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Abstract: Poly(1-dodecyl-2,5-pyrrylene vinylene) (PDPV) has an extended mt-conjugated structure and exhibits characteristic
spectroscopic features. The PDPV we prepared has an absorption maximum at 510 nm and its long absorption tail at ca.

750 nm in methylene chloride is due to the long Tt-conjugated system connected to vinyl group. The large red-shift of emission
was 625 nm upon excitation at 480 nm, which suggests the existence of a low emissive state. The emission of PDPV in
less-polar solvents decreased markedly relative to that in the more-polar solvents; this observation was ascribed possibly
to quenching by a strong vibrational mode of the dodecyl groups of PDPV in less-polar solvents. Furthermore, the emission
from the high-energy side had a single decay component (0.1 ns, 49.96%), while that from the low-energy side had two
components (0.6 ns, 27.1%; 2.7 ns, 22.87%). We characterized the redox properties of PDPV by cyclic voltammetry. Every
redox peak showed irreversible behavior; the oxidation peaks appeared at 1.7, 0.8, and 0.6 V and the reduction peak at -0.5 V.
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Introduction

An interesting feature of the pyrrole system is that a num-
ber of functionalized polymers can be readily prepared by
polymerization of the pyrrole monomer.' Polypyrroles have
been extensively investigated as materials for application in
molecular electronic devices,? electrolytic capacitors,’ actu-
ators,” sensors,’ artificial muscles,’ and light-emitting diodes
(LEDs).” These polymers have been mainly focused on the
control of conjugated polymer band gap, and their funda-
mental photophysical properties have been limitedly studied.
Recently we reported synthesis, characterization and prop-
erties of low band gap conducting poly(1-dodecyl-2,5-
pyrrylene vinylene)(PDPV).® In this study, Electronic,
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luminescent, time-resolved emission studies and electro-
chemical studies of PDPV including an investigation of its
conformational structure were reported for the first time.

Experimental

The absorption spectra were measured using Hitachi U-
3300 spectrophotometer. Fluorescent pH titration was
measured by using pH Scan BNC (Singapore).

The fluorescence spectra were measured using SLM8100
spectrofluorometer (Aminco, USA) with Xe-arc lamp light
source using 4 or 8 nm band pass excitation and emission
monochromators, in which the rhodamine B solution was
used as a reference to correct for variation of the Xe light
source with time and wavelength.

The time-resolved emission measurements were performed
with an Edingburgh FL 900 and a picosecond mode-locked
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Ti-sapphire laser.

The electrochemical measurements were taken using EG
& G PAR (Princeton, NJ, USA) Model 273A potentiostat/
galvanostat controlled by an IBM PC with an E&G M270
software program. The cyclic voltammetry was carried out
under the condition of the PDPV film on Au electrode in
0.1 M LiCl0,/CH;CN electrolyte solution (V. vs. Ag/Ag™").

The computer calculation of a conformational structure of
PDPV was carried out by simulated annealing methods of
sybyl 6.9 program (Tripos Co., USA) under the following
conditions; heat molecule at 800 K/1000fs, force field: tripos,
charges: Gasteiger-Huckel. These were done in order to cal-
culate the torsional angle.

Results and Discussion

A poly(1-dodecyl-2,5-pyrrylene vinylene}(PDPV) was
synthesized by as described in literature.® The electronic
spectra of PDPV (0.3 wt.-%) were investigated on solvent
effect at 25°C (Figure 1). At first, PDPV gave absorption
maximum at 510 nm having the long absorption tail to about
750 nm in methylene chloride because of a long conjugated
group including vinyl group. The appearance of the long
absorption tail was partly supported by extended structure

2.5

Absorbance

300 400 500 600 700 800
Wavelength (nm)
Figure 1. Eletronic absorption spectra of PDPV (0.3 wt.-%) in

various solvents at room temperature (-&—in methylene chloride,
~5- in hexane, —@- in ethanol, and — in acetonitrile)
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Figure 2. The torsional angles formed by two pyrrole rings con-
nected to vinyl group
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between repeating units as shown in Figure 2.

In other words, torsional angle of N-C-C between pyrrole
group and ethenyl group was 121.4° and 129.6°, respec-
tively, and that of C-C-C between pyrrole group and ethenyl
group was 127.3° and 126.2°, respectively. Hence, the
extended m-conjugated structure was formed between two
pyrrole rings connected to the vinyl group. The electronic
absorption spectra of PDPV showed a red-shift in the less
polar solvent and a blue-shift in the more polar solvent,
although a solubility problem occurred in acetonitrile and
methanol, respectively. This absorption band could be attrib-
uted to the structureless n-7* and longer 7-7* transition.

Figure 3 shows the emission spectra of PDPV excited by
480 nm on solvent effect. The emission spectra appeared as
a symmetric pattern compared to the absorption spectra on
solvent effect.” The larger red-shift of emission to 625 nm
occurred in methylene chloride, which supported the exist-
ence of a low emissive state. The emission of PDPV in the
less polar solvent such as methylene chloride decreased
markedly than that of PDPV in the more polar solvent such
as acetonitrile and ethanol. It was assumed that this was
ascribed to quenching by strong vibrational mode of dodecyl
group of PDPV in the environment of the less polar solvent
as a possible reason.

The decay time of the 520 nm emission of PDPV was
measured at room temperature in acetonitrile (Figure 4).
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Figure 3. Emission spectra of PDPV (0.3 wt.-%) in various sol-
vents at room temperature (- in methylene chloride, -5~ in
hexane, -@- inethanol, and — in acetonitrile)
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Figure 4. Time-resolved emission spectroscopy of PDPV moni-
tored at A,,,= 520 nm.

The emission from the high-energy side had a single decay
component of 0.1 ns (49.96%), while that from the low-energy
side had two components with 0.6 ns (27.1%) and 2.7 ns
(22.87%). Long-lived phosphorescence in the low-energy
side emissions was not found in the emission of PDPV.

The redox properties of PDPV were characterized by
cyclic voltammetry (CV).

CV measurement was carried out in the range of -1.5 V to
2.5V vs. Ag/Ag* at a scan rate of 60 mV/sec. Every redox
peak showed irreversible behavior. The oxidation peaks
appeared at 1.7, 0.8, and 0.6 V, respectively, and the reduc-
tion peak appeared at -0.5 V. The pattern and position of
these redox peaks of PDPV were different from those of
PHDP (poly(1-hexyl-3,4-dimethyl-2,5-pyrrolylene)) without
vinyl group, which have oxidation peaks at 1.3 and 0.2V,
respectively, and the reduction peaks at -0.30 and -0.42V,
respectively, as reported recently."

324

Acknowledgements, This work was supported by Korea
Research Foundation Grant (KRF-2002-075-C00013) and
Kwangwoon University (2003).

References

(1) (a) T. J. Skotheim, Handbook of Conducting Polymer, Ed.,
Marcel Dekker, New York, 1986. (b) J. Y. Lee, D. W. Park,
Macromol. Res., 11, 481 (2003). (c) J. C. Park, J. S. Kim, D.
H. Jung, Macromol. Res., 10, 181 (2002).

(2) (a) G. P. Kittlesen, H. S. White, M. S. Wrighton, J. Am.
Chem. Soc., 106, 7389 (1984). (b) . Y. Lee, H. Lee, Korea
Polymer J., 5, 207 (1997).

(3) (a) Y. Kudoh, S. Tsuchiya, T. Kojima, M. Fukuyama, S.
Yoshimura, Synth. Met., 41/43, 1133 (1991). (b) L. H. M.
Krings, E. E. Havinga, J. J. T. M. Donkers, F. T. A. Vork,
Synth. Met., 54, 453 (1993).

(4) E. Smela, O. Inganas, I. Lundstrom, Science, 268, 1735
(1995).

(5) (@Y. Kunugi, K. Nigorikawa, Y. Harima, K. Yamashita, J.
Chem. Soc., Chem. Commun., 1994, 873. (b) J. M. Charlest-
worth, A. C. Partridge, N. Carrard, J. Phys. Chem., 97, 5418
(1993).

(6) R. H. Baughman, Synth. Met., 78, 339 (1996).

(7) J. Gao, A. J. Heeger, J. Y. Lee, C. Y. Kim, Synth. Met., 82,
221 (1996).

(8) I. T. Kim, R. L. Elsenbaumer, Macromolecules, 33, 6407
(2000).

(9) It is considered that the absorption band of PDPV shows at
the longer wavelength in less polar solvent and the emission
band of PDPV shows also at the longer wavelength as a sym-
metric pattern compared to absorption band because of the
stabilization of PDPV by hydrophobic interaction between
PDPV with dodecyl long chain group and molecules of less
polar solvent, although it can not be excluded that m-conju-
gated main chain of PDPV is more extended in good solvent
and it shrinked in poor solvent.

(10) 1. T.Kim, S. W. Lee, R. L. Elsenbaumer, Synth. Met., in press.
(2004).

Macromol. Res., Vol. 12, No. 3, 2004



