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ABSTRACT

Novel conjugated ionic polymer was prepared by the polymer-
ization of 2-ethynylpyridine with propargyl tosylate in refluxing
methyl alcohol. The polymerization proceeded well in homoge-
neous manner to give a relatively high yield of polymer. The
resulting poly(2-ethynylpyridinium tosylate) having propargyl
side chain [poly(EPT-P)] were hygroscopic and soluble in water,
methyl alcohol, DMF, and DMSO. The inherent viscosities of
the polymers were in the range of 0.08-0.29dL/g. Instrumental
analyses using NMR, IR, and UV-visible spectroscopies and ele-
mental analyses indicated that the resulting poly(EPT-P) have a
conjugated ionic polymer backbone carrying N-propargyl-2-
pyridinium tosylate. Thermal and electro-optical properties of
the polymers were also studied.

INTRODUCTION

Conjugated polymers have been the subject of intensive research due to
their interesting properties such as electrical conductivity [1-3], gas and liquid
mixture separation [4-8], side-chain liquid crystal [9, 10], radiation degradation
[11, 12], and nonlinear optical (NLO) susceptibilities [13-17].

A large effort in synthetic chemistry has produced a wide range of mono-
and di-substituted polyacetylenes with various functional groups such as alcohol
[18-20], ether [21-23], amine [24], thioalkane [25. 26], and carboxylic acid [27]
and ester [28], etc.

The examples of ionic polymers having conjugated backbone were
scarce and restricted to some cases as follows: poly(propiolic acid) salt [29],
water soluble polyene polymers by the quarternization of poly(6-bromo-1-
hexyne) [30], and the synthesis of mono- and di-substituted ionic polyacetylene
by the activation of the acetylene bond in ethynylpyridines by alkyl halides or
methane sulfonates [31-33]. Due to their extensive conjugation and ionic nature,
these polymers have potentials as materials for mixed ionic and electronic con-
ductivity, energy storage devices such as batteries, chemical sensors, and perms-
elective membrane [32].

In the series of our recent studies, we have synthesized the ionic poly-
mers from mono-, di-, and tri-propargylammonium salts by the use of transition
metal catalysts [34-40]. The nature of counter ion appeared to make an impor-
tant effect on the polymerization behavior and the physical properties of result-
ing polymers.
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The polymerization of 2-ethynylpyridine was carried out to give a water-
soluble conjugated polymer having a moderate molecular weight [41]. And, we
also reported the activated polymerization of 2-ethynylpyridine by propargyl
bromide under methyl alcohol reflux condition [42].

Now we report the synthesis of a water-soluble, thus a well processible
conjugated polyelectrolyte by the facile one-step polymerization in methanol
reflux condition of 2-ethynylpyridine and propargyl tosylate. Furthermore, the
characterization and electro-optical properties of the resulting polymer will also
be discussed.

EXPERIMENTAL

Materials

Propargyl bromide (Aldrich Chemicals., 80 wt% solution of toluene) was
dried with calcium hydride and fractionally distilled. Propargyl alcohol was
dried with K,CO; and distilled under reduced pressure. p-Toluene sulfonyl chlo-
ride was recrystallized from toluene/petroleum ether in the cold. 2-Vinylpyridine
(Aldrich Chemicals., 97%) was used after distillation under reduced pressure.
Sodium amide (NaNH,, Aldrich Chemicals., 95%) was used as received. The sol-
vents were analytical grade materials, and they were dried with an appropriate
drying agent and fractionally distilled.

Preparation of Propargyl Tosylate

Propargyl alcohol (10. 6 g, 0.19 mol) and p-toluene sulfonyl chloride
(20 g, 0.10 mol) were placed in a 500 mL three-neck flask equipped with ther-
mometer, a water-bath containing a small amount of ice, and a 250 mL drop-
ping funnel. 32 mL of 5N NaOH solution was added dropwise at a rate that did
not cause the temperature of the reaction mixture to exceed 15°C. Another
portion of p-toluene sulfonyl chloride (20 g, 0.10 mmol) was added, and then
32 mL of 5 N NaOH solution was slowly introduced. Stirring was continued
for an additional 4 hours, and the oily layer was separated from the water layer
by extraction with diethyl ether and then the ether layer was washed through-
ly with 50 mL of 10% NaOH solution, and dried by standing overnight over 20
g anhydrous K,CO;. After the solvent was removed, the residue was distilled
under reduced pressure. Propargyl tosylate was obtained in 55% yield, b.p.
107-110°C/ImmHg.
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'H-NMR (CDCl, &, ppm): 2.4 (s, CHs-), 2.5 (t, C-H), 4.6 (d, -O-CH.-
C=), 7.3-7.9 (m, phenyl ring).

FT-IR (KBr pellet, wavenumbers, cm™): 3290, 3067, 2954, 2927, 2133,
1597, 1362, 1175, 1096, 979, 930, 814, 665.

Preparation of 2-Ethynylpyridine

2-Ethynylpyridine was prepared by the bromination of 2-vinylpyridine
and the consecutive dehydrobromination according to the literature method [41].

Synthesis of Poly(2-Ethynylpyridinium Tosylate) Having Propargyl Side
Chain

In a 250 mL three-neck flask equipped with reflux condenser, ther-
mometer, and rubber septum, methyl alcohol (90 mL), 2-ethynylpyridine (2.00
g, 19.392 mmol), and propargyl tosylate (4.60 g, 19.634 mmol) were introduced
in the given order and then, the reaction mixture were refluxed in methanol. In
order to check the polymerization behaviors and the polymer properties during
the polymerization according to the polymerization time, each 10 mL reaction
solution was taken from the reaction mixture at the scheduled polymerization
time (0.5, 1, 3, 6, 12, 24 hours). As the reaction proceeded, the color of the reac-
tion mixture was consecutively changed into dark-red. After a given polymer-
ization time, the resulting polymer solution was precipitated into a large amount
of ethyl ether. The precipitated polymer was filtered and dried under vacuum at
40°C for 24 hours. The polymer yield was calculated by gravimetry.

Instruments and M easurement

NMR spectra were recorded on a Bruker AM-200 spectrometer in
DMSO-d;. IR spectra were obtained with a Bomem MB-100 spectrometer using
a KBr pellet. Elemental analyses were performed with Perkin-Elmer 240C
Elemental Analyzer. The inherent viscosities (1) were determined at a concen-
tration of 0.5 g/dL in DMF solvent at 30°C. Thermogravimetry (TGA) was per-
formed under a nitrogen atmosphere at a heating rate of 10°C/min. Up to 600°C
with a DuPont 2100 Analyzer. DSC thermograms were taken on a DuPont 910
differential scanning calorimeter under nitrogen atmosphere at a scanning rate of
10°C/min. X-ray diffraction patterns of polymer samples were obtained on a
Rigaku Geigerflex X-ray diffractometer equipped with a Wahrus flat-plate cam-
era using Ni-filtered CuKa radiation at a scan speed of 4°/min. The optical
absorption spectra were measured by a Shimadzu UV-3100 UV-VIS-NIR
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Spectrometer. The photoluminescence spectra were obtained by a 488 nm Ar
laser as an excitation source. The emission signal was collected using the con-
ventional photoluminescence arrangement of a laser, samples, a cryostat (Air
Products 1R02-A displex), a monochromator (Spex 750M), and a photomultipli-
er (Hamamatsu R943-02). The signal from the photomultiplier was amplified by
an EG&G 5101 lock-in amplifier with the chopping frequency of 170Hz, and
converted to the digital signal in the autoscan system.

RESULTS AND DISCUSSION

Polymerization

The polymerization of 2-ethynylpyridine activated by propargyl tosylate
was carried out under methyl alcohol reflux conditions without any catalyst or
initiator as follows.

(0]

H
~ T reflux —-(- :
_ -_ __reflux C=C

I + HC=CCH,-0 %"Q_CH:’ in MeOH ?ﬁ.

\N _ — (0]
—" © \ /r:] 0-$< )-CHs
L

Scheme 1. Synthesis of Poly(2-ethynylpyridinium tosylate) having Propargyl
Side Chain.

As the reaction proceeds, the color of the reaction mixture was consecu-
tively changed into dark-red. The polymerization solution was homogeneous
during all the polymerization times. The polymer yield was calculated and the
UV-visible spectroscopies were measured from the polymer solution taken in the
polymerization reactor according to the reaction time.

Figure 1 shows the time-dependence curve of polymer yield according to
the reaction time. This polymerization was found to proceed quickly in early
time. The polymer yield, even after 1 hour, was 43% and the polymer yield
reached about 80% after 12 hours.

Figure 2 shows the UV-visible spectra of the initial mixture of 2-
ethynylpyridine and propargyl tosylste and the polymerization solution accord-
ing to the reaction time. The spectrum of the initial mixture of 2-ethynylpyridine
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Figure 1. The polymer yield according to the polymerization time in the poly-
merization of 2-ethynylpyridine activated by propargyl tosylate under methyl alco-
holreflux condition.

and propargyl tosylate did not show any absorbance peak in the visible region.
However, an peculiar absorption band at 519 nm, which is originated from the
TT - TU transition of conjugated polymer backbone, was newly observed even
after the polymerization time of 30 minutes. As the polymerization time is
increased, the initial sharp peaks of monomeric mixture became more broad. On
the other hand, the peak of conjugated polymer backbone (A,.... 519 nm) became
stronger.

The attempted reaction of pyridine and propargyl tosylate in the
methanol reflux condition did not give any polymeric products, but gave only
propargyl pyridinium tosylate. This means that the propargyl functional group
do not undergo polymerization reaction by the simple attack of pyridine nitrogen
atom. And also the reaction of 2-ethynylpyridine alone in the methyl alcohol



13:15 24 January 2011

Downl oaded At:

POLY(2-ETHYNYLPYRIDINIUM TOSYLATE) 1509

Absorbance (arbitrary scale)

230 300 400 S00 600 700

Wavelengths (nm)

Figure 2. UV-visible spectra of the initial mixture of 2-ethynylpyridine and
propargyl tosylate and the reaction mixtures taken from the reactor during the poly-

merization according to the polymerization time.
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reflux condition did not yield any tractable polymeric products besides some-
what color changes. Thus, this polymerization was thought to be activated by the
quarterization of 2-ethynylpyridine with propargyl tosylate. And the polymer-
ization mechanism was deduced to be similar to that for the spontaneous poly-
merization of 3- and 4-vinylpyridines on quarterization of the pyridine nitrogen
by alkyl halides [43, 44].

Polymer Structure

The polymer structure of poly(EPT-P) was characterized by elemental
analyses, NMR, infrared, and UV-visible spectroscopies. The elemental analysis
data of reprecipitated poly(EPT-P) agreed with the theoretical value: Calcd for
(CsHisNOsS)n: C, 65.14%; H, 4.84%; N, 4.47%:; S, 10.23%; O, 15.32%. Found:
C, 64.95%; H, 4.80%; N, 5.11%; S, 10.21%; O, 14.93%. Figure 3 shows the 'H-

DMSO

8 (ppm)

Figure 3. 'H-NMR spectrum of poly(2-ethynylpyridinium. tosylate) having
propargyl side chain in DMSO-ds.
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NMR spectrum of poly(EPT-P) in DMSO-d. The aromatic proton peaks of pyri-
dine moiety and vinyl proton of polymer backbone are broadly observed at the
region of 6.5-9.3 ppm. On the other hand, the peaks of tosylate moiety are
observed more strongly at 7.1 and 7.4 ppm. The methylene proton peak and
acetylenic proton peak of propargyl functional group is also observed at 5.2 and
3.53 ppm, respectively. Also, the methyl protons of tosylate were also observed
at 2.25 ppm. On the other hand, the acetylenic proton peak of 2-ethynylpyridine
at 3.03 ppm disappeared.

Figure 4 shows the FT-IR spectra of 2-ethynylpyridine, propargyl tosy-
late, and poly(EPT-P) in a KBr pellet. The IR spectra of 2-ethynylpyridine and
propargyl tosylate showed a characteristic acetylenic C=C bond stretching fre-
quencies at 2110 and 2133 c¢cm’', respectively. However, in the IR spectrum of
poly(EPT-P), it did not show the acetylenic C-H bond stretching frequencies at
3293 and 3290 cm™ and the acetylenic C=C bond stretching frequency of 2-
ethynylpyridine at 2210 cm™. Instead the peak at 1610 cm™ became more intense.
The acetylenic C=C stretching frequency of propargyl functional group on
poly(EPT-P) was observed at 2125 cm’.

The UV-visible spectra (Figure 2) of Poly(EPT-P)s exhibited an absorp-
tion peak at longer wavelength upto 700nm (A,...: 519 nm), which is originated
from the 1T - Ttabsorption peak of conjugated polymer backbone.

These spectral data indicate that the resulting poly(EPT-P) have a con-
jugated polymer backbone structure carrying N-propargyl pyridinium tosylate as
substituent.

Polymer Properties

The resulting poly(EPT-P)s were dark-red hygroscopic powders. The
solubility test was performed for powdery samples in excess solvent. The
poly(EPT-P) was completely soluble in water, methyl alcohol, formic acid, DMF,
DMSO, and nitrobenzene, but insoluble in benzene, toluene, carbon tetrachlo-
ride, and n-hexane. The inherent viscosities of the resulting poly(EPT-P) was in
the range of 0.08-0.29dL/g. The viscosity gradually increased as the polymer-
ization time increased. These values were found to be relatively higher in com-
parison to those of polymers from acetylenic salt monomers such as
dihexyldipropargylammonium salts [37] and propargyltriphenylphosphonium
bromide [34].

The TGA thermogram of poly(EPT-P) was also tested under nitrogen
atmosphere (Figure 5). This polymer system was found to be more thermally
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Figure 4. IR spectra of 2-ethynylpyridine (A), propargyl tosylate (B), and
poly(EPT-P) (C) in a KBr pellet.

stable than those of similar poly(2-ethynylpyridinium) derivatives having bro-
mide as counter ion [42]. The poly(EPT-P) retains 99% of its original weight at
105°C, 95% at 267°C, 90% at 302°C, 70% at 342°C, and 50% at 600°C. Figure
6 shows the DSC thermogram of poly(EPT-P) under nitrogen atmosphere in the
range of 30-400°C. This polymer shows two exothermic peaks at 180 and 353°C.
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Figure 5. TGA thermogram of polv(2-ethynylpyridinium tosylate) having propar-
gyl side chain.

The first peak at 180°C originated from the thermal crosslinking of conjugated
polymer backbone and propargyl side chain. On the other hand, the second peak
at 353°C is due to the thermal decomposition of the polymer system. This poly-
mer did not show the glass-transition temperature as with those of other similar
conjugated polymers [42, 45].

The morphology of poly(EPT-P) was also investigated by X-ray diffrac-
tion analysis (Figure 7). Because the peak in diffraction pattern is broad and the
ratio of the half-height width to diffraction angle (A26/26) is greater than 0.35
[46], the poly(EPT-P) was found to be amorphous.
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Figure 6. DSC thermogram. of polv(2-ethynylpyridinium tosylate) having propar-
gyl side chain.

Optical Absorption and Photoluminescence Properties

Figure 8 shows the optical absorption and photoluminescence spectra of
poly(EPT-P) film (thickness 1 um) on quartz substrate. All measurements were
carried out in air at room temperature. The absorption spectrum starts around 700
nm, and shows a strong absorption band at around 519 nm due to the 1T - Tlinter-
band transition of the polyene main chain. The band gap energy of this polymer
was estimated to be 2.1 eV from the analysis of the absorption edge with a plot
of (hv) vs. (ahV)’, where a, h, and v are the absorbance, Plank’s constant, and
the frequency of light, respectively [47]. This band gap energy is larger than that
of trans-polyacetylene by about 0.4 eV [48]. Because the backbone of
poly(EPT-P) is the same as that of trans-polyacetylene, this might be due to the
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Figure 7. X-ray diffractograrn of poly(2-ethynylpyridinium tosylate) having

propargyl side chain.
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Figure 8. Optical absorption and photoluminescence spectra of poly(EPT-P) thin

film on quartz substrate.
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steric hindrance between pendant N-propargyl-2-pyridinium tosylate groups in
poly(EPT-P). The photoluminescence spectrum of the film shows that the pho-
toluminescence peak is located at 710 nm corresponding to the photon energy of
1.7 eV. So there is the Strokes’ shift between the maximum in emission and the
absorption edge. This indicates that the emission is due to the exciton states
rather than the interband transition.

The temperature-dependent photoluminescence spectra of poly(EPT-P)
film are shown in Figure 9. As the temperature was increased, the photolumi-
nescence intensity decreased. This is because the non-radiative decay channels
are increased as the temperature increased. But there were no changes in the
location of the peak and the line shape of the spectrum as the temperature was
varied. Thus the temperature does not affect exciton states of poly(EPT-P).

CONCLUSION

The polymerization of 2-ethynylpyridine activated by propargyl tosylate
under methyl alcohol reflux conditions gave a conjugated polymer, poly(2-

PL intensity (arb. units)

500 600 700 800 900

Wavelength (nm)

Figure 9. Temperature-dependent photoluminescence spectra of poly(EPT-P) thin
films on quartz substrate.
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ethynylpyridinium tosylate) having propargyl side chain in high yields. This
polymerization was found to be activated by the quarternization of 2-
ethynylpyridine with propargyl tosylate. The resulting poly(EPT-P) was com-
pletely soluble in polar solvents such as water, methyl alcohol, DMSO, and
DMF, but insoluble in nonpolar hydrocarbon solvents such as chlorobenzene,
toluene, and chloroform. The polymerization mechanism was deduced to simi-
lar to that for the spantaneous polymerization of 3- and 4-vinylpyridines on quar-
ternarization of the pyridine nitrogen by alkyl halides. The resulting polymer
structure was identified to have a conjugated ionic polymer backbone carrying
N-propargyl-2-pyridinium tosylate as substituent. The photoluminescence prop-
erties of poly(EPT-P) revealed that the emission is originated from the exciton
states rather than the interband transition. And also, it was found that the tem-
perature does not affect the exciton states of polymer.
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