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PREPARATION, CHARACTERIZATION, AND PROPERTIES OF SOME Si0,
NANOCOMPOSITE OF POLYTHIOPHENES CONTAINING HYDRAZONE GROUP
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SUMMARY:

Four SiO, nanocomposites containing polythiophene with a sidechain at 3-position were
successfully synthesized with oxidative polymerization agent FeCl, in CHCI,. IR spectra and Raman
spectra were used to determine the structure of the nanocomposites. The thermal properties, optical

properties, and particle size distribution of nanocomposites were also studied and evaluated.

Keywords: Nanocomposite, conducting polymer, polythiophene, SiO, benzaldehyde.

I. INTRODUCTION

In recent years, scientists have studied and
synthesized heterocyclic polymers because they have
outstanding properties and high applicability, especially
in optoelectronic devices and sensors[1-4]. Among
them, polythiophene and its derivatives have received
much attention. Polythiophenes are stable polymers,
have moderate electrical conductivity, and do not exhibit
photovoltaic properties. Some studies have shown that
polythiophene derivatives at the 3-side chain have wide
applications due to their semiconductor properties, optical
properties, and high stability[S-6].

Combining polythiophene or its derivatives with
metals or inorganic particles creates composite materials
with outstanding properties. They can be applied in
many fields, such as electrochemical cells (EDC),
chemosensors, photocatalysts, secondary batteries, and
supercapacitors[7-9].

Inorganic components of composite materials are
very diverse, such as Ti0,, Sn0O,, and carbon nanotubes
(CNTs). One of them is nano-Si0,, possessing many
desirable properties, including thermal stability and the
ability to improve mechanical strength, such as electrical
conductivity and corrosion resistance of materials[10-11).
Although nano-Si0, has high agglomeration ability and
surface energy, nanocomposites that form on Si0,
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particles have a core-shell structure that significantly
reduces the possibility of agglomeration and improves the
dispersion of nanocomposites in certain environments.
Therefore, the mechanical and chemical properties of the
material are significantly improved[12-14]. Compared
with other nano-types, nano-silica is particularly easier to
disperse in polymers. Based on specific surface properties,
nano-Si0, has been widely used in nanocomposite
materials fabrication[15-17]. The study results on the
optical properties of nanocomposite materials based on
polyester/nano-silica showed that it is possible to increase
the absorption and reduce the transmission rate of UV
radiation when increasing the amount of nano-Si0, in the
composite. This property does not exist for modified silica
materials at the micrometer size[18).

In this work, we focused on fabricating some
polythiophene derivatives nanocomposites with a
substituent group at 3-position on the surface of nano silica
by polymerization method, with oxidative agent FeCl,. The
structure of nanocomposites was studied through FT-IR
and Raman spectrums. The morphology of the materials
was observed through the scanning electron microscope
(SEM). Thermal properties, optical properties, and particle
size distribution of nanocomposites were also studied and
evaluated.
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[1. EXPERIMENTAL

2.1. Materials

3-Thiopheneacetic acid 98%, benzaldehyde 99%,
4-chlorobenzaldehyde 97%, 4-methoxybenzaldehyde
98%, and 4-(dimethyamino)benzaldehyde 99% were
manufactured by Sigma Aldrich. Acetic acid 99.5%,
sulfuric acid 98%, and methanol 99.5% were purchased
from Xilong, China. Chloroform 98% was from Fischer

2.2. Preparation of SiO, nanocomposite of
polythiophenes containing hydrazone group

COCH CONHNH,;

2.2.1. Synthesis of thiophene containing hydrazone
group

The synthesis of 2-(thiophene-3-yl)acetohydrazide
(1) and thiophene containing hydrazone group (2) were
reported in our previous study[19, 32]. The molecular

formula and 'H-NMR, "C-NMR spectroscopy data of all
thiophenes have been presented in our thesis[19)].

2.2.2. Preparation of nanocomposite polythiophene/

SI0,

The mixture of 40ml of chloroform and 0.5g of Si0,
was gently stirred in N, environment for 10 minutes. Then,
0.5g of monomer was added to the reaction vessel and
stirred for 15 minutes. An excess amount of FeCl, mixture
dissolved in chloroform was quickly added to the reaction
vessel and stirred for 24 hours at room temperature

. Q 1
1. MeOH, H", ©° R=_)-CHO FeCly/Si0;
2. N)H, H204 EtOH, CH;COOH, 6h’ CHCly, N &
a
2

Scientific. Hydrazine hydrate 80% and anhydrous iron
() chloride (98%) were from Merck. Ethanol 99.5%
was manufactured in Vietnam. Nano silica (50-200nm,
Vietnam), which was synthesized from rice husk ash
and provided by the Vietnam Academy of Science and
Technology. All chemicals can be used directly without
further refining.

R (R:H, N(CH;)I. OCH3, Cl) R

&

P-R/SI0,

and in the N, atmosphere. The solid mixture obtained
after the reaction was filtered, washed, and extracted in
Soxhlet with methanol solvent. The product obtained was
nanocomposite polythiophene/Si0, (P-R/Si0,: P-H/SIO,,
P-N(CH,)/Si0,, P-OCH,/Si0,, and P-CVSIQ,).

2.3. Methods and devices

Infrared spectrum (Nicolett Impact 410 Fourier Transform
Infrared Spectrometer), Raman spectroscopy (Lazar Raman
Spectrophotometer, Ramalog 91, USA), UV-Vis spectrum
(Jasco V670, wavelength 200-1,400nm), the scanning
electron microscope SEM (Jeol 6490 JED 2300),
thermogravimetric analysis (TG 209F,, German), and
particle size distribution (SZ-100V2, aqueous medium,
0.3-10um) were used in this research.

III. RESULTS AND DISCUSSION

3.1. Morphology

Figure 1. SEM Images of composite P-R/SIO,

Figure 1 shows the morphology of P-R/SIO,
composites and the dispersion of Si0, nanoparticles
in the polythiophene matrix. In general, the modified
composite particles have an amorphous structure, the
particles are distributed and have relatively uniform
slzes. However, the nanoparticles P-R/Si0, tend to
agglomerate, which can create defect areas in the
structure of the material.

Héa hoc & Ung dung
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3.2. FT-1IR spectrum

Transmittance

Wavenumber (cm’™)

Figure 2. FT-IR spectra of nanocomposites

Table 1: Some major vibrations in the infrared spectrum (cm™)
nanocomposite P-R/SIO,

Nanocomposite | v, | Veu | Voor | Veoe ‘:: B
P-H/Si0, 3445 | 2921 [ 2340 1668 | 1107 | 801
P-N(CH,)/Si0, | 3451 | 2017 | 2329 1638 | 1110 | 803
P-0CH/SI0, 3449 | 2913 | 2332 | 1638 | 1106 | 805
P-CVSi0, 3447 | 2915 | 2336 | 1656 | 1104 | 807

Based on the FT-IR spectrum (Figure 2), it is clear that
the absorption bands appearing at 1,150cm-' and 840¢cm-’
characterize the valence vibration of the Si-0-Si bond[20].
In addition, the absorption spectrum, which is relatively
broad and blunt at approximately 3,600-3,200cm-,
characterizes the stretching vibration of the 0-H bond
in water vapor that silica adsorbs onto its surface[20].
On the IR spectrum of the nanocomposites P-R/SIO,,
the band appearing at 1,600cm-' is the characteristic
band of the valence vibration of the conjugated chain
C=C-C=C formed in polythiophene[17, 20 - 22]we
utilized nanocomposites prepared from nanosilica (Si02.
Characteristic peaks of C—H bonds inthiophene and benzene
rings (C_,H) at 1,400cm-' have a weak intensity[23]. In
addition, on the IR spectrum, there is an absorption peak
at about 2,300cm-"', which is characteristic of the valence
vibration of the 0=C-N bond[24]vibrational frequencies,
infrared intensities, Raman activities and atomic charges
have been calculated by using ab initio HF and density
functional theory calculation (B3LYP. It can be seen
that, on the IR spectra of the nanocomposites, there are
characteristic spectral bands of polythiophene derivatives
that are not present in the IR spectrum of SIO,. This proves
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O3B (71)/9-2024

that polythiophene derivatives have been successfully
synthesized on the surface of Si0, nanoparticles.

3.3. Raman spectrum

Intensity (:' u)
:
g

PN(CH,)/S0,
/MWJ\N
w L) d L} ¥ L) - % L J o L ~ Ll -

800 1000 1200 1400 1600 1000 2000

Raman Shift (cm™)
Figure 3. Raman spectra of composites P-R/Si0,

Raman spectrum (Figure 3) shows the shape and
spectral peaks of the fabricated nanocomposite samples. In
the Raman spectrum, the peak at 1,450cm-' characterizing
the vibration of C=C bonds in the polythiophene chain can
be observed [25, 26]. In addition, two absorption peaks at
1,050cm-'and 1,350cm' represent the vibrational modes
of the C-C bonds of the thiophene ring[25]. Finally, a C -
C,-bond vibration between thiophene rings also appears at
the peak at 1,220cm' [25, 27]

3.4. Thermogravimetric analysis

Based on TGA thermogravimetric analysis of
composites P-R/Si0, (Figure 4), welght loss was observed
at the temperature range from room temperature to 200°C
for the samples P-H/Si0,, P-CVSi0, and P-OCH,/Si0,. This
is because of the volatilization of water vapor adsorbed
on the nanocomposite surface (at temperatures below
150°C) along with the decomposition of oligomers (at
temperatures 150-200°C)[28]. With the sample P-N(CH,),/
Si0,, the TGA diagram did not show any mass loss at
this temperature range, possibly due to the influence of
the -N(CH,), substituent on the polymerization process
to form nanocomposites. The N atom can form hydrogen
bonds with the hydroxyl group on the surface of nano-
silica, allowing the polymerization process to proceed
smoothly and creating a polymer layer that completely
covers the nano SI0,.
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Figure 4. TGA thermogravimetric analysis diagram of
composites P-R/Si0,

The first stage ranges between room temperature and
100°C, mainly due to the evaporation of water. A significant
mass loss of the nanocomposite material can be seen from
250°C to 550°C. This temperature range coincides with
the decomposition temperature range of the respective
polymers, where they decompose into smaller structures
such as oligomers, monomers, CO,, and H,0[29, 30]. Above
550°C, the mass of the nanocomposrte remamed almost
static, signifying the mass of undecomposed Si0,. Thus, the
synthesis of polymer on the surface of Si0, nanopamcles
was proved to be successful, forming a core- shell structure.

From the total mass loss of the nanocomposites at
800°C, it was found that the polythiophene content in
the materials was in the range of 13.73-33.63%. Among
them, nanocomposite P-H/Si0, and P-NMe,/SiO, had
the highest polymer content, respectlvely 30. 86% and
33.63%. When compared with the polythiophene/SiO,
nanocomposite samples with Tween 20 surfactant by
Aysegul Uygun's research team, the polymer content in
the polythiophene/Si0,/tween20 nanocomposite and the
polymer decomposition temperature were, respectively,
28% and 400°C, which are lower than those of the samples
P-R/Si0, (R = H; NMe,)[31].

3.5. UV-Vis spectrum
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Figure 5. UV-Vis spectra of 4 nanocomposites and nano silica

@

UV-Vis absorption spectrum shows that the
nanocomposites have absorption regions in the range of
400-1,400nm, which agrees with the experimental results
when the synthesized nanocomposites have orange and
yellow colors. However, it is possible that the films formed
during the measurement process were too thick, leading
to scattering; and the absorption band of the films was
in the range of 800-1,400nm. When synthesizing P-R/
Si0, nanocomposites, the absorption capacity of the
material in the visible region increases compared to Si0,
nanoparticles. This is because the conjugated = electron
chains of polythiophene derivatives are longer or have a

more planar conformation.

3.6. Particle size distribution
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Figure 6. Particle size analysis curves of nanocomposites
and nano silica

Based on the particle size distribution curves (Figure 6)
and the average particle size table (Table 2) of the
nanocomposites in water, the materials had average
particle sizes ranging from 245.0nm to 257.0nm. In
particular, composite P-H/Si0, has the largest average
particle size (257.0nm), while composite P-OCH,/Si0,
has the smallest average particle size (245.0nm) with
polydispersity index (PDI) = 0.745. This can be explained
by the fact that the —OCH, substituent's capacity forms
hydrogen bonds with —OH groups on the SiO, surface,
reducing aggregation between nanocomposite molecules.
This interaction leads to a reduced particle size for the
composite P-OCH,/Si0, relative to the other sample.

In addition, nano-silica displayed great dispersion in
water. The particle sizes ranged from 55nm to 250nm,
and the average size was about 107.5nm. This result Is

consistent with the Si0O, nanoparticle size value used in
the study.
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Table 2: Average particle size of nanocomposites in aqueous

environment

Nanocomposite | Average particle size (nm) PDI
Si0, 107.5 0.253
P-H/SI0, 257.0 0.144
P-N (CHQiSiOz 253.0 0.240
P-0CH,/Si02 245.0 0.745
P-CUSi0, 374.2 0.155

IV. CONCLUSION

Four Si0, nanocomposites from polythiophene
containing hydrazone group at 3-position side chain were
prepared successfully via polymerization method with
oxidative agent FeCl, in anhydrous CHCI,. The material
characteristics were determined by various methods,
including FT-IR, Raman, TGA, and SEM analysis. The
SEM images showed that the composites were distributed
evenly. The TGA thermogravimetric analysis results
indicated that the decomposition temperature of the
polymer in nanocomposites was around 250-550°C. UV-
Vis absorption spectrum showed that the nanocomposite
had an absorption peak at 600-800nm. The P-H/SIO,
and P-N(CH,),/Si0, nanocomposite particles had good
dispersion in water, with respective sizes of 257.0nm (PDI
= (0.144) and 253.0nm (PDI = 0.240).
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