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In this work, pyrrole is polymerized by ammonium persulfate as oxidizing
agent in methanol 40%. Pyrrole polymer is characterized by FTIR, XPS
and EDX to determine the polymer structure. Morphology of resulting
polymer is studied by SEM. Polymer structure consists of spherical parti-
cles with sizes of about 38 nm assembled together to form huge clusters.
Pyrrole polymer has semi-crystalline structure; its particles consist of
crystalline core with size of 15.1 nm, surrounded by an amorphous shell
fraction. Particles’ size by XRD data is of 35.59 nm. This size may be
more accurate than SEM size as XRD sample includes larger number of
particles than SEM sample.

VY miit po6orTi mipoJs mosiMepu3yeTheA mepcyab(aToM aMOHiI0 AK OKMCHIOBA-
yem y meraHosi 40% . IliposiB mosimMep XapaKTepu3yeThCcA iH(pPaUepPBOHOIO
CIIeKTPOCKOIIi€I0 Ha OCHOBI meperBopy Pyp'e, PEeHTI'eHIBCLKOIO (poToeMmiciii-
HOI0 CIIEKTPOCKOIIi€I0 ¥ eHeproposCiloBaJbHOI PEHTI'€HiBCHKOIO aHAaJIi30i0
IS BU3HAUEHHSA IMOJIIMEPHOI cTpyKTypu. MopdoJsoria ogep:kaHOro moJime-
Py BUBUYAETHCA CKAHYBAJIbHOIO €JIEKTPOHHOIO MiKpockomiero. CTpyKkTypa mo-

JiMepy CKJaZaeTbCcAd 3i cPepruHMX YACTUHOK pos3Mipamu 0Ju3bKo 38 HM,

799


https://en.wikipedia.org/wiki/Deir_ez-Zor
https://en.wikipedia.org/wiki/Syria
https://en.wikipedia.org/wiki/Damascus
https://en.wikipedia.org/wiki/Syria
https://en.wikipedia.org/wiki/Damascus
https://en.wikipedia.org/wiki/Syria
https://en.wikipedia.org/wiki/Ghabaghib
https://en.wikipedia.org/wiki/Daraa_Governorate
https://en.wikipedia.org/wiki/Syria
https://en.wikipedia.org/wiki/Damascus
https://en.wikipedia.org/wiki/Syria

800 Ahmad AL-HAMDAN, Ola AMER, Ahmad AL-FALAH et al.

3i0paHmX pasoM OJisI YTBOPEHHS BeJINUE3HUX CKynueHb. [lomimMepHUE mipo
Mae HAMiBKPUCTAJIIUHY CTPYKTYPY; MOTO YaCTMHKU CKJAAAIOTHCA 3 KPHUCTA-
JiuHoro sapa pos3mipom 15,1 HM, OTOUEHOTO O0OJIOHKOI aMOp(HOI (pakIrii.
Poamip uacTMHOK 3a JaHUMH pPeHTIeHiBcbKOl maudpakriiii cranoBuTsr 35,59
M. Ileit posmip Moke OyTu OiJBIITI TOUHHM, aHi¥K PO3Mip 3a JaHUMU CKa-
HYBaJIbHOI eJIeKTPOHHOI MiKpOCKomii, OCKiJIbKM 3pasoK AJid PeHTI'eHiBChbKOI
mudpakriii BKJIOUae OiNbINTy KiJIbKiCTh YACTMHOK, HijK 3pasok AJA CKaHY-
BaJIbHOI €JIEeKTPOHHOI MiKpPOCKOIIil.

Key words: polymerization, pyrrole polymer, nanoparticles, semi-crystal-
line structure, XRD.

Karouosi caoBa: mosrimepusaliis, miposiB mojaimMep, HAHOYACTHHKM, HANIBK-
pucTaJiuHa CTPYKTYypa, PeHTIeHiBCbKa Au(paKIlia.
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1. INTRODUCTION

Polymers are usually used as insulators. Nevertheless, in fact, not
all polymers are insulators. They can be conductive just like metals
[1]. The first conducting polymer (polysulphur nitride) was discov-
ered in 1975 [2], later on poly(acetylene) was discovered [3]. In re-
cent years, conducting polymers have been synthesized from aro-
matic rings [4] such as benzene [5], pyridine [6], pyrrole, furan and
thiophene [7].

They have been extensively studied because of their chemical sta-
bility [3] and wide applications [4]. Polypyrrole (PPy) is one of the
most important [3] and widely studied conducting polymers [8] due
to its high electric conductivity. Polypyrrole has some advantages
over the other conducting polymers, such as easier synthesis in wa-
ter solution [9], good electrochemical properties, thermal stability
[10], and low-cost processing [1]. However, compared to PANI, cost
of pyrrole monomers is greater than aniline, which makes it less
attractive for some potential applications [10]. Chemical stability of
oxidized PPy is very good at room temperature. PPy degradation
happens only when the temperature is more than 150°C [11]. Elec-
trical conductivity of PPy ranges from 10 to 1000 S/cm [3, 12].

Pyrrole can be polymerized by chemical and electrochemical
polymerization. Electrochemical polymerization of PPy can be per-
formed either in aqueous media or non-aqueous media such as ace-
tonitrile [12], propylene carbonate [14, 15], and dichloromethane
[11]. Corrosion-resistant materials such as Pt, Au, Pd, Rh, Ir, etc.
[16, 17] are used as the working electrodes [3]. Polypyrrole had
many applications, including batteries, electrochemical sensors, bio-
sensors [18], drug delivery systems, conductive textiles, conducting



SYNTHESIS AND CHARACTERIZATION OF POLYPYRROLE 801

fabrics, and mechanical actuators [19]. In a typical chemical oxida-
tive polymerization of PPy, many oxidants, such as ferric perchlo-
rate, ferric chloride and ammonium peroxydisulfate, have been used
[20]. Electrochemical synthesis method for polypyrrole may be pre-
ferred [3] because it is eco-friendly and does not contain environ-
mentally toxic solvents, and its relatively easy working [3]. In this
work, we have used an easy method for preparing polypyrrole by
ammonium persulfate as an oxidizing agent in methanol 40%. The
polypyrrole was characterized by FTIR, XPS, and EDX. Its particle
sizes are characterized by means of the SEM and XRD techniques.

2. EXPERIMENTAL
2.1. Materials and Measurements

Pyrrole 98% sigma Aldrich, methanol 99% sigma Aldrich, ammo-
nium persulfate sigma Aldrich, polypyrrole was characterized with
FTIR (JASCO FT/IR model M4100) spectrophotometer between
4000 and 400 cm™. Surface morphologies were examined with SEM,
EDX and XPS (TESCAN model MIRA3). X-ray diffraction is made
by Philips model: PW1370, Cu (0.154056 nm) step size 0.05 deg.

2.2, Synthesis

Pyrrole solution (1 gr, 15 mmole in 10 ml of methanol 40%) and
ammonium persulfate solution (7 gr, 30 mmole dissolved in 25 ml
of methanol 40%) were mixed. The reaction mixture solution was
placed at room temperature for 42 h. Colour of reaction solution
changed to yellow, then, brown; finally, a brown powder was precip-
itated. The precipitate was filtered off, washed with distilled water,
and alcohol consequently, and then, dried at 105°C for 48 hours.

3. RESULTS AND DISCUSSION
3.1 FTIR Analysis

FTIR spectrum of polypyrrole was recorded in KBr solid disk. Posi-
tions of characteristic peaks are observed in Fig. 1. Characteristic
peaks of polypyrrole are observed at 3484 cm™ due to the N-H vi-
bration of pyrrole ring, at 3020 and 2973 cm™ due to in-plane vi-
bration of aromatic C—H. Bands at 1112, 912, 780, and 657 cm
are due to out-of-plane vibrations of C—H. C=C and C—C stretchings
of the pyrrole rings are observed at 1578, 1485 and 1105 cm™. C=N
and C—N stretchings of pyrrole rings (caused by electron resonance
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Fig. 1. FTIR spectrum of polyselenophen (KBr disk).

TABLE 1. Comparison of peak positions of the differently synthesized
polypyrroles in this work and references.

Bond This References
work | [21] | [22] | [23]][24] | [25]] [26] | [27]
N-H stretching 3500 3500 3522 — — 3400 3436 3500
. 2980,
stretching 2875 2960 — — 2950 3100 — —
C-H ibrations
aro- . 918 900 920 902 — 960 1110 —
. in plane
matic ibrations 780
vi s
out of plane 657 811 811 720 757
- 1578, 1475, 1558, 1551,
oy Cc=C 1485 1310 1487 1444 1600 1529 1554 1525
role Cc-C 1100 1050 — — — 1445 — 1118
rings C-N 1270 1230 1315 1285 1360 1242 — 1275
C=N 1620 1590 1685 — 1690 1295 — 1856

and tautomerism in ring) are observed at 1620 and 1270 cm ™. Table
1 shows comparison of peak positions of different polypyrroles syn-
thesized in this work and in references. The spectrum differs slight-
ly from that of the reference polysilenophen due to effects of prepa-
ration method.

3.2. XPS Analysis

X-ray photoelectron spectroscopy (XPS) is an excellent technique
for analysing the top of 5—10 nm of polymer surface. Figure 2, a
shows the x-ray photoelectron spectroscopy of PPy polymer. XPS
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Fig. 2. a) XPS spectra for (PPy); b) (Cls) spectra with typical peaks.

spectra contain three peaks at 533.1, 403.0 and 284.3 eV due to
0O1s, N1s and Cls, respectively. This shows polymers’ carbon, oxy-
gen and nitrogen. Figure 2, b shows analysis of Cls peak. Carbon
atoms in polymer are of three kinds: C=C—-H (285.1) 50.6%, C—N
(286.3) 43.9%, and C=0 (289.0) 5.5%; results comply with polymer
structure and references [28, 29, 30].

3.3. EDX Analysis

EDX technique measures x-rays emitted from the sample that is
subjected to a current of electrons to characterize elemental compo-
sition. A current of electrons is scanned across the sample surface
inducing emission of x-ray fluorescence from the elements’ atoms.
Energies of the x-rays are characteristic of the element from which
they are emitted [31]. Table 2 shows EDS results for three areas of
polymer surface. There is a slight difference in results because EDS
analysis is less accurate in determining the ratio of elements. Poly-
mer contains carbon 76.6%, nitrogen 19.1%, and oxygen 1.9%.
Ratio N/C is of about 25% (one nitrogen atom for four carbon at-
oms). Presence of oxygen may be due to the oxidation of some pyr-
role rings in the polymer [29].

3.4. SEM

Morphology and surface of polypyrrole particles were studied by
scanning electron microscopy (SEM). Figure 3 shows SEM image of
polypyrrole. Polymer consists of spherical nanoparticles with aver-
age size of about 28 nm and clump together in clusters with rough
surface. When checking SEM image of the polymer, a method for
forming polymer nanoparticles can be suggested, in which polymer
particles grow up to be spherical particles (about 38 nm) and
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TABLE 2. EDX analysis for three areas of polymer surface.

Area 3 Area 2 Area 1

atomic, % wt.% atomic, % wt.% atomic, % wt.% atomic, % wt.%
76.60  69.44 77.6 72.6 75.4 66.1 76.8 69.6 C
19.10  20.20 19.2 20.9 18.6 19.0 19.5 20.6 N
0.25 0.29 0.25 0.29 0.25 0.29 0.25 0.30 N/C
1.90 2.29 2.1 2.6 2.3 2.7 1.3 1.6 (0]
2.40 .77 1.1 3.6 3.7 11.9 2.4 7.9 other
100.25 100.00 100.2 100 100.2 100 100.2 100 total

Element

S2M MAG: 0.0 kx
WO: 535 mm 8700

View flokd: 415 pm _ Date{miy): 018321 View Boid: 208 ym _ Deta(miay): 018321 View Boid: 1.04 pm Date(midy): 019321

Fig. 3. Photo of polypyrrole polymer under scanning electron microscope
(SEM).

merged together forming huge cluster.

3.5. X-Ray Diffraction (XRD)

Crystalline structure of PPy was studied by x-ray diffraction. XRD
data were used to determine crystallinity percentage and crystal
size. Figure 4, a shows the XRD pattern of polymer. XRD spectra
were analysed to determine areas of amorphous structure and crys-
talline structure as well [32]. Crystallinity percentage P.,% was
calculated by Eq. (1) [32, 33]:

AC
P %=—"—_ %100, (1)
Y A, +A

"Amo

where A, is sum of area under peak of crystallized structure and
Ay, is area under peak of amorphous structure [33]. The crystalline
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Fig. 4. X-ray diffraction (XRD) for polypyrrole polymer.

TABLE 3. Percentage areas of crystalline peaks and other parameters.

P, % Crystal Size, nm‘ Theta, rad‘W.H.T., rad -1072 Peak
3.20% 9.42 0.298 15.220 P1
0.86% 30.56 0.210 4.588 P2
7.64%
1.72% 17.39 0.422 8.643 P3
1.86% 15.54 0.547 10.331 P4
92.36%| —— amorphous

percentage P,,% was of about 7.64% . Crystals’ size was determined
by Scherrer equation from crystalline peaks. Figure 4, b shows the
XRD pattern of PFPy; peaks at 24.1, 24.2, 48.4 and 62.7° belong to
crystalline phase; peak at 24.9° belongs to amorphous phase [34].
Table 3 shows crystal size, percentage of crystalline peaks and other
parameters. Average crystal size is of 15.1 nm. Polypyrrole is semi-
crystalline with particles consisting of an amorphous shell and crys-
talline core. Crystallization ratio corresponds to the core/shell
weight ratio. Using the data in Table 3, we have calculated the true
size of particles using Eq. (2) [35]:

3
D, =42 100, (2)
P, %

where D, particle size, and D is crystal size. Calculated average par-
ticle size is of 35.59 nm, while it is of about 38 nm. Particle size by
XRD is more accurate and closer to reality because of large number
of particles in sample, and it is not subject to the experience of the
analysis as SEM.
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4. CONCLUSIONS

Polypyrrole was synthesized using ammonium persulfate as oxidiz-
ing agent in methanol 40% . Structure of polypyrrole was character-
ized by FTIR, XPS and EDX. Polymer particles are spherical (with
size of about 38 nm by SEM) clumping together and forming clus-
ters. Polypyrrole morphology is semi-crystalline; particles consist of
an amorphous shell fraction and crystalline core with size of 15.1
nm. Particle size by XRD data was of 35.59 nm.

5. HIGHLIGHTS

Nanoparticles of polypyrrole have been synthesized and character-
ized by a simple and easy method.

Morphology of resulting polymer was studied by SEM.

Crystalline structure and particle size of polypyrrole was studied
by XRD (size was of about 35.59 nm).

Particles size was determined by SEM and compared with XRD.
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