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ABSTRACT: New poly(enaryloxynitriles) with arylate or aramide units in the main chain were
prepared by interfacial polymerization of p-bis(1-chloro-2,2-dicyanovinybenzene (2) with disodium
salts of the corresponding aromatic diols. These polymers possess inherent viscosities of 0.12~0.35
dL/g and Mw in the range of 9000~11000. They are easily soluble in polar aprotic solvents such
as DMF, DMSO and NMP as well as in THF. Brittle and clear films were cast from DMF solutions.
These polymers show a large exotherm in differential scanning calorimetry and undergo a curing
reaction between 320 T and 370 T to form insoluble materials. Thermogravimetry displayed a
good thermal stability of 78~86% residual weight at 500 C.

Introduction

Recent intensive investigations in the field of
high temperature polymers have resulted in the
developement of numerous classes of thermally sta-
ble aromatic polymers. The unusual thermal resis-
tance of these polymers are due to the presence
of aromatic rings along the backbone connected by
thermally stable bonds.! However, a wide variety
of these materials are difficult to fabricate because
of their low solubility in organic solvents and high
melting or softening temperatures.? In order to over-
come fabrication problems, several approaches
such as introduction of substituents interfering with
the rigidity of the backbone have been taken to
obtain processible or soluble polymer, though the
substituent sometimes decreased the thermal stabi-
lity.

Recently, dicyanovinyl containing polymers such
as novel poly(enaminonitriles)*® and poly(enaryloxy-
nitriles)*!* have been prepared by a vinylic nucleo-
philic substitution reaction. They are thermally cur-
able without evolution of volatile compounds and
cured polymers show excellent thermal stability.
Also the incorporation of dicyanovinyl group into
polyurethane!®!” and polyester'®!® enhances the the-
rmal stability and the solubility in common organic
solvents. Poly(aramide-enaminonitriles)® and poly
(arylate-enarvloxynitriles)!? have also reported to be

thermally soluble and curable high-temperature
polymers.

In this report, we report the synthesis and char-
acterization of regularly alternating copolymers,
poly(arylate-enaryloxynitriles) and poly(aramide-
enaryloxynitriles) to study the influence of having
both carbonyl and dicyanovinylidene groups in the
backbone of the polymer. We have approached the
introduction of ester and amide by interfacial
polymerization of p-bis(1-chloro-2,2-dicyanovinyl)
benzene (2) and diphenol derivatives containing
arylate and aramide linkage.

Experimental

1-Chloro-1-phenyl-2,2-dicyanoethene (1) and p-bis
(1-chloro-2,2-dicyanovinyl) benzene (2) were syn-
thesized according to the method previously report-
ed by Moore and coworkers.! p-Hydroxybenzoic
acid, hydroquinone, p-phenylenediamine, terephtha-
loyl chloride, p-aminophenol, di-fert-butyldicarbon-
ate, hydroquinone and ethyl chloroformate were
used without further purification. N,N-Dimethyl-
formamide, tetrahydrofuran and triethylamine were
dried by conventional purification method. Sodium
methoxide (30% in methanol) was purchased from
Junsei Chemical Co.

The solubility behavior was tested by dissolving
powdery polymer sample in excess solvent. All
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melting points were determined on a Aldrich Mel-
Temp II melting points apparatus using capillary
tubes and are uncorrected.

'H NMR spectra were recorded on a Varian 360A
spectrometer. FT-IR spectra were taken on a Midac
spectrophotometer. Thermal analyses of polymers
were carried out on a DuPont 2100 and a Mettler
thermal analyzer. Gel permeation chromatography
(GPC) data were obtained with a Waters HPLC
using three columns (10?, 10° and 10 &) in THF
and calibrated with polystyrene standards. Inherent
viscosities of polymer solution were measured in
a Cannon-Ubbelohde viscometer at 25 C. The poly-
mer solutions for the viscosity measurements were
filtered through sintered glass filter. Elemental
analyses were carried out with a Yanaco MT-3,
CHN-analyzer.

Protection Reaction of Phenol Derivatives.
p-Hydroxybenzoic acid (10.0 g, 73.0 mmol) was dis-
solved in the solution of 100 mL of water and so-
dium hydroxide (7.0 g, 174 mmol). To this solution
was added ethy! chloroformate (9.4 g, 87 mmol)
dropwise for 1 hr with vigorous stirring in an ice
bath. The reaction mixture was acidified with 1 M
HC! and maintained at pH 2~3. The precipitated
solid was filtered through the fritted glass filter,
washed with water several times and recrystallized
from ethanol.

Hydroquinone (10 g, 91 mmol) was dissoved in
200 mL of water, and sodium hydroxide (3.6 g, 90
mmol) in 100 mL of water was added, in one por-
tion. Ethyl chloroformate (11.8 g, 109 mmol) was
dropped for 1 hr at 0 T with vigorous stirring. The
precipitated solid was filtered and washed with 30
mL portion of water twice. The solid product was
recrystallyzed in water/ethanol (50/50).

p-Aminophenol (10 g 90 mmol) was dissolved
in 50 mL of anhydrous DMF in a three necked
flask equipped with a nitrogen inlet, a condensor
and a dropping funnel. Sodium methoxide (30%
methanol solution, 16.5 g, 90 mL) was added drop-
wise for 30 min. To this solution di-fert-butyldicar-
bonate (18.2 g, 90 mmol) in 10 mL of DMF was
added dropwise for 30 min at 0 C under nitrogen.
After the reaction mixture was precipitated into
water, the precipitated solid product was recrystal-
lized from ethanol.

Preparation of Diphenol Derivatives. Aroma-
tic diphenol derivatives were prepared by the mo-
dified method previously reported.?! 4,4’-Dihydroxy
phenyl benzoate and 4,4'-dihydroxy-N-phenyl ben-
zamide were prepared by reacting 4-ethoxycarbony-
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loxybenzoy! chloride with 1 equivalent 4-ethoxycar-
bonyloxy phenol and 4-fert-butyloxycarbonyloxy
aniline, respectively, in the presence of triethyla-
mine and followed by deprotection of carbonate
with 1 N NaOH in ethanol and water mixed solvent
at 60 C for 1 hr.

Di-4-hydroxyphenyl terephthalate and bis(4-hyd-
roxybenzoyloxy)benzene were prepared by reacting
terephthaloyl chloride and 4-ethoxycarbonyloxyben-
zoyl chloride with hydroquinone.

Di-4-hydroxyphenyl terephthalamide and bis[[(4-
hydroxyphenyl)amino]benzoyloxy] benzene were
prepared by 4-(ethoxycarbonyloxy)benzoyl chloride
and tert-butyloxyaniline with p-phenylenediamine
and terephthaloyl chloride.

Preparation of 1-phenyl-1-(p-phenylamino-
carbonyl)phenoxy-2,2-dicyanoethene (3). A sol-
ution of 4,4'-dihydroxyphenyl benzoate (2.13 g, 10
mmol) and sodium hydroxide (0.5 g, 12.5 mmol)
in 20 mL of distilled water was transferred to the
blender. A mixture of 1.89 g (10 mmol) of 1 in
20 mL of 1,2-dichloroethane was poured, in one
portion, into the blender. After the blender was
stirred at full speed for 3 min, organic layer was
separated and the solvent was evaporated. The
white solid product was filtered and recrystallized
from ethano! and dried under vacuum. Similar
procedures were applied to prepare other model
compound, p-bis[4-(1-ethoxycarbonyl phenoxy)-2,2-
dicyanovinyl] benzene (4).

3: Yield 86%; mp 219 C; IR (KBr) 3345 (N-H),
3130-2985 (aromatic C-H), 2225 (C=N), 1669 (C=
0), 1580 (C=C), 1300-1120 (C-0) cm™!; 'H NMR
(CDsCN) 8 89 (br, 1 H, NH), 7.5 (s, 5 H, aromatic
proton in 1), 7.1-6.8 (m, 5 H, Ph-NH-), 7.6-7.0 (2
d, 4 H, -O-P_h;CO-); Anal. Calcd for C13H15N3021 C,
63.67; H, 6.12; N, 17.14. Found: C, 63.75; H, 6.01;
N, 16.67.

4: Yield 87%; mp 187 C; IR (KBr) 3110, 3072,
2865 (C-H), 2228 (C=N), 1727 (C=0), 1572 (C=0),
1372, 1241, 1121 (C-0) cm™}; 'H NMR (CDCly) &
7.7-69 (2 d, 8 H, 2 -0-Ph-CO-), 7.6 (s, 4 H, aromatic
protons in 2), 42 (q, 4 H, 2 -CH,CHs), 15 (t, 6
H, 2 ‘CB_B); Anal. CalCd for C32H13N404: C, 7552,
H, 3.45; N, 10.73. Found: C, 75.02; H, 3.52; N, 10.21.

Representative Polymerization of 2 with Di-
sodium Salts of Aromatic Diols. A solution of
2 (1 g 3.3 mmol) in 20 mL of 1,2-dichloroethane
was transferred to the 100 mL of stainless steel
blender jar. A mixture of 4,4'-dihydroxyphenyl ben-
zoate (0.76 g, 3.3 mmol), sodium hydroxide (0.32
g, 7.9 mmol) and 4.5 mg (0.17 mmol) of tetra-n-butyl
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ammonium chloride in 20 mL of water was added
to the blender with stirring at full speed. The pow-
dery polymer precipitated almost instantaneously
and the reaction mixture stirred for 3 min. The
polymer was collected by filtration and washed with
distilled water. The polymer was dried and repre-
cipitated from DMF to methanol. A similar proce-
dures were applied to prepare other polyenaryloxy-
nitriles derived from other diols.

5: Yield 90%; IR (KBr) 3120-2980 (C-H), 2218
(C=N), 1743 (C=0), 1620 (C-H), 1576 (C=0),
1310-1120 (C-0) cm™%; 'H NMR (DMSO-dg) & 7.6
(s, 4 H, aromatic protons in 2), 7.2-6.8 (m, 8 H,
2 -0-Ph-COO-Ph-O-); Anal. Caled for CyHpNyOy:
C, 71.05; H, 263; N, 1228 Found: C, 71.32; H,
2.82; N, 12.01.

6: Yield 92%; IR (KBr) 3350 (N-H), 3130-2985
(C-H), 2220 (C=N), 1668 (C=0), 1600 (C-H), 1580
(C=C), 1300-1060 (C-O and C-N) cm™!; 'H NMR
(DMSO-ds) 8 9.0 (br, 1 H, NH), 7.6 (s, 4 H, aromatic
protons in 2), 74-6.9 (2 d, 4 H, -CO-Ph-0-), 7.2-6.8
(m, 4 H, -NH-Ph-O-); Anal. Caled for C,H;3sNsO;:
C, 71.72; H, 2.86; N, 1538 Found: C, 70.62; H,
2.82; N, 15.01.

7: Yield 86%; IR (KBr) 3160-2980 (C-H), 2231
(C N), 1740 (C=0), 1570 (C=C), 1330-1062 (C-0O)

m~'; 'H NMR (DMSO-ds) 5 7.8 (s, 4 H, -CO-Ph-
CO-), 7.6 (s, 4 H, aromatic protons in 2), 7.2-6.9
(m, 8 H, 2 —O-P_h-O-); Anal. Calcd for C34H15N4052
C, 70.08; H, 2.78; N, 9.73. Found: C, 69.03; H, 2.84;
N, 951

8: Yield 92%; IR (KBr) 3145-2975 (C-H), 2220
(C=N), 1740 (C=0), 1612 (C-H), 1580 (C=0(),
1310-1120 (C-0) cm™'; *H NMR (DMSO-ds+ CDCly)
8 76 (s, 4 H, aromatic protons in 2), 7.2-6.9 (m,
8 H, 2 -O-Ph-CO-), 69 (s, 4 H, -O-Ph-O-); Anal.
Caled for Cy4H5NOs: C, 70.38; H, 2.78; N, 9.72.
Found: C, 69.86; H, 2.82; N, 9.62.

9: Yield 91%; IR (KBr) 3400-3310 (N-H), 3120-
2910 (C-H), 2820 (C-H), 2230 (C=N), 1675 (C=0),
1575 (C=C), 1310-1100 (C-O and C-N) cm™!; 'H
NMR (DMSO-ds) 89 (br, 2 H, 2 N-H), 7.8 (s, 4
H, CO-Ph-CO), 7.6 (s, 4 H, aromatic protons in 2),
72 (m, 8 H, 2 -O-Ph-N-); Anal. Caled for C3HsNsOs:
C, 71.08; H. 3.14; N, 14.63. Found: C, 70.64; H,
3.02; N, 14.60.

10: Yield 97%; IR (KBr) 3400 (N-H), 3130-2920
(C-H), 2820 (C-H), 2220 (C=N), 1667 (C=0), 1580
(C=C), 1310-1120 (C-0 and C-N) cm™'; 'H NMR
(DMSO-dg) 8 9.1 (br, 2 H, 2 -NH), 76 (s, 4 H, aro-
matic protons in 2), 7.5-6.9 (2 d, 8 H, 2 -CO-Ph-
0-), 6.8 (s, 4 H, -NH-Ph-NH-); Anal. Calcd for CyH
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18N6O4: C, 71.08; H, 3.14; N, 14.63. Found: C, 70.24;

H, 3.01; N, 14.26.

Results and Discussion

Aromatic diols containing arylate or aramide unit
were prepared by reacting carbonate protected com-
pounds such as p-ethoxycarbonyloxybenzoyl chlo-
ride, p-ethoxycabonyloxy phenol and p-tert-butyloxy-
carbonyloxy aniline with terephthaloyl chloride,
hydroquinone and p-phenylenediamine, respec-
tively, and followed by deprotection of carbonate
group as illustrated in Scheme L

Synthesis of model compounds were carried out
to demonstrate the feasibility of the polymer forma-
tion and to obtain a model enaryloxynitriles for
comparison with the corresponding polymers. 1-Chi-
oro-1-phenyl-2,2-dicyanoethene (1) and p-bis(1-chi-
oro-2,2-dicyanovinyl)benzene (2) were selected for
the preparation of two model compounds, aramide-
enaryloxynitriles (3) and alkylester-enaryloxyni-
triles (4). These compounds were prepared as out-
lined in Scheme IL
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Scheme II.
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The reactivity of phenoxide anions to dicyano-
vinyl chlorides, 1 and 2, was determined according
to their pK, value of phenol derivatives. Sodium
salt of 4-(N-acyl)aminophenol resembling 4,4'-hyd-
roxy-N-phenyl benzamide is highly effective for nu-
cleophilic vinylic substitution reaction. On the other
hand, ester and acyloxy group in the para-position
of phenol made the reaction slower than that of
phenol itself. The ester group on the para-position
of the phenyl ring of aromatic alcohol withdraws
electrons, thereby deactivating the reactivity of
phenoxide anion to dicyanovinyl chlorides, while
the amide group sited on the para-position of the
phenyl ring enhances the ability of the correspond-
ing phenoxide anion to act as a good nucleophile.
However the substituents in the para-position affect
the reactivity of phenoxide anion to dicyanovinyl
chloride, the aryloxide anion readily reacted with
1 and 2 to give the condensation products in high
conversion under two phase solvent system. The

Scheme III.
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polymerization of 2 with disodium salts of various
diphenol derivatives were carried out by interfacial
polymerization techniques based on representative
procedures using a phase transfer catalyst.”?

The various rigid aromatic diols such as 4,4'-di-
hydroxyphenyl benzoate, 4,4'-dihydroxy-N-phenyl
benzamide, di-4-hydroxyphenyl terephthalate, p-bis
(4-hydroxy benzoyloxy)benzene, di-4-hydroxyphenyl
terephthalamide, p-bis(4-hydroxy benzoyl amino)
benzene were selected and their disodium salts
were readily polymerized with 2 to give the corres-
ponding poly(enaryloxynitriles) 5-10. Equimolar
quantity of monomer 2 in 1,2-dichloroethane and
disodium salts of aromatic diol in water were poly-
merized at room temperature in the presence of
tetra n-butyl ammonium chloride. The stirred mix-
ture turned to white cake within 3 min. Table I
summarizes the results of the polymerization. All
the poly(enaryloxynitriles) were obtained in high
conversion with low to moderate inherent viscosi-
ties in the range of 0.15~0.35 dL/g. The GPC cur-
ves indicated that M, values of the poly(enaryloxy-
nitriles) were in the range of 9000~11000 relative
to polystyrene standard, and the M./M,(a measure
of molecular weight distribution) were in the range
of 3-4. Since these are not high molecular weight,
studies to increase the molecular weight by optimi-

Table I. The Results of Interfacial Polymerization of 2 with Various Aromatic Diols for 3 min. at 25 C

Polymer Diols structure Yield(%) N M, M.
5 -0-Ph-COO-Ph-O- 90 0.21 2360 9500
6 -0-Ph-CONH-Ph-O- 92 0.27 2740 10960
7 -0-Ph-OCO-Ph-COO-Ph-O- 86 0.25 3200 10500
8 -0-Ph-COO-Ph-OCO-Ph-O- 92 0.35 3500 14000
9 -O-Ph-NHCO-Ph-CONH-Ph-O- 94 0.35 3470 13800
10 -0-Ph-CONH-Ph-NHCO-Ph-O- 97 0.15 2400 9500

¢ Inherent viscosities were measured from DMF solution of 1 g/dL at 25 C.
® The molecular weights were measured in THF solvent.
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a)

R A NS L_N_,Aﬁ_,_,__ﬂ____b.)

b

\ .

1 1 1 | 1
7 PPM 6 5 a 3
Figure 1. 'H NMR spectra of a) diol 4,4’-dihydroxy-
N-phenyl benzamide, b) model compound 3, poly(enar-
yloxynitriles) ¢) 6, and d) 10.
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zing the polymerization conditions are now in pro-
gress.

The elemental analysis values of these polymers
were in good agreement with the calculated values
for the proposed structures assuming that the poly
(enaryloxynitriles) were produced. 'H NMR spectra
of 3 and 4 were determined individually and
were found to be consistent with the chemical
structure expected for the enaryloxynitriles. In the
NMR spectra of diol (Figure 1a), model compound
3 (Figure 1b), polyenaryloxynitriles 6 (Figure 1c)
and 10 (Figure 1d), the phenyl proton in fragment
of 2 appeared at 7.6 ppm, whereas those of frag-
ment of diphenol are shown at 6.6~7.2 ppm. The
representative FT-IR spectra of model compound
3 (Figure 2a), polyenaryloxynitriles 6 (Figure 2b)
and 10 (Figure 2¢) seems to support their proposed
chemical structure. Bands of amide group in poly-
mer 6, 9 and 10 appear at 3315, 1670 and 1595
cm L On the other hand, IR spectra exhibited cha-
racteristic absorption of the ester-enaryloxynitriles
at 1738 and 2220 cm !, peculiar carbonyl and nitrile
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Figure 2. The comparison of FT-IR spectra of a) 4,4'-
dihydroxy-N-phenyl benzamide, b) model compound 3

and poly(enaryloxynitriles) ¢) 6, and 10.

stretching vibration, and 1580 and 1300-1110 ¢cm !
due to C=C and C-O linkage.

The solubility of poly(ester-enaryloxynitriles) in
various solvents was investigated. Almost all poly
(enaryloxynitriles) having ester and amide unit
were highly soluble in a variety of organic solvents
including amide-type solvents, DMSO, DMF amd
NMP, but insoluble in ethylacetate, chloroform,
acetone and benzene. However, the introduction of
irregular sequence of ester (-COO- or -OCO-) and.
amide (-CONH- or -NHCO-) group into the polymer
backbone increases solubility in THF in the case
of 5 and 6. Brittle and hard films could be cast
from the DMF or NMP solution of poly(enaryloxy-
nitriles).

All the poly(enaryloxynitriles) in this work were
analyzed by DSC measurements with a heating rate
of 10 C/min. Polymers 5 and 6 show a noticeable
glass transition temperature at 137 C and 201 T,
respectively. They also exhibit endothermic tempe-
rature attributable to melting of polymer at 258 C
and 270 T, respectively. This may be due to the
unsymmetrical ester and amide linkage distributed
in the polymer backbone. Poly{enaryloxynitriles) 7-
10 with rigid aromatic moiety retain a more rigid
backbone, and this may partially result in a high
melting temperature. Thus the polymer 7, 8, 9
and 10 showed no melting endotherm. The DSC
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Figure 3. DSC thermograms of poly(enaryloxynitriles)
a) 5, b) 6, ¢) 10 (Ist scan), and d) 10 (2nd scan)
at a heating rate of 10 C/min.

measurements of the poly(enaryloxynitriles) 5 dis-
play a broad exotherm starting 290 C and reaching
maxima in intensity near 350 C. This exothermic
peak was completely absent, when the sample was
cooled and rescanned. When the polymers were
heated around 340 C, the polymers were no longer
soluble in the solvents such as DMF and NMP.
In case of polymers 6 and 10, an exotherm was
shown at 319 and 370, respectively. When a sample
of polymer 5 was heated around 340 C, its IR spec-
trum changed gradually as it was heated. The nit-
rile band at 2220 cm™' decreased apparently and
also peak at 1500-1620 cm™' broadened. At the
same time, a new band around 3400 cm™' appeared.
The insolubility of the cured polymers after heating
may be due to the stiffness of the rearranged chain
or cross-linking of dicyanovinyl group. According
to the experiments on the poly(enaryloxynitriles)
reported by Moore and co-workers, it might happen

e 8

RESIDUAL WEIGHT (%)
8
T

3
T

766 700 0 o 550
TEMPERATURE (°C)

Figure 4. Thermogravimograms of poly(enaryloxynit-
riles) a) 10, b) 7, ¢) 9, d) 8, e) 6, and f) 5 obtained

from 2 and various aromatic diols.

that intramolecular cyclization or cross-linking of
the dicyanovinyl group occurred during heating.**®
In case of poly(enaryloxynitriles), the chemical path-
ways of curing reaction have not been clearly
elucidated. More experiments on the model com-
pounds are required to explicate the cause of large
exotherm and the related curing mechanism.
The thermal stability of the poly(enaryloxynitr-
iles) was characterized by means of thermogravi-
metrical analysis conducted at a heating rate of 10
‘C/min in nitrogen. Figure 4 and Table II show TGA
curve and thermal data of polymer 5-10. From the
values compiled in Table II for the degradation tem-
peratures, the nature of aromatic diol does not
seem to affect the thermal stability significantly.
Table II also shows a 78~86% residual weight of
poly(enaryloxynitriles) at 500 C under nitrogen. As
it could be expected, the lowest values for the poly-
mer 5 corresponded to the polymer structure con-
taining random oriented ester group. As compared
to the data in Table II, polymers 6, 9 and 10 show
higher thermal stability than ester substituted poly-
mers. A structural difference between two kinds
of polymers is an existence of hydrogen bonds re-
sulting from the amide bond. Experiments on the
synthesis of poly(enaryloxynitriles) with same che-

Table II. Thermal Properties of Poly(enaryloxynitriles) Containing Ester Units

Polymer T, Endo(C) Exo(C)  10% wt Loss (C) Residual 400 T Weight(%) 500C
5 137 258 347 394 88 78
6 201 235, 270 319 442 91 81
7 — — 340 417 95 84
8 - - 329 417 92 82
9 - - 355 437 97 83
10 - - 370 450 96 86
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mical structure described above by solution poly-
merization, improvement of molecular weight by
using appropriate dicyanovinyl-containing mono-
mers and the chemical process during thermally

initiated curing are now in progress.
Conclusions

Poly(enaryloxynitriles) containing arylate and ara-
mide uints were prepared from difunctional di-
cyanovinyl chloride p-bis(1-chloro-2,2-dicyanovinyl)
benzene (2) and disodium salts of diphenol deriva-
tives by interfacial polymerization. The polymers
with aromatic ester or amide units were soluble
in polar aprotic solvents such as DMF, DMSO,
DMAc and NMP. They show a large exotherm in
DSC scan and undergo a curing reaction between
320 T and 370 C to form insoluble material.
Moreover, thermally curable and stable polymers
were formed to give 78~86% residual weight at
500 C in nitrogen. Extension to the synthesis of
poly(enaryloxynitriles) by solution polymerizatiom
to increase the molecular weight is needed.

References

(1) P. E. Cassidy, “Thermally Stable Polymers”, Marcel
Dekker, New York, 1980.

(2) H. H. Yang, “Aromatic high strength Fibers”, John
Wiely & Sons, N.Y., 1989.

(3) D. R. Robello and ]J. A. Moore, Macromolecules, 19,
2667 (1986).

(4) D. R. Robello and J. A. Moore, Macromolecules, 22,
1084 (1989).

Korea Polym. J., Vol. 3, No. 1, 1995

(5) P. G. Mehta and ]J. A. Moore, Polym. Matr. Sci. Eng,
63, 351 (1990).

(6) P. G. Mehta and ]J. A. Moore, Macromolecules, 26,
916 (1993).

(7) J. H. Kim and J. A. Moore, Korea Polym. ], 1, 161
(1993).

(8) S. Y. Kim, P. G. Mehta, and ]. A. Moore, Macromole-
cules, 26, 3504 (1994).

(9 M. S. Gong, S. T. Kim, and H. S. Moon, Makromol.
Chem. Rapid Commun., 12, 591 (1991).

(10) M. S. Gong, H. S. Moon, J. S. Kim, and C. B. Kim,
Polym. ], 25, 193 (1993).

(11) M. S. Gong, H. G. Cho, B. G. Kim, and S. H. Choi,
Macromolecules, 26, 6654 (1993).

(12) J. C. Shin, T. M. Kim, and M. S. Gong, Macromolecu-
les, 28, 2212 (1995).

(13) M. S. Gong, J. H. Ha, B. G. Kim, and C. Kim, Polym.
J. 27, 536 (1995).

(14) M. S. Gong, Y. K. Han, and S. G. Kim, Bull. Korean
Chem. Soc, 16, 326 (1995).

(15) M. S. Gong, J. H. Kim, and B. G. Kim, Korea Polym.
J, 2, 108 (1994).

(16) S. T. Kim, H. S. Moon, and M. S. Gong, Macromole-
cules, 25, 7392 (1992).

(17) M. S. Gong, J. S. Kim, S. H. Choi, and S. T. Kim,
Polym. [, 25, 763 (1993).

(18) M. S. Gong, B. G. Kim, and Y. S. Kim, Polym. J.
26, 1910 (1994).

(19) S. H. Moon, S. J. Lee, J. B. Kim, and M. S. Gong,
Bull. Korean Chem. Soc, 15, 1809 (1994).

(20) J. A. Moore, S. Kaur, and R. ]J. Perry, Polym. Prpr.
(Am. Chem. Soc. Div. Polym. Chem.), 35(1), 385
(1994).

(21) G. Gally, P. Nieri, and C. K. Ober, Makromol. Chem.
Rapid Commun., 3, 543 (1982).

22) S. C. Temin, “Interfacial Synthesis”, Vol. 11, Marcel
Dekker, Inc., New York, 1977.

47



