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a b s t r a c t

We report the synthesis of a novel electron acceptor building block, fluorene-fused triphenodioxazine
(FTPDO), and a donor-acceptor polymer based on FTPDO and bithiophene, PFTPDOBT. This new polymer
possesses a narrow band gap (1.66 eV) with low-lying frontier energy levels and exhibits hole transport
characteristics in organic thin film transistors (OTFTs). Thin films of PFTPDOBT show remarkable thermal
stability in air at temperatures of up to 250 �C with no noticeable differences in UVeVis absorption
characteristics in comparison to the films annealed in nitrogen. Surprisingly, OTFTs with the polymer
thin films annealed in air and measured in air outperform significantly the devices annealed and
measured in nitrogen.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Organic electronics are envisioned to have a broad range of
applications being particularly relevant in such areas as displays,
lighting, solar cells, intelligent packaging, smart labels, and sensors
[1e6]. Organic electronics may be simply fabricated by cost effec-
tive printing techniques and have the ability to bow, curve, and
attune to non-planar surfaces where inorganic materials simply
cannot contend. Furthermore, organic electronics have the poten-
tial to interface with biological systems allowing for exciting new
applications in fields such as medicine, environment, communi-
cation, and security. With the advent of high-performance organic
thin film transistors (OTFTs), organic photovoltaics (OPVs), and
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other organic electronics that are comparable to their inorganic
counterparts within the past few years, there has been a growing
effort in academic and industrial research.

Many high-performance small molecule and polymer semi-
conductors have originated from the core building blocks of some
commonly used dyes and pigments such as diketopyrrolopyrrole
(DPP) (the core structure of Pigment Red 254) [5,6], indigo (ID)
[7e10], and isoindigo (ID) [11e13]. With established synthetic
procedures for these dyes and pigments lower cost manufacturing
is possible. More importantly, the remarkable environmental sta-
bility of these compoundsmakes them ideal for the development of
air-stable organic semiconductors and devices. A common feature
for these high-performing building blocks is that they all contain
large fused conjugated ring structures, which allow for highly
effective p-electron delocalization and large intermolecular p-p
overlapping, both of which are essential for achieving efficient
charge transport.

Triphenodioxazine (TPDO) (Fig.1) is the core structure of several
commercial dyes and pigments including Pigment Violet 23, 35, 37,
and 54 and Direct Blue 104,106e109, and 190 [14]. Recently, several
small molecule TPDO derivatives have been used as
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Fig. 1. Chemical structure of benzo[5,6][1,4]oxazino[2,3-b]phenoxazine or more
commonly known as triphenodioxazine (TPDO).
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semiconductors in OPVs [15,16], dye-sensitized solar cells [17], and
OTFTs [18e20], showing promising power conversion efficiency of
up to 6.3% [17] and electron mobility of up to 0.11 cm2 V�1 s�1 [20].
Therefore, it is worthwhile to incorporate the TPDO moiety into
polymer semiconductors to explore the optoelectronic properties
of the resulting polymers.

In this work we developed a novel TPDO compound, FTPDO,
which contains a TPDO core fused with two fluorene units (Scheme
1). The purpose of using fluorene units is to allow facile substitution
at the 9-positions of fluorenes to render the substituted FTPDO
compound soluble. In addition, the 7-positions of the fluorene units
can be furnished with functional bromo groups allowing FTPDO to
be used as a comonomer to bithiophene in the Stille coupling re-
action to successfully synthesize the polymer PFTPDOBT (Scheme
1). This new polymer has a narrow band gap of 1.66 eV and
showed remarkable air stability at high temperatures of up to
250 �C. Despite of its poor molecular organization due to the ex-
istence of several FTPDO isomers, PFTPDOBT exhibited promising
field effect transistor performance with hole mobility as high as
1.57� 10�2 cm2 V�1 s�1 achieved by annealing the polymer films at
200 �C in air and measuring the devices in air, which is a threefold
increase compared to the highest mobility obtained for devices
annealed and measured in nitrogen. Our results demonstrate the
potential usefulness of FTPDO as a new building block for polymer
semiconductors for printed organic electronics.

2. Experimental

2.1. Materials and instrumentation

NMR spectra were recorded on a Bruker DPX 300 and 400 MHz
Scheme 1. Synthetic route to FTPDO and its polymer PFTPDOBT. i) t-BuOK, THF, r. t., 80%
ethylene glycol, 152 �C, 52%; iv) 4-toluenesulfonylchloride, nitrobenzene, 40 �C, 6%; v) Pd2(
spectrometer with chemical resonance signals relative to the re-
sidual chloroform in the deuterated solvent (7.26 ppm for 1H NMR
and 77 ppm for 13C NMR). Gel-permeation chromatography (GPC)
measurements were performed on a Malvern SEC system using
1,2,4-trichlorobenzene as eluent and polystyrene as standards at
140 �C. DSC measurements were carried out on a TA Instruments
Q2000 at a temperature ramping rate of 20 �C min�1 under nitro-
gen. The UVeViseNIR absorption spectra of the polymer were
recorded on a Thermo Scientific GENESYS™ 10S VIS spectropho-
tometer. Cyclic voltammetry (CV) data were obtained on a CHI600E
electrochemical analyzer using an Ag/AgCl reference electrode and
two Pt disk electrodes as the working and counter electrodes in a
0.1 M tetrabutylammonium hexafluorophosphate solution in
anhydrous acetonitrile at a scan rate of 50 mV s�1. Ferrocene was
used as the reference, which has a highest occupied molecular
orbital (HOMO) energy level of �4.8 eV [21]. The molecular orbital
energies of the monomer and dimer structures were calculated at
the Density Functional Theory (DFT) B3LYP/6-31G(d) level and
were characterized at the ground/neutral electronic state using the
Gaussian 09 Revision D.01 software program [22]. Calculations
were performed on model systems of FTPDO small molecules and
FTPDOBT dimers where all side-chain substituents were replaced
with methyl groups to reduce computational time. A Bruker D8
Advance powder diffractometer using Cu Ka1 radiation
(l ¼ 1.5406 Å) was used to measure the X-ray diffraction (XRD)
patterns of the polymer thin films. The polymer thin film samples
were prepared by spin-coating a polymer solution in chloroform on
dodecyltrichlorosilane-modified SiO2/Si substrates and annealed at
different temperatures in nitrogen. The same polymer samples
were used for obtaining the atomic force microscopy (AFM) images
with a Dimension 3100 scanning probe microscope.

2.2. Synthesis of 2-bromo-9,9-dihexadecyl-9H-fluorene (1)

Potassium tert-butoxide (15 g,137mmol) was added to a stirring
solution of 2-bromofluorene (15 g, 61 mmol) in tetrahydrofuran
(30 mL) cooled by an ice-water bath. After the addition of potas-
sium tert-butoxide, the ice-water bath was removed and the
mixture was stirred at room temperature for 40 min. The reaction
mixture was once again cooled with an ice-water bath and 1-
; ii) 90% HNO3, 1,2-dichloroethane, reflux, 94%; iii) NH2NH2$H2O (3.0 mL), Fe(acac)3,
dba)3/P(o-tolyl)3), chlorobenzene, 130 �C, 82%.
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bromohexadecane (42 g, 138 mmol) was added. The mixture was
then stirred at room temperature for 30 min. Water was added to
the reactionmixture and the organic phasewas separated.With the
addition of methanol, a solid precipitated from the organic phase.
The precipitate was then collected by filtration and recrystallized
with a mixture of methanol and chloroform to afford a yellow solid
(34 g, 80% yield). 1H NMR (400 MHz, CDCl3): d (ppm) 7.67e7.64 (m,
1H), 7.55e7.53 (m, 1H), 7.45e7.42 (m, 2H), 7.33e7.26 (m, 3H),
1.92e1.87 (m, 4H), 1.31e1.07 (m, 56H), 0.87 (t, 6H); 13C NMR
(100 MHz, CDCl3): d (ppm) 153.07, 150.41, 140.26, 140.16, 130.01,
127.57, 127.03, 126.25, 122.96, 121.13, 121.11, 119.86, 55.50, 40.44,
30.14, 29.89, 29.87, 29.83, 29.80, 29.75, 29.73, 29.65, 29.57, 29.41,
28.98, 28.38, 23.84, 22.88, 14.30. The same compound was reported
in the literature following an alternative synthetic method [23].

2.3. Synthesis of 2-bromo-9,9-dihexadecyl-7-nitro-9H-fluorene (2)

A mixture of 1 (30 g, 43 mmol), concentrated nitric acid (~90%)
(125 mL) and 1,2-dichloroethane (300 mL) was refluxed for 10 h.
The reaction mixture was then allowed to cool to room tempera-
ture and washed with water until a neutral pH was obtained. The
organic phase was collected and dried over anhydrous calcium
chloride, filtered and condensed. The condensed solution was
added to stirring methanol where a solid quickly precipitated. The
precipitate was collected by filtration and recrystallized in meth-
anol to afford a yellow solid (30 g, 94% yield). 1H NMR (400 MHz,
CDCl3): d (ppm) 8.26 (dd, J¼ 8.4, 2.1 Hz,1H), 8.18 (d, J¼ 2.1,1H), 7.76
(d, J ¼ 8.4 Hz, 1H), 7.64 (d, J ¼ 8.4 Hz, 1H), 7.55e7.51 (m, 2H),
2.09e1.95 (m, 4H), 1.30e1.04 (m, 56H), 0.86 (t, 6H); 13C NMR
(100 MHz, CDCl3): d (ppm) 154.44, 151.66, 147.49, 146.46, 137.79,
130.79, 126.64, 123.79, 123.46, 122.51, 119.98, 118.35, 56.06, 40.05,
32.05, 29.92, 29.84, 29.82, 29.80, 29.78, 29.72, 29.66, 29.62, 29.50,
29.32, 23.83, 22.81, 14.23.

2.4. Synthesis of 7-bromo-9,9-dihexadecyl-9H-fluoren-2-amine (3)

A mixture of 2 (5.0 g, 6.78 mmol), hydrazine hydrate
(NH2NH2$H2O) (3.0 mL), iron (III) acetylacetonate (Fe(acac)3) (0.2 g,
0.57mmol), and ethylene glycol (20mL) was added into a stainless-
steel reaction tube and heated at 155 �C for 2 h. The reaction tube
was then cooled and ethyl acetate was added. The ethyl acetate
layer was separated and the solvent was removed. The residue was
purified by column chromatography (200e300 mesh silica gel with
60e90 petroleum ether: ethyl acetate ¼ 5:1) to afford an orange
waxy solid (2.5 g, 52% yield). 1H NMR (400 MHz, CDCl3): d (ppm)
7.44e7.36 (m, 4H), 6.67e6.62 (m, 2H), 1.87e1.82 (m, 4H), 1.31e1.04
(m, 56H), 0.87 (t, 6H); 13C NMR (100 MHz, CDCl3): d (ppm) 152.42,
152.17, 146.44, 140.73, 131.41, 129.77, 125.89, 120.73, 119.75, 119.14,
114.16, 109.69, 55.22, 40.68, 32.08, 30.20, 30.12, 29.93, 29.86, 29.84,
29.82, 29.77, 29.74, 29.72, 29.52, 29.45, 23.82, 22.85, 14.27.

2.5. Synthesis of dioxazine derivatives (FTPDO)

A mixture of 3 (2.5 g, 3.53 mmol), sodium carbonate (0.65 g,
6.13 mmol), chloranil (0.63 g, 2.56 mmol), and nitrobenzene
(20 mL) was added into a flask and heated at 40 �C for 2 h. 4-
Toluenesulfonylchloride (0.86 g, 4.51 mmol) was added into the
reaction mixture and the mixture was refluxed for 4 h. Once the
reaction mixture was cooled, nitrobenzene was removed at 130 �C
in vacuo producing a black viscous liquid. The crude product was
purified by column chromatography twice (the first column:
100e200mesh silica gel with 60e90 petroleum ether: ethyl acetate
5:1; the second column: 200e300 mesh silica gel with 60e90
petroleum ether: DMC ¼ 7:1) to afford a dark blue solid (230 mg,
6%). HRMS (ESIþ) calculated for C96H142Br2Cl2N2O2 (MþH)þ:
1583.88879 found 1583.89153. The 1H NMR spectrum can be found
in Fig. S1 in the Supplementary Data.

2.6. Synthesis of PFTPDOBT

To a 25 mL Schlenk flask, FTPDO (110 mg, 0.07 mmol), 5,50-
bis(trimethylstannyl)-2,20-bithiophene (34 mg, 0.07 mmol) and
tri(o-tolyl)phosphine (P(o-tolyl)3) (1.7 mg, 0.006 mmol) were
added. After degassing and refilling argon three times, chloroben-
zene (3 mL) and tris(dibenzylideneacetone)-dipalladium
(Pd2(dba)3) (1.3 mg, 0.001 mmol) were added. The reaction
mixture was stirred at 130 �C for 72 h. Upon cooling to room
temperature, the reaction mixture was poured into methanol
(100 mL). The precipitate was collected by filtration and subject to
Soxhlet extraction with acetone, hexanes, and chloroform succes-
sively. The residue was dissolved in chloroform to give PFTPDOBT
upon removal of solvent in vacuo. Yield: 90 mg (82%). GPC data:
Mn ¼ 15,432; PDI ¼ 2.64. The 1H NMR spectrum can be found in
Fig. S2 in the Supplementary Data.

2.7. Fabrication and characterization of organic thin film transistors
(OTFTs)

A bottom-gate bottom-contact (BGBC) configuration was used
for all OTFT devices. The device fabrication procedure is as follows.
A heavily nþþ-doped SiO2/Si wafer with a ~300 nm-thick SiO2 layer
was patterned with gold source and drain pairs by conventional
photolithography and thermal deposition techniques. Subse-
quently, the substrate was treated with O2-plasma, followed by
cleaning with acetone and then isopropanol in an ultra-sonicating
bath. Then the substrate was placed in a solution of dodecyltri-
chlorosilane in toluene (10 mg mL�1) at room temperature for
20 min, followed by washing with toluene and drying under a ni-
trogen flow. A polymer solution in chloroform (5 mg mL�1) was
spin-coated onto the substrate at 3000 rpm for 60 s to give a
polymer film (~40 nm), which was further subject to thermal
annealing at various temperatures for 30 min in a glove box filled
with nitrogen or in air (with a relative humidity of 45%). All the
OTFT devices have a channel length (L) of 30 mm and a channel
width (W) of 1000 mm. Devices were characterized in the same
glove box or in air in dark using an Agilent B2912A Precision
Source/Measure Unit. The reported mobility (m) values were
calculated using the saturated regime current-voltage characteris-
tics with the drain-source current (IDS) given by:

IDS ¼
�
WCi
2L

�
mðVG � VTÞ2

where Ci is the capacitance per unit area of the dielectric
(11.6 nF cm�2), W and L are OTFT channel width and length, VG is
the gate voltage, and VT is the threshold voltage.

3. Results and discussion

The new f. luorene-fused TPDO compound, FTPDO, and its
polymer PFTPDOBTwere prepared according to the synthetic route
outlined in Scheme 1. 2-Bromofluorene was first disubstituted at
the 9-position with hexadecyl groups, followed by nitration at the
5-position, producing compound 2. Reduction of 2 with hydrazine
hydrate in the presence of iron (III) acetylacetonate (Fe(acac)3) as a
catalyst in ethylene glycol at 155 �C afforded the key amino fluorene
compound 3, which was reacted with chloranil to form the target
FTPDO. Because the ring closure could occur at the 6- or 8-position
of a fluorene unit, three possible isomers, FTPDO-a, b, and c, might
form (shown in the insert of Scheme 1). Thin layer chromatography



Fig. 2. (a) UVeVis spectra and (b) cyclic voltammogram of PFTPDOBT.
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(TLC) analysis indeed showed three overlapped spots, but the
separation of these three compounds was not successful due to
their very similar polarity. Nonetheless, since all three isomers of
FTPDO have fully p-conjugated pathways between the two CeBr
groups, they would form extended main chain conjugation if they
are incorporated in the polymer backbone. Therefore, the mixture
of FTPDO-a, b, and c was used as a comonomer to 5,5-
bis(trimethylstannyl)-2,20-bithiophene to form the polymer
PFTPDOBT under typical Stille coupling polymerization conditions
in the presence of Pd2(dba)3/P(o-tolyl)3 as a catalyst in chloroben-
zene at 130 �C for 72 h. The resulting polymer was precipitated
from methanol and further purified by Soxhlet extraction using
acetone, hexane, and chloroform. The polymer fraction dissolved by
chloroformwas dried to give the final polymer product in 82% yield.

GPC was used to characterize the molecular weight of
PFTPDOBT using 1,2,4-trichlorobenzene as an eluent at a column
temperature of 140 �C. The number-average molecular weight (Mn)
and polydispersity index (PDI) were determined to be
15.4 kmol g�1 and 2.64, respectively, relative to the polystyrene
standards (Fig. S3). PFTPDOBT showed a lmax at 649 nm and a
shoulder at ~670 nm in a chloroform solution. The polymer thin
film spin-coated on a glass substrate showed a lmax at 673 nm and a
minor peak at ~620 nm (Fig. 2a). The optical band gap calculated
from the onset absorption of the polymer film is 1.66 eV. The cyclic
voltammetry (CV) curves of the polymer film showed strong
oxidation peaks, but no obvious reduction peaks (Fig. 2b). The
HOMO energy level of PFTPDOBT is obtained from its oxidation
onset potential using ferrocene (Fc) (EHOMO, Fc ¼ �4.8 eV) as a
reference to be �5.61 eV. The lowest unoccupied molecular orbital
(LUMO) energy level is estimated from the HOMO and the optical
band gap to be �3.95 eV. The rather low HOMO and LUMO energy
levels of PFTPDOBT suggest that FTPDO is a strong electron with-
drawing building block. The narrow band gap of this polymer can
be attributed to the intramolecular charge transfer from the donor
(bithiophene) to the acceptor (the TPDO core).

The calculated frontier energy levels for the isomeric FTPDO-a,
b and c monomer units display similar characteristics and have
energies within a narrow range of �3.04 to�3.08 eV for LUMO and
�5.20 to �5.28 eV for HOMO (Fig. 3). Interestingly, both the LUMO
and HOMO energy levels decrease by intervals of 0.02 and 0.04 eV,
respectively, from FTPDO-a to FTPDO-c, suggesting that the LUMO
and HOMO energy levels are only slightly affected by the different
placement of the fluorene moiety fused to the TPDO core.
Compared with the FTPDO-a, b and c monomer units, the calcu-
lated frontier energy levels for FTPDOBT-a, b and c dimers dis-
played only a minor increase in LUMO energy levels ranging from
�2.95 to �2.97 eV, while the HOMO energy levels increased
notably as expected with the addition of the bithiophene donor,
ranging from �4.90 to �4.95 eV. For each dimer, the LUMO wave-
function localizes onto the FTPDO moiety and is more influenced
by the electron-accepting nature of the acceptor, whereas the
HOMOwavefunction is more delocalized along the dimer backbone
and only marginally affected by the acceptor characteristics (see
Figs. S5eS7 in Supplementary Data).

The TGA profile of PFTPDOBT under nitrogen showed the 5%
weight loss at a temperature of 354 �C (Fig. S8), indicating that this
polymer is quite thermally stable. Differential scanning calorimetry
(DSC) measurement did not show any obvious thermal transition in
a temperature range between 25 �C and 300 �C (Fig. S9). To
determine the molecular ordering or crystallinity, PFTPDOBT films
were prepared by spin-coating a polymer solution in chloroform on
SiO2/Si substrates and annealed at 100 �C for 15 min under nitro-
gen, which were subject to XRD measurements. No distinct
reflection peak was observed, suggesting the polymer film
annealed at this temperature is amorphous (Fig. 4). Once the
annealing temperature is increased to 150 �C, a weak diffraction
peak appeared at 2q ¼ ~4�, which corresponds to a d-spacing of
2.21 nm. Further increasing the annealing temperature intensifies
this diffraction peak. However, the intensity of this peak is still very
weak even at a high annealing temperature of 250 �C. The poor
molecular organization of this polymer is most likely due to the
existence of three isomeric FTPDO units (Scheme 1), which results
in kinked polymer main chains, hampering the formation of or-
dered chain packing [24]. The morphology changes of the polymer
films with annealing temperature were characterized by AFM
(Fig. 5). The 100 �C- and 150 �C-annealed films are quite smooth
with a small square root roughness (Rq) of 0.6 nm. Once the
annealing temperature is increased to 200 �C, large grains begin to
appear and the film becomes rougher (Rq ¼ 1.2 nm). The grain size
further grows as the temperature increases to 250 �C, which is
accompanied with the increased crystallinity of the film verified by
the XRD data.

PFTPDOBT was evaluated as a channel semiconductor in
bottom-gate bottom-contact OTFT devices (Fig. 6a). A solution of
PFTPDOBT in chloroform was spin-coated on a dodecyltri-
chlorosilane modified SiO2/nþþ-Si wafer substrate with pre-
patterned Au source and drain pairs and annealed at different
temperatures for 15 min in a glove box filled with nitrogen. All
devices showed typical p-channel field effect transistor



Fig. 3. The molecular orbital energies ( ±10 from LUMO and HOMO) for FTPDO-a, b and c and FTPDOBT-a, b and c dimers (see Supplementary Data for their chemical structures).

Fig. 4. XRD patterns of PFTPDOBT films spin-coated on dodecyltrichlorosilane-
modified Si/SiO2 substrates annealed at different temperatures.

Fig. 5. AFM images (2 mm � 2 mm) of PFTPDOBT films spin-coated on dodecyltrichlorosilane-modified Si/SiO2 substrates annealed at different temperatures.
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performance (Figs. 6 and 7 and Table S1). The best hole mobility of
5.27 � 10�3 cm2 V�1 s�1 was obtained for a device annealed at
200 �C (Fig. 6b and Table S1). To evaluate the air stability of this
polymer under operation, the devices were characterized in air
(with a relative humidity of 45%) with the polymer semiconductor
layer exposed to air. Surprisingly, the devices at all annealing
temperatures showed significant improvements in the hole mo-
bilities (Figs. 6 and 7 and Table S2). The highest mobility of
1.44� 10�2 cm2 V�1 s�1 was obtained for a devicewith the polymer
film annealed at 200 �C (Fig. 6b). To further study the influence of
air on the charge transport performance of this polymer, the
polymer thin films were annealed in air at different temperatures
ranging from 50 �C to 250 �C and tested in air. Unexpectedly, the
average mobilities increased further at all annealing temperatures
(Figs. 6 and 7 and Table S3). The highest mobility of
1.57 � 10�2 cm2 V�1 s�1 was achieved at an annealing temperature
of 200 �C (Fig. 6c). It appears that oxygen, moisture, or some other
component in air promoted the device performance. To investigate
if the polymer is intact after annealing in air, the polymer films
annealed in nitrogen or air were characterized by UVeVis spec-
trometry. The absorption profiles and the lmax of the polymer films
annealed in nitrogen or air are very similar at all respective
annealing temperatures (Figs. S10 and S11). In both environments,
the lmax increases with annealing temperature, which was associ-
ated with the increased molecular ordering as evidenced by the
XRDmeasurement. Based on the above UVeVis study, it seems that
air had minimal influences on this polymer at an annealing tem-
perature up to 250 �C. It should be noted that when the devices
measured in air were transferred into the nitrogen-filled glove box
for re-testing, the mobilities decreased compared to the values
measured in air. Once the devices were taken out of the glove box
and measured again in air, the mobilities recovered. Reproducible



Fig. 6. a) Bottom-gate bottom-contact (BGBC) OTFT structure used for the evaluation of PFTPDOBT. b) Transfer (left) and output (right) characteristics of an OTFT device with a
PFTPDOBT film annealed at 200 �C in nitrogen and tested in nitrogen (solid lines) and air (dashed lines). c) Transfer (left) and output (right) characteristics of an OTFT device with a
PFTPDOBT film annealed at 200 �C in air and tested in air. Device dimensions: channel length ¼ 30 mm; channel width ¼ 1000 mm.
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results were obtained when this process was repeated. The stability
of polymer semiconductors at high temperatures in air is very
important for device manufacturing because it allows the anneal-
ing step to be conducted in air, which facilitates the roll-to-roll high
throughput production of printed electronics. The reason for the
marked enhancement of the device performance of the polymer
films annealed and/or measured in air is still unclear. One possible
reason might be the interaction of oxygen with the Au source and
drain contacts. A previous study showed that the work function of
gold increased from 4.7e4.9 eV to 5.0e5.5 eV, which could reduce
the hole injection barrier from the Au source to the polymer
semiconductor layer [25]. The effect might be particularly promi-
nent for this polymer because its HOMO energy level is rather low
(�5.61 eV).



Fig. 7. The hole mobilities of BGBC OTFT devices with PFTPDOBT films at different
annealing temperatures: a) polymer films annealed in nitrogen and devices tested in
nitrogen, b) polymer films annealed in nitrogen and devices tested in air, and c)
polymer films annealed in air and devices tested in air. Device dimensions: channel
length ¼ 30 mm; channel width ¼ 1000 mm.
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4. Conclusion

In conclusion, a novel electron acceptor building block,
fluorene-fused triphenodioxazine (FTPDO), and a donor-acceptor
polymer based on FTPDO and bithiophene, PFTPDOBT, are re-
ported. This new polymer showed good hole transport perfor-
mance with hole mobilities of up to 1.57 � 10�2 cm2 V�1 s�1 in
organic thin film transistors despite of its poor molecular ordering
due to the existence of several isomeric FTPDO units. Particularly
important is that the highest device performance was achieved by
annealing the polymer films and testing the devices in air. The
excellent air stability, good charge transport performance, and
narrow band gap (1.66 eV) make the FTPDO-based polymers
promising for stable printed electronics where air exposure during
the manufacturing and operation of these electronics is inevitable.
The charge transport performance is expected to improve if an
isomerically pure FTPDO monomer can be isolated or synthesized,
which is the subject of our next step study on this new class of
polymers.
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