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In this paper, the poly2-formyl (pyrrole, furan, & thiophene) is synthe-
sized by acid catalysis (hydrochloric acid) in ethanolic solutions. The pol-
ymers are characterized by FTIR, EDX and SEM. PFPy is seemed as clus-
ters of globular with size of 1325 nm and rough surface. PFFu is small
nanoparticles (of about 68 nm), which clump together to form large parti-
cles with a rough, bumpy surface (like a pancreas). PFTh appears as clus-
ters of fused spherical nanoparticles (of about 153 nm). The slow polymer-
ization reactions give smaller particles.

¥ npauiit po6oti mosi2-dopwmin (mipos, dypan i TiodeH) cMHTE3yETbCA IILIA-
XOM KHCJIOTHOI Karajisu (COMAHOI KMCJIOTH) B €TAHOJIOBUX pos3uumHax. Ilo-
JiMepu XapaKTepuayIThCsA iH(pPauepBOHOIO CIEKTPOCKOIi€I0 HAa OCHOBi Ime-
perBopy ®Pyp'e, eHeproposCiloBAJLHOIO PEHTI'eHIBCHKOI0 aHAIi30l0 Ta CKa-
HYBaJIbHOIO €JIEKTPOHHOI0 MiKpockoimiero. Ilomi2-opmin mipon smaeTbes
KJacTtepaMu KyJascToi ¢opmu posmipom y 1325 HM i IIepCTKOIO IIOBEPXHEIO.
IToni2-opmin pypan — me api6bHi HaHouacTMHKU (6au3bKOo 68 HM), aAKi
3JINTIAIOTHCA, YTBOPIOIOUN BEJIUKI YaCTUHKU 3 IIEPCTKOIO, TOPOMCTOIO IIOBE-
pxHew (4K migmayHKoBa 3ai03a). Ilomi2-gopmin TiodpeH 3'ABIAETHCA Y BU-
TJIAMi CKYMYeHb 3POIeHuX chepuuHmXx HaHoYacTUHOK (6am3bKo 153 HM).
IToBinbHi peaxiiii moaimepusariii garTh OLIBINT APiOHI YaCTUHKHU.
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1. INTRODUCTION

Poly(acetylene) was a first conducting polymer, which was discovered
in 1977 by Hideki Shirikawa [1]; more researchers have been interested
in conducting polymers [2]. In less than one decade, most of the mono-
mers that researchers currently used to produce conducting polymers
were found [3]. Discovering of conducting polymers was a turning
point in the scientific world due to their wide range of applicability [4].
Recently, conducting polymers are used in sensors [5, 6], biosensors
[6], and capacitors [7], as rechargeable batteries [8], enzyme immobili-
zation matrices [9], membranes [10], gas separation membranes [11],
solar cells [12], optical displays [13], light emitting diodes [14], and
electrochromic devices [15]. Heteroaromatic rings such as pyrrole, fu-
ran, thiophene and their derivatives [4, 16], polypyrrole (PPy) and its
derivatives are the most widely studied conductive polymers due to the
easily oxidizable monomer in aqueous solution [17], the high electrical
conductivity, good electrochemical properties, and thermal stability
[18]. Intrinsic properties of polypyrrole include environmental stabil-
ity, good redox and conductivity behaviour [19]. Furfural was pol-
ymerized by electropolymerization [20, 21] and plasma methods [22];
it was used for fabrication of film-modified electrode [20, 22]. It is also
known that doping these films with other materials, such as iodine,
acid or others, modifies the electrical and optical properties [23]. Thio-
phene derivatives have been used to synthesis polymers with wide ap-
plications, such as solar cells and photoelectric cells [14]. Polythio-
phene gets important attention in research and industrial parts owing
to its high environmental stability, better thermal stability and me-
chanical characteristics. Moreover, its interesting properties like sem-
iconducting, electronic and optical activities along with less band gap
energy [25]. Polypyrrole, polyfuran, polythiophene and their deriva-
tives are common conducting polymers [4] and can be synthesized by
chemical, electrochemical, or plasma methods [23]. 2-formyl pyrrole
was polymerized by acidic catalyst (thionylchlorid) [26] and hydro-
chloric acid [27]. 2-formyl thiophene is polymerized by hydrochloric
acid [28] and its derivative by alkyl sulfonic acid (RSO;H) [29]. In this
research, we synthesized PFPy, PFFu and PFTh by acid catalysis in
alcohol as solvent, characterised by FTIR and EDX, studied its mor-
phology by SEM, and compared their properties.

2. EXPERIMENTAL
2.1. Materials and Measurements

2-formyl pyrrole 98% sigma, 2-formyl thiophene 98% sigma, furfural
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98% sigma, hydrochloric acid 35.5% sigma, methanol 98% sigma pol-
ymers were characterized with FTIR (JASCO FT/IR model M4100)
spectrophotometer between 4000 and 400 cm ™. Surface morphologies
were examined with SEM, EDX (TESCAN model MIRA3).

2.2. Synthesis

The monomer (10 mmole) was dissolved in the alcohol (25 ml); then,
hydrochloric acid 35.5% (5 ml) was added. Mixture solution was
placed at room temperature for 24 h. The precipitate was filtered,
washed with distilled water and alcohol each one several times, and
dried at 105°C for 48 hours. It was kept for study later on.

3. RESULTS AND DISCUSSION
3.1. FTIR Analysis

Polymers were characterized by using infrared spectroscopy FTIR.
The structure of polymer was confirmed with disappearance of the
aldehyde group in polymer. Figure 1 shows FTIR spectra of poly-
mers. In Figure 1, a, FTIR spectra of PFPy are observed at 3484
cm™' due to the N—H vibration in pyrrole ring (the peak at 3484
cm' is wide may be due to bound or imprisoned water). The peaks
at 1500-700 cm™ vibration bands are due to the C—H out of plane
vibrations, and C=C and C-C stretches of the pyrrole rings are. The
C=N and C—N stretches of the pyrrole rings (C=N caused by electron
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Fig. 1. FTIR spectrum of: a) poly(2-formyl)pyrrole; b) polyfurfural; c)
poly(2-formyl)thiophene.
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resonance and tautomerism in the ring) are at 1620 and 1270 cm™.
In Figure 1, b, FTIR spectra of polyfurfural are observed at 3130
cm ' due to aromatic C—H; peaks about 2845, 2812 cm™ are at-
tributed to the C—H aldehyde. The peaks between 1500 cm™ to 1000
cm ! were due to C=C in furan ring and C—H out of plane. Figure 1,
¢ shows FTIR spectrum for polythiophene observed at 3110 cm™ (C—
H aromatic), 2825 cm™* (C—H aliphatic), and the peaks between
1500 cm™ to 1000 cm™ (C=C thiophene ring and C—H out of plane).

3.2. EDX Analysis

For the determination of relative composition of elements of the
polymer formation, an elemental analysis was performed using EDX
technique. Table shows EDX results for polymer surface. The
poly(2-formyl) pyrrole contains carbon 70%, nitrogen 13.5% and
oxygen 19%. The ratio N/C is about 19.3% (one nitrogen atom for
five carbon atoms). The polyfurfural contains carbon 66.0%, oxy-
gen 11.2% and chlorine 12.6% . The ratio O/C is about 30% (more
one oxygen atom for five carbon atoms). The poly(2-formyl) thio-
phene contains carbon 63.0%, sulphur 11.2%, chlorine 12.6% and
oxygen 11.2%. The ratio S/C is about 21.1% (one oxygen atom for
five carbon atoms), and the ratio S/Cl is about one (one sulphur at-
om for one chlorine atom). High percentage of oxygen is due to ad-
sorbed or trapped water in the polymer structure.

When comparing their EDX (Table), PFFu and PFTh have a high
percentage of chlorine due to the electrically bonding of the chloride
ion to the ionized ring. This is not observed in PFPy because the nitro-
gen is trivalent. This ionization contributes to a partial loss of the ar-
omatic character of the compound and makes the reaction slow.

we1 L0 9 OIS
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TABLE. EDX results for polymer surface.

Flement PFPy PFFu PFTh
wt.%  atomic, % wt.% atomic, % wt.% atomic, %
C 64.8 70.4 50.0 66.4 41.9 63.0
N 14.5 13.5 — — — —
0 19.0 15.5 20.4 20.3 9.9 11.2
S — — — — 23.4 13.2

Cl 1.7 0.6 29.6 13.3 24.8 12.6
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3.3. SEM

Figure 2, a, b shows the SEM image for PFPy. They appear as clus-
ters of large spherical nanoparticles. The particles in the cluster
have rough surface and average size of about 1325 nm. PFFu was
shown in Fig. 2, ¢, d. This polymer consists of small particles (na-
noparticles of 68 nm), which clump together to form large particles
with a rough, bumpy surface (like a pancreas). Figure 2, e, f shows
the SEM image of PFTh. This polymer appears as clusters of fused
spherical nanoparticles (about 153 nm).

Precipitation of polymers is during a three-stage process. Nuclea-
tion is the phase, in which part of the polymer is transiting to a
solid state (perhaps, one chain). This nucleus grows by regular
bonding to other chains of the polymer (during the second stage) to
form a small crystalline particle. At the final stage, the polymeric
chains accumulate randomly to form the macroparticle. At this
point, the particles may fuse and form clusters. Huge clusters ag-
glomerate to form complex particles. The particle size depends on
the rate of a chemical reaction: the faster rate, the larger particle
size.

Fig. 2. Image of the scanning electron microscopy (SEM) of polymers pow-
der.
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The polymerization reaction (in the studied polymers) takes place
through electrophilic addition [29, 30], and its rate is related to the
nucleophilicity of the ring. The pyrrole ring in (2-formyl) pyrrole is
effective due to the high basicity of nitrogen, which makes its reac-
tion easy and fast, and its particle size is huge. While furfural and
2-formyl thiophene are less effective, so it reacts slowly and gives
smaller particles. In general, furan is weakly aromatic and reacts
more slowly than thiophene, making its particles smaller.

4. CONCLUSIONS

The particle size and morphology of polymers prepared from 2-
formyl heterocyclic aromatic rings are related to the type of mono-
mer. Poly(2-formyl) pyrrole particles are spherical of 1.3 um with a
rough surface, while PFFu particles are of about 68 nm and fuse
with each other to form masses with a rough surface. PFTh nano-
particles, which are of about 153 nm, form clusters. Slow polymeri-
zation reactions give smaller particles.

5. HIGHLIGHTS

Three conjugated polymers from heteropentacyclic aromatic alde-
hydes were synthesized by hydrochloric acid.

Polymer particle size was evaluated by the scanning electron mi-
croscopy images and compared. Particle size is related to the poten-
cy of the aromatic ring.
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