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ABSTRACT: Novel conjugated ionic polymers from propargylammonium bromides having different
ammonium cations were synthesized and characterized. PdCl, and PtCl, were found to be very
effective catalysts whereas most of the W- and Mo-based catalysts except MoCl;-EtAICl, failed
to polymerize these ionic acetylene monomers. In the polymerization by PdCl,, DMF, DMSQ, pyri-
dine, and formic acid were found to be good solvent. The resulting polymers were brown or
black powder and mostly insoluble in any organic solvents regardless of the polymerization condi-
tions and the catalysts used. The infrared spectra of conjugated ionic polymers showed neither
the acetylenic =C-H stretching nor the acetylenic C=C stretching observed in the infrared spectra
of monomers. Instead the conjugated double bond stretching of polymer backbone was newly obse-
rved at 1630~1652 cm™ ' Thermal and morphological properties of these polymers were also

studied.

Introduction

The polymers having conjugated backbone are
expected to show unique properties such as electri-
cal conductivity,!”® gas and liquid mixture separa-
tion,* ® and radiation degradation.”®

A number of polyacetylenes with various substi-
tuents have heen synthesized and characterized.*"
However the ionic polymers having conjugated bac-
kbone were scarce and restricted to some cases
as follows: the solid state polymerization of propio-
lic salts by y-irradiation," water-soluble polyene po-
lymers by the quarternarization of poly(6-bromo-1-
hexyne),”? the syntheses of mono- and di-substitu-
ted ionic polyacetylene by the activation of the ace-
tylene bond in ethynylpyridines via quarternization
of the pyridine nitrogen by alkyl halides or methane
sulfonates.”®*

Due to their extensive conjugation and ionic na-
ture, these polymers have potential as materials for
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mixed ionic and electronic conductivity, energy sto-
rage devices such as batteries, and permselective
membrane.

In the series of our recent studies, we have
succeeded in synthesizing polymers from acetylenic
salt monomers such as propargyltriphenylphospho-
nium bromide and di- and tri-propargylammonium
salts by use of transition metal catalysts.

In the present article, we report the synthesis
of novel conjugated polymers by the polymerization
of monopropargylammonium salts with transition
metal catalysts and the characterization of the resu-
Iting ionic polyacetylene derivatives.
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Experimental

Materials. Propargyl bromide (Aldrich Chemi-
cals, 80 wt% solution in toluene) was dried with
calcium hydride and fractionally distilled. Trime-
thylamine (TMA, Fluka, 30 wt% solution in etha-
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nol), triethylamine (TEA, Aldrich Chemicals, 99%),
and benzyldimethylamine (BDMA, Aldrich Chemi-
cals, 99+ %) were used without further purification.
PdCl, (Aldrich Chemicals, 99.995%) and PtCl, (St-
rem) were used as received. MoCls and WCls (Ald-
rich Chemicals, resublimed, 99+ %) and EtAICl,
(Aldrich Chemicals, 1.8 M solution in toluene) were
used as received. All polymerization solvents were
analytical grade materials. They were dried with
apropriate drying agents and fractionally distilled.

Preparation of Monomers. Propargyl Tri-
methylammonium Bromide (PB-TMA). Addi-
tion of propargyl bromide (29 g, 0.168 mol) in ethyl
ether to a well stirred solution of trimethylamine
(8.28 g, 0.14 mol) in ethyl ether at room tempera-
ture gave a white precipitate which, on recrystalli-
zation from ethanol, gave the salt (73%). 'H-NMR
(8,ppm): 2.9, 3.16, 4.38; BC-NMR (8,ppm): 53.8, 57.6,
72.8, 83.2; IR(wavenumbers, cm™'): 3151 (=C-H st-
retching), 2118 (C=C stretching).

Propargyl Triethylammonium Bromide (PB-
TEA): The same procedure with use of triethyla-
mine gave the salt (80%). 'H-NMR (8, ppm): 1.19,
3.00, 3.22, 445; BC-NMR (5, ppm): 7.8, 49.8, 56.7,
72.5, 82.5, IR (wavenumbers, cm™!): 3147 (=C-H
stretching), 2122 (C=C stretching).

Propargyl Benzyldimethylammonium Bro-
mide (PB-BDMA): The same procedure with use
of benzyldimethylamine gave a white precipitate
which, on crystallization from ethanol/ethyl ether
(vol. ratio 50 : 50), gave the salt (65%). 'H-NMR
(3, ppm): 2.90, 2.99, 3.37, 4.43, 7.23, 7.35; C-NMR
(5, ppm): 499, 54.8, 676, 72.7, 832, 127.7, 130.1,
131.3, 133.2; IR (wavenumbers, cm™!): 3145 (=C-H
stretching), 2118 (C=C stretching).

Preparation of Catalyst Systems. All proce-
dures for catalyst solution (MoCls, WCls) prepara-
tion were carried out under dry nitrogen atmos-
phere. MoCl; and WCls were dissolved in chlorobe-
nzene as 0.1 and 0.2 M solutions before use. PdCl,
and PtCl, were added as powder in the polymeriza-
tion ampule.

Polymerization Procedures. A polymerization
ampule equipped with rubber septum was flushed
with dry nitrogen. Injections of solvent and catalyst
solution were done by means of hypodermic syri-
nges from which air and moisture were carefully
excluded. A typical polymerization procedure was
as follows; Into a 20 mL ampule, monomer, catalyst
(in the case of PdCl; and PtCly), and solvent were
added in that order given, and sealed with rubber
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septum after flushing with nitrogen. After the am-
pule was stood for 24 hr at 80 C, 10 mL of chloro-
form was added to the ampule. This solution was
poured into an excess methanol, filtered from the
solution, and then dried under vacuum for 12 hr
at 40 T to give a black polymer powder. The poly-
mer yield was calculated by gravimetry.

Instruments and Measurement. NMR (‘H-
and C-) spectra were recorded on Bruker AM-200
spectrometer in CDCl; and chemical shifts were re-
ported in ppm units with tetramethylsilane as the
internal standard. Magic angle spinning, cross-pola-
rization ®C-NMR spectra were obtained on Bruker
AM-300 spectrometer. Elemental analyses were
made on 240C Elemental Analyzer. Infrared spectra
were obtained with a Bio-Rad Digilab FTS-60 spec-
trometer using potassium bromide pellets. Thermo-
gravimetric analyses (TGA) were performed under
nitrogen atmosphere at a heating rate of 10 C /min
up to 700 T with a DuPont 1090 Analyzer. X-ray
diffraction patterns of the polymer samples were
obtained on a Rigaku Geigerflex X-ray diffractome-
ter equipped with a Wahrus flat-plate camera using
Ni-filtered CuKa radiation at a scan speed of 4°
/min.

Results and Discussion
The polymerization of acetylenic salt monomers,

propargylammonium bromides. by various transition
metal catalysts was carried out as follows.

H
|
Ry Br- —€C :? O
!
HC=CCH2N*- Rz Catalyst CHz Br-
| |
R3 R -T’— Rz
R3

(R1, Rz, Rz : 3 CHs ; 3 CH2CH3z ; 2 CH3, CH2Ph)
Table I shows the results for the polymerization
of three propargylammonium bromides by PdCl,.
The polymerization was well proceeded in most ca-
ses. The polymer yield of PB-TMA was quantita-
tive. As the substituent size of trisubstituted ammo-
nium was increased, the polymer yield was slightly
decreased. The polymer yield at monomer to catal-
yst mole ratio ((MJ]/[C])=30 was found to be
greater than that at [M1/[C]=50. Other polar sol-
vents such as DMSO, pyridine, and HCO,H were
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Table 1. Polymerization of Propargylammonium Bromides by PdCI,

Experiment Monomer M/C Solvent Polymer Yield
No. (mole ratio) (%)
1 PB-TMA 30 DMF 99
2 PE-TEA 30 DMF 95
3 PE-TEA 50 DMF 89
4 PE-BDMA 30 DMF 76
5 PE-BDMA 50 DMF 55
6 PE-BDMA 30 DMSO 80
7 PE-BDMA 30 Pyridine 71
8 PE-BDMA 30 HCO,H 63

“Polymerization was carried out at 80 C for 24 hrs. Initial monomer concentration ((MJo) was 0.5 M. *Monomer

to catalyst mole ratio.

Table II. Polymerization of Propargylammonium Bromides by Mo, W, and Pt-Based Catalysts®

Experiment Monomer Catalyst Mo Solvent Polymer Yield
No. (mole ratio) (%)
1 PB-TMA MoCls 1.0 Chlorobenzene 0
2 PB-TEA MoCls 1.0 Chlorobenzene 0
3 PB-BDMA MoCls 1.0 Chlorobenzene 0
4 PB-BDMA MoCl-EtAICI(1 : 2) 1.0 Chlorobenzene 67
5 PB-BDMA WCl;, 1.0 Chlorobenzene 0
6 PB-BDMA WCl-PhySn(1 : 1) 1.0 Chlorobenzene 0
7 PB-BDMA WCls— EtAICI(1 : 2) 1.0 Chlorobenzene 0
8 PB-TMA PtCl, 0.5 DMF 85
9 PB-TEA PtCl, 0.5 DMF 73
10 PB-BDMA PtCl, 0.5 DMF 65

“Polymerization was carried out at 80 T for 24 hrs. Monomer to catalyst mole ratio (M/C) was 30. *Mixture
of MoCl; and EtAICl; solutions was aged at 30 T for 15 min before use. ‘Initial monomer concentration.

also found to be adequate for the present polymeri-
zation.

Table II shows the results for the polymerization
of propargylammonium bromides by other catalysts
besides PdCl,. MoCls-based catalysts have been
known to be effective for the polymerization of ace-
tylenic salt monomers such as propargyltriphenyl-
phosphonium bromide,'® dihexyldipropargylammo-
nium salts (count anion: bromide, tosylate).'” Howe-
ver in the present polymerization of monopropargy-
lammonium salt, most of the MoCls- and WClg-ba-
sed catalysts failed to polymerize. Only MoCls-EtA-
ICl; catalyst system polymerized PB-BDMA to give
a moderate yield. PtCl, was also found to be effec-
tive catalyst for the polymerization of the acetylenic
salt monomers although the catalytic activity was
smaller than that of PdCl.

The resulting polymers fror propargylammonium
bromides were mostly insoluble in organic solvents,
regardless of the polymerization conditions and the
catalysts used. The insolubility of the resulting pol-
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ymers may be originated from the crosslinking of
polymer by the activated allyl protons with catalytic
moiety. Because of the poor solubility of polymers,
the exact characterization of polymer structure by
NMR and UV-visible spectroscopies could not be
carried out.

Table III shows the elemental analyses data for
the polymers obtained from propargylammonium
bromides. The values of elemental analyses, rigo-
rously excluding oxygen and analyzed immediately
after drying under vacuum, agreed with the calcu-
lated values with a small deviation.

Figure 1 shows the IR spectra of three polymers
from propargylammonium bromides. IR spectra of
polymers showed neither the acetylenic =C-H stre-
tching nor the C=C triple bond stretching observed
in the IR spectra of monomers. Instead the C=C
double bond stretching of polymer backbone was
newly observed at 1630~1652 cm ™’

Figure 2 shows the magic angle spinning, cross
polarization ¥C-NMR spectrum of poly(PB-BDMA).
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Table III. Elemental Analyses Data of Polymers from Propargylammonium Bromides

Sample Calculated Found
[Table no-Exp. no] C H N C H N
Poly(PB-TMA) 40.47 6.79 7.87 38.72 6.64 7.62
[1-1]
Poly(PB-TEA) 49.10 8.24 6.36 48.98 9.07 6.44
[1-3]
Poly(PB-BDMA) 56.70 6.35 551 54.91 6.34 521
[1-5]
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Figure 1. FT-IR spectra of poly(PB-TMA) [A], poly
(PB-TEA) [B], and poly(PB-BDMA) [C] in KBr pellet.

The chemical shift at about 133 ppm is due to the
carbons on the conjugated double bond and phenyl
substituent. And the peaks at about 70 ppm and
44~54 ppm are due to methylene carbons and the
methyl carbons, respectively.

Figure 3 shows the TGA thermograms of poly-
mers prepared from propagylammonium bromides.
These polymers showed the abrupt weight loss at
temperatures of 160~300 T. The residual weight
after heating up to 200 C was decreased as the
bulkiness of the counter cation (trisubstituted
amine) was increased.

The morphology of the resulting polymers was
also investigated by X-ray diffraction analysis (Fi-
gure 4). Because the peaks in diffraction patterns

Korea Polym. J.. Vol. 2, No. 2, 1994

Figure 2. “C-magic angle spinning, cross polarization
NMR spectrum of poly(PB-BDMA).
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Figure 3. TGA thermograms of poly(PB-TMA) [,
poly(PB-TEA) [-----], and poly(PB-BDMA) [:---- 1
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Figure 4. X-ray diffractograms of poly(PB-TMA) [A],
poly(PB-TEA) [B], and poly(PB-BDMA) [C].

are all broad and the ratio of half-height width to
diffraction angle (A20/20) is greater than 0.35," the
present conjugated ionic polymers are amorphous.
This result is consistent with the results of X-ray
diffraction analysis of polyacetylene derivatives
such as poly (propargyltriphenylphosphonium bro-
mide)*® and poly (dihexyldipropargylammonium sa-
lts).”?

The color of polymers prepared by PdCl, and
PtCl, were mostly black. On the other hand, the
color of the polymer prepared by MoCl;-EtAICl,
was brown color. Further works on the synthesis
of soluble derivatives and the electrical properties
are in progress.

Conclusion

In this article, we described the synthesis of no-
vel conjugated salt polymers by the polymerization
of three propargylammonium bromides and the
characterization of the resulting polymers. PdCl;
and PtCl; were found to be effective catalysts for
the polymerization, whereas most of Mo- and W-
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based catalysts besides MoCls-EtAICI; failed to pol-
ymerize. The resulting polymers were insoluble in
any organic solvents regardless of the polymeriza-
tion conditions and the catalysts used. The insolu-
bility of the resulting polymers was deduced to be
due to the cross-linking of polymers by the catalyst
residues. X-ray data exhibited that the polymers
from propargylammonium bromides are mostly
amorphous.
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