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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. 

У даній роботі полі2-форміл (пірол, фуран і тіофен) синтезується шля-
хом кислотної каталізи (соляної кислоти) в етанолових розчинах. По-
лімери характеризуються інфрачервоною спектроскопією на основі пе-
ретвору Фур'є, енергорозсіювальною рентґенівською аналізою та ска-
нувальною електронною мікроскопією. Полі2-форміл пірол здається 
кластерами кулястої форми розміром у 1325 нм і шерсткою поверхнею. 
Полі2-форміл фуран — це дрібні наночастинки (близько 68 нм), які 
злипаються, утворюючи великі частинки з шерсткою, горбистою пове-
рхнею (як підшлункова залоза). Полі2-форміл тіофен з'являється у ви-
гляді скупчень зрощених сферичних наночастинок (близько 153 нм). 
Повільні реакції полімеризації дають більш дрібні частинки. 
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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 (RSO3H) [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 



 COMPARATIVE POLY2-FORMYL (PYRROLE, FURAN, & THIOPHENE) 793 

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

1. 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 105C 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

1 due to the N–H vibration in pyrrole ring (the peak at 3484 
cm

1 is wide may be due to bound or imprisoned water). The peaks 
at 1500–700 cm

1 vibration bands are due to the C–H out of plane 
vibrations, and CC and C–C stretches of the pyrrole rings are. The 
CN and C–N stretches of the pyrrole rings (CN caused by electron 

 

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
1. 

In Figure 1, b, FTIR spectra of polyfurfural are observed at 3130 
cm

1 due to aromatic C–H; peaks about 2845, 2812 cm
1 are at-

tributed to the C–H aldehyde. The peaks between 1500 cm
1 to 1000 

cm
1 were due to CC in furan ring and C–H out of plane. Figure 1, 

c shows FTIR spectrum for polythiophene observed at 3110 cm
1 (C–

H aromatic), 2825 cm
1 (C–H aliphatic), and the peaks between 

1500 cm
1 to 1000 cm

1 (CC thiophene ring and CH 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. 

 

TABLE. EDX results for polymer surface. 

Element 
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 — — — — 

O 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, c, 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 m 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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