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Abstract

By the oxidative coupling polymerization, a new polythiophene containing 1,2,4-triazole heterocyclic group was
synthesized in chloroform solvent using iron(I11) chloride as an oxidant catalyst. Analyses of infrared (IR) and ultraviolet—
visible (UV-Vis) spectra confirmed that the polymerization reaction took place and the absorption band at 469 nm
characterized for m—n* transition in the conjugated polymer. Morphology and surface properties of the polymer were
studied by field emission scanning electron microscopy (FESEM). Polymer had relatively uniform size distribution. Based
on thermal gravimetry analysis (TGA), polymer is without impurities and has an adequate thermal stability in air
atmosphere when completely decomposed at 500 °C. The polymer exhibited fluorescence emissions at 596 nm
corresponding to the conjugated chain in polymer. Polymer exhibited a good electrical conductivity in the undoped state

(around 1.37E-7 S.cm™ at 1 MHz).
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1.INTRODUCTION

Based on the capability in advanced electronic, ionic
conductivity and optoelectronic applications, the
synthesis and characterization of polymers having
heterocyclic units have been commonly studied.!*!
Polythiophenes and their derivatives have attracted
considerable attention because of their good
environmental stability, simplicity of structural
modification, versatility optical and electrochemical
properties. They can be used as active materials in the
advanced technologies of electrochromic and
electronic devices, for example, organic light

emitting diodes (OLEDs),*% organic photovoltaic
(OPV) cells,® organic field effect transistors

(OFETs)...Bl  Most  polythiophenes  display
remarkable optical properties such as
thermochromism,®19 photochromism(! and

biochromism.™*?! In addition, they can be applied in
water-soluble sensing agents for the recognition of
DNA, proteins, metal ions and small biosensors on
the modifications in photoluminescence and UV-Vis
spectroscopy investigations.!*3-1%]

For the first time, the applications of unsubstituted
polythiophenes were restricted because of its
insolubility in water and water- miscible solvents, as
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well as medium electrical conductivity. However,
these limitations were improved by substituting alkyl
or alkoxy substituent and heterocyclic side
substituent to the thiophene ring at position 3, such as
poly(3-alkylthiophenes), poly(3-
alkoxythiophenes),...[*% It is also widely known that
the electroluminescence of m-conjugated polymers is
caused by recombination of electrons that promoted
to the conduction bands and holes injecting into the
valence band to make singlet excitons.!”! In light-
emitting diodes, the combination of an electron-
transporting (ET) material between the polymer
layers and the cathode can lead to the increase in the
power efficiency via simplified injection of electron
from the cathode. A numerous of compounds
containing electron-deficient as quinoxaline, triazine,
triazole and oxadiazo have been studied as ET
materials.’82 For example, 2-(4-biphenyl)-5-(4-
tert-butylphenyl)-1,3,4-oxadiazole (PBD) was used
widely in such materials.[?2 However, considerations
have Dbeen changed to nitrogen-containing
heterocycles including 1,2,4-triazoles, 1,3,5-triazines
and quinoxalines because oxadialzoles were not
totally effective ET materials and 1,2,4-triazoles
show more efficiently hole-blocking properties than
PBD.[23'25]

There are a lot of researches in synthesis of
polythiophenes with 3-substituted derivatives bearing
heterocyclic side groups containing nitrogen atom.
For example, Ho et al. investigated new cationic
polythiophene derivatives containing 1-
methylimidazolium ion using for colorimetric and
fluorometric detection of nucleic acids.!?®! Another
high-regioregular polythiophene derivatives
containing  1-methylimidazolium  ion  were
synthesized by Bondarev et al.l?”l Besides, in 2010,
poly[3-(6-pyridiniumylhexyl)thiophene bromide]
(P3PHT™ Br) from poly[3-(6-
bromohexyl)thiophene] was synthesized by Rider et

s
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al.[?®1 Giri et al. had synthesized poly(3-benzyl-1,2,3-
triazole thiophene) and studied characterization of
this polymer on the basis of reusable fluorescent
probe for the recognition of trace nitroaromatics.?%
In our previous studies, we have synthesized two new
polythiophenes containing 1,2,4-triazole heterocycle
B30] and 2-thioxo-1,3-thiazolidin-4-one heterocycle B
having the good solubility in DMSO. Therefore, it is
of interest to prepare polythiophenes carrying other
heterocyclic side groups.

This paper reported the synthesis of novel poly[4-
phenyl-3-(thiophen-3-ylmethyl)-1H-1,2,4-triazole-
5(4H)-thione]  containing  the  1,2,4-triazole
heterocycle on the side chain in poly(3-
alkylthiophene): This one had an ET component
which have the good capability of receiving electrons
was synthesized by chemical oxidative coupling
method. The properties of new polymer are
characterized by SEM, TGA methods,
photoluminescence and photoluminescence emission
spectra. The electrical conductivity of polymer
without doping was studied over the frequency range
of 100Hz—1MHz.

2. MATERIALS AND METHOD
2.1. Materials

The starting chemicals, such as 3-thiophene acetic
acid  (Sigma  Aldrich), methanol (Merck),
phenylisothiocyanate (Merck), hydrazine hydrate
(Merck), were used without further purification.

2.2. Synthesis of poly[4-phenyl-3-(thiophen-3-
ylmethyl)-1H-1,2,4-triazole-5(4H)-thione]

2.2.1. Synthesis of 4-phenyl-3-(thiophen-3-ylmethyl)-
1H-1,2,4-triazole-5(4H)-thione

HZC—C—NHNH—C NH—C(,H;

o

_ NaoH
C,H;OH, t“ 3h

Scheme 1: Synthesis of 4-phenyl-3-(thiophen-3-ylmethyl)-1H-1,2,4-triazole-5(4H)-thione

Methyl 2-(thiophen-3-yl)acetate 1 and 2-(thiophen-3-
yl)acetohydrazide 2 were synthesized according to
our previous researches.2%l

- Synthesis  of N-phenyl-2-(2-(thiophen-3-
yhacetyl)hydrazinecarbothioamide (3)

A mixture of 2 (10 mmol), phenylisothiocyanate (10
mol) and 30 mL of ethanol (96 %, Vietnam) was
refluxed at 80 °C for 8 h. Precipitated solids were
filtered and recrystallized from ethanol to give the
white crystals (yield: 80 %, m.p. 143°C). IR (KBr, v,
cm?): 3512, 3424 (NH), 3048, 2954 (C-H), 1666
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(C=0), 1562 (C=C), 1226 (C=S). *H-NMR (DMSO-
ds, 0, ppm; J, Hz): 7.16-7.18 (m, 1H, H-2); 7.09
(d, Js45.0 Hz, 1H, H-4); 7.47 (dd, J,s 3.0 Hz,
Jas 4.5 Hz, 1H, H-5); 3.54 (s, 2H, H-6); 9.58-
10.10 (1H, H-7, H-9); 7.33-7.44 (aromatic
protons).

- Synthesis of 4-phenyl-3-(thiophen-3-ylmethyl)-1H-
1,2,4-triazole-5(4H)-thione (4)

The mixture of 3 (1.4 mmol), 10 mL of ethanol and
NaOH 10 % (1.25 mmol) was refluxed at 80 °C for 3
h. After cooling, the reaction mixture was neutralized
by HCI 10 % to pH = 1-2. The product was separated
by filtration and purified by recrystalization in
ethanol to give 1.42 g of 4 as pale yellow crystals
(yield: 52%; m.p. 178 °C).B¥ IR (KBr, v, cm™): 3453
(NH), 3088, 2911 (C-H), 1576 (C=C thiophene),
1278, 1207 (C=S). 'H-NMR (DMSO-ds, 6, ppm; J,
Hz): 6.96 (m, 1H, H-2); 6.75 (d, J545.0 Hz, 1H,
H-4); 7.38 (dd, J25 3.0 Hz, J4s5 5.0 Hz, 1H, H-
5); 3.85 (s, 2H, H-6); 13.77 (s, 1H, H-8), 7.26—
7.28 (m, 2H, H-11, H-15); 7.48-7.50 (m, 3H, H-
12, H-13, H-14). BC NMR [dse-DMSO, ppm]:
123.86 (C2), 134.24 (C3), 128.02 (C4), 126.14 (C5),
26.35 (C6), 150.83 (C7), 167.85 (C9), 133.55 (C10),
128.16 (C11 and C15), 129.20 (C12 and C14), 129.34
(C13).

2.2.2. Synthesis of poly[4-phenyl-3-(thiophen-3-
ylmethyl)-1H-1,2,4-triazole-5(4H)-thione]

Polymer 5 was synthesized by oxidative coupling
polymerization method utilize dry chloroform using
4 molar equivalents of anhydrous ferric chloride.43]
FeCl; (8 mmol) was stirred in chloroform (40 mL) for
15 minutes under nitrogen atmosphere. Afterwards,
the solution of monomer 4 (2 mmol) in 20 mL
chloroform was prepared and added slowly to the
solution containing FeCls. Then, the polymerization
mixture was further stirred for 48 h at room
temperature under nitrogen atmosphere. The
precipitate was filtered and washed several times with
methanol and deionized water.

N—NH N—NH

o wed S,

I
/ A\ Colls /\ Cols
L — .
s 48h, N, s n

FeCl; CHCIy
[C)] 5)
Scheme 2: Synthesis of poly[4-phenyl-3-(thiophen-
3-ylmethyl)-1H-1,2,4-triazole-5(4H)-thiones]

Polymer 5 was purified via Soxhlet extraction
with methanol for 48h to remove residual FeCls; and
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oligomers. Finally, polymer 5 was repeatedly washed
with methanol, and vacuum-dried to get dark orange-
colored powder (yield: 82%). IR (KBr, v, cm™): 3417
(NH), 3062-2917 (C-H), 1629 (conjugated C=C-
C=C), 1495, 1424 (C=C thiophene), 1592 (C=C
benzene).

2.3. Methods

Melting points were measured in the opening in a
capillary tubes using a Gallenkamp Melting Point
Apparatus. IR spectra were recorded using a Nicolet
Impact 410 FTIR Spectrometer (USA) on KBr pellets
of polymer powders mixed with KBr. NMR spectra
were recorded on a Bruker XL-500 Spectrometer
(USA) at 500 MHz using DMSO-ds and CDCl; as
solvents. The TGA thermograms were measured on a
Shimadzu Simultaneous Measuring Instrument,
DTG-60/60H, at a heating rate of 10 °C/min in the
temperature range of 30-600 °C in air. The SEM
analysis was performed using SEM-Hitachi—4800
(Japan). The UV-Vis spectra were recorded using a
UV-visible spectrophotometer (GBC, Cintra 40, USA
and Jasco, V670, Japan). The photoluminescence and
photoluminescence emission spectroscopy were
measured on Horiba Fluoromax Series (American).
The electrical conductivity of the sample in the form
of 0.5 cm diameter tablets was determined using the
Agilent E4980A Precision LCR Meter (United
States).

3. RESULTS AND DISCUSSION
3.1. FT-IR spectra

Monomer 4 was chemically polymerized using FeCls
as oxidant to synthesize the corresponding polymer 5.
Structure and  formation of  conjugated-n
polythiophene of polymer was determined based on
FT-IR spectra. An assessment of the change of the
vibrational modes occurring on polymer and
monomer has a role to explain the experimental
absorption spectra.

The synthesized polymer exhibited absorption
bands in the same locations as its precursor monomer.
In addition, the bands of polymer were obviously
extended in comparison with those of monomer,
principally depend on the wide chain dispersity of the
resulting oligomers and polymers.% In the IR
spectrum of polymer 5, there are still the bands at
about 1592 cm belonging to asymmetric vibrations
of C=C bonds in benzene ring; the bands at 1495 and
1424 cm™ belonging to asymmetric vibrations of
carbon-carbon bonds in thiophene ring; and the bands
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at 691 cm™ attributed to out-of-plane bending
vibrations of C-H bond in benzene ring.

=
i Monomer4

NN

Polymer 5
- ~\

'S

] 000 200 )

Figure 1: IR spectra of monomer 4 and polymer 5

However, the comparison to the IR spectrum of
monomer showed that the intensities of the bands at
about 3062-2917 cm*in the IR spectrum of polymer
5 decreased because the replacement of the C-H
bonds in thiophene ring of the monomer 4 (bands at
3085 and 2906 cm?, respectively) by new C—C bonds
to make polymer 5. This evidence indicated that
during the free radical polymerization, the
aromaticity of thiophene ring was retrained and that
polymerization reaction took place at the 2,5-
positions of the thiophene ring.>3"1 A new absorption
band that appeared at 1629 cm* with strong intensity,
characterized to the conjugated C=C-C=C in
polymer. Moreover, a strong and wide stretching
band in the 3500-3400 cm™ region is characterized
for the stretching vibration of the intermolecular
hydrogen bonds of N-H.

3.2. TGA

The thermal stability of the polymers is an important
parameter for many applications in dye materials or
solar cells. To examine the thermal stability of
polymer 5, the thermal analysis was performed from
25 to 600 °C under air. The TGA and DTA curves of
the obtained polymer is shown in figure 2. The
polymer 5 is completely decomposed when heated to
500 °C in air atmosphere. The first stage ranges
between room temperature and 100 °C, mainly due to
the evaporation of water. In the second stage from
200 to 500 °C, the main weight loss of polymer is
94.56% corresponding to the decomposition of
polythiophene chains. Above 500 °C, polymer has
completely decomposed. In addition, only one
exothermic peak which appeared at 472 °C in the
DTA curve can show that polythiophene was
degraded only in one stage. This evidence proves that
obtained polymer was without any impurities.

Vu Quoc Trung et al.
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Figure 2: TGA/DTA thermogram of polymer 5
3.3. FE-SEM

FE-SEM image of polymer is shown in figure 3. The
morphology of polymer 5 displays a granular
isotropic and flake morphology with size more than 5
pm. Densely packed particles of polymer with
relatively uniform size distribution are observed.

Figure 3: FE-SEM image of polymer 5

3.4. UV-Vis spectra

The UV-Vis spectra of the polymer in the DMSO
solution and in a pellet containing polymer powder
were measured and shown in Figure 4. It can be seen
the maximum absorption band at 286 nm in the UV-
Vis spectra of polymer 5 in DMSO solution was
according to Sy — Si (n—m) transition of the
conjugated polythiophene, which is caused by semi-
twisted conformation®! or phenyl conjugated side
chains of polythiophene.B® In DMSO solution, the
polymer presents a maximum absorption band at 382
nm, which is attributed to the n—n* transition in the
conjugated polythiophene main chains; while in solid
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state, the peak is at 469 nm. It presents the similar
results in comparison with other
polythiophenes.?®3%401 The 87 nm shift to longer
wavelength could assign to the m—mt* transition in the
n—conjugated backbone which was caused by the
interchain 7n—m stacking and intermolecular
interactions in solid state.

469 nm

— solid
— solution

Intensity (a.u)

300 400 500
Wavelength (nm)
Figure 4: UV-Vis spectra of polymer 5 in DMSO
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3.5. Photoluminescence spectra

The analyses of  photoluminescence and
photoluminescence emission  spectroscopies of
polymer 5 were carried out and compared with the
monomer 4 (figure 5).

The monomer 4  emission peak of
photoluminescence spectrum appears in a shorter
wavelength range (450, 480 and 517 nm) with 415-
nm excitation. Compared with the monomer, polymer
5 exhibited maximum fluorescence emission a longer
wavelength (596 nm) with a Stokes shift of 127 nm.
Consequently, the formation of conjugated chain
length is the main factor that influences the higher
emission wavelength of polymer 5. For comparison
purposes, poly(3-benzyl-1,2,3-triazole thiophene)
containing 1,2 4-triazole heterocycle on the side
chain, synthesized by the same FeCl; oxidation
method of polymerization, displays the maximum
emission peak at 551 nm in the solid state.[?® The
photoluminescence measurements show that the
polymer 5 could be used as a fluorescent polymeric
dye material.

1.8x10"
—— Polymer 5
—— Monomer

523 nm

1.6x10"
1.4x10"
1.2x10"
1.0x10"
8.0x10°

6.0x10°

PLE Intensity (a.u)

4.0x10°

2.0x10°

0.0
250

300 350 400 450

Wavelength (nm)

500 550

Figure 5: Photoluminescence and photoluminescence emission spectra of polymer 5 and monomer 4

3.6. Electrical conductivity

Figure 6 shows the electrical conductivity of polymer
5 as a function of frequency at room temperature.
Electrical conductivity was increased with the
increase of frequency. At 1 MHz, the electrical
conductivity of polymer was 1.37x10~" S/cm. In
comparison, the conductivity of undoped
polythiophene was observed to be between 10~ and
10°® S/cm with a mobility of 107° to 108 m?/V/s.*1
In a later research, the reduced or neutral
polythiophene exhibited a conductivity of 1.8x1078
S/cm.“? For poly(3-hexylthiophene) — a p-type
semiconductor polymer is widely used as an electron
donor in solar cells, with relatively low conductivity

1.50x107
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d

1.25x107

1.00x10” /

7.50x10°

5.00x10°

2.50x10° '/

0.00
0.0 200.0k
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Figure 6: Electrical conductivity of polymer 5
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in the non-doped state (~10% S/cm) in the frequency
range of interest for most electronic applications.[*3 It
can be seen that non-doped polymer 5 has a fairly
good electrical conductivity when compared to
polythiophene or poly(3-hexylthiophene).

4. CONCLUSION

In this work, poly[4-phenyl-3-(thiophen-3-ylmethyl)-
1H-1,2,4-triazole-5(4H)-thione], a novel
polythiophene derivative containing the 1,2,4-triazole
unit on the side chain was synthesized by oxidative
coupling polymerization in chloroform solvent using
iron(I11) chloride as oxidizing agent. IR and UV-Vis
spectroscopy investigations confirmed that the
polymerization reaction of monomer 4 to form
polymer 5 was occurred successfully. The thermal
analysis showed that the polymer is medium thermal
stability and have been completely purified. Polymer
exhibited maximum fluorescence emission at 596 nm
and had a good electrical conductivity in the non-
doped state, which could be used for fluorescent dye
material or an electron transporting material.
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