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ABSTRACT: N-(4-nitrophenyl)-40,4@-bisformyl-diphenylamine was synthesized from N-
(4-nitrophenyl)-diphenylamine by the Vilsmeier-Haack reaction. Soluble aromatic
poly(azomethine)s (PAMs) were prepared by the solution polycondensation of N-(4-
nitrophenyl)-40,4@-bisformyl-diphenylamine and aromatic diamine in N-methyl-2-pyr-
rolidone (NMP) at room temperature under reduced pressure. All the PAMs are
highly soluble in various organic solvents, such as N,N-dimethylacetamide (DMAc),
chloroform (CHCl3), and tetrahydrofuran (THF). Differential scanning calorimetry
(DSC) indicated that these PAMs had glass-transition temperatures (Tgs) in the
range of 170–230 8C, and a 10% weight-loss temperatures in excess of 490 8C with
char yield at 800 8C in nitrogen higher than 60%. These PAMs in NMP solution
showed UV-Vis charge-transfer (CT) absorption at 405–421 nm and photolumines-
cence peaks around 462–466 nm with fluorescence quantum efficiency (FF) 0.10–
0.99%. The highest occupied molecular orbital (HOMO) and lowest unoccupied molec-
ular orbital (LUMO) energy levels of these PAMs can be determined from cyclic
voltammograms as 4.86–5.43 and 3.31–3.34 eV, respectively. VVC 2007 Wiley Periodicals,

Inc. J Polym Sci Part A: Polym Chem 45: 4921–4932, 2007
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INTRODUCTION

Poly(azomethine)s (PAMs), or poly(Schiff-base)s,
with aromatic backbones are attractive high
performance conducting polymers1 due to their
high thermal stability,2 excellent mechanical
strength,3 and good optoelectronic properties.4,5

Chen et al. reported the theoretical analysis on
the geometries and electronic properties of vari-
ous conjugated PAMs.6–8 In recent years, PAMs
have also been explored for applications in or-

ganic electronics, such as light-emitting diodes,9

pH sensors,10 and metal-collecting sites.11,12

However, their insolubility in common organic
solvents limits their processability and character-
ization.13,14 The targeted PAMs therefore often
bear large alkyl, alkoxy, or aryloxy groups to
improve solubility, thus lower their glass transi-
tion temperatures (Tgs) and thermal stability.
Over the past 25 years, different methods have
been adopted toward processable PAMs by intro-
ducing various substituted benzene ring in the
main chain,15 by using monomers containing cer-
tain heterocyclic units such as thiophene,16,17

phenylquinoxaline ring,18 or monomers with
cardo-structure,19 tetraphenylethene,20 and
others.21 The motivation to prepare these poly-
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mers was its potential application in photonic
devices as thin films that could be cast from solu-
tions. PAMs made by vapor deposition of the
monomers in a vacuum chamber have also been
used as electron transporting layers in polymer
light-emitting diodes.22,23

The electroactive site of triphenylamine (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 re-
ported and the electrogenerated TPA cation radi-
cal dimerized to form tetraphenylbenzidine,
which is more easily oxidized than the TPA mole-
cule.24–27 To obtain high Tg polymers, many
investigators have prepared polymers containing
TPA units in the main chain. Ogino et al. have
successfully prepared TPA-containing polymers
which had hole-transporting ability.28,29 Muro-
fushi et al. have also prepared a series of polytri-
phenylamines by carrying out Grignard reaction
and then polymerizing the obtained Grignard re-
agent by using a nickel compound catalyst.30,31

Recently, we have reported the synthesis of soluble
aromatic poly(amine-amide)s,32–35 poly (amine-
imides)s,33,36,37 and poly(amine hydrazide)s38–40

bearing TPA units in the main chain. Because of
the incorporation of bulky, three-dimensional
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.

Polymeric materials applied in thin layer elec-
tro-optical devices should exhibit reasonable elec-
tronic conductivity and proper band-gap energies
or light absorption/emission in the desired region
of the electromagnetic spectrum. For example,
low band-gap polymers with absorption bands in
the near-infrared region can be obtained by maxi-
mizing the p-electron delocalization within the
conjugated polymer backbone through aromatic
and quinoid type structures adopting coplanar
conformations between the consecutive repeating
units of polymer. A strategy employed in design-
ing polymeric structures with desired electronic
properties involves the synthesis of the donor–
acceptor (D–A) type compound in which the
D and A units are strong electron-donating (D)
and electron-withdrawing (A) moieties, respec-
tively.41–47,49 Making appropriate choices for the
D and A units allows one to control of the p-sys-
tem’s HOMO and LUMO energy levels. There-
fore, the properties such as redox behavior and
photophysical characteristics of the polymers can
be tailored. In addition, because of the electronic

nature of D–A polymers, they are able to show
two different redox processes (oxidation and
reduction), depending on which moiety (D or A)
is involved.

In this article, we report the synthesis, charac-
teristic, photophysical, and electrochemical stud-
ies of a new D–A chromophore system PAMs
(Scheme 1). This molecule is basically a D–A type
chromophore in which the electron-donating (D)
moiety is a TPA group and the electron-with-
drawing (A) moiety is a nitro group.

EXPERIMENTAL

Materials

Diphenylamine (Acros), 4-fluoronitrobenzene
(Aldrich), sodium hydride (Aldrich), phosphorus
oxychloride (Freak), 1,2-dichloroethane (TEDIA),
N,N-dimethylformamide (DMF; Acros), N-
methyl-2-pyrrolidinone (NMP; TEDIA), N,N-
dimethylacetamide (DMAc; TEDIA), m-Cresol
(Aldrich), chloroform (CHCl3; TEDIA), tetrahy-
drofuran (THF; TEDIA), and methanol (Aldrich)
were used without further purification. Accord-
ing to well-known chemistry, N-(4-nitrophenyl)-
diphenylamine (1; mp ¼ 144–145 8C) was synthe-
sized by the nucleophilic fluoro-displacement
reaction of 4-fluoronitrobenzene with diphenyl-
amine.36 9,9-Bis(4-aminophenyl)fluorene (3a)
(TCI) was obtained commercially and purified by
sublimation. 4,40-oxydianiline (3b) (TCI) was pur-
chased and used as received. 4,40-Diaminotriphe-
nylamine (3c; mp ¼ 186–187 8C) was synthesized
by hydrazine Pd/C-catalyzed reduction of 4,40-
dinitrotriphenylamine resulting from the conden-
sation of aniline with 4-fluoronitrobezene in the
presence of cesium fluoride according to a previ-
ously reported procedure.44 The aromatic dia-
mines having bulky pendent triphenylamine
group, N,N-bis(4-aminophenyl)-N0,N0-diphenyl-
1,4-phenylenediamine36 (3d; mp ¼ 245–247 8C),
and N,N-bis(4-aminophenyl)-N0,N0-diphenyl-1,2-
phenylenediamine33 (3e; mp ¼ 219–222 8C) were
prepared by the amination reaction of 4-amino-
triphenylamine and 2-aminotriphenylamine with
4-fluoronitrobenzene, respectively, followed by
hydrazine Pd/C-catalytic reduction. Tetrabuty-
lammonium 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 com-
mercial sources.
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Preparation of N-(4-nitrophenyl)-40,
4@-bisformyl-diphenylamine

To 60 mL of DMF (0.78 mol) cooled at 0 8C in an
ice bath, 56 mL of phosphorus oxychloride (0.60
mol) was added dropwise. The orange-yellow so-
lution was allowed to warm up to room tempera-
ture with stirring. A solution of 1 (9.29 g, 0.032
mol) in 1,2-dichloroethane (400 mL) was added to
the mixture at 35 8C. The reaction mixture was
heated to reflux for 48 h, the resulting black mix-
ture was trickled into cool water slowly with stir-
ring and then extracted with chloroform. The
combined chloroform solution was washed with
water and dried over anhydrous MgSO4. After re-
moval of the solvent, a light-yellow product was
recrystallized with acetone/hexane and afforded
the dialdehyde monomer (6.03g, 54%), mp
¼ 165–171 8C. FTIR (KBr): 2966 (aldehyde C��H
stretch), 1698 (aldehyde C¼¼O stretch), 1582,
1318 cm�1 (NO2 stretch). FAB MS: m/e 346 (Mþ).

1H NMR (CDCl3) d 8.44 (s, 2H), 8.14–8.10 (d,
2H), 7.84–7.80 (d, 4H), 7.24–7.20 (d, 4H), 7.17–
7.13 (d, 2H). 13C NMR (CDCl3) 190.47, 152.25,
151.44, 145.09, 131.87, 131.32, 127.09, 125.39,
and 121.48.

Preparation of PAM 4a from 3a and 2

Into a flask fitted with a magnetic stirrer, were
placed 0.523 g (1.5 mmol) of diamine 3a and
3 mL of NMP. To the solution was added 0.520 g
(1.5 mmol) of dialdehyde monomer 2, and the so-
lution was stirred at room temperature for 24 h
under reduced pressure (0.1 torr). The polymer
solution was filtered and cast onto a glass plate,
then dried at 150 8C overnight under vacuum to
prepare film. The yield was 0.979 g (99%). IR
(KBr ): 1674 cm�1 (C¼¼N). 1H NMR (CDCl3) d
8.42 (s, 2H), 8.13–8.12 (d, 2H), 7.85–7.80 (q, 6H),
7.45–7.35 (t, 2H), 7.32–7.15 (m, 12H), 7.12–7.00

Scheme 1. Synthesis of donor-acceptor triphenylamine-based poly(azomethine)s.
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(q, 6H). 13C NMR (CDCl3) 173.64, 158.09, 155.72,
152.81, 148.49, 147.21, 145.39, 141.13, 133.02,
132.71, 130.11, 126.76, 126.18, 125.43, 125.08,
122.30, 119.94, 119.43, and 49.41.

Additional NMR data of PAM 4c: 1H NMR
(CDCl3) d 8.44 (s, 2H), 8.05–8.02 (d, 2H), 7.86–
7.81 (q, 4H), 7.40–7.34 (t, 2H), 7.22–6.89 (m, 17H). 13C NMR (CDCl3) 157.19, 156.34, 152.77,

147.97, 145.28, 140.91, 133.08, 132.86, 130.06,
129.92, 126.70, 125.35, 125.06, 124.52, 122.49,
119.76, and 119.65.

Figure 1. IR spectra of (a) compound 1, (b) com-
pound 2, and (c) PAM 3c.

Figure 2. (a) 1H NMR, (b) 13C NMR, and (c) DEPT
135 spectra of PAM 4a in CDCl.

Figure 3. 2D 1H-1H correlated NMR spectroscopy
(COSY) spectrum of PAM 4a in CDCl3.

Figure 4. 2D 13C-1H heteronuclear multiquantum
correlated NMR spectroscopy (HMQC) spectrum of
PAM 4a in CDCl3.

4924 LIOU ET AL.

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



Additional NMR data of PAM 4d: 1H NMR
(CDCl3) d 8.46 (s, 2H), 8.10–8.06 (d, 2H), 7.87–7.82
(q, 4H), 7.42–7.37 (t, 4H), 7.26–6.96 (m, 24H). 13C
NMR (CDCl3) 157.10, 156.24, 152.87, 184.10,
146.15, 145.45, 141.95, 141.14, 133.26, 133.01,
130.12, 129.94, 126.18, 125.67, 125.46, 125.26,
125.18, 124.25, 122.57, 119.90, and 119.78.

Measurements

Infrared spectra were recorded on a PerkinElmer
RXI FT-IR spectrometer. FAB-mass spectra were
collected on a JMS-700 double focusing mass
spectrometer (JEOL, Tokyo, Japan) with a reso-
lution of 8000 (5% valley definition). For FAB-
mass spectra, the source accelerating voltage was

operated at 10 kV with a Xe gun, using 3-nitro-
benzyl alcohol (NBA) as matrix. 1H and 13C NMR
spectra were measured on a Bruker AV-300 FT-
NMR system. Weight-average molecular weights
(Mw) and number-average molecular weights
(Mn) were obtained via size exclusion chromatog-
raphy (SEC) on the basis of polystyrene calibra-
tion using a Water 2410 apparatus and tetrahy-
drofuran (THF) as the eluent. Ultraviolet-visible
(UV-Vis) spectra of the sample were recorded on
a Varian Cary 50 Probe spectrometer. Thermog-
ravimetric analysis (TGA) was conducted with a
PerkinElmer Pyris 1 TGA. Experiments were
carried out on approximately 6 � 8 mg film sam-
ples heated in flowing nitrogen or air (flow rate
¼ 20 cm3/min) at a heating rate of 20 8C/min.

Table 1. Molecular Weights and Thermal Properties of the Poly(azomethine)s

Polymer Code Yield (%) Mw
a PDIb Tg (8C)c

Td at 5%
Weight loss

(8C)d

Td at 10%
Weight Loss

(8C)d

Char Yield
(wt %)eN2 Air N2 Air

4a 99 7000 1.29 230 390 385 540 535 72
4b 97 6700 1.24 215 385 380 490 465 67
4c 95 10600 1.63 225 420 390 520 500 69
4d 93 9100 1.26 225 440 400 550 510 60
4e 98 8800 1.36 215 410 410 540 540 60

aWeight-average molecular weights relative to polystyrene standards in THF by GPC.
b PDI ¼ Mw/Mn.
cMidpoint temperature of baseline shift on the DSC heating trace (rate 20 8C/min).
dDecomposition temperature, recorded via TGA at a heating rate of 20 8C/min and a gas-flow rate of 30 cm3/min.
eResidual weight percentage at 800 8C in nitrogen.

Figure 5. TGA thermograms of PAMs 4b at a scan-
ning rate of 208C/min.

Figure 6. DSC curve for detection the glass transi-
tion temperatures (Tgs) of PAMS 4a–4e.
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DSC analyses were performed on a PerkinElmer
Pyris Diamond DSC at a scan rate of 20 8C/min
in flowing nitrogen (20 cm3/min). Electrochemis-
try was performed with a CHI 611B electrochem-
ical analyzer. Voltammograms are presented
with the positive potential pointing to the right
and with increasing anodic currents pointing
upwards. Cyclic voltammetry was conducted
with the use of a three-electrode cell in which
ITO (polymer films area about 0.7 cm 3 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 reference electrode. Absorp-
tion spectra in spectroelectochemical analy-
sis were measured with a HP 8453 UV-visible
spectrophotometer. Photoluminescence spectra
were measured with a Jasco FP-6300 spectro-
fluorometer.

RESULTS AND DISCUSSION

Synthesis and Characterization

Soluble aromatic poly(azomethine)s were pre-
pared by the solution polycondensation of N-(4-
nitrophenyl)-40,4@-bisformyl-diphenylamine and
aromatic diamines in N-methyl-2-pyrrolidone
(NMP) at room temperature under reduced pres-
sure. The synthesis route and structures of PAMs
are shown in Scheme 1. The monomer compound
2, N-(4-nitrophenyl)-40,4@-bisformyl-diphenylamine,
synthesized from N-(4-nitrophenyl)-diphenyl-
amine by the Vilsmeier-Haack reaction is a blue
light (462 nm) emitter with fluorescence quan-
tum efficiency (FF) of 1.10%.

The structures of monomer and polymer were
confirmed by IR and NMR spectroscopy as shown
in Figures 1–4. The IR spectrum of PAM 4c
showed a strong absorption band at 1684 cm�1,

Table 2. Photophysical Properties of the Poly(azomethine)s

Polymer Code

NMP (1 3 10�5 M) Solution, r.t. Film, r.t.

kabs (nm) kem (nm) FF (%)b kabs (nm) kem (nm)

4a (262),405a 462 0.99 313,358,(418)a 550
4b (263),410a 463 0.10 363,(417)a 516
4c (262),416a 465 0.57 358,(418)a 542
4d 263,(319),415a 465 0.87 331,(418)a 561
4e 263,(292),421a 466 0.49 311,(415)a 549

aExcited wavelength.
b The value was measured by using 9,10-diphenylanthracene (dissolved in toluene with a concentration of 10�5 M, assuming

fluorescence quantum efficiency of 0.90)48 as a standard at 24–25 8C.

Table 3. Electrochemical Properties of the Poly(azomethine)s

Polymer Code

Oxidation (V) (vs. Ag/AgCl)
Reduction (V)
(vs. Ag/AgCl)

EHOMO (eV)c ELUMO (eV)d Eg (eV)eEOx;1
1=2

a EOx;2
1=2

a EOx;3
1=2

a EOx
onset

b ERe;1
1=2

a ERe
onset

b

4a 1.24 – – 1.09 �1.00 �0.98 5.43 3.34 2.09
4b 1.24 – – 1.09 �1.00 �0.98 5.43 3.34 2.09
4c 1.11 1.29 – 1.00 �1.03 �1.00 5.34 3.31 2.03
4d 0.69 1.00 1.35 0.52 �1.03 �1.01 4.86 3.31 1.55
4e 0.87 1.03 1.29 0.76 �1.03 �1.01 5.10 3.31 1.79

aHalf-wave potentials (V vs. Ag/AgCl) in CH3CN containing 0.1 M TBAP.
bOnset potentials (V vs. Ag/AgCl) in CH3CN containing 0.1 M TBAP.
c The HOMO energy levels were calculated from cyclic voltammetry and were referenced to ferrocene (4.8 eV).
dELUMO ¼ EHOMO � Eel

g .
e Electrochemical gap: Eel

g ¼ Eox
onset – Ere

onset.
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assigned to the azomethine (C¼¼N) stretching. No
clear signal for the amine end groups was
detected above 3000 cm�1. The 1H NMR spec-
trum of PAM 4a displayed a signal d 9.92 which
is attributed to the azomethine proton. The pres-
ence of a single signal for the azomethine proton
suggested the occurrence of only one isomer,
which is presumably the thermodynamically
more stable trans-structure.

The introduction of TPA group is expected to
increase solubility of the polymers. Thus, the
resulting PAMs showed good solubility in common
organic solvents, such as chloroform and THF. The
molecular weight of PAMs 4a–4e was measured by
gel permeation chromatography (GPC), using poly-
styrenes as standard and THF as eluent. The
weight-average molecular weight (Mw) and poly-
dispersity (PDI) were determined as 6700–10,600
and 1.24–1.63, respectively (Table 1).

The PAMs 4a–4e had useful levels of thermal
stability, including 10% weight-loss temperatures
beyond 490 8C (Fig. 5) and char yields at 800 8C
in nitrogen higher than 60% associated with high
glass transition temperatures (Tgs) (170–230 8C)
(Fig. 6). The high char yields of the polymers can
be ascribed to their high aromatic content. Physi-
cal properties of the polymer were investigated
with spectroscopic, thermal analysis, and electro-
chemical studies (Tables 1–3).

Polymer Properties

Optical Properties

The optical properties of PAMs 4a–4e were inves-
tigated by UV-Vis and fluorescence spectroscopy

(Fig. 7). The main electronic absorptions are
summarized in Table 2. All the PAMs in NMP so-
lution showed p-p* (nitro-substituted-TPA or K-
band of aromatic azomethine unit) kmax at 262–
263 nm, and PAMs 4d and 4e exhibited addi-
tional n-p* kmax at 292–319 nm due to electron-
donating TPA moieties from diamines 3d and 3e.

All the PAMs revealed CT absorptions at 405–
421 nm. The colors of PAMs 4a–4e films were
from brownish to deep reddish that could be
attributed to charge-transfer complex (CTC) for-

Figure 8. Cyclic voltammogram of (a) PAM 4b and
(b) PAM 4e films onto an indium-tin oxide (ITO)
coated glass substrate in CH3CN solution containing
0.1 M TBAP at scan rate ¼ 0.1 V/s.

Figure 7. Molar absorptivity (left) and normalized
fluorescence intensity (right) of compound 2 and
PAMs 4a–4e in NMP solution (ca. 1 3 10�5 M). a.u.:
Arbitary units.
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mation between the electron-donating TPA group
and the strongly electron-accepting nitro group.
The CT absorption of PAM 4a is around 405 nm.
PAMs 4d and 4e with higher electron-donating
diamine structures also showed red shift absorp-
tions of 10 and 16 nm, respectively. Besides, they
exhibited a maximum blue fluorescence at 462–
466 nm with fluorescence quantum efficiency
(FF) of 0.49–0.99% in NMP solution, and at 516–
561 nm in film state with red shifts (53–96 nm)
because of additional intermolecular CTC.

Electrochemical Properties

The electrochemical behaviors of the PAMs 4a–
4e were investigated with cyclic voltammetry
conducted for the cast film on an ITO-coated
glass substrate as working electrode in dry aceto-
nitrile (CH3CN) containing 0.1 M TBAP as an
electrolyte under nitrogen atmosphere. PAMs
4a–4e are all electrochemically stable polymers.
Figure 8 shows a representative cyclic voltammo-
gram of PAM 4b, which exhibits a reversible oxi-
dation and a reversible reduction. The anodic oxi-
dation45,50 and cathode reduction51 pathway of
PAM 4b are postulated as shown in Scheme 2.
The electrochemical oxidation and reduction
potentials of the polymers are given in Table 3.
The highest occupied molecular orbital (HOMO)
and lowest unoccupied molecular orbital (LUMO)
energy levels can be determined from the oxida-
tion and reduction onset potentials of cyclic vol-
tammetry as 4.86–5.43 and 3.31–3.34 eV, respec-
tively.

For example (Fig. 8), the onset potentials
(Eonset) of oxidation and reduction for PAM 4b
film are observed at þ1.09 and �1.00 V, respec-
tively, versus Ag/AgCl in CH3CN, and the exter-
nal ferrocene/ferrocenium (Fc/Fcþ) redox stand-
ard E1/2 is 0.46 V. Assuming that the HOMO

energy for the Fc/Fcþ standard is 4.80 eV with
respect to the zero vacuum level, the HOMO
energy for PAM 4b has been evaluated to be 5.43
eV. For PAM 4b, the electrochemical gap (Eel

g ,
2.09 eV) is the difference with the onset potential
of oxidation and the onset potential of reduction.
Therefore, the LUMO value (3.34 eV) could be
obtained from electrochemical gap minus the
HOMO value.

The effect of the HOMO value on the electro-
chemical gap is also shown in Table 3. Moreover,
side-group substitution such as electron-donating
group (e.g., o-TPA and p-TPA) also causes a dif-
ference in electrochemical behavior. The relation
between energy band-gaps (Eg,:1.55–2.09 eV) and
structures of PAMs 4a–4e with different diamine
moieties was investigated by electrochemical or
optical absorption measurements, and the results
are in good agreement as shown in Table 3.

Optimized Geometry Properties

Optimized geometry for PAM 4a–4e was obtained
by minimizing energy via semi-empirical Austin
Model 1 (AM1) calculation in the gas state. AM1
is not only a semi-empirical self-consistent field
(SCF) method for chemical calculations but also
an improvement of the modified neglect of differ-
ential diatomic overlap (MNDO) method. To-
gether with Parameterized Model number 3
(PM3), AM1 is generally the most accurate semi-
empirical method and useful for molecules con-
taining elements from long rows 1 and 2 of the
periodic table. The molecular model was imple-
mented in the Hyperchem molecular graphics
package.52

Since each of 4-nitro-triphenylamine group is
twisted from another TPA segment in PAMs 4c–
4e at 0.0–22.48, it could be suggested that the
twisted structure between repeat segments in

Scheme 2. Anodic oxidation and cathodic reduction pathways for PAM 4b.
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Figure 9. Potential energy surface and contour graph for PAMs 4a–4e as a func-
tion of the dihedral h1 (degree), Y axis: h2 (degree), Z axis: Relative Energy (kcal/
mol). [Color figure can be viewed in the online issue, which is available at www.
interscience.wiley.com.]



Figure 10. Contour graphs of potential energy surface for PAMs 4a–4e. X axis: h1
(degree). Y axis: h2 (degree). [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
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PAMs 4c–4e could not efficiently limit delocaliza-
tion of electronic charges. Moreover, side-group
substitution such as electron-donating group
(e.g., o-TPA and p-TPA) also causes a lower
reduction potential in electrochemical behavior
as shown in Table 3. Therefore, the delocalized
electron coupling can interpret intervalence
charge-transfer (IV-CT) absorption spectra
within two and/or three electoractive nitrogen re-
dox centers between the TPA units of PAMs 4c–
4e, and show two and/or three different oxidation
potentials from cyclic voltammetric scanning (Ta-
ble 3).53 Although only a single conformation is
observed for the optimized molecular geometry of
PAMs 4a–4e, it is possible that the relaxation of
packing constraints in solution might allow other
conformations to be present.54 Therefore, a mo-
lecular mechanic study was undertaken to deter-
mine the potential energy (in kcal/mol) of the
molecule as a function of the dihedral angle h1 or
h2, and the results are plotted in Figs. 9 and 10.

CONCLUSIONS

The synthetic pathways of a donor–acceptor (D–
A) PAM system with low band-gap have been suc-
cessfully established. The results presented
herein demonstrated that incorporating bulky 4-
nitro-TPA group into PAM backbone not only
enhanced the solubility for processing but also
revealed good thermal stability, stable electro-
chemical characteristic, higher HOMO and lower
LUMO energy level. Thus, these donor–acceptor
4-nitro-TPA-containing PAMs may be widely
applied in electric and optical devices as bipolar
materials due to their proper HOMO and LUMO
values, and excellent thermal stability.

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