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A novel series of polymers incorporating 10-hexyl-10H-phenothiazine and substituted anilines were synthesized
through Buchwald-Hartwig amination polymerization. Comprehensive characterization of the polymers by
Differential Scanning Calorimetry (DSC) and Thermogravimetric Analysis (TGA showed remarkable thermal
stability. Size Exclusion Chromatography (SEC) measurements indicated low polydispersity, and average mo-
lecular weights, both conducive to film formation. Optical characterization, conducted through UV-vis ab-

sorption spectroscopy, highlighted the transparency of the synthesized polymers in the visible region.
Additionally, band gap was estimated by the intersection point of absorption and emission spectra. This
multifaceted analysis contributes valuable insights into the structural and optical properties of the developed
polymeric compounds, demonstrating their potential applications in various fields.

1. Introduction

Recently, significant research attention has been devoted to trans-
parent electronics for various technological advancements such as
windscreen technology, smart windows, digital signage, smart glasses,
and perovskite-based photovoltaics [1-4]. Transparent electronic de-
vices offer the potential for transparent display systems with increased
data output and compact sensing systems for enhanced information
acquisition. The utilization of visible light communication (VLC) sys-
tems in vehicles, airplanes, and medical facilities has gained popularity
due to their immunity to X-ray, ultraviolet (UV), and infrared (IR)
interference [5-8]. However, transparent systems that detect visible
light face a conflict between transparency and photodetector perfor-
mance. Although UV and IR detection systems can circumvent this issue,
they are incompatible with VLC systems that rely on light-emitting di-
odes (LEDs) as a light source and are unsuitable for large-area, low--
temperature organic electronics intended for visible light detection
[9-12]. To address this challenge, researchers have explored the inte-
gration of fine-grained inorganic materials such as nanoparticles or
quantum dots with highly transparent oxide semiconductors [7,13-15].
Additionally, the development of extremely thin semiconductor layers
holds promise for the fabrication of highly transparent visible-light
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phototransistors. However, excessively thin active layers tend to
exhibit limitations such as low carrier mobility (p), surface
non-uniformity, and reduced drain current (ID) [12,16-19]. In light of
these constraints, there has been a recent emphasis on the advancement
of organic electronics. Organic electronics have gained attention due to
their compatibility with low-cost, large-area, and low-temperature
processing techniques enabled by the solution processing of small
organic molecules and polymers [20,21]. In the field of perovskite-based
photovoltaics, polymeric semiconductors provide holes transporting but
also transparency that is essential to allow light to reach the active film
and its protection from the humidity [22-24]. By employing rational
material synthesis and molecular design, these materials can be tailored
to enhance the performance of electronic devices through strategies
such as doping and/or material mixing [25,26].

Successfully, we synthesized novel transparent polymers for organic
electronics by employing Buchwald-Hartwig amination to combine N-
alkyl phenothiazine and substituted anilines. The rationale behind the
choice to use phenothiazine building block depends on the interesting
properties of phenothiazine; firstly, the good electrochemical properties
that justify their promising applications in material science as electron-
donating units in electronically conducting charge-transfer materials
[27]. They can also act as sensors in supramolecular systems for
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photoinduced electron transfer (PET) [28-30]. Because of their low
oxidation potential, phenothiazines are capable of acting as electron
donors in fluorescent donor-acceptor chromophores, which are useful
for organic light-emitting diode applications [31,32], and for electro-
optical and nonlinear effect-based applications [33].

Furthermore, the phenothiazine is cheap, very stable, easy to
alkylate on the nitrogen atom in order to tune solubility and its “but-
terfly” structure avoids packing and crystallization in the films used for
different devices. All these characteristics make the phenothiazine an
easy to manage and tunable scaffold for the building of functional
organic materials. The triarylamine structure for the polymers was
chosen since most polymers and small molecules used for organic elec-
tronic contains this motif structure. In fact, the introduction of triaryl-
amines in functional materials for organic electronics is important since
the nitrogen atom is involved in the electroactivity of the molecules/
polymers, thus cooperating to the charge transport phenomena in the
solid film normally used in device [34].

In recent years, the Buchwald-Hartwig cross-coupling has become a
crucial tool in organic chemistry for the synthesis of carbon-nitrogen
bonds via palladium-catalyzed cross-coupling reactions of aryl halides
with amines [35]. This reaction has found widespread use in many
fields, including pharmaceuticals, agrochemicals, natural products, and
organic molecules related to material science. Numerous efforts have
been made to develop better methodologies and catalysts for the
Buchwald-Hartwig amination reaction in both academic research and
industrial processes [36,37]. Compared to previous methods, such as
nucleophilic aromatic substitutions (SyAr) [38] or copper-mediated re-
actions [39], which have limitations such as a narrow substrate scope,
long reaction times, and high temperatures, the Buchwald-Hartwig re-
action is a more efficient method for the synthesis of carbon-nitrogen
bonds. This reaction has also been applied to polymerizations, particu-
larly in the synthesis of organic hole transport materials (HTMs) used in
organic electronics. PTAA, a polymer belonging to the polytriarylamines
class, is one of the most reliable and well-performing HTMs. The
development of new, cheaper, and higher-performing HTMs has moti-
vated researchers to develop better synthetic methods that can be
adapted for polymerizations and to control the characteristics of the
final product. Sprick et al. [40] demonstrated that the (NHC)-Pd cata-
lyzed Buchwald amination polymerization of anilines and dibromoar-
enes can be used to prepare a library of PTAA-based molecules, and that
adding fused ring structures into the polymer backbone and replacing
the pendant phenyl groups with electron-withdrawing fluorine or
electron-donating methoxy group can influence the molecular weight of
the resulting polymer. Here, we are presenting a simple one-step poly-
merization method using a low-cost phenothiazine derivative and ani-
line derivatives and the characterization of the final polymers.

2. Experimental
2.1. Materials

All chemicals and solvents were purchased as pure grade for syn-
thesis or spectroscopy from Merck, TCI Chemicals, abcr Gute Chemie
and VWR, and used without further purification.

2.2. Instruments

2.2.1. NMR spectra
NMR spectra were recorded on a JEOL ECZ-R 600, working at 600
MHz and 151 MHz for 'H and '3C, respectively.

2.2.2. Mass spectra

MS spectra were performed using an Agilent-6890 GC, an Agilent-
5973 Network mass selective detector, and an EI ionization system.
The GC-MS was operated with an interface temperature of 300 °C and
an ionization source temperature of 250 °C. A solvent delay of 4.0 min
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was set to protect the filament from oxidation. Chromatographic sepa-
ration was achieved using Colum Agilent 19091S-433, HP-5MS, with
nominal capillary of 30.0 m x 250 pm x 0.25 pm. Helium, with a mini-
mum purity of 99.99995 %, was used as a carrier gas at a flow rate of 2
mL/min. The gas chromatograph was equipped with a split/splitless
injection port, operating at 200 °C. Samples were injected in the splitless
mode, at a column temperature of 120 °C, and the splitter was then
opened after 1 min. The GC oven temperature was initially held at 120
°C for 1 min and then programmed to ramp up at 20 °C/min to 300 °C.
The mass spectrometer was operated in the positive-ion electron ioni-
zation (EI) mode. Full scan data were obtained over the mass range m/z
50-600.

2.2.3. UV-Vis spectra
The UV-Vis spectra were recorded in dichloromethane (DCM) with
an Agilent Technologies Cary 60 UV-Vis spectrophotometer.

2.2.4. Fluorescence spectra

Fluorescence spectra of polymers were acquired in dichloromethane
(DCM) with a Cary Eclipse Fluorescence spectrofluorometer in the range
200-800 nm, and using excitation slit 5 nm and emission slit 10 nm.
Excitation wavelengths were 322 nm, 322 nm, 330 nm, 320 nm, 324 nm,
and 324 nm for 3a, 3b, 3c, 3d, 3e, and 3f respectively.

2.2.5. SEC-Molecular weight measurement

SEC-Molecular weight measurements were performed with Waters
SEC chromatographic system equipped with a refractometer detector,
using a guard column and three columns in series (Styragel HR2, HR4
and HR6). The analyses were performed at 35 °C and THF was used as
the mobile phase at a 1 ml min~! flow rate. A calibration curve was
prepared with a series of polystyrenes of different molecular weight
(575-3.848.000 g mol1).

2.2.6. Thermal analysis

Thermogravimetric analyses (TGA) were performed with a TGA TAQ
600 (TA Instruments) in nitrogen atmosphere with a heating gradient of
30 °C/min from 30 °C to 800 °C. Calorimetric analyses (DSC) were
performed with a DSC TAQ 200 (TA Instruments) in nitrogen atmo-
sphere with a heating gradient of 30 °C/min from —50 °C to 250 °C.

2.2.7. Elemental analysis
Elemental analysis characterization was performed with a Thermo
Fisher Flash EA 1112 Series elemental analyzer (Waltham, MA, USA).

2.2.8. Synthesis procedures

2.2.8.1. 10-hexyl-10H-phenothiazine (1)[41]. The glassware was dried
overnight in an oven at 150 °C. A three necked round bottom Schlenk
flask (100 ml) was closed with a rubber stopper directly after extracting
it from the oven. Argon was fluxed through the glassware while cooling
at room temperature. In the Schlenk flask, phenothiazine (5 g, 25.1
mmol, 1 eq) was introduced and dissolved in dry DMF (50 mL) under
argon atmosphere, then it was cooled to 0 °C and NaH (903 mg, 32.62
mmol, 1.5 eq) was added portion wise over 15 min and kept stirring for 1
hour. 1-Iodohexane (18 g, 38 mmol, 1.7 eq) was added to the mixture
and kept stirring at RT until consumption of phenothiazine. Reaction
was monitored by silica gel TLC using hexane as eluent (R¢ of compound
1 = 0.4). The reaction was quenched by ice cold water and extracted
three times with ethyl acetate (3 x 75 ml). Organic phase was washed
three times (3 x 50 ml) with brine. After drying with anhydrous NazSOa4,
the organic phase was filtered and evaporated under vacuum. The crude
was purified by a short silica column using hexane eluent giving a yellow
oil (6.319 g, 88 %).

'H NMR (600 MHz, DMSO-dg) 8 ppm: 7.19 (ddd, J = 8.1, 7.3, 1.5 Hz,
2H), 7.13 (dd, J = 7.6, 1.5 Hz, 2H), 7.00 (d, J = 1.2 Hz, 2H), 6.92 (t, J =
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1.1 Hz, 2H), 3.84 (t, J = 7.0 Hz, 2H), 1.65 (p, J = 6.1 Hz, 2H), 1.36 (p, J
= 4.6 Hz, 2H), 1.22 (h, 4H), 0.81 (t, 3H). 13C NMR (151 MHz, DMSO-dg)
6144.81, 127.57,127.10, 123.63, 122.39, 115.81, 46.40, 30.82, 26.20,
25.83, 22.05, 13.82; GC-MS—EI m/z calculated for C1gH21NS, 283.14;
found, 283 (91.17 %), 198 (100 %). Elemental analysis: calculated for
C18H21NS (283.43 a.m.u.): C 76.27 %, H 7.47 %, N 4.94 %, S 11.32 %j;
found: C 76.03 %, H 7.45 %, N 5.01 %, S 11.19 %.

2.2.8.2. 3,7-dibromo-10-hexyl-10H-phenothiazine (2)[42]. Compound 1
(2 g, 7.1 mmol, 1 eq) was introduced into a three-necked round bottom
flask (50 ml) containing 20 mL of dichloromethane. Bromine (5.6 g, 35.3
mmol, 5 eq) was dissolved in DCM (10 mL) and added dropwise through
a dropping funnel over 15 min. The reaction was stirred at room tem-
perature until consumption of the starting material. Reaction was
monitored by silica gel TLC using hexane as eluent (R¢ of compound 1 =
0.4, R¢ of compound 2 = 0.5). After cooling to room temperature, the
reaction mixture was washed with a solution of 0.60 g KOH and 0.35 g
sodium sulfite in 70 mL of water. The organic phase was separated and
dried over anhydrous sodium sulfate. The solvent was evaporated under
vacuum, giving a yellow oil which turned into a greenish solid on
standing (2.9 g, 93 %).

'H NMR (600 MHz, DMSO-dg) § ppm: 7.42 — 7.27 (m, 2H), 6.95 (d, J
= 9.4 Hz, 2H), 3.80 (t, J = 6.9 Hz, 2H), 1.68 — 1.55 (m, Hz, 2H), 1.34 (m,
J = 7.2 Hz, 2H), 1.21 - 1.15 (m, 4H), 0.77 (t, 3H). 13C NMR (151 MHz,
DMSO-dg) & 143.86, 130.40, 129.10, 125.50, 117.69, 114.03, 46.65,
30.77, 25.93, 25.70, 22.06, 13.84. GC-MS-EI m/z calculated for
C18H19BraNS, 440.96; found, 444 (9.27 %), 443 (47.25 %), 442 (17.40
%), 441 (88.50 %), 440 (9.25 %), 439 (43.91), 336 (100 %) Elemental
analysis: calculated for C1gH;9BroNS (441.23 a.m.u.): C 49.00 %, H 4.34
%, N 3.17 %, S 7.27 %,; found: C 49.15 %, H 4.33 %, N 3.17 %, S 7.21 %.

2.2.8.3. 3a polymer. A 20 ml MW vial was heated overnight in an oven
at 150 °C and closed with a rubber stopper when extracted from the
oven. Argon was flushed through the vial while cooling. The -BuOK
(610.37 mg, 5.44 mmol, 4 eq) was loaded into the 20 ml vial and heated
with heating-gun under applied vacuum for 10 min. Argon was flushed
through the vial during the following cooling. The 3,7-dibromo-10-
hexyl-10H-phenothiazine (600 mg, 1.36 mmol, 1 eq), and the catalyst
(IPr)Pd(ally])Cl (15.54 mg, 0.027 mmol, 0.02 eq) were added in the vial
under argon. The system was evacuated for 10 min and then filled again
with argon. Dry toluene (5 ml), freshly distilled aniline (127 mg, 124 pl,
1.36 mmol, 1 eq) and a 50 mmol/L solution of 4-bromoanisole in toluene
(1.53 mg, 206 pl, 8.16 pmol, 0.006 eq) were added in sequence. The vial
was crimped with a septum and heated using an oil bath at 105 °C and
stirred for 22 h. At the end, the mixture was left to cool and was
precipitated from methanol. The crude was dissolved into dichloro-
methane and filtered through a short pad of silica and then washed with
a 0.1 M of sodium diethyldithiocarbamate solution to remove any
remaining trace of Pd. The organic phase was dried with MgSO4 and
concentrated under vacuum. The product was obtained from the
concentrated solution by precipitation with methanol. The crude solid
was extracted four times with Soxhlet with the following solvents in
succession: methanol, hexane, acetone, and dichloromethane. The
dichloromethane solution containing the final purified product was
concentrated. The dichloromethane solution was slowly dropped into
methanol (100 ml) under fast stirring and the precipitated polymer
powder was recovered as solid by filtration under vacuum (100 mg, 18.3
%).

'H NMR (600 MHz, THF-dg) & ppm: 7.30 - 6.56 (m, 11H), 4.01 - 3.75
(m, 2H), 1.80 (m, 2H), 1.46 (m, 2H), 1.39 - 1.29 (m, 4H), 1.04 - 0.80 (m,
3H). SEC (35 °C, THF): M,, = 4.9 kDa; My, = 6.1 kDa; PDI = 1.2.

2.2.8.4. 3b polymer. 3b polymer was prepared using the same method
used for the preparation of 3a polymer. Yield: 185 mg, 19.6 %.
'H NMR (600 MHz, THF-dg) & ppm: 7.26 — 6.63 (m, 10H), 3.79 (m,
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2H), 2.33 — 2.15 (m, 3H), 1.78 (m, 2H), 1.45 (m, 2H), 1.38 — 1.24 (m,
4H), 1.00 - 0.81 (m, 3H). SEC (35 °C, THF): M, = 5.9 kDa; My, = 7.7
kDa; PDI = 1.3.

2.2.8.5. 3c polymer. 3c polymer was prepared using the same method
used for the preparation of 3a polymer. Yield: 397 mg, 40.5 %.

'H NMR (600 MHz, THF-dg) § ppm: 7.21 — 6.22 (m, 10H), 4.13 - 3.63
(m, 5H), 1.83 (m, 2H), 1.44 (m, 2H), 1.31 (m, 4H), 0.93 - 0.78 (m, 3H).
SEC (35 °C, THF): M, = 5.0 kDa; M,, = 8.1 kDa; PDI = 1.6.

2.2.8.6. 3d polymer. 3d polymer was prepared using the same method
used for the preparation of 3a polymer. Yield: 488 mg 43.6 %.

'H NMR (600 MHz, THF-dg) 8 ppm: 7.39 — 7.16 (m, 3H), 7.02 - 6.73
(m, 12H) 3.96 — 3.74 (m, 2H), 1.78 (m, 2H), 1.45 (m, 2H), 1.37 — 1.28
(m, 2H), 0.88 (m, 3H). SEC (35 °C, THF): M,, = 2.5 kDa; M, = 3.3 kDa;
PDI =1.3.

2.2.8.7. 3e polymer. 3e polymer was prepared using the same method
used for the preparation of 3a polymer. Yield: 214 mg, 20.6 %.

'H NMR (600 MHz, THF-dg) & ppm: 7.27 — 6.61 (m, 10H), 3.92 — 3.69
(m, 2H), 2.53 (m, 2H), 1.78 (m, 2H), 1.58 — 1.49 (m, 2H), 1.45 (m, 2H),
1.38 —1.28 (m, 6H), 0.94 — 84 (t, 3H). SEC (35 °C, THF): M, = 5.6 kDa;
M,, = 7.9 kDa; PDI = 1.4.

2.2.8.8. 3f polymer. 3f polymer was prepared using the same method
used for the preparation of 3a polymer. Yield: 355 mg, 37.3 %.

'H NMR (600 MHz, THF-dg) 6 ppm: 7.34 - 6.63 (m, 10H), 4.01 - 3.74
(s, 2H), 1.78 (m, 2H), 1.45 (m, 2H), 1.36 — 1.29 (m, 4H), 0.93 - 85 (s,
3H). SEC (35 °C, THF): M, = 4.3 kDa; M, = 5.9 kDa; PDI = 1.4.

3. Results and discussion
3.1. Synthesis

In this study, we aimed to synthesize a novel family of polymers
using Buchwald-Hartwig coupling reaction. The Buchwald-Hartwig
amination process facilitates the formation of nitrogen-carbon bonds
when an aryl halide reacts with a primary or secondary amine,
employing a palladium catalyst and base. By employing selected
commercially available low-cost anilines (see Scheme 1) in the reaction
with 3,7-dibromo-10-hexyl-10H-phenothiazine 2, we achieved a
straightforward work-up process, minimizing time-consuming purifica-
tion steps. The reaction was completed within 24 h, and to streamline
the process, 0.01 equivalents of 4-bromoanisole were added to terminate
end amino groups. The groups attached were chosen to investigate the
influence of electron-withdrawing and electron-donating units on the
molecular weights, optical properties, thermal stability, electrochemical
properties of final polymers. The yields of polymers syntheses were 18.3,
19.6, 40.0, 43.6, 20.6, 37.3 % for 3a, 3b, 3¢, 3d, 3e, and 3f respectively.

3.2. Characterization

3.2.1. Molecular weight measurement by SEC

The weight average molecular weight (M,,) values of all polymers
ranged from 3 to 8 kDa (Table 1), indicating their suitability for
enhancing device stability by protecting the perovskite active layer
against degradation [24]. The obtained polymers exhibited relatively
low polydispersity values ranging from 1.2 to 1.6, indicating their ho-
mogeneous nature.

3.2.2. Spectroscopic characterization

The polymeric materials 3a-f were characterized using UV-vis and
fluorescence spectroscopies (Figs. 1 and 2, and Table 2). The UV-vis
spectra showed consistent patterns across all the polymers, with a
maximum absorption peak ranging from 263 to 269 nm. Additionally, a
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Scheme 1. Synthetic route for the polymeric materials by Buchwald-Hartwig coupling.

Table 1
Molecular weight measurement by SEC.

HTM R M," (kDa) M,,” (kDa) PDI

3a H 4.9 6.1 1.2

3b CHs 5.9 7.7 1.3

3c OCH3 5.0 8.1 1.6

3d OCgHs 2.5 3.3 1.3

3e C4Ho 5.6 7.9 1.4

3f F 4.3 5.9 1.4

@ Average molecular weight in number.

b Average molecular weight in weight.

¢ Polydispersity Index (My/My).
3a
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Fig. 1. UV-vis spectra of polymeric materials.

shoulder peak around 340 nm was observed, indicating their trans-
parency in the visible region. Notably, the absorption occurred primarily
in the UV region below 450 nm, suggesting their potential for efficient
light absorption while allowing for transparency in the visible spectrum.

3a
c
Ke]
7]
K]
1S
L
0.0 - T T T T T
350 400 450 500 550 600 650
Wavelength [nm]
Fig. 2. Fluorescence spectra of polymeric materials.
Table 2
Optical, electrochemical and thermal characterization of the polymeric HTMs.

HTM  Amax (M) Aonser M) Aem (nm)  Bg (V) Tswp (°C) Ty (°C)
3a 269 418 480 2.97 372 111.97
3b 266 430 480 2.88 373 117.91
3c 263 408 480 3.04 366 133.29
3d 266 415 480 2.99 362 119.61
3e 263 402 480 3.08 380 99.80
3f 269 422 485 2.94 376 109.34

Besides, the introduction of an electron-donating group at the para po-
sition of the aniline unit resulted in a slight blue shift in the absorption
maximum. The absorption peaks for 3b, 3¢, 3d, and 3e were measured
at 266 nm, 263 nm, 266 nm, and 263 nm, respectively, compared to 3a
with a peak at 269 nm using the simple aniline unit. The F substituent
(3f) did not show any influence on the absorption with respect the
unsubstituted aniline, 3a. Otherwise, the presence of electron-donating
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units attached to the aniline unit led to a red shift in the shoulder peak at
330 nm for 3a, with values of 335 nm, 338 nm, and 338 nm observed for
3b, 3¢, and 3e, respectively. For 3d, and 3f the shoulder peak intensity
was reduced. For 3f, the spectrum was identical to 3a. These observa-
tions agree with the expected conjugation disruption behavior of the
triarylamine through its nitrogen atom. Regarding emission spectros-
copy, the polymers exhibited similar behavior, displaying emission
peaks within the range of 480-484 nm.

The crossing point of the UV-vis and emission spectra is normally
taken as the minimum band-gap (Bg, see Table 2) for a material involved
in organic electronics applications [24]. The By values obtained for the
polymers 3a-f agree with the transparence of those polymers towards
visible light.

3.2.3. Thermal stability through TGA and DSC

The thermal stability of the polymers 3a-3f was evaluated and found
to be favorable (Table 2 and Fig. 3). As the general structure of the
polymer is consistent across all samples, it is reasonable to expect similar
thermal stability values, primarily influenced by the stability of the
polymeric backbone. Nonetheless, slight variations in thermal stability
were observed, likely attributable to the substituent on the para position
of the aniline moiety. The obtained data revealed that the unsubstituted
polymer (3a, R = H) and the polymers substituted with alkyl groups and
electron acceptors (3b, R = CHs, 3e, R = C4Ho, 3f, R = F) exhibited
higher stability temperatures, ranging between 372 and 380 °C. In
contrast, the polymers substituted with strong electron-donor groups
(8¢, R = OCHs3, and 3d, R = OCgH5) displayed slightly lower stability
(362 and 366 °C, respectively), which may be attributed to the presence
of the ether group. Nevertheless, overall, the polymers demonstrated
very good stability, making them suitable for usual thermal processing
(around 150 °C) for the fabrication of organic electronics [43].

The DSC analysis on the polymers demonstrated the presence of glass
transitions, as depicted in Fig. 4 and summarized in Table 2. The
observation of glass transitions is highly relevant, considering the well-
established significance of this phenomenon in the field of molecular
electronics and semiconductors [44]. The glass transition temperature is
a critical processing parameter that governs the kinetics of molecular
organization of polymer semiconductors during solidification. The
organic semiconductor remains stable in the solid film structure until the
glass transition temperature is reached. Moreover, stiffness is an indi-
cation of strong packing while remaining in the amorphous state, where
polymer chains are in close proximity to each other, facilitating charge
transfer and hole transport in the case of p-type polymers [45]. The glass
transition temperatures (Tg) for 3a and 3b were observed at 111.97 °C
and 117.91 °C, respectively, demonstrating a significant difference in
stiffness between the two polymers. This disparity arises from the

100
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= 604
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40
3a
30 4——3b
3c
20
—3d
10 4 3e
0 — 3f

T T T T T T T
100 200 300 400 500 600 700 800
Temperature (°C)

Fig. 3. TGA plots of the polymers.
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Fig. 4. DSC plots of the second heating cycle of the polymers.

presence of a methyl group in the para position of the pendant phenyl
group (R = H for 3a and R = CHjs for 3b). For 3e (R = C4Hy), the glass
transition is less pronounced, occurring at a lower temperature of 99.80
°C. This can be attributed to the steric hindrance caused by the butyl
chain, which largely hampers polymer chain packing. Polymer 3c
exhibited a high Tg of 133.29 °C, indicating high packing and stiffness,
likely due to the presence of oxygen, which can interact with portions of
the polymer chain carrying a partial positive charge. Conversely, the
effect is less pronounced in polymer 3d, where the size of the benzene
ring in the phenoxy group (R = OCsH5) creates greater distance between
polymer chains. In summary, these materials maintain their solid phase
structure in the film at around 109 °C or higher temperature, except for
polymer 3e (R = C4Hy).

4. Conclusion

The synthesized polymers (3a-3f) have a good potential as trans-
parent semiconductors in organic electronics. They are very appealing
for large-scale production due to their simple purification procedure and
cost-effective synthesis using a relatively inexpensive starting material
such as phenothiazine and anilines. When exposed to high temperatures,
these polymers maintain their structural integrity and amorphous
structure with very good thermal stability on a reasonably large tem-
perature range. They show high transparency and wide band gap.
Overall, these properties place the here reported polymers as adaptable
contenders for various transparent organic electronics applications,
providing a path to the creation of scalable and effective electronic
devices.
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