally, it was filtered, washed, and dried at
room temperature. The weight of the product was
(0.974g).

Preparation of polypyrrole, Cu-complex doping
polypyrrole and its films

(3 ml) of pyrrole was mixed with (20 ml) of HCI
acid (0.5M) in an ice bath. The mixture was then
dropped by (2M, 20 ml) ammonium persulfate
(APS). The black precipitate formed was placed
in the refrigerator for 24 h. The product was
then filtered and washed several times until the
solution became transparent (PH=7). For doping
process, 0.01 g of Cu-complex, 3 ml of pyrrole
were mixed with (20 ml) of HCl acid (0.5M) in an
ice bath. The mixture was then dropped by (2M,
20 ml) ammonium persulfate (APS). The black
precipitate formed was placed in the refrigerator
for 24 h. The product was then filtered and
washed several times until the solution became
transparent (PH=7). For preparation its films,
(0.01g) of PPy was sonicated with 5ml ethanol to
get a homogenous solution. Then, it was mixed
with (5ml, 2%) PVA solution under a contentious
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Fig. 1. XRD of pure and Cu-complex doped PPy.
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stirrer for 2 h. After that, the mixture was cast
into a glassy mold. Finally, it was left for 36 h to
dry at room temperature before taking it for LCR
measurement. The producer was repeated with
(0.01-0.05g) of Cu-complex/PPy.

RESULTS AND DISCUSSION

The structural, crystalline phase, size and
formation of polypyrrole were determined by
using XRD analysis. Fig. 1 shows the XRD pattern
of pure and Cu-complex incorporated polypyrrole
(PPy). The results illustrated a broad characteristic
diffraction peak with a range of 2q 20-30, which
indicated the amorphous nature of the prepared
polymer [13], which is attributed to the scattering
of chains at the interplanar spacing [14]. On the
other hand, For Cu-complex incoprted PPy, the
results appear to be a broad diffraction peak
located at 20-30 assigned to a repeated chain of
PPy and three diffraction peaks centered at 26
= 35.44, 38.56, and 48.520 that index to (002),
(111), and (-202) planes of Cu-complex.

The results of incorporating PPy nanocomposite
revealed a broad diffraction peak of PPy located at
20-30, which indicates the polymer’s amorphous
nature remained until after adding the oxides and
metal through the crystal lattice, which implies
that it retained its identical structure. On the other
hand, the results showed decreasing the intensity
diffraction peaks of PPy after incorporating with
Cu-complex, which may be due to the complex
significantly reducing the amorphous nature of
PPy polymer [15]. When comparing the broad

diffraction peak of pure and incorporating PPy, it
was noted to be a little shifted in because adding
complex works in inducing the strain in the PPy
matrix, as well as the strong interaction between
the polar segment of PPy and orbital in Cu-
complex [16]. The interaction between PPy chains
with complex can be discuss from investigation of
chain separation of PPy by using the following Eq.
1[17]:

8\
~ 3sin@ (1)

The results appear that the incorporated
material doesn’t noticeably alter the interplanar
distance. It also leads to the production of a more
compact structure of nanocomposite because of
the interaction between oxides/metal and the
active group of PPy [18].

The morphology of pure and Cu-complex
incorporation with PPy was investigated using
TEM and the results are shown in Fig. 2a and b.
Fig. 2a show TEM images of PPy synthesized
by oxidative polymerization using ammonium
persulfate as initiators. The results appear to show
that the morphology of PPy is nanotubes have
been formed at the nanoscale. Fig. 2b shows the
uniform distribution of spherical Au nanoparticles
within PPy matrix, which indicate successfully
synthesized of Au/PPy nanocomposite.

Analyzing optical absorption spectra s

Fig. 2. TEM images of (A) PPy and (B) Cu-complex/PPy.
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the most efficient method for enhancing and
comprehending amorphous materials’ structure
and energy gap. The adsorption spectra of PVA/
PPy with different concentrations of Cu-complex
are shown in Fig. 3a. The results shown a band
shoulderataround 270 nm that could be attributed
to n = n*, which could originate from O-H [19].
On the other hand, the results showed that the

Table 1. direct and indirect band gap of PVA/PPy-wt.% CuL2.

PVA/PPy intensities are reduced with increasing
Cu-complex concentrations in the nanocomposite
and shifting in the shoulder peaks for a lower
wavelength, which confirmed the interaction
between the Cu with active groups in the polymer
and this interaction become more effective with
increasing Cu-complex concentration [20]. The
band gap of pure and PVA/PPy doped by Cu-

Band gap (eV)

Materials
Direct Indirect
PVA/PPy 5.13 4.93
PVA/PPy-0.01wt.% Cul., 5.03 4.86
PVA/PPy-0.02wt.% CuL, 4.95 4.73
PVA/PPy-0.03wt.% CuL, 4.92 4.66
PVA/PPy-0.05wt.% Cul. 4.72 4.30
—e— PVA/PPy
—e— PVA/PPy-0.01 wt.% Cul, 1|—— PVA/PPy
—— PVA/PPy-0.01wt.% CuL,

—e— PVA/PPy-0.02 wt.% Cul,
—eo— PVA/PPy-0.03 wt.% CuL,
—o— PVA/PPy-0.05 wt.% CuL,
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Fig. 3. (a) UV-Vis of pure and Cu-complex doped PPy, (b) direct band gaps and (c) indirect band gap.
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complex is investigated via UV-Vis spectra by using
the Tauc plot given from the following Eq. 2 and
3[21]:

(< hv)*® = B3 (hv — EJ") (2)
(< hv)? = B?(hv — Eg) (3)

Where: h is Planck constant, Eg, band gap, a
absorption coefficient, and B is constant. The a can
be investigated as a photon frequency function via
the following Eq. 4:

A
o= 2.303(3) (4)

where d is the film thickness, A represents
absorbance, and n is the factor of the exponent.
The values of the band gap were investigated for
PVA/PPy incorporated Cu-complex via plotting
(ahv)? and (ahv)Y? for direct and indirect transition
as demonstrated in Fig. 3b and c. The results show
that doping Cu-complex in the matrix of PPy
reduces band gaps because of the generation of
defects in nanocomposites. These defects cause
the localized state in the band gap that replicates
the degree of disorder in prepared materials and

can be the reason for the reaction between the
chain of PPy and the Cu-complex. The results of
band gaps are tabled in Table 1.

The thermal of PVA/PPy and PVA/PPy
incorporating Cu-complex are investigated by
DTA analysis, and the results are shown in Fig.
4a. The results demonstrated the shifting of the
melting temperature (Tm) by incorporating Cu-
complex according to the PAV/PPy with different
concentrations of Cu-complex. The PVA/PPy
mixture appears as a single Tm at 260 °C, which
indicates the good mixing or miscibility between
them [22] due to producing an H-bond between
the functional groups in polymers. On the
other hand, it is noted that the Tm was shifted
to a higher temperature with increasing Cu-
complex concentration because of enhancing the
nanocomposite’s thermal stability after adding
Cu-complex. In addition, the endothermic peaks
between 250 to 330 °C for PVA/PPy and PVA/
PPy incorporating Cu-complex appear to be the
semicrystalline nature of prepared compounds.
These results are in agreement with XRD results.
The thermal stability and kinetic parameters of
PPy and PPy incorporated with Cu-complex were
investigated by TGA and entry from 30 to 600 °C,
as shown in Fig. 4b. The results showed three
losses of weight or decompositions in all curves.
The first loss occurs in the 33 to 140 °C range,
assigned to the evaporation of the PVA/PPy matrix
with the associated solvent [23]. The second loss
begins in the 140.5 to 320 °C range, which returns
to the active group decomposition. The third loss
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Fig. 4. (A) DSC and (B) TGA of PVA/PPy and PVA/PPy incorporated Cu-complex.
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is exhibited at 380 and extended to 600 °C, which
is assigned to the degradation of PVA/PPy polymer
chains. On the other hand, the results appear a
considerable enhancement in the thermal stability
of the polymer with Cu-complex incorporation
compared with the blend sample because of the
interaction between the PVA/PPy and Cu-complex
complex [24].

The activation energy of PVA/PPy and PVA/PPy
incorporated Cu-complex were estimated by TGA
analysis by using the Coats-Redfern method by
using the following Eq. 5:

1-(1-o)t 0 R[; 2RT] _ Ea
Log[ T2 ]_10gAE[1 E 2303kt ()

Where a is the degree of decomposition, and is
found as follows:

mi —mt

“ = i mf ©

The activation energy of prepared compounds
can be calculated by plotting -Log [1-(1-a)/T?]
versue 1000/T and estimating from following Eq.
7:

Ea = 2.303R. slope (7)

The results (Table 2) showed that the activation
energy is reduced gradually from 355 to 313 Kcal/
mol with increasing the Cu-complex incorporating
concentration, which may be back to producing the
defects created through the reaction between the
PPy chains with Cu-complex and the production of
new bonds.

Table 2. The activation energy values of PVA/PPy-wt.% Cu-complex.

The real and imaginary permittivity of pure
and PVA loaded by Cu-complex and ligand films
were measured as a function of frequency at (10
kHz-1 MHz). The results were calculated using the
following Egs. 8 and 9 [25]:

, _ Cxd
T XA (8)
€" =tano * €' (9)

Where: c: the capacitance, d: the thickness of
the film, A: the area of cross section and €.: the
permittivity of free space (8.85*10? F/m). The
results are shown in Fig. 5a and b. All synthetic
dielectric materials studies demonstrate that,
due to the polarization mechanism, the real and
imaginary dielectric decreases with increasing
frequency [26]. The dielectric constant in the
dielectric analysis depends upon the dipolar
relaxation at high frequency and the interfacial
polarization at low frequency [27]. Strong
interfacial polarization is primarily responsible
for the high dielectric constant values at low
frequencies that arise from applying an electric
field to a material, which causes charges to
accumulate between conductive and insulating
regions. On the other hand, the rapid variation
of dipoles to align themselves is responsible
for the decreasing dielectric constant values at
high frequencies. The observed variation in the
real and imaginary dielectric constant values as
a function of frequency is ascribed to the dipole
polarization of isolated polarons and bipolarons.
Two equilibrium positions are used to record
the dipole rotation. The spontaneous alignment
of the dipoles at one position indicates the
nonlinear polarization behavior of the synthesized
nanocomposite, and the results indicate a change

o Ea
No. PVA/PPy (Cu-complex wt.%) Keal/mol
1 PVA/PPy 355.54
2 PVA/PPy-1wt.% Cul2 345.89
3 PVA/PPy-2wt.% Cul2 333.11
4 PVA/PPy-3wt.% Cul2 324.07
5 PVA/PPy-5wt.% Cul2 313.15
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in the dielectric constant values [28].

When PPy/PVA dielectric constant results are
compared with and without adding complexes
nanoparticles, low real dielectric constant values
are obtained at low frequencies and stay low
with increasing frequency for PVA loaded by PPy
as shown in Fig. 6a and b. In contrast, high real
dielectric constant values are obtained at low
frequencies after the addition of oxide ligands
and their complexes nanoparticles, which may be
due to increased charge carrier localization along
with polarons, leading to higher AC conductivity.

The real dielectric constant at low frequency
may rise for any of the previously listed reasons
[29]. Contrarily, conducting polymers are semi-
crystalline materials of distinct crystalline regions
due to chain folding by amorphous barriers.
Maxwell-Wagner-Sillars (MWS) polarization, also
known as interfacial polarization, results from
charge carrier accumulation at the interfaces
between crystalline and amorphous regions in
pure blends, which causes a rise in dielectric
permittivity [30]. The PVA/PPy-Cu complex system
is a heterogeneous combination of PVA/PPy and
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complex, with elements that differ in permittivity
and conductivity. As a result, space charges
grow at those macroscopic interfaces where
an electric field is applied [31]. The MWS effect
depends on the conductivity and permittivity of
the compound material’s constituents, which
produce greater dielectric constant values at
low frequencies. It arises from the accumulation
of charges on the interfaces inside the bulk of
the sample, generating enormous dipoles. In
addition, electrode polarization also plays a role in
maintaining dielectric stability at low frequencies
[32]. As copper complexes are incorporated,
dielectric permittivity values also rise because the
doping of Cu-complex into the PVA/PPy matrices
increases the interfacial area between the
complex and PVA/PPy. When an Ac field is applied,
more charge carriers are inhibited within these
interfaces, which raises the MWS polarization.
Incorporating complexes into systems also made
the system more heterogeneous, which increased
the number of interfaces between complex and
PVA/PPy and raised the dielectric permittivity

values. It is evident at high frequencies that the
dielectric permittivity value decreases steadily
as the frequency increases. This phenomenon is
attributed to interfacial dielectric relaxation or
space charge polarization effects.

The dielectric constant of pure and different
weight ration of Cu-complex incorporated
polypyrrole is demonstrated in Fig. 7. The results
appear considerable enhanced the real dielectric
value with increasing the concentration ratio of
complex until 0.04 wt.% of nanocomposite, which
may be to the interaction between the Cu-complex
and polar fraction of polypyrrole that responsible
for high value of constant [33], as well as, the
interfacial polarization enhanced enter the hybrid
composite is high at 0.04 wt.%. On the other
side, the results appeared reducing in dielectric
constant at 0.05 wt.% which may be assign to the
lower interaction between the complex and the
polypyrrole chain that produced an inhomogeneity
[34]. In addition to, the formation of voids inside
the polymer chain causes to reduce the charges
movement, hence reducing the real dielectric
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Fig. 7. Real dielectric constant of wt.% Cu-complex doped PPy.
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constant value at 0.05 wt.% of filler particles.

CONCLUSION

In this work, an in situ is used to the
polymerization different weights ratio of Cu
(4-H-1-Benzopyran-3-carboxaldehyde)  complex
with PPy during oxidative polymerization form
PVA/Cu-complex-PPy hybrid nanocomposite and
it characterized via varied techniques such as XRD,
TEM, DSC, TGA and UV-Vis before energy storage
measurements. The LCR measurements exhibit
the pseudocapacitive nature of PVA/Cu-complex-
PPy.
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