This article was downloaded by: [University of Haifa Library]

On: 08 August 2012, At: 14:21

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl20

Synthesis and Properties
of an lonic Polyacetylene:
Poly(dimethylphenylpropargylammonium

bromide)
Won-Chul Lee #, Sung-Ho Jin ® , Jong-Wook Park ¢, Won Seok Lyoo °
, Yeong-Soon Gal ¢ & Suhkmann Kim '

# Department of Textile and Fashion Technology, Kyungil University,
Gyeongsan, Korea

b Department of Chemistry Education, Pusan National University,
Busan, Korea

¢ Department of Chemistry, Center for Nanotech. Res., The Catholic
University, Bucheon, Korea

4 school of Textiles, Yeungnam University, Gyeongsan, Korea

¢ Polymer Chemistry Laboratory, College of Engineering, Kyungil
University, Gyeongsan, Korea

f Department of Chemistry and Chemistry Institute for Functional
Materials, Pusan National University, Busan, Korea

Version of record first published: 19 Apr 2010

To cite this article: Won-Chul Lee, Sung-Ho Jin, Jong-Wook Park, Won Seok Lyoo, Yeong-

Soon Gal & Suhkmann Kim (2010): Synthesis and Properties of an lonic Polyacetylene:
Poly(dimethylphenylpropargylammonium bromide), Molecular Crystals and Liquid Crystals, 520:1,
158/[434]-164/[440]

To link to this article: http://dx.doi.org/10.1080/15421400903584325

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any



http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/15421400903584325
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 14:21 08 August 2012

instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.




Downloaded by [University of Haifa Library] at 14:21 08 August 2012

Copyright © Taylor & Francis Group, LLC Taylor & Francis Group
ISSN: 1542-1406 print/1563-5287 online
DOI: 10.1080/15421400903584325

Mol. Cryst. Lig. Cryst., Vol. 520: pp. 158/[434]-164/[440], 2010 Taylor & Francis

Synthesis and Properties of an Ionic Polyacetylene:
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A monosubstituted ionic polyacetylene having a quaternary ammonium salt was
synthesized and characterized. The polymerization of dimethylphenylpropargylam-
monium bromide (DMPPAB) was performed by various transition metal catalysts
to give the resulting polymer in high yield. The polymer structure was characterized
by various instrumental methods to have a conjugated polymer backbone system
having the designed substituent. This polymer was mostly soluble in organic solvents.
The electrochemical properties of poly(DMPPAB) were measured and discussed.

Keywords Conjugated polymer; cyclovoltamogram; dimethylphenylpropargyl-
ammonium bromide; polyacetylene; transition metal catalyst

Introduction

Considerable progress has been made in the synthesis and applications of oligomers
and polymers having a =w-conjugated backbone [1-7]. These conjugated organic
materials are expected to show unique properties such as electrical conductivity,
paramagnetism, migration and transfer of energy, color, and chemical reactivity
and complex formation ability [1,8]. Because of these properties, polyacetylene
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Figure 1. The chemical structure of poly(DMPPAB).

and its homologues have been promising materials for photovoltaics, displays, lasers,
nonlinear optical materials, membranes for gas separation and for liquid-mixture
separation and chemical sensors [4-7,9-13].

Polyelectrolytes are charged macromolecules containing a large number of ioniz-
able or ionic groups. The natural polyelectrolytes have been used in water-cleaning
processes for centuries. The very building blocks of life, the nucleic acids and pro-
teins, are polyelectrolytes. Synthetic polyelectrolyte have been and continue to be
a very active of scientific research and commercial growth [14].

Such ionic polyacetylenes as poly(propiolic salt)s [15], triethylammonium salt of
poly(6-bromo-1-hexyne) [16], poly(propargylammonium salt)s and poly(dipropargy-
lammonium salt)s [17-19] were reported. We have prepared a new family of substi-
tuted polyacetylenes that retain extensive conjugation. They were prepared through
the activated polymerization of ethynylpyridines by using the functional alkyl halides
[13,20-23]. And also, we have also prepared various ionic conjugated polymers having
different functionalities from the transition metal-catalyzed polymerization of ionic
acetylenic monomers [24,25]. Because the conjugated polymers contain extensive con-
jugation and ionic nature, this ionic polyacetylene family has potentials as material
candidates for mixed ionic and electronic conductivity, energy storage devices such
as batteries, permselective membrane, and light-emitting devices [1,26,27].

Now, we report the synthesis of a new ionic polyacetylene derivative with quat-
ernary ammonium salt via the transition-metal catalyzed polymerization of
DMPPAB and the characterization of the resulting poly(DMPPAB)] (Fig. 1).

Experimental

PdCl, (99.9+%), RuCls, and (bicyclo[2.2.1]hepta-2,5-diene)-dichloropalladium (II)
[(NBD)PdCl,] were purchased from Aldrich Chemicals and used as received.
DMPPAB was prepared by the reaction of propargyl bromide and dimethylpheny-
lamine in acetonitrile as reported method (yield: 81%) [18]. DMPPAB was purified
by the recrystallization from ethanol-ether. The solvents were analytical grade mate-
rials. They were dried with an appropriate drying agent and distilled.

A typical synthetic procedure of poly(DMPPAB) is as follows: In a 20mL
reactor equipped with rubber septum, 1.0g (4.16 mmol) of DMPPAB, 0.037g
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(0.139 mmol, M/C=130) of (NBD)PdCl,, and 7mL of DMF were added in that
order given. Then the polymerization was carried out at 80°C for 24 hrs under nitro-
gen atmosphere. As the polymerization proceeds, the reaction solution became into
viscous dark-red solution. After the polymerization time, the polymer solution
diluted with 10 mL DMF was precipitated into a large excess of ethyl ether. The pre-
cipitated polymer was filtered and dried in vacuum oven at 40°C for 24 hrs. The
black polymer powder was obtained in 83% yield.

FT-IR spectra were obtained with a Bruker EQUINOX 55 spectrometer using a
KBr pellet. NMR ('H- and '*C) spectra were obtained in DMSO-d, solutions at
room temperature using a Varian 500 MHz FT-NMR spectrometer (Model: Unity
INOVA) and the chemical shifts are reported in ppm units with tetramethylsilane
as an internal standard. The inherent viscosities of polymers were determined at a
concentration of 0.5 g/dL in DMF at 30°C. X-ray diffractograms were obtained with
a PHILLIPS X-ray diffractometer (Model: Xpert-APD). The optical absorption
spectra were measured by a HP 8453 UV-VIS-NIR spectrometer. Redox potential
of the polymer was determined by cyclic voltammetry (CV) using an EG&G 362 elec-
trochemical workstation with a scanning rate of 100mV /s or various scan rate from
30 to 150mV/s. The synthesized polymer was dissolved in acetonitrile (AN) with
0.1 M tetrabutylammonium perchlorate (TBAP) as an electrolyte. We used a plati-
num working electrode and a saturated Ag/AgNO; reference electrode. Ferrocene
was used for potential calibration (all reported potentials are reference against
ferrocene/ferrocenium, FOC) and for reversibility criteria.

Results and Discussion

We performed the polymerization of DMPPAB by using transition metal catalysts.
We firstly test the polymerization of DMPPAB by W- and Mo-based catalysts,
which were found to be very effective for the polymerization of some monosubsti-
tuted acetylenes and the cyclopolymerization of various dipropargyl monomers
[1-3,28]. However, W-based catalysts such as WClg and WCls-EtAICl, failed to
polymerize the present monomer. And also MoCls gave only a trace amount of
oligomeric product.

PdCl, was found to effectively polymerize DMPPAB to give the corresponding
polymer in high yield (85%) although this monomer carry the bulky quaternary
ammonium salts. The polymer yields were slightly decreased when PtCl, and RuCl;
were used as catalyst (62% and 75%, respectively). (NBD)PdCl,, which showed good
solubility in the polymerization solvent, polymerized DMPPAB to give the corre-
sponding polymer in 83% yield. The present polymerizations proceeded mostly in
mild manner.

The polymer structure was characterized by various instrumental methods such
as IR, NMR, UV-visible spectroscopies. The FT-IR spectrum of DMPPAB did not
show the acetylenic C=C bond stretching and acetylenic =C—H bond stretching fre-
quencies of the monomer. Instead, the C=C stretching frequency peak of conjugated
polymer backbone at 1580-1660 cm™' became more intense than that of the mono-
mer. The "H-NMR spectrum of poly(DMPPAB) showed the phenyl protons and the
vinyl protons of the conjugated polymer backbone at 6.5-8.4 ppm. The characteristic
aliphatic methyl and methylene proton peaks was also observed at 2.4-5.0 ppm.

In the "*C-NMR spectrum of poly(DMPPAB), the acetylenic carbon peaks of
monomer at 72.68 and 82.72 ppm were disappeared and the aromatic and vinyl
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carbon peaks of polymer were observed at the region of 110-155 ppm. The methyl
and methylene carbon peaks were seen at 44.5 and 55.2 ppm, respectively. In
the UV-visible spectra, the absorptions at long wavelength (up to 650nm) due
to the m—n* interband transition of the conjugated polymer systems were observed.
From these spectral data, we concluded that the present polymer have the conju-
gated polymer backbone system with the designed substituents. The morphology
of poly(DMPPAB) powder sample was studied by X-ray diffraction analysis.
Because the peaks in the diffraction pattern were broad and the ratio of the
half-height width to diffraction angle (A20/20) is greater than 0.35, the present
poly(DMPPAB) was mostly amorphous [1,2]. The inherent viscosities of poly
(DMPPAB)s were in the range of 0.10-0.15dL/g.

In order to characterize the electrochemical kinetic behavior and an electro-
chemically stable window, the cyclic voltammograms (CVs) of poly(DMPPAB)
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Figure 2. Cyclic voltammograms of poly(DMPPAB) in 0.1 M TBAP/acetonitrile solution: (a)
consecutive scans under 100 mV/sec, (b) various scan rates of 30 mV/sec~150 mV /sec.
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Figure 3. Plot of logi,, vs logv for poly(DMPPAB) cyclic voltammograms.

including a consecutive scan and various scan rates (30mV/s~150mV/s) were
recorded as shown in Figure 2. Typical CVs obtained at the scan rate of 100mV/s
for poly(DMPPAB) solution are presented in Figure 2(a). We have observed that
the shape of CVs is almost unchanged, concluding that poly(DMPPAB) is fairly
stable without any severe degradation up to 30 cycles of the consecutive scan. In
Figure 2(b), as the speed of scan rate was increased, the peak potentials were gradu-
ally shifted to higher potentials and the current values were increased. Finally,
the oxidation of poly(DMPPAB) was occurred at 0.24V (vs Ag/AgNQO;), where
vinylene group of conjugated polymer backbone might be oxidized in the scan.
Poly(DMPPAB) also shows the irreversible reduction at —1.90 V. The redox current
value was gradually increased as the scan rate was increased. This result suggests that
the electrochemical process of poly(DMPPAB) is reproducible in the potential range
of —2.0~+1.5V vs Ag/AgNOs; (Fig. 2).

It has been reported that the relationship between the redox peak current and
the scan rate can be expressed as a power law type as follows [29-31].

Ipa = kv (1)
log iy, =logk + xlogv (2)

where i, , = oxidation peak current density, v=scan rate, k = proportional constant,
and x =exponent of scan rate.

Considering that electrode kinetics satisfy Eq (1), the electrochemical redox reac-
tion is controlled by either the electron transfer process, where x =1, or the reactant
diffusion process, where x =0.5. The relationship plot of the oxidation current den-
sity (log i, ») as a function of the scan rate (log v) is shown in Figure 3. The oxidation
current of poly(DMPPAB) versus the scan rate is approximately linear relationship
in the range of 30mV/sec~150mV/sec and the exponent of scan rate, x value is
found to be 0.2976. This value means that the kinetics of the redox process is not
so active and is controlled by the diffusion process.
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Conclusions

A new conjugated polymer with bulky quaternary ammonium salts was synthesized
and characterized. The polymerization of DMPPAB catalyzed by transition metal
catalysts proceeded well to give high yield of polymer. The polymer structure was
characterized by various instrumental methods to have a conjugated polymer back-
bone system having the designed substituents. This polymer was mostly soluble in
organic solvents. The CVs of the polymer exhibited the irreversible electrochemical
behaviors between the doping and undoping peaks. It was found that the kinetics of
the redox process of poly(DMPPAB) might be controlled by the diffusion process
from the experiment of the oxidation current density of poly(DMPPAB) versus
the scan rate.
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