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ABSTRACT: A 4-methoxy-substituted triphenylamine-containing homopolymer, poly
[N,N-diphenyl-4-methoxyphenylamine-4',4"-diyl] (PMeOTPA), with blue light (435
nm) fluorescence quantum efficiency up to 79% was easily prepared by oxidative cou-
pling polymerization of N,N-diphenyl-4-methoxyphenylamine (MeOTPA) using FeCls
as an oxidant. Its reversible oxidation redox couple was at 0.41 V versus Fe¢/Fe* in aceto-
nitrile solution. It exhibited good thermal stability with 10% weight-loss temperatures
above 500 °C under a nitrogen atmosphere and relatively high softening temperature
(154 °C). The simply designed homopolymer revealed moderate stability of electrochro-
mic characteristics, changing color from original pale yellowish to red, and then to
black. The PMeOTPA based field effect transistor also showed p-type characteristics
with significant temperature dependence. The present study suggests that PMeOTPA
is a multifunctional polymer for various optoelectronic device applications. © 2007 Wiley

Periodicals, Inc. J Polym Sci Part A: Polym Chem 45: 3292-3302, 2007
Keywords: electrochemistry; fluorescence; functionalization of polymers; lumines-

cence; polyamines

INTRODUCTION

Conjugated polymers have been extensively stud-
ied for their potential applications in electrolumi-
nescence displays,’® photovoltaic devices,* and
thin film transistors.’? Arylamine-containing aro-
matics have attracted considerable interest as
hole-transport materials in multilayer organic
electroluminescence (EL) devices due to their rel-
atively high mobilities and low ionization poten-
tials.%"° The electroactive site of triphenylamine
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(TPA) is the nitrogen center, which is linked to
three phenyl groups in a propeller-like geometry.
The anodic oxidation pathway of TPA was well
reported and the electrogenerated TPA cation
radical dimerized to form tetraphenylbenzidine,
which is more easily oxidized than the TPA mole-
cule.' The electrochemical properties of TPA are
affected when some of the hydrogen atoms are
substituted with groups of different electronic
strengths. In our previous studies, it was found
that TPA revealed lower oxidation potential and
the formed cation radical was stabilized when
electro-donating groups (methyl, methoxy) were
substituted at the para-phenyl position.'?> 15 The
feasibility of utilizing spin-coating and ink-jet
printing processes for large-area EL devices and
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possibilities of various chemical modifications (to
improve emission efficiencies and allow pattern-
ing) make polymeric materials containing triaryl-
amine units very attractive.’®2* To enhance the
hole injection ability of polymeric emissive mate-
rials such as poly(1,4-phenylenevinylene)s (PPV)
and polyfluorenes (PF), there have been several
reports on PPV and PF derivatives involving hole-
transporting units such as triarylamine or carba-
zole group in the emissive n-conjugated core/main
25-30 or grafting them as side chains in a
polymer®'~33 or attaching them onto the polymer
chain-ends or the outer surface of dendritic
wedges.>*®> However, the solubility of many
highly conjugated polymers is low, particularly
for blue-emitting species. These targeted blue-
emitting polymers therefore often bear large
alkyl, alkoxy, or aryloxy groups to improve solu-
bility, thus lower their glass transition tempera-
tures (Tys) and thermal stability.

To obtain high T, hole-transporting polymers,
many investigators have prepared polymers con-
taining TPA units in the main chain. Ogino and
coworkers have successfully prepared TPA-con-
taining polymers that had hole-transporting abil-
ity.?®37 Murofushi and coworkers have also
prepared a series of polytriphenylamines by car-
rying out Grignard reaction and then polymeri-
zating the obtained Grignard reagent by using a
nickel compound catalyst.>**° Kakimoto and
coworkers reported that the charge injection and
electroluminescent efficiency were improved
remarkably by the incorporation of the hole-
transporting polyimide containing a TPA moieties
in the backbone.*>*? Recently, we have reported
the synthesis of soluble aromatic polyamides and
polyimides bearing TPA units in the main
chain.***® Because of the incorporation of bulky,
3D TPA units along the polymer backbone, all the
polymers were amorphous with good solubility in
many aprotic solvents and exhibited excellent
thin-film-forming capability. So far, polymeric tri-
arylamines are prepared using copper-mediated
Ullman reactions,*® palladium®®?® or nickel-
catalyzed coupling reactions,***%%4=56 and nucle-
ophilic substitution reactions.’” However, these
synthetic methods are not straightforward and
require multiple steps to prepare the monomers.
These findings prompted the development of
another electrochemically stable hole-transport-
ing polymer based on the oxidative coupling of
TPA unit. We therefore design a novel para-
methoxy substituted TPA-based conjugated
homopolymer (PMeOTPA), which is a blue light
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(435 nm) emitter with fluorescence quantum effi-
ciency up to 79%. The electrochemical, electro-
chromic, and photoluminescent properties of the
polymer film prepared by casting solution onto an
indium-tin oxide (ITO)-coated glass substrate are
also investigated.

EXPERIMENTAL

Materials

Diphenylamine (ACROS), 4-iodoanisole (ALFA
AESAR), copper powder (ACROS), potassium car-
bonate (SCHARLAU), triethyleneglycol dimethyl
ether (TEGDME) (ALFA AESAR), iron (III) chlo-
ride (SHOWA), nitrobenzene (ACROS), N-methyl-
2-pyrrolidinone (NMP) (TEDIA), N,N-dimethy-
lacetamide (DMAc) (TEDIA), CHCl; (TEDIA),
tetrahydrofuran (THF) (TEDIA), and hexame-
thyldisilazane (HMDS) (FLUKA) were used with-
out further purification. Tetrabutylammonium
perchlorate (TBAP) was obtained from ACROS
and recrystallized twice from ethyl acetate and
then dried in vacuo prior to use. All other reagents
were used as received from commercial sources.

Preparation of (4-Methoxyphenyl)diphenylamine

A mixture of diphenylamine (4.23 g, 25 mmol), 4-
iodoanisole (7.25 g, 31 mmol), copper powder
(1.59 g, 25 mmol), potassium carbonate (6.91 g, 50
mmol), and triethyleneglycol dimethyl ether
(TEGDME) (12.5 mL) was stirred under nitrogen
atmosphere at 180 °C for 24 h. The reaction mix-
ture was filtered and poured into ice water. The
brown precipitate was collected by filtration, then
recrystallized from methanol to give white crys-
talline (5.85 g, 85%); (mp = 108-110 °C; lit.58
104-105 °C by DSC at 10 °C/min). FTIR (KBr pel-
let, cm™!): 1242, 1034 (aromatic —C—O0—C—
stretch). "TH NMR (500 MHz, CDCls, §, ppm): 3.85
(s, —OCHjy), 6.91 (d, 2H), 7.01 (t, 2H), 7.11 (d,
4H), 7.14 (d, 2H), 7.27 (t, 4H). *C NMR (125
MHz, CDCl3, 46, ppm): 55.4, 114.7, 121.8, 122.8,
127.2, 129.0, 140.7, 148.1, 156.1. Anal. Calcd for
Ci9H17;NO (275.34): C, 82.88%; H, 6.22%; N,
5.09%. Found: C, 82.90%; H, 6.22%; N, 5.02%.

Preparation of Poly[N,N-diphenyl-4-
methoxyphenylamine-4',4"-diyl]

In a 50-mL round-bottomed flask fitted with a
three-way stopcock were placed MeOTPA (0.138 g,
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0.5 mmol), FeCls (0.203 g, 1.25 mmol), and nitro-
benzene (1 mL) under nitrogen. The solution was
stirred at room temperature for 24 h and poured
into a mixture of methanol containing 10% hydro-
chloric acid. The precipitate was collected,
washed with aqueous ammonium hydroxide, then
dissolved in chloroform and filtered. The filtrate
was poured into methanol to reprecipitate the
polymer and dried in vacuo at 100 °C for 24 h
(yield: 0.109 g, 80%). IR (KBr): 1240, 1034 (aro-
matic —C—O—C— stretch). "H NMR (500 MHz,
DMSO-dg, 6, ppm): 3.76 (s, —OCHsy), 6.95 (d, 2H),
6.97-7.01 (m, 6H), 7.06 (d, 4H), 7.09 (d, 2H), 7.27
(t, 4H), 7.51 (m, 4H). '*C NMR (125 MHz, DMSO-
ds, 0, ppm): 55.1, 115.0, 115.1, 121.9, 122.1, 122.3,
122.5, 126.9, 127.4, 127.5, 129.3, 133.1, 139.6,
147.3, 156.1. Anal. Caled for (C;9H{5NO),
(273.33): C, 83.49%; H, 5.53%; N, 5.12%. Found:
C, 82.89%; H, 5.50%; N, 5.06%.

Preparation of Polymer Film

A solution of polymer was made by dissolving
about 0.20 g of the PMeOTPA sample in 5 mL of
DMAc. The homogeneous solution was poured
into a 5-cm glass Petri dish, which was then
placed in a 90 °C oven overnight to remove most
of the solvent. The cast film was then released
from the glass substrate and was further dried
in vacuo at 170 °C for 8 h. The obtained film was
about 30 um in thickness and was used for solu-
bility tests and thermal analyses.

Organic Field Effect Transistor Fabrication

The Organic thin film transistor was prepared
from PMeOTPA with a bottom-contact configura-
tion on the p-doped silicon wafers. A thermally
grown 200 nm SiO, used as the gate dielectric
with a capacitance of 17 nF/cm? The aluminum
was used to create a common bottom-gate elec-
trode. The source/drain regions were defined by a
10-nm thick chromium adhesion layer and a 100
nm thick gold contact electrode through a regular
shadow mask, and the channel length (L) and
width (W) were 25 and 1500 um, respectively.
Afterward, the substrate was modified with
HMDS as silane coupling agents. The solution of
PMeOTPA in DMAc was made with concentra-
tion of 0.5 wt %. Subsequently, this solution was
filtered through 0.20-um pore size polytetrafluo-
roethylene (PTFE) membrane syringe filters,
spin-coated at a speed rate of 1000 rpm for 60 s
onto the silanized SiO,/Si substrate, and heated
at 60 °C for 12 h in vacuum.

Measurements

Infrared spectra were recorded on a PerkinElmer
RXI FT-IR spectrometer. Elemental analyses
were run in an Elementar VarioEL-III. 'H and
13C NMR spectra were measured on a Bruker
Avance 500 MHz FT-NMR system. Ultraviolet-
visible (UV-vis) spectra of the polymer films were
recorded on a Varian Cary 50 Probe spectrometer.
Thermogravimetric analysis (TGA) was con-
ducted with a PerkinElmer Pyris 1 TGA. Experi-
ments were carried out on approximately 6-8 mg
film samples heated in flowing nitrogen or air
(flow rate = 20 cm®min) at a heating rate of
20 °C/min. Thermomechanical analysis (TMA)
was conducted with a PerkinElmer TMA 7 instru-
ment. The TMA experiments were conducted
from 50 to 200 °C at a scanning rate of 10 °C/min
with a penetration probe 1.0 mm in diameter
under an applied constant load of 10 mN. Soften-
ing temperature (T) was taken as the onset tem-
peratures of probe displacement on the TMA
trace. Electrochemistry was performed with a
CHI 611B electrochemical analyzer. Voltammo-
grams are presented with the positive potential
pointing to the right and with increasing anodic
currents pointing upward. Cyclic voltammetry
was conducted with the use of a three-electrode
cell in which ITO (polymer films area about 0.7
cm X 0.5 cm) was used as a working electrode. A
platinum wire was used as an auxiliary electrode.
All cell potentials were taken with the use of
a home-made Ag/AgCl, KCI1 (sat.) reference elec-
trode. The spectroelectrochemical cell was com-
posed of a 1-cm cuvette, ITO as a working electrode,
a platinum wire as an auxiliary electrode, and a
Ag/AgCl reference electrode. Absorption spectra
were measured using an HP 8453 UV-visible
spectrophotometer. Photoluminescence spectra
were obtained from a Jasco FP-6300 spectrofluor-
ometer. Output and transfer characteristics of the
Organic Field Effect Transistor (OFET) devices
were measured using Keithley 4200 semiconduc-
tor parametric analyzer. All the prepared proce-
dures and electronic measurements are performed
in ambient atmosphere.

RESULTS AND DISCUSSION

Synthesis and Characterization

A organosoluble aromatic polytriphenylamine,
poly[N,N-diphenyl-4-methoxyphenylamine-4',4" -
diyl] (PMeOTPA), could be readily prepared by

Journal of Polymer Science: Part A: Polymer Chemistry
DOI 10.1002/pola



4-METHOXY-SUBSTITUTED POLY(TRIPHENYLAMINE) 3295

OMe OMe

0.0

MeOTPA PMeQOTPA

Scheme 1. Synthesis routes for PMeOTPA. Reagents
and conditions: i, p-iodoanisole, Cu, K2CO3, TEGDME,
180 °C, 24 h; ii, FeCls, nitrobenzene, r.t., 24 h.

oS

oxidative coupling polymerization of N,N-di-
phenyl-4-methoxyphenylamine (MeOTPA) using
FeCl; as an oxidant.®® The synthesis route and
structure of PMeOTPA are shown in Scheme 1.
The monomer compound (MeOTPA)*® prepared
by Ullmann coupling of diphenylamine with 4-
iodoanisole is a violet light (371 nm) emitter with
fluorescence quantum efficiency of 17%. The
structures of monomer and polymer were con-
firmed by IR and NMR spectroscopy as shown in
Figure 1, and the structural analysis of the
PMeOTPA from NMR spectroscopy revealed
exclusive 4/,4”-linkage between consecutive TPA
repeat units on the polymer chains. The introduc-
tion of 4-methoxyphenyl group is expected to
increase solubility of the TPA-containing polymer
and also to enhance their electrochemical stabil-
ity by substituent effect.3*=** Thus, the resulting

conjugated PMeOTPA showed good solubility in
common organic solvents, such as chloroform and
THF, and could be cast into a pale-yellowish
free-standing film. The molecular weight of
PMeOTPA was measured by gel permeation
chromatography (GPC), using polystyrenes as
standard and THF as eluent. The weight-average
molecular weight (M) and polydispersity (PDI)
were determined as 2000 and 2.06, respectively.
PMeOTPA had useful levels of thermal stability,
including 10% weight-loss temperatures beyond
500 °C and char yields at 800 °C in nitrogen
higher than 68% associated with high softening
temperature (154 °C) (Fig. 2). The high char
yields of the polymers can be ascribed to their
high aromatic content. Physical properties of the
polymer were investigated with spectroscopic,
thermal analysis, and electrochemical studies
(Table 1).

Polymer Properties
Optical and Electrochemical Properties

The optical properties of PMeOTPA were investi-
gated by UV-vis and fluorescence spectroscopy
(Fig. 3). This polymer exhibited a maximum blue
fluorescence at 435 nm in NMP solution with fluo-
rescence quantum efficiency of 79%. The solid-
state emission spectrum was similar to the
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Figure 1. (a) 'H NMR and (b) 13C NMR spectra of MeOTPA in Chloroform-d; (c) *H
NMR and (d) *C NMR spectra of PMeOTPA in DMSO-d6.
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Figure 2. Typical TMA curve for PMeOTPA (heating
rate = 10 °C /min; applied force = 10 mN).

recorded from the NMP solution. Although the
solid-state of PMeOTPA was found to be slight-
ly red shifted (11 nm) from the corresponding

solution emission, the emission remained in the
blue region. It can be attributed in part to the
introduction of propeller-shaped TPA core in the
repeat unit. The corresponding Highest Occupied
Molecular Orbital (HOMO) and Lowest Unoccu-
pied Molecular Orbital (LUMO) of MeOTPA opti-
mized in the S, state could be predicted as shown
in Figure 4. For the HOMO, n-conjugation of the
orbital could be effectively extended to two phenyl
groups. In contrast, the LUMO shows extension
of m-conjugation over one of the phenyl groups,
and the charge separation is localized only at the
4-methoxyphenyl and one of the phenyl groups.
Accordingly, we illustrate the concept of n-conju-
gation in Figure 5. Optimized molecular geometry
for PMeOTPA was obtained by minimizing
energy via semiempirical Austin Model 1 (AM1)
calculation in the gas state. AM1 is not only a
semiempirical self-consistent field (SCF) method

Table 1. Physical Properties for PMeOTPA

Thermal Properties

T4 at 5% Weight T4 at 10% Weight Char Yield
Loss (°C)° Loss (°C)° (wt %)°
LCor N; Air N; Air
154 460 455 500 500 68
Optical Properties
NMP (1 X 10° M) Solution, r.t. Film, r.t.
}vabs (nm)d )Vem (nm) (I)F (%)e j~0 (nm)f /labs (nm) j~0nset (nm) )”ern (nm)
(261), 291, 3708 435 78.7 430 3718 437 446
Electrochemical Properties
Oxidation (V)
(vs. Fe/Fe™)
HOMO LUMO HOMO-LUMO
Ox,1h Ox,2h i j 13
E1/2 E1/2 Eypeet (eV) (eVy Gap (eV)
0.29 (0.44)! 0.45 0.13(0.36)" 4.93 2.10 2.83

2 Softening temperature measured by TMA with a constant applied load of 10 mN at a heating rate of 10 °C/min.

> Decomposition temperature, recorded via TGA at a heating rate of 20 °C/min and a gas-flow rate of 30 cm®/min.

¢ Residual weight percentage at 800 °C in nitrogen.

4 Value in parentheses is the highest absorption value of the UV-vis Aaps.

¢ The value was measured by using 9,10-diphenylanthracene (dissolved in toluene with a concentration of 10~% M, assuming fluo-
rescence quantum efficiency of 0.90)% as a standard at 24-25 °C.

fThe cutoff wavelengths (/) from the transmission UV/Vis absorption spectra of polymer films 30 ym.

& Excitation wavelength for solution and/or film.

" The first and second half-wave potentials in CHsCN containing 0.1 M TBAP.

! The HOMO energy level was calculated from cyclic voltammetry and was referenced to ferrocene (4.8 eV).

JLUMO = HOMO - gap.

X The data were calculated of thin film by the equation: gap = 1240//gnget-

11073 M MeOTPA in CH;5CN containing 0.1 M TBAP.
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Figure 3. Molar absorptivity (left) and fluorescence
intensity (right) of MeOTPA (®), PMeOTPA (O) in
NMP solution (ca. 1 X 107° M), and PMeOTPA thin
film (dashed line). a.u., arbitrary units. [Color figure
can be viewed in the online issue, which is available at
www.interscience.wiley.com.]

for chemical calculations but also an improve-
ment of the modified neglect of differential dia-
tomic overlap (MNDO) method. Together with
Parameterized Model number 3 (PM3), AM1 is
generally the most accurate semiempirical
method and useful for molecules containing ele-
ments from long Rows 1 and 2 of the periodic
table. The molecular model was implemented in
the Hyperchem molecular graphics package.®?
Since each of TPA group in PMeOTPA is twisted
from another TPA segment at 37.8 °, it could be
suggested that the twisted structure between

HOMO

LUMO

Figure 4. HOMO and LUMO of MeOTPA as indi-
cated. The geometries were optimized at the Austin
Model 1 (AM1)®! semiempirical method.
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structures of

5. Electronic resonance
MeOTPA in the X(z,7*) state.

Figure

repeat segments in PMeOTPA could not effi-
ciently limit delocalization of electronic charges.
Therefore, the delocalized electron coupling can
interpret intervalence charge-transfer (IV-CT)
absorption spectra within two electoractive nitro-
gen redox centers between the repeat TPA units
of PMeOTPA, and show two different oxidation
potentials from cyclic voltammetric scanning
(Fig. 7).%3 Although only a single conformation is
observed for the optimized molecular geometry of
PMeOTPA, it is possible that the relaxation of
packing constraints in solution might allow other
conformations to be present. Therefore, a molecu-
lar mechanic study was undertaken to determine

MeO

Diherdra angle

B s @

OMe

3.0

2.5

1.54

1.0

0.5+

Relative Energy (kcalfmol)

0.0

0 50 100 150 200 250 300 350

Figure 6. Potential energy of PMeTPA as a function
of the dihedral angle 6.
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Figure 7. Cyclic voltammogram of PMeOTPA. Working electrode: PMeOTPA film
coated on indium-tin oxide (ITO) glass plate (square, ca. 0.70 cm?) in CH3CN containing
0.1 M TBAP; counter electrode: platinum wire; reference electrode: Ag/AgCl. Scan rate:
0.1 V/s at room temperature. The arrows indicate the film color change during scan.
Enset value is indicated by a dotted line. A segment of PMeOTPA (a) neutral state,

(b) radical cation state, and (c) dication state.

the potential energy (in kcal/mol) of the molecule
as a function of the dihedral angle 0, and the
results are plotted in Figure 6.

Electrochromic Characteristics

Electrochromic materials exhibit different colors
depending upon the oxidation state. The applica-
tions for electrochromic conjugated polymers are
quite diverse due to several favorable properties of
these materials. Since the various oxidation states

391 nm
486 nm

{1 4

’ $ ]
20 - !

40 4

60 4

Transmittance (%)

BO 4§
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300 400 S00 600 TOO 800 200 1000 1100

Wavelength (nm)

Figure 8. Electrochromic behavior of PMeOTPA thin
film (in CH3CN with 0.1 M TBAP as the supporting
electrolyte) at (a) —0.48, (b) 0.19, (c) 0.30, (d) 0.41,
(e) 0.52, () 0.63, and (g) 0.79 (V vs. Fc/Fc*).

of conjugated polymers are quite stable and long-
lasting. In addition, conjugated polymeric electro-
chromics usually show fast switching, allowing for
rapid color changes from the materials upon appro-
priate applying potentials.®**” PMeOTPA is elec-
trochemically stable and the anodic oxidation path-
way was also postulated in Figure 7. The highest
occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) energy levels
of the polymer can be determined from the oxida-

40

204

20

-40 +

-60 4

HSTransmittance (2 %)

-804

=100 T T T T T
300 400 S00 600 700 8OO

Wavelength (nm)

900 1000 1100

Figure 9. Electrochromic behavior of PMeOTPA thin
film (in CH3CN with 0.1 M TBAP as the supporting
electrolyte) at (a) 0.19 (b) 0.30 (c) 0.41 (d) 0.52 (e) 0.63,
and (f) 0.79 (V vs. F¢/Fe™).
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82 % al
841 nm

Figure 10. (a) Electorchromic behavior of PMeOTPA
thin film (in CH3CN with 0.1 M TBAP as the support-
ing electrolyte from —0.48 t0 0.79 (V vs. Fc¢/Fc*).

tion onset potentials of cyclic voltammetry and the
onset absorption wavelength.

Spectroelectrochemical analysis of the
PMeOTPA film was carried out on an ITO-coated
glass substrate, and it showed multicolor electro-
chromic behavior when the applied potential was
adjusted. The color of the polymer was changed
from neutral pale-yellowish to red, and then to
black. The typical spectroelectrochemical spectra
of PMeOTPA at various applied potentials are
depicted in Figures 8 and 9. When the applied
potentials was increased positively from —0.48 to
0.79 (V vs. Fe/Fc*), the characteristic absorbance
at 391 nm decreased gradually while two new
bands grew up at 486 and 841 nm due to the elec-
tron oxidation. The new spectrum was assigned
as that of the stable cationic radical PMeOTPA*,
and the film color changed from pale yellow to
black. Furthermore, the transmittance modula-
tion at 841 nm gave the largest value, ca. 82% as
shown in Figure 10. The coloration efficiency at
841 nm is as high as ca. 257 cm?/C with high opti-
cal density change (AOD) up to 0.66, determined
from the in situ experiments.%®

The stability and response time upon electro-
chromic switching of the polymer film between its
neutral and oxidized forms was monitored (Fig.
11). The switching time was defined as the time
that required for reach 90% of the full change in
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Figure 11. Potential step absorptometry and current
consumption of PMeOTPA by applying potential steps
—0.48 to 0.41 (V vs. Fc/Fc*) with coloration efficiency
(CE = 250 cm?C), (coated area: 0.70 cm?)) and cycle
time 20 s.

absorbance after switching potential. PMeOTPA
would require 5.05 s at 0.41 V vs. Fc/Fc* for
switching transmittance at 486 nm and 0.81 s for
bleaching. After over continuous 50 cyclic
switches between —0.48 and 0.41 V, the polymer
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Figure 12. The (a) output and (b) transfer character-
istics of a PMeOTPA OTFT before annealed.
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Figure 13. The (a) output and (b) transfer character-
istics of a PMeOTPA OTFT annealed at 160 °C for
30 min.

films still exhibited moderate stability of electro-
chromic characteristics.

Organic Field Effect Transistor Characteristics

Figures 12 and 13 show the field effect transistor
characteristics of the PMeOTPA. The I-V curve
shows that the PMeOTPA based thin-film tran-
sistor has the p-type characteristics with the
accumulation operation. In the saturation region
(Va > V, — V), the drain current I can be
described by the following equation:®®

I — <WCo,uh> (Vg - Vt)2 (1)

2L

where p;, is the hole mobility in the saturation
region, C, is the capacitance per unit area of the
gate dielectric layer (SiOs, 200 nm, C, = 17 nF
cm %), W is the channel width, L is the channel
length, and V; is the threshold voltage (V; = 5 V).
The field-effect mobility of the saturation region
was calculated from the transfer characteristics

of the PMeOTPA FET. A saturation hole mobility
of 5.8 X 107 ¢ em? V7! s7! with an on/off ratio of
50 was observed in the FET with the HMDS treat-
ment. A similar device annealed at 160 °C for
30 min gave a hole mobility of 3.7 X 1076 cm? V!
s ! and an on/off ratio of 170. The decrease of the
hole mobility and increase of an on/off ratio indi-
cate that the morphology of the PMeOTPA/
HMDS interface in these FET is very sensitive to
the annealing temperature, which is similar to our
previous report on the poly(thiophene-2,5-diyl-
alter-(2,3-diheptylquinoxaline-5,8,-diyl).”® The soft-
ening temperature of the PMeOTPA is around
154 °C and thus the interface structure might be
modified for the high annealing temperature.

CONCLUSIONS

These results presented herein also demonstrated
that incorporating para-methoxy group into poly-
mer backbone not only enhanced the processabil-
ity of the triphenylamine polymer while main-
taining good thermal stability, but also revealed
higher HOMO energy level, excellent electro-
chemical stability, and highly electrochromic con-
trast characteristics. Thus, our novel main-chain
triphenylamine-containing polymer can be em-
ployed as potential candidates in the develop-
ment of dynamic electrochromic and EL devices
due to their proper HOMO value, excellent ther-
mal stability, and reversible -electrochemical
behavior.

The authors are grateful to the National Science Coun-
cil of the Republic of China for financial support of this
work.
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