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Abstract:

The objective of this research is the synthesis and characterization of the novel
composite of poly(o-methoxyaniline)/silica-supported sulfuric acid (POMA-SSSA).
The synthesis is done by doping of poly (o-methoxyaniline) emeraldine base in the
presence of silica-supported sulfuric acid (SiO,-H,SO4, SSSA) under solid-state
(solvent-free) conditions. Herein, poly(o-methoxyaniline) emeraldine salt (POMA-
SA) is prepared simply by mixing the base form with H,SO, in solid-state. The
doping process is verified by ultraviolet-visible, Fourier transform infrared
spectroscopy and elemental analysis. It is shown that the polymers and
composites have maximum doping and the doping counter ion in POMA-SA and
POMA-SSSA-bw (before work-up) is HSO, and in the POMA-SSSA-aw (after
work-up) is SO,”. The prepared composites show good conductivity. Scanning
electron microscopy (SEM) images show that POMA molecules thoroughly have
coated the surface of silica. Moreover, the morphology studies of composites show
a smooth surface and sheet-like layer that have covered the particles within the
range of 0.5to 1 ym.

© 2021 Shariati and Modarresi-Alam; Licensee SET Publisher.
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction
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1. INTRODUCTION

In the past three decades, polyaniline (PANI) has been
favored by far as an organic, highly tunable and
environmentally stable conducting polymer, producible
as film and bulk powder with the feasibility of large-
scale and low-cost production. PANI has great potential
for commercial applications such as corrosion-
prevention coatings, antistatic coatings, chemical
sensors, batteries, supercapacitors and energy storage
[1-3]. However, a number of factors have limited these
applications including problems with processability,
solubility, and low mechanical strength. Solubility of
polyaniline can be improved by ampbhiphilic
substitutions such as alkyl, alkoxy, and sulfonic groups
[1]. POMA is one of the most important of these
benefited by substitution of methoxy group [4].
Similarly, organic—inorganic composites with various
incorporation of two components have gained
considerable attention as they have demonstrated very
interesting physical features and potential usages [5,6].
Many uses therefore rely on composite structures; a
typical substrate that provides the desired mechanical
properties, coated with a film of conducting polymer
adds the required electrical, optical, and chemical
properties. Some of the most frequently used inorganic
particles such as metal oxides (Fe,Os;, Fe3zQ4 TiOq,
SiO,, WO3, Zn0O, SnO,) [5-8] and metals (Au, Ni, Ag,
Pd, Pt) [9-13] were used for the polyaniline based
composites. Among these polymers, the use of silica
particles is increasingly growing because of their large
porous volume, high specific area, and large
mechanical and thermal stability. Silica is an important
material since it is widely used in pharmaceutical,
electronic packaging and also in the preparation of
silica glass, structural ceramics, chromatographic
columns, etc. [5,6,14,15].

Polymeric acids such as poly(acrylic acid) and
poly(styrene sulphonic acid) that are immobile and not
easily displaced from the backbone, were used as a
dopant with a PANI backbone to produce electrically
conductive emeraldine salt forms [16]. The use of solid
acids such as silica sulfuric acid (SSA) and SSSA for
synthesizing organic intermediates and fine chemicals
have largely gained attention to further research
activities [17-19].

Additionally, since significant efforts have been made
to find an alternative to organic solvents, a very
attractive substitute for these solvents would be
solvent—free (solid-state) reactions that are industrially
important due to their reduced pollution, low cost, and
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simplicity in process and handling [17,18,19¢,20]. SSA
and SSSA can provide this “green chemistry” condition
[17-19].

The objective of this research is to expand the
application of heterogeneous reagents and solid acids
for the development of synthetic methodologies [17-
19]. In this way we developed a method for silica
modification with conductive polymers such as POMA
in the absence of liquid dispersion medium. It is
important to note that none of above strategies has yet
been reported. Indeed, this paper involves a
comprehensive set of strategies; such as green and
solvent-free (solid- state) condition, use of solid acids
(e. g. SSSA) in replacing conventional acid/base
catalysts (protonic acid media).

The resulting composites were characterized and
studied by using CHNS, the electrical conductivity
measurements, FT-IR and UV-vis spectroscopy. The
SEM was also used to study the morphologies of
composites.

2. EXPERIMENTAL

2.1. Materials

Silica particles with the average particle size of 0.2-
0.06 mm of mesh 60 were purchased from Merck. It
was dried in furnace at 500°C for 24 h before use. All
other chemicals and solvents such as HCI, NH;,
ammonium persulfate (APS), m-cresol (MCR) and
dimethyl sulfoxide (DMSO), sulfuric acid (H2SO4, 98%)
and o-methoxyaniline from Merck, and KBr powder and
N-methyl-2-pyrolidinone (NMP) from Fluka were
obtained and used as received without further
purification. o-Methoxyaniline (OMA) was double
distilled under vacuum before use.

2.2. Chemical Characterization

FT-IR spectra of products were taken on a JASCO
spectrum 2000 spectrophotometer in the range of 400-
4000 cm™. The samples were prepared in the pellet
form using spectroscopic grade KBr powder. The UV-
visible spectra of the samples solutions in N-methyl-2-
pyrolidinone (NMP), m-cresol (MCR) and
dimethylsulfoxide (DMSO) were recorded using
Shimadzu spectrophotometer in the range of 200-1000
nm. Elemental analysis of C, H, N and S was
performed on elementar vario EL instrument. The
morphologies were investigated with S-360 field
emission scanning electron microscope (SEM). The
electrical conductivity measurements were carried out
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on 1 cm diameter pellets of the samples at 25°C, using
a SDY-IV four-probe instrument.

2.3. Synthesis

2.3.1. Preparation of Poly(o-methoxyaniline)
Emeraldine Base (POMA-EB)

The polymer emeraldine salt was synthesized similar to
the method used by Muttoso and Bulhoes [4c], except
equal molar ratio of oxidant to monomer (Ox/Mon=1)
was used to increase the reaction yield. Typically 3.69
g (0.03 mol, 3.38 ml) of OMA dissolved in 300 ml of
HCI (1M). The solution was cooled at 0 °C. Then 6.84 g
(0.03 mol) of ammonium persulfate (APS) was
dissolved in 120 ml of HCI (1M) and added dropwise
under vigorous stirring to the first solution. The reaction
mixture was kept in ice bath (0-5) °C for 2 hours under
constant stirring. Dark green sediment was obtained in
the amount of 2.31 g. The sediment was filtered and
washed with HCI (1M). The prepared salt (POMA-ES)
was then converted into its base form by treating with
excess of NH,OH solution (400 ml, 1M) for 12 hours.
The 0.88 g of greenish-black precipitate was filtered
and washed with NH4,OH solution and dried at room
temperature to yield POMA-EB, Scheme 1.

2.3.2. Synthesis of Silica-Supported Sulfuric Acid
(SSSA)

At first, silica was placed in stove at 500°C for 24 hours
before using. Then the active silica (0.12 g) and sulfuric
acid (0.022 ml, 98% weight) were ground completely in
a mortar [19c], Scheme 2.

2.3.3. Preparation of Poly(o-methoxyaniline)/Silica-
Support Sulfuric Acid Composite (POMA-SSSA)

The preparation process for POMA-SSSA is shown in
Scheme 2. The SSSA was ground completely in a
mortar. After grinding for about 10 minutes, 0.1 g of
POMA-EB was added and ground for 30 minutes. The
doping was allowed to proceed for 12 hours at room
temperature to give POMA-SSSA-bw (before work-up
composite). Then 10 ml doubly distilled water (DDW)
was added to this dark powder. The product was then
fillered and washed with DDW until the filtrate was
colorless. After drying at room temperature, the
greenish black composite was dried in 50-60 °C in an
oven for 1 hour to give POMA-SSSA-aw (after work-up
composite). The yield of POMA-SSSA-aw composite
was 53%.

2.3.4. Doped POMA by Sulfuric Acid (98%) (POMA-
SA)

POMA-SA was prepared in the absence of silica. First
0.2 g of POMA-EB was put in the mortar. Then 0.8
mmol (0.044 ml, 98% weight) sulfuric acid was added
gradually and ground for 30 minutes. The greenish
black solid of POMA-SA was obtained.

3. RESULTS AND DISCUSSION

3.1. Elementary Analysis (CHNS)

The results of elemental analysis obtained for POMA-
SA and POMA-SSSA (bw and aw) are given in Table 1.
According to these results, their doping percentage

HCV H,0
B (0-5°C) aq. NH;
o-Methoxyaniline =~ —————» POMA-ES ——————» POMA-EB
OMA (NH4),5,04 (NH,OH)
Scheme 1: Synthesis of POMA-ES and POMA-EB.
) R.T.
SIOZ+ HZSO4 —_— SiOZstO4
solid-state SSSA OCH, OCH,
H
_ solid-state |
Si0,.H,SO, + POMAEB —— 3 «n NH N
SSSA RT. / .
H HSO,
\
0] OH
A0 Siv OV Sivian
H,O (DDW)

POMA-SSSA-aw

POMA-SSSA-bw

(after work-up) ‘ R.T.
Scheme 2: Synthesis of composites POMA-SSSA-bw and —aw.

(before work-up)
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Table 1: The Results of the Elemental Analysis (CHNS)
Samples elemental composition (%)
POMA-SSSA-bw POMA-SSSA-aw POMA-SA
c 23.14 24.88 40.73
N 3.91 4.09 6.73
S 5.24 2.39 9.49
H 2.53 3.11 5.12
o) - - 37.93
Si+0 65.18 65.54 -
b2 100 100 100
N/S 1.71 3.92 1.62
C/s 11.82 27.80 11.46
CIN 6.91 7.10 7.06
H/C 1.3 1.49 1.50
0/S - - 8.01
SINx100 58.42% 25.52% 61.64%
Experimental formula [(CsH/NO)I*[(HSO4),]? [(CsH/NO)4]*[SO.] [(C/H/NO)I*[(HSO4),]?

based on S percentage are 61, 58 and 25 for POMA-
SA, POMA-SSSA-bw and POMA-SSSA-aw,
respectively.

These results show that the S percentage reached to
half value after adding water to POMA-SSSA-bw for
generating POMA-SSSA-aw. It seems that the doping
percentage for POMA-SSSA-aw decreased and is
incomplete. However, UV and FT-IR (next sections)
show complete doping. Indeed, significant difference is
not observed between their doping by UV and FT-IR.
Thus we suggest the sulfate anion (SO4'2) for charge

OCH,
H H

—0 _
\E-""

balance of two positive nitrogen atoms on polymer
chain instead of HSO, anion in POMA-SA and POMA-
SSSA-bw, Scheme 3. In fact, they have experimental
formulas [(C;H/NO)4]"*[(HSO,),]* for POMA-SA and
POMA-SSSA-bw, and [(C;H/NO),]*[SO4]? for POMA-
SSSA-aw. It is reasonable that addition of water
converts the HSO, anion to SO,? anion that later
becomes counter ion of polymer (compare Schemes 2-
4). Therefore, the oxidation state is in accordance with
the emeraldine oxidation state that is indicative of
maximum doping level i.e. ~50%, in accord with the

NaVaVal § BaVaVal NIV VI § WaVa VAl L VoV W @ o VaVa R IV VoVl § I VaVa N L Vo VW g IV, Vo

Scheme 3: Proposed structure of POMA-SSSA-aw.

HSO,” + H,0 — S0,

+ H;0"

Scheme 4: Conversion of HSO4™ anion to SO, after adding water in work-up for generating POMA-SSSA-aw.
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proposed structure in Schemes 2 and 3 for POMA-
SSSA-bw and POMA-SSSA-aw, respectively.

3.2. FT-IR Spectroscopy

The FT-IR spectroscopy was used for structural
characterization of synthesized polymers and
composites. Figure 1 shows the FT-IR spectra of silica,
POMA-SA and POMA-SSSA (bw and aw) synthesized
by solid-state method.

1638

1565, 1556

%,\ 4

1594
1455

Traasmittance (%)

l586

3407

\/\ 1594
1563, 1553

3413 1489

145

o a0 IIDI “on

WX
wavenumber (cm'')

Figure 1: FT-IR spectra of a) silica, b) POMA-SSSA-bw, c)
POMA-SSSA-aw and d) POMA-SA.

The FT-IR spectrum of the silica exhibits a band at 813
cm’” corresponding to the OH bending of Si-O-H. The
band at 973 cm™ is attributed to stretching vibration of
Si—-OH group. The broad band at 3428 cm’ s
attributed to —OH group stretching. The band at 1099
cm” is assigned to Si—~O-Si asymmetric stretching,
while Si—O-Si bond rocking is about 466 cm’
[14,15,17-19,21].

The main characteristic peaks of POMA-SA are
assigned as the following: the peak at 3413 cm™ due to
the N-H stretching vibration suggests the presence of —
NH- groups in o-anisidine units. The peaks at 1594
and 1563 cm™ are attributed to C=N and C=C
stretching modes for the quinoid and the peaks at 1489
cm” are attributed to C=C stretching modes for
benzenoid rings. However, the peak at 1594 cm” can
be attributed to Raman active -C=C- ring stretching
vibration. These normally infrared-inactive modes
become infrared-active when the protonation induces
conformation changes in the polymer chain i.e. when
polarons or bipolarons are produced, resulting in
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symmetry breaking along the chain [1-4,22,23]. The
band 1457 cm” is attributed to the skeletal C=C
stretching vibration of the aromatic ring and C-H
asymmetric bending of the OCH3; group. The band at
1377 cm” represents the presence of C—H symmetric
bending of the OCHj; group. The band characteristic of
the conducting protonated form is observed at 1255
cm™ in the spectrum of this sample. It has been
interpreted as corresponding to a C-N"" stretching
vibration in the polaron structure [1-4,22]. This peak
and the peak at 1563 cm™ for the protonated quinoid
establish doping of polymer as well. The S=0
stretching of HSO,4 anion can also contribute to 1255
cm™' [22,24]. The observed shoulder at 1339 cm™ is
due to stretching vibration of C-N and/or bending
vibration of SOH bond [22-24]. The 1,2,4-trisubstituted
ring can also contribute to this band [22]. The peak at
1282 cm” corresponds to stretching of secondary
aromatic amine. The peaks at 1120 and 1173 cm’ is
assigned to the plane bending vibration of C—H (modes
of N=Q=N, Q=N"H-B and B-N"" H-B) which is formed
during protonation [1,4,22,23]. These bands can also
contribute to the asymmetric SO; stretching of HSO,
anion [22,24]. The observed shoulder at 1068 cm™ is
attributable to the symmetric SO; stretching of HSO,4
anion [22,24]. The bands at 1200 cm™ and 1012 cm’
are related to the asymmetric and symmetric C-O-C
stretching of alkyl aryl ether linkage, respectively. The
band at 1200 cm™ is also attributed to the phenazine-
type ring as well as 1556 cm” [22].

The bands at 956 and 850 cm™ corresponds to the C-H
out-of-plane bending vibration of two adjacent
hydrogen atoms on a 1,24-trisubstituted ring. This
confirms the dominating para-coupling of constitutional
units in polymer chains [22]. The bands at 887 and 956
cm™ have been attributed to stretching of S-OH in the
HSO, counter ion. The bending vibration of O-S-O in
HSO, appears at 592 cm™ [22,24].

It is evident from Figures 1b and 1c that the FT-IR
spectra of the composites (bw and aw) contain
contributions from both the SiO, particles (Figure 1a)
and the POMA-SA (Figure 1d). However, it is difficult to
assign some absorption peaks of the composites
because of its overlapping with the characteristic peak
of SiO; particles and POMA-SA. By comparing Figure
1b and 1c¢c with Figure 1d, it is also noted that some
POMA peaks in POMA-SSSA-aw are shifted due to
interactions with SiO, particles. For example, the
stretching modes of C=N, C=C, and C—N at 1563 cm™,
1489 cm”, and 1282 cm” all shift to higher
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wavenumbers 1586 cm™, 1490 cm™, and 1286 cm™ in
POMA-SSSA-aw, respectively. Furthermore, the peak
at 1594 cm™ has been removed. Similarly, the peak at
1173 cm™ in POMA-SA, formed upon protonation, also
shifts to 1157 cm™ in POMA-SSSA-bw and to 1163 cm’
' in POMA-SSSA-aw. However, N—H stretching peak at
3413 cm™ shifts to lower and higher wavenumbers in
POMA-SSSA-bw and POMA-SSSA-aw, respectively.
These FT-IR absorption changes suggest that the
C=N, C=C, and C-N bonds become stronger in POMA-
SSSA composites, but the N-H bond depend to
various hydrogen bonds. This is probably because of
the hydrogen bonding between the surfaces of the
electronegative SiO; particles and the N-H group in the
POMA macromolecule, as shown in Schemes 2 and 3.

Furthermore, the asymmetric stretching of Si-O-Si
group for SiO, at 1099 cm™ shifts to higher
wavenumbers 1102 and 1111 cm™ in POMA-SSSA-bw
and POMA-SSSA-aw, respectively. This blue-shift
indicates an absence of hydrogen bonding interaction
between oxygen of Si-O-Si group of SiO, and -NH
group of POMA, but it can show the presence of
hydrogen bonding interaction between OH of SiO,
surfaces and -NH group of POMA as showed in
Schemes 2 and 3. The band at 1330 cm™ in the
spectrum of POMA-base is shifted to lower
wavenumbers 1293 cm™ in POMA-SSSA-bw and 1286
in POMA-SSSA-aw. This red-shift is due to the
physicochemical interaction (hydrogen bonding
between the C-N group of POMA and -OH of silica)
that confirms the suggested structures in Schemes 2
and 3. This is reasonable easily because of more
acidity of silica (OH) rather than amines (NH). The 592
cm” band due to the bending vibration of O-S-O in
HSO,4 in POMA-SA shifts to 603 cm ™' in POMA-SSSA-
bw [22,24,25]. This band split into two peaks (615 and
592 cm”) in POMA-SSSA-aw, which indicates a
lowering of symmetry in sulfate anion (SO42') [22,24,25]
and it, then, establishes existence of sulfate anion in
POMA-SSSA-aw. The shift of frequency from 672 cm”
in sulfates to 660 cm™ in POMA-SSSA-aw indicates
that the sulfate ions in POMA-SSSA-aw are linked with
silica by hydrogen bonding, because in general the
hydrogen bonding will lower the frequency of the
absorption band [24,25]. Therefore, the FT-IR spectra
of composites and POMA-SA confirm a presence of
HSO, and SO, species along with the polymer chain
in POMA-SA, POMA-SSSA-bw and POMA-SSSA-aw,
respectively as shown in Schemes 2 and 3.

The bands at 1210-1310 cm™ are assigned to the C-N
stretching of the aromatic amines. The band at 1138
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cm™ is the characteristic band of the protonated states.
Indeed they have also been hidden under 1104 cm’”
peak, and therefore, their interpretation is impossible.

Finally, the presence of quinoid and benzenoid bands
clearly show that these polymers and composites are
composed of amine and imine units. Looking at the
band ratio between the benzenoid and quinoid bands in
the FT-IR spectra of composites and POMA-SA in
Figure 1 i.e. the band ratio 1564/1480, and comparing
this ratio with that of various polyanilines, emeraldine
salt (ES) structure is confirmed as shown in Schemes 2
and 3.

3.3. UV-Vis Spectroscopy

Figures 2-5 depict the UV-vis spectra recorded by
dissolving POMA-EB, POMA-ES, POMA-SA, POMA-
SSSA-bw and POMA-SSSA-aw in NMP, MCR and
DMSO and data extracted are given in Table 2.

a

Absorbance

600 700 1000

200 300

400 SO0

Wavelength (nm)

Figure 2: UV-vis spectra of a) POMA-EB in NMP (blue), b)
POMA-ES in MCR (green) and c) POMA-ES in NMP (blue).

Absorbance

200 300 400 500 600

Wavelength (nm)

T00 800 200 1000

Figure 3: UV-vis spectra of POMA-SA in a) NMP (blue), b)
MCR (green) and c) DMSO (green).

All samples are blue in NMP and the band at around
305-340 nm is related to m—m* transition of the
benzoid rings, while n—1* transition of the benzoid to
quinoid rings occurs at about 615-635 nm [1-
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Absorbance

C

200 300 400 500 600 700 300 900 1000
Wavelength (nm)

Figure 4: UV-vis spectra of POMA-SSSA-bw in a) NMP
(blue), b) MCR (green) and c) DMSO (green).

4,17a,19¢,23,26-28]. Looking at the blue colored
solution of POMA-ES, POMA-SA, POMA-SSSA-bw,
POMA-SSSA-aw and the data in Table 2, it is clear that
POMA is in the dedoped emeraldine form in NMP
because of both basic nature of the solvent and the
limitation of its solubility [26,27]. The doping
phenomenon was not observed in NMP even in fully
doped POMA-ES. This is verified in literature [1-4, 26,
27] and as shown in Figure 2.

To demonstrate this matter, the UV-vis absorption
spectra of these compounds were recorded in MCR
and DMSO as are displayed in Figures 2-5. In MCR
that are clear green solution, they exhibit three
characteristic peaks: an absorption peak at ~300 nm
representing the transition of the benzenoid ring, and
two absorption peaks at ~410 nm and ~850 nm. These
last two peaks can be assigned to the polaron band
transitions (the metallic polaron band of the conducting
form). Indeed, the second and third peaks are
attributed to polaron-m* transition and T-polaron
transition, respectively. Thus, the presence of these
peaks proves that the POMA is obtained in doped
state. Furthermore, the absorption at ~850 nm is a
characteristic band of the radical cations, formed by
head-to-tail coupling of the 2-methoxyanilinium radical
cations. In DMSO, composites and polymers also are

N

=2

Absorbance

°
n

o

200 300 400 500 600 700 800 900 1000
Wavelength (nm)

Figure 5: UV-vis spectra of POMA-SSSA-aw in a) NMP
(blue), b) MCR (green) and c) DMSO (green).

clear green solution, and have three characteristic
peaks similar to MCR. However they have a shoulder
at around 600 nm. Furthermore, the peaks at ~850 and
~420 nm have less intensity than MCR. This difference
can only be attributed to its difference in geometric
structure (or conformation) for the polymer chain. In
aprotic solvents such as NMP, DMF, and so on, the
polymer chains of PANI and its derivatives have a coil-
like conformation [26,27]. The polarons of each
tetrameric unit are isolated from each other due to the
twist defects between aromatic rings [26,27].
Therefore, the polaron band has little dispersion in
energy. In protic solvents especially phenolic
compounds such as MCR, the polymer chain of PANI
has an expanded coil-like conformation [26,27]. In this
more expanded conformation, the twist defects
between aromatic rings are removed. The interaction
between the adjacent isolated polarons, therefore,
becomes stronger, and the polaron band becomes
more dispersed in energy (more delocalized). This is
probably due to the tendency of MCR to act as a
secondary dopant a phenomenon introduced by
MacDiarmid [27], and also due to the fact that it
promotes the protonation of the polymer chains and
hence the conducting phase. On the other hand, since
NMP is a highly polar solvent, the solvent-solute
interaction would be stronger than that in the m-cresol
medium. Nonetheless, the C=0 group present in NMP

Table 2: Data of UV-Vis Spectra of POMA-EB, POMA-ES, POMA-SA, POMA-SSSA-bw and POMA-SSSA-aw) in NMP,

MCR and DMSO

Compound NMP MCR DMSO
POMA-EB 627, 310 910, 685, 425, 350, 250 -
POMA-ES 628, 305 871, 410, 242 -
POMA-SA 615, 315 885, 413, 324, 242 850, 615, 425, 310
bw 635, 340 840, 410, 340, 243 845, 620, 440, 310, 265
POMA-SSSA
aw 635, 340 895, 421, 319, 243 845, 610, 310
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interacts more efficiently with the protons over the
polymer chains and thereby has a tendency to absorb
the protons. Also, it has been reported in the literature
that the competing hydrogen bonding between the
carbonyl group of NMP and the acid may suppress the
protonation of PANI-base, therefore reducing the
concentration of the conducting phase at 800 nm [26,
27]. This leads to the disappearance of the conducting
phase peak at 800 nm, together with the suppression
of the polaronic peak at 420 nm, while an intense peak
appears at 600 nm corresponding to the base form of
the polymer.

In some reports, peak at 600 nm is observed even in
MCR for both POMA and PANI, which indicates the
presence of emeraldine base or pernigraniline forms
[4j,4k,23]. Thus, since this peak is not seen, POMA-
SSSA (bw and aw) is completely in doped state and
the emeraldine salt form of POMA.

We infer that DMSO, despite having a higher dielectric
constant of (49 D) than NMP (32 D), is not able to form
hydrogen bonding and cannot deprotonate polymer
similar to NMP. In fact DMSO acts between NMP and
MCR.

The effect of SiO, component on the polaron peaks of
the POMA-SA component can also be observed from
the UV-vis spectra. The polaron absorption peak
centered at 845 nm of composites (bw and aw) exhibit
a blue-shift phenomenon as compared with that of
POMA-SA. This indicates that the stronger bonding
strength of composite appeared after incorporating
SiO,, which would restrict delocalization of polarons or
electrons along POMA subchains. These results that
are consistent with last sections finding are also
consistent with results presented in Schemes 1-3.
Therefore, this implies that SiO, has an effect on the
doping level of conducting POMA.

3.4. Conductivity

The conductivities of POMA-ES, POMA-EB, POMA-
SA, and composites (bw and aw) obtained by solid-
state condition is listed in Table 3.

As indicated in Table 3, in doped form, all the polymer
powders were conductive, whereas the undoped state
of the polymers had a low conductivity level.

The electrical conductivity depends mainly on the
number and mobility of the charge carriers and can be
correlated with the chemical composition and
morphology in evaluating the electrical properties of
polymers. The electrical conductivity of PANI is higher
than that of the POMA and POMA-SSSA (bw and aw).
Generally, conducting polymers with substituents on
their frameworks show lower conductivities compared
with those of the original PANI. The presence of
substituents in the polymer chain can induce some
non-planer  conformations that decrease the
conjugation along the backbone [27,30]. Furthermore,
bonding of the side group, the distance between the
two main chains increases, and this makes the
interchain polaron or bipolaron doping more difficult.
It is reported that the conductivity of PANI and its
derivatives depends on the degree of doping, oxidation

state, particle morphology, crystallinity, inter-or
intrachain interactions, molecular weight, etc. [1-
4,23,30].

Silica is a type of insulator, that when combined with
conductive POMA, forms new interactions. The silica
particles are arranged disorderly, and many POMA
particles were hindered by the silica in the formation of
good conductive approaches.

3.5. Scanning Electron Microscopy (SEM)

The SEM images of SiO; particles, POMA-EB, POMA-
SA, and POMA-SSSA-bw, and POMA-SSSA-aw are
shown in Figures 6-9.

It can be seen from Figure 6 that the original spherical
commercial SiO, particles were aggregated with an
irregular shape. This can be attributed to the high
surface energy of particles. As shown in Figures 7 and
8, it can be observed the POMA-EB and the POMA-SA
particles appear as large globular agglomerates with
smooth surface. However, a different appearance was
observed for the POMA-SSSA composites particles
(Figures 9a and b). It is observed from the images that

Table 3: The Conductivities of POMA (ES and EB), POMA-SA, PANI (ES and EB) and Composites (bw and aw)

POMA-ES POMA-EB PANI-ES POMA-
Compound (HCI) 28] (HCI) [29] PANI-EB [29] | POMA-SA SSSA-bw POMA-SSSA-aw
Conductivity -3 -5 11 -3 -3
(Slem) 3.97x10 <10 4.37 6x10 0.034 5.19x10 1.05%x10
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Figure 6: SEM image of silica.

the POMA-SSSA (Figures 9a and 9b) particles were
sheet-like, with particle sizes in the range of 0.5-1 ym.

ARS2300C SE| WD=73 200kY X3.0K 10um

Figure 8: SEM image of POMA-SA in two various magnitudes.
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Spheres having a diameter below 200 nm have been
observed to accompany composite particles.
Comparing the spherical SiO, particles and composite
particles, it can be found that SiO, particles have a
higher surface energy and a stronger tendency toward
aggregation. In fact, small discontinuous particles of
synthesized polymer can be seen at the surface of
silica particles.

The SEM images suggest that POMA molecules, which
cannot be incorporated into the pores of silica has
consequently coated the surface of silica thoroughly.
Furthermore, if POMA molecules had penetrated into
silica pores it would have shown less doping level than
50% as demonstrated for MMT and PANI by
Yoshimoto and coworkers [31]. The reason why PANI
is located outside the clay platelets (MMT) is that it is
readily doped as formed, compared with that
intercalated into the nanointerlamellar spaces [31].

63 200kv X25K fum
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Figure 9: SEM images of composites a) POMA-SSSA-bw and b) POMA-SSSA-aw in two various magnitudes.

4. CONCLUSIONS

In this work, composites of POMA-SSSA by doping of
POMA-EB in the presence of SSSA under solid-state
(solvent-free) condition were synthesized and
interactions among POMA and SSSA components
were revealed by FT-IR and UV-vis spectra. The
results of the spectra analyses show that the
composites are not a simple blend of POMA with SiO,
particles. An interaction exists at the interface of SiO,
particles and POMA. We use a solid acid (SSSA) in
replacing conventional acid/base catalysts (protonic
acid media). The morphology of polymers and
composites was determined by SEM images. The SEM
images suggest that POMA molecules coated the
surface of silica thoroughly. The synthesis method we
used here is very simple in comparison with methods
used in previous studies, and thus has a significant
potential for commercialization of the technology.
Further studies on synthesis of other conductive
polymers composites are in progress.
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