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micrographs of PANI-DBSA/EPDM blends are not
observed in PANI-CSA/PMMA or PANI-CSA/PS ones, and
Raman spectra of these latter materials showed the band at
574 cm-1 weaker than the band at 607 cm-1; thus, it would
be possible to do a direct correlation between the relative
intensities of these bands and the homogeneity of the
different blends studied.

Films of PANI-CSA/HDPE blends were obtained by
two methods. In the first case, the preparation was
performed by transferring an aliquot of a hot solution blend
to a glass substrate by a Pasteur pipette. Raman spectra of
this material in different points of the sample (Figures 4a
and 4b) show that the relative intensity of the band at 574
cm-1 is stronger than that at 607 cm-1, indicating the
formation of a heterogeneous material, as in the case of
PANI-CSA/EPDM blends. The fast solidification of HDPE
avoids an intimate mixing between conducting and
insulating phases when the hot solution blend was slowly
transferred to the Pasteur pipette which was maintained at
room temperature. In this way, the penetration of PANI in
the insulating matrix is hindered. In agreement with Raman
results, the optical micrograph (Figure 4c) shows a
heterogeneous material with well localized regions with
higher amount of PANI (black points) or higher amount of
HDPE (white points).

In Figure 5, the Raman spectra of different regions of
PANI-CSA/HDPE blends but in another range of
wavenumbers, are presented. In this case it is possible to

Figure 2. Resonance Raman spectra (λ
0
= 632.8 nm) of PANI-DBSA/

EPDM blend (20/80% m/m) prepared in CHCl
3
 of two different

regions: (a) collected in a more homogeneous region and (b) col-
lected in more heterogeneous region; (c) Optical micrograph indi-
cating the acquisitions points.

Figure 3. Resonance Raman spectra (λ
0
= 632.8 nm) of PANI-DBSA/

EPDM blend (20/80% m/m) prepared in xylene obtained in two
different regions: (a) collected in a more homogeneous region and
(b) collected in a dark region; (c) Optical micrograph indicating the
acquisitions points.

relative intensity of the band at 574 cm-1 indicates a high
amount of PANI crosslinked segments due to a higher inter-
chain interaction.16,17 Agglomerates shown in the

Figure 4. Resonance Raman spectra (λ
0
= 632.8 nm) of PANI-CSA/

HDPE (20/80% m/m) heterogeneous blend: (a) collected in a clear
region and (b) collected in a dark region; (c) optical micrograph
indicating the acquisitions points.
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discuss the different compositions of the blend in different
points of the sample. Figure 5a shows the Raman spectrum
of the blend taken in the white points regions of the
material; while, Figure 5b shows the Raman spectrum of
the blend taken at black points. First of all, it is interesting
to discuss the relative intensities of the bands of HDPE
compared with PANI bands. Due to the already discussed
Resonance Raman effect that enhances conducting
polymer response, it is not possible to observe HDPE bands
in the spectral region of characteristic PANI bands (200-
1800 cm-1). However, the Raman spectra analysis of the
blend PANI-CSA/HDPE (20/80% m/m) in another
wavenumber range, allows discussing some interesting
points due to the presence of polyethylene C-H stretching
bands in 2850 and 2882 cm-1. By comparing Figures 5a
and 5b, it can be seen that the relative intensities of these
bands related to those of PANI located at 1507 and 1596
cm-1 and attributed to the N-H bending and C-C stretching
benzene rings,18,19 are very different depending on the
region of the blend; the relative intensity of HDPE bands
being higher in the white points of the sample. On the
other hand, black points show a lower relative intensity of
HDPE bands and a better signal/noise relationship of the
spectrum in agreement with higher amount of PANI in these
regions that influences the intensification effect of the
signal.

Different results were obtained when PANI-CSA/HDPE
blends were prepared by fast transferring the hot mixture
to a glass substrate. The Raman spectrum of the material
(Figure 6a) shows the intensity of the band at 607 cm-1

being stronger than that of the 574 cm-1, indicating the

formation of a homogeneous material of PANI-CSA and
HDPE. This fact can be corroborated in the optical
micrograph of this blend that does not show phase
separation (Figure 6b).

It was also observed a direct relationship between the
homogeneity and conductivity of the materials, the
conductivity being higher in homogenous than
heterogeneous blends with the same amount of PANI-CSA
in the insulating matrix Values closed to 10-1 S cm-1 were
obtained for homogeneous PANI-CSA/PMMA and PANI-
CSA/PS (20/80% m/m) blends; on the other hand, the
conductivity observed for heterogeneous PANI-CSA/
EPDM (20/80% m/m) blends were of the order of 10-5 S
cm-1. Moreover, the value of conductivity obtained for
homogeneous PANI-CSA/HDPE was 10-1 S cm-1; while,
PANI-CSA/HDPE heterogeneous blends show low
conductivity (10-3 S cm-1) as observed for heterogeneous
PANI-DBSA/EPDM blends. It is important to note that the
values of conductivity obtained in this work are close to
those found in the literature.1,21,22 This is a very important
point because it would indicate that Raman spectroscopy
would be used as a tool for indicating the conductivity of
the material. Figure 7 shows a bar graph depicting the

Figure 6. (a) Resonance Raman spectra (λ
0
= 632.8 nm) of PANI-

CSA/HDPE (20/80% m/m) homogeneous blend and (b) optical
micrograph.

Figure 5. Resonance Raman spectra (λ
0
= 632.8 nm) of PANI-CSA/

HDPE (20/80% m/m) heterogeneous blend showing different range
of wavenumbers: (a) collected in a clear region; (b) collected in a
dark region.
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relationship of band intensities I
607

/I
574

 for different PANI
blends prepared in this work and the conductivity values.
Typical I

607
/I

574
 values for homogenous blends are higher

than 1.5; while, this value decreases to 0.3 for
heterogeneous materials. It can be seen that this
relationship is also directly related to the conductivity, as
already discussed.

Conclusions

Raman and optical microscopy were used to investigate
possible interactions between PANI and different
insulating polymers. Physical interaction was inferred by
analyzing the relative intensity of conducting polymer
bands at 574 and 607cm-1 in Raman spectra. The intensity
of the band at 574 cm-1 is higher than that at 607 cm-1

when PANI interchain interaction occurs, for example in
PANI-DBSA/EPDM blends; while the increase in the
intensity of the band at 607 cm-1 indicates a more
homogeneous dispersion of conducting material in
PMMA, PS and HDPE matrices in agreement with optical
micrographs. A relation between Raman bands and
conductivity was also proposed. In more homogeneous
blends, linked with the increase of 607 cm-1 band, the
conductivities values were higher than heterogeneous
ones, that are characterized with the increase of 574 cm-1

band.
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Figure 7. Bar graph of the relationship I
607

/I
574

 intensity bands and
conductivity for different blends.


