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Abstract: The structural and optical properties of the PANi films were investigated in terms of different solvent
content by using X-ray diffraction (XRD), RAMAN spectroscopy, Scanning electron microscopy (SEM),
Photoluminescence (PL) and optical absorption spectroscopy. The XRD results revealed that the crystallinity
through films increased as the molar ratio of dimethylacetamide (DMAc and dimethylformamide (DMF)
increased to 0.6:0.4, but then decreased when the molar ratio was increased from 0.6:0.4 to 0.8:0.2. It is shown
that even small clusters in PANi films can explain the observed RAMAN scattering. The results of the optical
experiments showed that films prepared from different molar ratio of DMAc and DMF showed good near-
infrared characteristic in the range of 800-2000 nm. The optical band gap value from absorption coefficient data

is found to be 3.57 eV. The SEM also showed changes in the morphology of PANi films.
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Introduction

In recent years, developments of inorganic-
organic hybrid materials on nanometer scale have
been receiving significant attention due to a wide
range of potential applications and high absorption in
the visible part of the spectrum and high mobility of
the charge carriers. Polyaniline (PANi) has been one
of the most thoroughly investigated conducting
polymers due to its environmental stability, high
density of charge storage capability, and low cost
and simple synthesis 3. These polymers have

extensive applications such as anticorrosive “*°:

sensors and biosensors ", as actuators °*, in
advanced biomedical materials 2, in electronic
device *, in transistors ** and hole injection layers
for flexible light emitting diodes ***°. However, such
industrial applications are limited for PANi because
of its poor processability and intractable nature. A p-
dopable (i.e., electron deficient) material, PANi
exhibits reversible electrochemical and physical
properties controlled by its oxidation and protonation
state properties that have been exploited for the
development of several technological applications
including optoelectronic device. PANi can be easily
polymerized by direct chemical oxidation of aniline

or electrochemical polymerization *'.
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But, in the preparation of PANi dispersions,
surfactants have been rarely employed as stabilizer
and micelles as reaction medium. Han et al. prepared
PANI nanoparticles in anionic sodium dodecylsulfate
(SDS) micelles with ammonium peroxydisulfate
(APS) as an oxidant. More structured PANI particles
showed a higher conductivity™. Li and co-workers
successfully  prepared stable nano-polyaniline
waterborne latex by emulsion polymerization of
aniline in  micellar  solution of sodium
dodecylbenzene sulfonate (SDBS), dodecylbenzene
sulfonic acid (DBSA), or sodium dodecylsulfate
(SDS) as both emulsifier and dopant. The uniform
PANIi-SDS/polyvinyl alcohol (PVA) composite films
were prepared by casting a direct mixture of the
PANi latex and PVA aqueous solution and good
properties including film formability, anti-
corrosivity, and electrical conductivity™. Sainz et al.
obtained  soluble  polyaniline-multi-wall-carbon
nanotube (CNT-PANI) composites. It was found that
the presence of multi-wall-carbon during the
polymerization of aniline induces the formation of a
planar conformation of PANi®. Studies of Ma and
co-workers ' have suggested that the use single-
stranded DNA offers better solubilization of the
CNTs prior to the water-soluble nanocomposite
preparation (PANi-CNTSs).
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This PANi-CNTs composite in functionalized
forms exhibited good enhanced conductivity, thermal
stability and luminescent behaviors. Therefore,
conformational changes lead to favorable
interactions between emeraldine base (EB) and
CNTs and are responsible for both enhancement
effects and the processability of the composite. The
effect of the solvent type and casting temperature on
the electrical properties of plastdoped polyaniline
films was investigated by Bohli et al. the films
prepared from PANI in dichloroacetic acid (DCAA)
after heating treatment at 298 K showed the highest
electrical conductivities”. In all these views, we
endeavored to study the structural, optical properties
of polyaniline films and to cater the needs of optical
materials in near future.

Experimental

Materials

Aniline monomer CsH;N was purchased from
Sigma-Aldrich and bi-distilled under vacuum before
use. Ammonium persulfate ((NH,),S,0g, APS) was
obtained from Fluka. N, N- dimethylacetamide and
dimethylformamide were obtained from Sigma
Aldrich. The chemicals were used as received
without further purification.

Preparation of  PANiI: DMACc/DMF
composites film-forming solution

Polyaniline emeraldine base (PANi-EB), which
was synthesized was dissolved into variable ratio
DMAC/DMF mixtures to prepare a PANi (3 wt %)
solution. Stock solutions were stirred using a
magnetic stirrer for 1 h. A Speed line Technologies
P-6000 spin coater was used to spin cast polymer
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solutions for 30 s onto the substrates. All films were
held under vacuum overnight prior to measurements
to remove any residual solvents. The dried polymer
films, in which thickness values around 100 nm,
were analyzed.

Characterization

The XRD spectra of the PANi films were
measured on X’Pert PRO Alpha-1-ray diffractometer
with CuKa (1.5405 A), and it was operated at 40 KV
voltage and 50 mA anode current. The XRD patterns
were recorded in the range of 3-65° with a scan
speed 0.5°/min. Raman spectra of films were carried
out at room temperature in the range of 100-2000cm
' using FT-Raman Bruker SENTERRA which is
having Nd: YAG laser source (488nm).The Photo-
luminescence (excitation and emission) spectra of
the PANi films were recorded on Cary Eclipse
spectrophoto-fluorometer using the corresponding
excitation wavelength with 2.5 nm slits. Optical
properties of the samples have been analyzed using a
VARIAN spectrophotometer at room temperature
over a large spectral range. The wavelength range for
both the reflectance and transmittance measurements
was ranged between 300-2200 nm. Scanning
electron microscopy experiments were made with
Philips Field Effect Gun XL-30, at an accelerating
voltage of 5 kV. Image treatments were performed
using the digital instructions software.

Results and discussion

X-ray diffraction

Structural properties of PANi films were
characterized by X- ray diffraction (XRD). XRD
pattern of different films is shown in Figure 1.
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Figure 1. XRD patterns of the PANi films at different molar ratio of DMAc and DMF after heating treatment
at 35°C.

As is evident in PANI, broad diffraction peaks
occur between10° and 30° due to the parallel and
perpendicular periodicity of the polymer (PANI)
chain. The plot of PANi:0.5:0.5(DMAc/DMF) and

PANi :0.6:0.4(DMAC/DMF) in Fig.1, exhibited
significant peak at diffraction angle of 27° none of
which are present in it PANi:0.4:0.6 (DMAc/DMF or
PANI:0.8:0.2 (DMACc/DMF). The peak observed at
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20 ~30 ° indicates the increase of crystalline
structure in the PANi films®. T. Rajavardhana Rao
et al. observed similar results for low molecular
weight PVAEG and PVAEG-cu (Il) systems. The
diffraction peaks was sharp in Cu®* complex of
PVAEG films comparing with the pure PVAEG
films and the crystalline phase increase after addition
of Cu®" ions %, In case of PANi:
0.6:0.4(DMACc/DMF), diffraction peaks are shifting
towards higher angles from 26=9.7° to 10.1°. The
peaks are shifting toward higher angles indicate
probably the formation of a stereo-complex between
polymer and solvents on the glass substrates. The
crystalline structure of this polymer may be regarded
as an amorphous matrix in which small crystallites
are randomly distributed.

Analysis of X-ray line profile is a simple and
powerful method to estimate crystallite size. Among
the available methods, Scherrer analysis is a
simplified method where size average was estimated
% The crystallite size D, which is about 13 nm, was
calculated from the Scherrer equation (Eq.1):

D=0.9 A/B cosb Eq.l

Where A is the wavelength of the X-rays, 0 is the
diffraction angle, and p is the corrected full width, at
half-maximum of the peak. The estimation of the
particle size is tested further by evaluating it with
Meulenkamp equation %. According to Meulenkamp
the wavelength A' at which the absorption is 50% of
that excitonic peak is directly related to the size of
the particle via the fitted expression. The values of
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particle size evaluated from Meulenkamp equation is
in fair agreement with the values obtained from
Scherrer method Eq.2.

1240=4,,(3.301+ % + %)

Eq. 2

Raman spectra

The Raman spectra of films prepared in the
presence of DMAC/DMF reflect the differences in
the molecular structure corresponding to polyaniline.
The band corresponding to the C-C stretching
vibration of the benzenoid ring in the spectrum of the
sample prepared in DMAc (Fig. 2-c) is shifted to
1680 cm™ in comparison to the spectrum of a sample
prepared in the presence of 0.6 DMAc: 0.4 DMF
mixtures. Only a small shoulder at 1593 cm™,
assigned to the C=C stretching of the quinoid ring
vibrations %, is observed in the spectrum. The
maximum of the band located at 1490 cm™ and
attributed to the C=N stretching vibration in
quinonoid units in the spectrum is detected. The
maximum  of the band attributable to

C — N vibrations is shifted from 1346 to 1338 cm’

! and its intensity is lowered. The red shift of these
bands corresponds most probably to the crosslinked
and phenazine-like structures present in the sample.
The position of the band at 1339 cm™ reveals the
presence of shorter and/or crosslinked structures or
both. The peak of C-N stretching vibrations of
various benzenoid, quinonoid or polaronic forms

observed at 1225 cm™* %,
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Figure 2. Resonance Raman spectra of polyaniline films: (a) PANi/0.6:0.4 (DMAc/DMF); (b) PANi/0.8:0.2
(DMAC/DMF) and (c) PANi/DMACc. 488 nm. Baseline corrected.

The shape of the spectrum of PANi film
prepared from a 0.6:0.4 molar ratio of DMAc and
DMF (Fig. 2a) is similar to the spectrum of PANI
film prepared in 0.5 DMACc/0.5 DMF mixtures. The
two most intensive bands are situated at 1600 and
1505 cm™. The two bands at 1262 and 1223 cm™ of

various C-N stretching vibrations and the peak at
1171 cm® of C-H bending vibration of the semi-
guinonoid rings are present in the spectrum. Bands at
815 cm™ with a shoulder at 875 cm™, attributed to
benzene ring deformation *°. The characteristic peaks
at 1667 and 1033 cm’ are attributed to the N-H
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bending and C-N stretching modes in the amines,
respectively, which are due to the presence of stereo
complex resulting in hydrogen bonding between
DMAc or DMF molecules and amine (NH) and
imine (=N) sites on the PANi chains. The changes in
the spectra of the PANI base derived from the PANI
film prepared from a 0.7:0.3 molar ratio of DMAc
and DMF (Fig. 3a) are considerably smaller
comparing to those of the PANi: 0.8:0.2
(DMAC/DMEF). The decrease of the shoulder at 1610
cm™ is observed. The band at 1496 cm™ is shifted to
1480 cm™ and its intensity increases. A small peak at
1379 cm* with a band at 1339 cm™* corresponding to

C — N vibrations of charge delocalization, moved
to higher wavelength and decreased in intensity. A

weak band at 1266 cm™ are also present in the
spectrum as well as the band at 1165 cm™ of the C-H
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bending vibration of quinonoid ring. In the region
~1350 cm', the bands are related to the vibration of
the protonated stretching vibration of the

C—N*group and the changes in the intensities

and positions of these bands reflect the
conformational changes, leading to conversion to the
PANi of the aromatic rings. The course of
deprotonation is confirmed by the decrease in the
intensity of the band at 809 cm™. The decrease of
the band at 1262 cm™ can be linked to a decrease in
the number of quinonoid and semi-quinonoid rings
in the structure. The marked decrease of the band at
1170 cm®, which is corresponding to the
deformation vibration of the C-H groups on the
quinonoid rings, confirms the diminishing number of
them %,
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Figure 3. Resonance Raman spectra of polyaniline films: (a) PANi/DMF; (b) PANi/0.5:0.5 (DMAc/DMF) and
(c) PANI/0.7:0.3 (DMAC/DMF). 488 nm. Baseline corrected.

Optical studies

The energy gap defaults to the difference
between the frontier orbitals, the HOMO and
LUMO. In organic conjugated systems, HOMO is
typically an occupied pi bonding orbital and LUMO
is typically an unoccupied anti bonding orbital.
Since an organic LUMO-HOMO excitation
generates a highly bound exciton instead of free
electron and a hole. The optical properties of the
PANi films were investigated by optical
transmittance and reflectance measurements. Figures
4-5 show the optical reflectance and transmittance

spectra of PANi films .prepared at different molar
ratio of compounds DMAc and DMF in the
wavelength region from 300 to 2200 nm. It can be
observed that PANi films exhibit high transparency
in near-infrared region. The average transmittance of
films is over 80% in near-infrared region from 800 to
2200 nm. One of the possible reasons for the
transparency of films in the near-infrared could be
the formation of a more planar conformation of
polyaniline leading to favorable interaction between
constituents.
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Figure 5. Optical transmittance of films with the molar ratio of DMAc and DMF =
0.1:0.9,0.2:0.8,0.3:0.7,0.5:0.5,0.6:0.4,0.7:0.3,0.8:0.2 and 0.9:0.1 after heating treatment at 35°C

The study of the fundamental absorption edge in
the UV region is a useful method for the
investigation of optical transitions and electronic
band structure in crystalline and non-crystalline
materials. The optical absorption spectra can be used
for the calculation of the value of energy band gap
(Eg) for polymer sample.

The absorption coefficient (o) near the band
edge varies with the photon energy (hv) as the
equation Eq.3:

«(E)=BE-E)

Where E is the energy of the incidence photon,
Eg is the optical band gap energy, B is a constant
known as the disorder parameter which is dependent
on composition and independent to photon energy.
Parameter n is the power coefficient with the value
that is determined by the type of possible electronic
transitions, i.e.n=1/2, 3/2, 2 or 1/3 for direct allowed,
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direct forbidden, indirect allowed and indirect
forbidden respectively. The direct band gap energy
can be determined from the extrapolation of the
linear section of the curves to x-axis, as described by
Mott & Davis concept. The optical band gaps of the
PANi films obtained from Figure 6-8 are around
3.57 eV. Thamilselvan et al. reported optical and
magnetic characterizations of the interaction between
polyaniline and copper oxide Cu,O/PANI
Nanocomposite ¥. In their opinion, the increase of
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band gap of Cu,O compared with its bulk band due
to the presence of bioorganic phases on Cu,O due to
the formation of polaron and bipolaron charge carrier
in the nanocomposite. The substitutions in the ring
affect the tensional angle; hence dihedral/torsional
angle between adjacent aromatic rings is increased
%1 1t caused the increase in twisting of torsional
angle which increases the band gap as compared
with the band gap of polyaniline.
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Fluorescence spectral

Figure 9 illustrates the photoluminescence (PL)
spectra obtained from the PANi films. Its PL
increase with a change of DMAC/DMF contents.
Musa et al. showed that the PANi polymer had two
broader emission peaks with wavelength at 420 and
470 nm respectively for EB and ES *.

PL spectra of PANi: DMAC/DMF cast films of a
series of molar ratio (0.7:0.3; 0.8:0.2 and 0.9:0.1)
were investigated under laser excitation around 300
nm. The PL peaks of 480 nm are broadened and
shifted to lower wavelength (~380 nm). The PL of
PANi: 0.6:0.4 (DMAc/DMF and PANi: 0.5:0.5
(DMAC/DMF) thin films exhibited two peaks at 420
and 480 nm. The PANi: 0.6:0.4 (DMAc/DMF) film
has a somewhat stronger peak at 480 nm that of the
PANi: 0.3:0.7 (DMAc/DMF) or PANi: 0.5:0.5
(DMAC/DMF) films. The thin film with polymer cast
from 0.6:04 and 0.505 molar ratio of
(DMAC/DMEF), exhibited the highest PL increase
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without any peak shift. We suggest the difference in
PL peak position for polymer cast films should be
attributed to the different dispersion states of solvent
molecules in polymer matrices due to the differences
in the interaction and miscibility between
DMACc/DMF and each polymer. PANi appeared to
be well dispersed in 0.6:0.4(DMAc/DMF) solvents
but some particles of aggregated polymer molecules
are formed in  PANi :0.7:0.3 or PANi: 0.8:0.2 thin
film. We refer to the earlier reports of Zhang et al.
where PL increases with an increase of rare earth
ions **. The emission peaks of polyaniline doped
with Fe** and AI** ions at the excitation wavelength
of 370 nm are located at 477 nm. The Fe-PANi or
AL-PANI exhibited a very weak PL peak around 410
nm, while their main emission peak shifted to higher
wavelength with fluorescent intensity increase. In
their opinion, the progressive increase of fluorescent
intensities led eventually to the complexation
between Fe** and AI** ion with the nitrogen atoms in
the polymeric chains.
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Figure 9. Photoluminescence spectra of the PANI films, under 300 nm excitation.

The same observation was also made for the
PANi films .An increase in the rigidity of its
structure observed an increase in the fluorescence
intensity ~ .Since  formation of  complex
PANI/0.6(DMACc/0.4(DMF) has already contributed
towards the rigidity of the structure. With the

SEM studies
Morphologies of the PANi films with different

decreasing of fluorescent intensity (as shown in
Figure 9), a cross-linking structure is eventually
formed can be explained by the formation of cross-
linking structure by 0.8 DMAc/0.2 DMF or
0.7DMACc/0.3 DMF interaction with adjacent
polyaniline chains.

DMAC/DMF contents are shown in Fig. 10-12.
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Figure 12. SEM image of PANi/0.7:0.3 (DMAc/DMF) film

All the studied systems reveal flaky shaped
structure, in which the size of flakes increases as
certain DMAC/DMF is added into PANiI. It can be
seen that the size of final cluster of DMAc/DMF
covered by PANi with which 0.8:0.2 (DMAc/DMF)
nanorods content due to the possibility of
agglomeration of particles, and PANI has
declined.The SEM images help us draw a conclusion
that the DMAC/DMF casting solvent has a strong
effect on the morphology of PANI, since PANi has
various structures such as granules, nanofibers,
nanotubes, nano- spheres, microspheres and flakes **.
According to the SEM micrographs in Fig.10, PANi
and 6DMAC/ADMF crystal have formed a
nanocomposite in which the nanorods are embedded
in the polymer matrix.

Conclusion

The polyaniline cast films have been prepared in
DMAC/DMF solutions. Structural analysis indicated
that the interactions of PANi with DMAc/DMF
solvents occur at the nitrogen atom of imine groups
on polymeric chain backbones. Two DMAc/DMF
compositions can significantly increase the
fluorescent intensity of polyaniline due to a steady
plane rigid structure for PANi chains formed by the
complex of nitrogen atoms on polymer chains with
DMAc or DMF molecules. The result indicates that
DMACc/DMF mixtures can sensitize the fluorescence
of PANi by improving the structure of polymeric
chains. Addition of DMAc/DMF into polyaniline
matrix increases the direct band gap (3.57eV) of the
films when compared to polyaniline.
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This gap increases with increases the highlight

of this work is the simple production of highly
transparent thin films with electrical and optical

properties appropriate for optoelectronic
applications.
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