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During the past four decades, extensive studies1 on the po­
lymerization of mono- and di-substituted acetylenes have 
been made to overcome some problems of polyacetylene 
such as its lack of processability and its thermal and en­
vironmental instabilities. The linear conjugated polymers 
from substituted acetylenes can be used as organic sem­
iconductors, a membrane for gas separation and liquid-mix­
ture separation, a side-chain liquid crystal, and nonlinear 
optical materials.2 The polyelectrolytes having conjugated 
backbone were scarce and restricted to some cases as fol­
lows :the solid-state polymerization of propiolic salts by y-ir- 
radiation,3 water-soluble polyene polymers by quarterization 
of poly(6-bromo-1 -hexyne),4 and the synthesis of mono- 
and di- substituted ionic polyacetylene through the ac­
tivation of the acetylene bond in ethynylpyridine by in­
troduction of a strong electron withdrawing substituents in 
conjugation to it.5

Due to their extensive conjugation and ionic nature, these 
polymers have potential as materials for mixed ionic and 
electronic conductivity, energy storage devices such as bat­
teries and permselective membrane.53

In recent years, we reported the synthesis and properties 
of various conjugated ionic polyelectrolytes by the poly­
merization of mono- and di-propargyl derivatives having 
bromide, tosylates, and tetraphenylborate as counter anions.6 
And also we reported the synthesis of water-soluble poly(2- 
ethynylpyridine) by the polymerization of 2-ethynylpyridine 
with W- and Mo-based catalysts.7

Now we report the synthesis of a novel water-soluble py- 
ridine-containing conjugated ionic polymer, poly(2-ethy- 
nylpyridinum bromide) having a pendant propargyl moiety 
by the simple polymerization reaction of 2-ethynyipyridine 
and propargyl bromide in refluxing methanol as follow.

HC=CCH2Br
reflux 

in MeOH ©J

A typical polymerization prcedure was as follow: In a 100 
mL flask, methanol (50 mL), 2-ethynylpyridine (1.00 g, 9.70 
mmol), and propargyl bromide (1.16 g, 9.75 mmol) were in­
troduced in the given order. And then the reaction mixture 
was refluxed in methanol for 24 hrs. As the reaction is 
proceeded, the color of reaction mixture was consecutively 
changed into dark-red the resulting solution was precipitated 
into a large amount of ethyl ether. The precipitated polymer 
was filtered and dried under vacuum at room temperature 
for 24 hrs. The obtained polymer was dark-red powders and 
the p이ymer yield was 95%.

The reaction of 2-ethynylpyridine alone in methanol re­
flux condition did not yield any tractable polymeric pro­
ducts besides somewhat color changes. This polymerization 
was assumed to be activated by the quarterization of 2-ethy- 
nylpyridine with propargyl bromide. Thus the polymeri­
zation mechanism was deduced to be similar to that for the 
spantaneous polymerization of 3- and 4-vinylpyidines on 
quarterization of the pyridine nitrogen by alkyl halides.8

The inherent viscosity of the polymer was 0.21 dL/g (in 
DMSO, 30 °C). This value was found to be relatively high­
er in comparison to those of the polymers from acetylenic 
salt monomers such as dihexyldipropargylammonium salts5a 
and propargyltriphenylphosphonium bromide5b

The bathochromic shifts were observed in the UV-visible 
spectrum of the polymer compared to that of the initial mix­
ture of 2-ethynylpyridine and propargyl bromide. The broad 
absorption peak at 300-700 nm, which had been absent in 
the UV-visible spectrum of the initial mixture of 2-ethy- 
nylpyridine and propargyl bromide in methanol, were ob­
served (kmax: 524 nm), which is originated from the n—>n* 
transition of the conjugated polymer backbone. The ele­
mental analysis data for polymer agreed well with the 
theoretical value: Calcd for (C10H8NBr)n: C, 54.08%; H, 
3.63%; N, 6.31%; Br, 35.97% Found: C, 54.01%; H, 3.54%; 
N, 6.30%; Br, 36.15%. NMR spectrum of the polymer 
(solvent: CD3OD) showed a broad peak at 6.5-9.5 ppm, 
which is originated from the pendant aromatic protons of py­
ridyl substituent and the vinyl protons on the conjugated po­
lymer backbone. The methylene protons of propargyl sub­
stituent was also observed in the range of 3.0-3.8 ppm, 
whereas the relatively sharp peak at 3.1 ppm, which is ori­
ginated from the acetylenic proton of the resulting polymer, 
was also observed. The IR spectrum of polymer showed 
only one acetylenic C=C stretching frequency of the pen­
dant propargyl substituent. A new and relatively intense ab­
sorption band at 1590-1630 cm1 is indicative of de­
velopment of double bonds in polymer backbone, which is 
originated from the selective polymerization of ethynyl func­
tional group.

The polymer was completely soluble in polar solvents 
such as water, methyl alcohol, DMSO, and DMF, but in­
soluble in nonpolar hydrocarbon solvents such as chloro­
benzene, toluene, and chloroform.

The polymer properties of this polymer may be easily 
modified by the simple ion exchange reaction using ion ex­
change agents such as NaBPh4, NaC104, and NaN3. Further 
works on the modifications of polymer and the elec­
trophysical properties of the polymers are now in progress.

Acknowledgment. It is gratefully acknowledged that 



266 Bull Korean Chem. Soc. 1997, Vol. 18, No. 3 Communications to the Editor

this work has been supported by the Korea Science and En­
gineering Foundations (KOSEF 961-0301-001-2)

References

1. (a) Chauser, M. G.; Rodionov, Yu. M.; Misin, V. M.; 
Cherkashin, M. I. Russ. Chem, Rev. 1976, 45, 348. (b) 
Masuda, T.; Higashimura, T. Adv. Polym. Sci. 1987, 81, 
121. (c) Gal, Y. S.; Choi, S. K. Polymer (Korea) 1989, 
13, 188. (d) Jin, S. H.; Gal, Y. S.; Choi, S. K. Polymer 
Science and Technology (Korea) 1992, 3, 455.

2. (a) Cukor, P.; Krugler, J. I.; Rubner, M. F. Makromol. 
Chem. 1981, 182, 165. (b) Gal, Y. S.; Jung, B.; Choi. S. 
K. J. Appl. Polym. Sci. 1991, 42, 1793. (c) Aoki, T.; 
Nakahara, H.; Hayakawa, Y.; Kokai, M.; Oikawa, E. J. 
Polym, Sci. Polym. Chem. Ed. 1994, 32, 849. (d) Jin. S. 
H.; Kim, S. H.; Cho, H. N.; Choi, S. K. Macro­
molecules 1991, 24, 6050. (e) Choi, S. J.; Kim, S. H.; 
Ahn. W. S.; Cho, H. N.; Choi, S. K. Macromolecules
1994, 27, 4871. (f) Lee, H. J.; Kang, S. J.; Kim, H. K.; 
Cho, H. N.; Park, J. T.; Choi, S. K. Macromolecules
1995, 28, 4638. (h) Samuel, D. W.; Ledoux, I.; Dhenaut, 
C.; Zyss, J.; Fox, H. H.; Schrock, R. R.; Silbey, R. J. 
Science 1994, 265, 1070. (h) Halvorson, C.; Hays, A.; 
Kraabel, B.; Wu, R.; Wudl, F.; Heeger, A. J. Science 
1994, 265, 1215.

3. Davidov, B. E.; Krentsel, B. A.; Kchutareva, G. V. J. 
Polym. Sci., Part C. 1967, 76, 1365.

4. Kawasaki, M.; Masuda, T.; Higashimura, T. Polymer J. 
1983, 15, 767.

5. (a) Subramanyam, A.; Blumstein, A. U. S. Patent 5,037, 
916, 1991. (b) Subramanyam, A.; Blumstein, A. Mak- 
romol. Chem. Rapid Commun. 1991, 12, 23. (c) Su- 
bramanyam, A.; Blumstein, A. Macromolecules 1991, 24, 
2668. (d) Zhou, P.; Blumstein, A. Polymer 1996, 37, 
1477.

6. (a) Kang, K. L.; Cho, H. N.; Choi, K. Y.; Choi, S. K. 
Macromolecules 1993, 26, 4539. (b) Gal, Y. S. J. Chem. 
Soc., Chem. Commun. 1994, 327. (c) Gal, Y. S.; Jung, 
B.; Lee, W. C.; Choi, S. K. Bull. Korean Chem. Soc. 
1994, 15, 267. (d) Gal, Y. S.; Jung, B.; Lee, W. C.; 
Choi, S. K. Macromolecular Reports 1994, A31, 271. (e) 
Gal, Y. S.; Jung, B.; Lee, W. C.; Choi, S. K. Korea Po­
lymer J. 1994, 2, 104. (f) Kim, S. H.; Choi, S. J.; Park, 
J. W.; Cho, H. N.; Choi, S. K. Macromolecules 1994, 27, 
2339. (g) Gal, Y. S. Macromolecular Reports 1995,人32, 
55. (h) Gal, Y. S.; Jung, B.; Lee, W. C.; Choi, S. K. 
Synth. Met. 1995, 69, 549. (i) Gal, Y. S. Macro­
molecular Reports 1995, A32, 275. (j) Gal, Y. S.; Choi, 
S. K. Eur. Polymer J. 1995, 31, 941. (k) Gal, Y. S. Ma­
cromolecular Reports 1995, A32, 1031.

7. Gal, Y. S.; Cho, H. N.; Kwon, S. K.; Choi, S. K. 
Polymer (Korea) 1988, 72, 30.

8. (a) Kabanov, V. A.; Patrikeeva, T. L; Kargin, V. A. 
Proc. Acad. Sci. U.S.S.R. 1966, 166, 1350. (b) Mielke, L; 
Ringsdorf, H. J. Polym. Sci., Part C. 1970, 31, 107.

Synthesis and Characterization of [Ho(hfa)3(H2O)2] triglyme； Molecular 
Assem미y of the Potential Rare"Earth CVD Precursor

Seong-Joo Kang*, Young Sook Jung, and Youn Soo Sohn+

Department of Chemical Education, Korea National University of Education, 363-791 cheongwon, chungbuk^ Korea 
^Inorganic Chemistry Laboratory, Korea Institute of Science and Technology, Seoul 136-791, Korea

Received November 27, 1996

Efficient, reproducible metalloorganic chemical vapor de­
position (MOCVD) processes hinge critically upon the 
availability of high-purity metalloorganic precursors with 
high and stable vapor pressure. Minimizing m이ecular oli­
gomerization by saturating the metal coordination sphere 
with sterically encumbered nonpolar and/or fluorinated an­
ionic ligands is an attractive approach.1 The p-diketonate li­
gand class provides an efficacious embodiment of these stra­
tegies as initially suggested by the existence of volatile p- 
diketonate complexes of nearly every metal ion.2 Although 
the p-diketonates have been successfully utilized as 
MOCVD precursors, significant deficiencies still exist with 
respect to vapor pressure and vapor pressure stabilities. This 
is especially true for the rare-earth and alkaline earth com­
plexes.3 The general strategy associated with the synthesis 
of new stable water-free and volatile rare-earth metal pre­

cursors pointed toward the saturation of the metal coor­
dination sphere using neutral polyether ligands.4 These 
Lewis base effects appear to reflect saturation of the metal 
coordination spheres, thus maintaining monomeric character 
and thereby increasing precursor vapor pressure and sta­
bility.

The single-step reaction of lanthanide oxide with hex- 
afluoroacetylacetone and polyether in benzene has been 
found to yield reproducible anhydrous, air-stable adducts.5

l/2Ln2O3+ 3Hhfa + L —> Ln(hfa)r L+3/가£0 
Ln=La and Eu; L=diglyme and triglyme

We have extended this synthetic method to the late rare- 
earth metal oxide for the preparation of MOCVD precursors. 
We herein describe the synthesis, structural characterization 
and sublimation properties of [Ho(hfa)3(H2O)2] - triglyme.6,7


