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Determination of the Optical Properties of ppTh Nanostructured Films Obtained by RF Plasma
Polymerisation Technique

Ozkan BAYRAMY

ABSTRACT: In this study, it is aimed to obtain plasma polymerized Thiophene (ppTh) thin films by
Radio Frequency (RF) plasma polymerization technique and to determine optical, chemical and
morphological properties of these films. ppTh thin films were fabricated at 25, 50, 75 and 100 W RF
power, 15 minutes coating duration and 500 mTorr base pressure. ppTh thin films were analyzed by
Scanning Electron Microscopy (SEM), FTIR and Uv-Vis spectroscopy. Functional groups of thin films
were determined by FTIR spectroscopy, and it was investigated how coating parameters affect the
chemical structure of these films. Optical properties such as absorbance, transmittance and optical
band gap were determined by Uv-Vis spectroscopy. The optical band gaps of the ppTh thin films were
determined to be 2.97 eV, 3.13 eV, 3.17 eV and 3.68 eV with increasing RF power, respectively. In
addition, all thin films were highly transparent in the visible region (500 nm), and this transparency
tended to increase with increasing RF power. SEM analysis showed that the thin films had nanosphere
structure and the radius of these spheres was about 90 nm.
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INTRODUCTION

Recently, the synthesis of organic based
conductive polymers has become one of the
most important applications in the polymer field
due to its applications in various fields such as
electronic devices, electrochromic displays,
biosensors and modified electrodes (Macdiarmid
et al., 1985; MacDiarmid, 1997). The most
common applications are panel displays in
automotive and cockpit, mobile phones, light
emitting devices and audio equipment (Kausar,
2016). In the literature, such polymers are
attributed to conductive polymers such as
polypyrrole, polyaniline and polyThiophene
(Lakshmi et al., 2015). The conductivity of such
polymers can be increased by controlling the
coating parameters of the polymers obtained by
chemical, electrochemical, photochemical and
plasma polymerisation (Bayram, 2018; Bayram
and Simsek, 2018). PolyThiophene is the most
preferred conductive polymer in electronic
applications due to both its electrical properties
and conductivity control (Kausar, 2016). In
addition, conductive polymers such as ppTh are
used in polymer-doped solar cells due to their
distinctive layered structure, and are also used in
gas sensor applications because it can be applied
to large surface areas. In the literature, there are
a few studies of PolyThiophene nanostructure. In
the study by Kauser (Kausar, 2016),
PolyThiophene-doped composite films were
fabricated with the sol-gel technique and the
electrical properties of the composite structure
were found to be influenced by temperature. The
electrical  properties of the composite
nanostructure increased from 10 to 1 Scm™ at
room temperature. On the other hand, it is noted
that the PolyThiophene polymer thin films are in
the form of nanospheres. Several researchers
have reported that plasma polymerized
conductive polymer films are of high quality and
therefore can be used as adhesives, and also that

they have a high degree of cross-linking and
homogeneous morphology.

The literature studies show that polymer
conductive materials are extremely important
alternative products (Ameen et al.,, 2007;
Lakshmi et al., 2009). These polymer films are
obtained by a number of techniques such as
electrochemical, conventional polymerisation
and plasma polymerisation (Bayram and Simsek,
2018). Plasma polymerization, which is the most
important of these techniques, is generally
preferred because of some advantages such as
cost, application to large surfaces and coating in
a single cycle. Because of these advantages, RF
plasma polymerisation technique was used in
this study. It is noted by some researchers that
various polymers have been obtained using
plasma polymerisation technique. Given these
studies, it is understood that there is not enough
study of the production of PolyThiophene thin
films using the plasma polymerisation technique.
However, the studies investigating the
morphological, chemical and optical properties
of the polymer films obtained by the use of
organic volatile molecules were also carried out
by us (Bayram, 2018; Bayram and Simsek,
2018; Bayram and Simsek 2018). In one study, it
was determined that the aniline-doped cineole
thin films have an optical refractive indices
ranging from 1.24-1.57 as increased the RF
power (Bayram, 2018). In another study
conducted by us, we have obtained polymer thin
films from the terpene molecules at various RF
powers, and found that these films had strongly
antibacterial activity against S. Aureus bacteria
(Bayram and Simsek, 2018). In our last study,
we found that plasma  polymerised
Cinnamaldehyde (PPCIN) thin films were again
available for various RF powers, and that the
morphological structure of these films was non-
porous and almost smooth. With AFM these
roughness values were determined between 0.18
nm and 0.88 nm. For the first time, we obtained
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polymer films at various RF powers and
investigated the effect of RF power on the
morphological and optical properties of thin
films (Bayram and Simsek, 2018). In this study,
the PolyThiophene thin films were obtained at a
coating duration of 15 minutes, at a pressure of
500 mTorr and at 25, 50, 75 and 100 W RF
power  respectively.  Thin  films  were
characterized by FTIR, SEM and Uv-Vis
spectroscopy.

MATERIALS AND METHODS

Thiophene, used as precursor material, was
purchased from Sigma Aldrich. Substrates and
cleaning materials such as ethanol, propanol and
acetone were purchased from  Tekkim
Laboratory Chemicals, Turkey. In this work, RF
plasma polymerisation technique was used to
obtain thin films. Using the RF plasma
polymerisation  system, thin films were
fabricated at 25, 50, 75 and 100 W RF power.
The coating duration was set to 15 minutes, the
pressure was 500 mTorr, and the distance
between the electrodes was set to 13 cm,
respectively. Prior to the coating operation,
firstly the glass substrates used as substrates
were washed by ethanol and acetone,
respectively, and then washed with distilled
water and finally dried. The cleaned substrates

were placed in the monomer holder section of
the RF plasma system. In addition to the wet
surface cleaning process, an argon gas plasma
was obtained and the surfaces of the glass
substrate were removed from the impurities.
This process is important both in terms of
stability and purity of the coatings. After the
surface cleaning process, the precursor monomer
(Thiophene), which was placed in the monomer
section of the RF plasma polymerization system,
was sent to the vacuum chamber by means of a
sensitive valve. The coating duration, the
distance between the electrodes and the pressure
were fixed and the RF power was set to 25, 50,
75 and 100 W respectively and the coatings were
obtained in accordance with these parameters.
The polymerization steps of PolyThiophene can
be explained as shown in Fig 1 (Macgregor-
Ramiasa et al., 2015). Here, Thiophene, which is
sent to the vacuum chamber via a sensitive
valve, is exposed to RF power in this vacuum
environment, and then ions and radicals are
formed. These fragmented molecules form large
molecules by bonding on a substrate. This event
is described as deposition. FTIR spectroscopy,
SEM analysis and Uv-Vis spectroscopy were
used to characterize plasma polymerized
Thiophene thin films.
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Figure 1. Polymerisation mechanism of Thiophene.
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RESULTS AND DISCUSSION

Surface morphology analyses

SEM analysis was performed to determine the
surface morphology of the thin films, and these
analyzes were shown in Fig 2. These analyzes
show that nanospheres (Kausar, 2016) were
formed on the surface of thin films. The radius
of the nanospheres was approximately 90 nm
(Kausar, 2016). To speak of nanostructured for
thin films, the particle size must be around 100
nm or smaller, which means that all of the thin
films are nanoscale according to our SEM
analysis. The RF power cannot be said to have a

significant effect on morphological structures of
thin  films. All thin films have similar
morphology. It can also be said that the polymer
thin films are homogeneous. In all the regions
scanned, it was determined that these
nanospheres were uniformly present on the
surface, and thus the existence of a

homogeneous structure is claimed by us. The
homogeneous structure is slightly differentiated
by RF power, however, the polymer film
obtained by using 25 W RF power is more
distinctive than other thin films.

Figure 2. SEM images of ppTh thin films.
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Optical properties of ppTh thin films

Uv-Vis spectroscopy was used to determine
the optical properties of thin films. With this Uv-
Vis spectroscopy, absorbance, transmittance and
optical band gap of thin films were determined.
The absorption edges of thin films were as
shown in Fig 3. A significant increase in the
wavelength of 350 nm was detected in the
absorbance edges and a maximum peak was
observed in all thin films. As the RF power
increased in thin films, the decrease in these
peak values was determined. A decrease in both
peak intensities and wavelengths was observed
with increasing RF power. It is analyzed that RF
power is an important factor for the absorption
value. It is thought to be related to this sharp
peak m-m transition (Easton and Jacob, 2009;
Bazaka et al., 2011; Alancherry et al., 2018),
which is detected at approximately 350 nm. The
n-1 transitions are attributed to the presence of

10771771

unsaturated functional groups. The FTIR spectra
of thin films confirm this situation. In the FTIR
spectra, the presence of functional groups that
are detected in the polymer material by the
increased RF power, i.e., the intensity, is
decreasing. The transmittance spectra of thin
films were given in Figure 4 and it is understood
from these graphs that these films have a very
high transmittance value. The transmittance of
thin films in the visible region, especially at
increasing wavelength, is around 98%. This is a
sign that thin films are quite transparent. The
transparency of thin films increases with
increasing RF power. For all thin films in the
visible region, the transmittance of the films in
the range of 300-850 nm increased from 15% to
98%. Thin films are thought to be an alternative
potential material for electronic circuit elements
in terms of optical properties such as absorbance
and transmittance.
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Figure 3. Absorbance spectra of ppTh thin films .

The optical band gap of all films was
determined using the following equation. This
equality is known as Tauc relationship (Tauc et
al., 1966; Elangovan and Ramamurthi, 2005),

ahv = C(hv — Eg)" 1)

where hv and C and are photon energy and
constant, respectively. Figure 5. shows plot
(ahv)? against photon energy (hv) of thin films
obtained at 25, 50,75 and 100 W RF powers. The
optical band gap was calculated based on Tauc
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equality and was found at a range of 2.97 eV to
3.68 eV. In thin films, a linear change was
detected with increasing RF power in optical
band gap. As the RF power increases, the optical

band gap also increases. Thus, these optical band
values imply that thin films are almost
semiconductor and can be used as an alternative
material for organic electronics.
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Figure 4. Transmittance spectra of ppTh thin films.
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Figure 5. The plot (ahv)? against photon energy (hv) of ppTh thin films.

FTIR spectra of polymer thin films

The chemical structures and functional groups
of the polymer thin films were determined by
FTIR spectroscopy and also compared with the
chemical structure of the initiator (precursor)
monomer. The FTIR spectra of both polymer

and monomer were given in Figure 6. The O-H
stretching for the precursor material was
determined at about 3256 cm™ (Bazaka et al.,
2011; Kausar, 2016). In polymer thin films, a
decrease in the O-H peak intensity and a shift
toward the wavenumber of 3000 cm™ to 3400
cm™ were observed. In the precursor monomer,
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there are methyl groups representing C-H
vibration modes at 2970 and 2858 cm ™ (Kausar,
2016). In polymer thin films, this vibration mode
was detected at 2973 cm™ and 2865 cm™(Easton
and Jacob, 2009; Kausar, 2016). However, the
density of the peaks in the polymer thin films is
reduced. For the precursor monomer, these peaks
are quite sharp but the peak intensities of the
polymer thin films are reduced. Also, with
increasing RF power, these peaks disappear,
especially at 75 W and 100 W. For the precursor
material, a peak at about 1641 cm™ (Kausar,
2016) due to C-C stretching vibration was
detected (Easton and Jacob, 2009; Kausar,
2016). However, this C-C stretching vibration
peak was also favored in all the polymer films,

100

but a reduction in peak intensities was detected
with increased RF power. The rather sharp peaks
at 1452 cm™ (Kausar, 2016) and 1375 cm™
correspond to C-H asymmetric and symmetric
bending vibrations, respectively. In polymer thin
films, these bending vibration bands were
observed at 1454 cm? and 1346 cm?,
respectively. Sequential peaks at 995 cm ™ and
792 cm "t in the fingerprint region of the
precursor monomer were observed. In polymer
thin films, an increase in the intensity of these
peaks was observed interestingly in the density
of the peaks of the peaks. These peaks are
attributed to C-S bending, which is the
characteristic peak for polyThiophene (Ong et
al., 2005; Kausar, 2016).
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Figure 6. FTIR spectra of ppTh thin films.

CONCLUSION

The ppTh thin films were produced
seamlessly on glass substrates. ppTh's were
analyzed wusing FTIR, SEM and Uv-Vis
spectroscopy. The functional groups of the
polymer thin films were compared with those of
the monomer and the presence of many
functional groups was determined for polymer

films. However, RF power was found to
significantly affect the chemical structure of
these ppTh thin films because the peaks of the
functional groups of the polymer thin films
tended to decrease with increasing RF power.
SEM images of the ppTh films showed that the
films were composed of nano-spheres having a
particle size of 90 nm. In particular, Uv-Vis
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spectroscopy revealed that the thin films had a
very high optical transparency and that the
optical transmittance changed from 15% to 98%
in the visible region with increasing wavelength.
Considering the optical band gap, it was found
that nanostructured ppTh thin films had
semiconductor properties and these properties
changed slightly with the increase of RF power.
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