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Abstract: Liquid crystalline aromatic polyesters (LCPs) are representative examples of thermotropic
liquid crystalline polymers, whose structure—property relationships have been the subject of many
researches. In this study, we synthesized organo—soluble liquid crystalline aromatic polyesters, and
their composites with acetylene—terminated thermoset resins were prepared and characterized. Soluble
LCPs were synthesized by employing 6—hydroxy—2—naphthoic acid, terephthalic acid, isophthalic acid,
and 4—aminophenol as monomers via condensation polymerization based on transesterfication and
transamidation. Acetylene—terminated thermoset resins were synthesized by the reaction of 4—ethynyl—
aniline with terephthaloyl dichloride, isophthaloyl dichloride or 4,4'—biphenyldicarbonyl dichloride. We
prepared the soluble LCP/thermoset composites by solution blending followed by thermal treatment.
The thermal stability, thermal expansion coefficient, and dielectric properties of the composite were
studied.
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Scheme 1. Transesterification and transamidation of aromatic
monomers.
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Scheme 2. Melt condensation polymerization of aromatic mo—
nomers.
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Qs

3] acetic anhydride® oMAElo|E3} U ob1 =3} 3 Scheme 1),

SRA 2oxie] Ak W s} FRkE-E WAIsl] $151e] A i) &)
ox] W& AT 37 W8 Sl whk AX), B njE,
Ax 7kA 299 9 35 W28 48k, 6-hydroxy—2—
naphthoic acid(17.3 g, 0.092 mol), terephthalic acid (0.76 g, 0.0046
mol), isophthalic acid(6.8 g, 0.041 mol), 4—aminophenol(5 g,
0.046 mol), acetic anhydride(31.76 g, 0.23 mol) @ potassium
acetate (0.9 g, T4 thv] 3 wt%) S £48h) w37 U2 Ak 7}
22 FH3) AL 5 amishEA 1655 S92k Ao 150 7] 5
8hal, 1 2EE A 247 Ee kA

GZAY oMEo|E 9l oln|=3} WhEo] Fyd F A2wA] Hhgo 2
2% 58 WkS-(melt condensation polymerization) & 2183t}
(Scheme 2). A 7k =97 35 W28 AAS & 58 S
2l antimony oxide (0.9 g, ¥4 T8l 3 wt%) = FYskaL, Al A
Hh3-C 2 RE] W/J9 acetic acid®} #IHHS- acetic anhydrideZ X3
3 E o3t ZIsIEA AABINTE o) F 1F Adeels wHls}
WA 60 Bt 300 T2 A3 F238kaL, 3ARE 5¢t 0] 2EZ
FABISE B2 vjElE o]83l0] sk AT Ad5o] AREE Al
HES-E TR AR0E 255 U - whS B2 NMPol| 43
st} 22 acetoneo] FAAHTE FREL 78l IF 2B
(80 VoM 3l Bt HZAIA 2 24 2k ejlo) 718 Z)o)
SHEE AYUTHGE 92%).

AHEY CHEAE X2 E. NMN-Bis(4-ethynylphenyt)
terephthalamide (LCT-1, Scheme 3): Dropping funnel& %
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Scheme 3. Synthesis of N, N=bis (4—ethynylphenyl)terephthal—
amide.
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Scheme 4. Synthesis of N,N~bis (4—ethynylphenyl) isophthal—
amide.
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Scheme 5. Synthesis of N,N=bis(4—ethynylphenyl) biphenyl—
4,4'—dicarboamide.
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3l 3—neck round bottomed flask <] 22 flame dryE %3}
oy 94 A A3 ol 4—ethynylaniline (8.66 g, 0.074 mol) ¥ NMP
(8.66 g, 4—ethynylaniline ™8] 100 wt%)& 551 &3l &
triethylamine (5.06 g, 0.05 mol) & FA | AR&-3te] H3s] 54l
3}11, magnetic stirring bar® ©]-43}0] AdZol|A 307 wHket
i}t Terephthaloyl dichloride(5 g, 0.025 mol) & NMP(5 g,
terephthaloy! dichloride ©iH] 100 wt%) Z AMg-3lo] g8|r7] &
2080] AX] FI8k F 3087 wnkllt) Wk FE F Wk 23k
& aq HClol| 3AAA n]ukg 4—ethynylaniline, G2+ NMPE AlA
Blgt) AR PHELS o798t Fof aq NaHCO:E ARE3)o] v]eke
terephthaloyl dichlorideZ 74, AAS}, <olo] DI waterg AR
slo] A, AF AFB g w7 BE IYTHEGE 85%, dec.
250 C, "H NMR (500 MHz, CDCl3), 5 10.6(s, 2H), 8.1(s, 4H), 7.9
d, 41D, 7.5(d, 4H), 4.1 (s, 2H)).

N.N-Bis(4-ethynyiphenyl)isophthalamide (LCT-2, Scheme 4) :
A¥71 N.N—bis(d—ethynylphenyl) terephthalamide®] 343 &
Qs W o 2 ARS A3FE)9] o, 4—ethynylaniline (8.66 g, 0.074
mol) #} isophthaloyl dichloride (5 g, 0.025 moD)E Q&2 AMESI
THE& 82%, dec. 175 C, 'H NMR (500 MHz, CDCly), 5 10.6(s,
2ID, 8.8(s, 1H), 8.2(d, 2H), 7.9(d, 41D, 7.8(d, 1), 7.5(d, 4H), 4.1
(s, 2H)).

NN=-Bis(4-ethynyiphenyl)biphenyl-4,4'-dicarboamide (LCT-3,
Scheme 5): 7] NN=bis(4—ethynylphenyl) terephthalamide?]
35 TA% B o 2 A3 AW © 1, 4—ethynylaniline
(6.3 g, 0.054 mol) 3%} biphenyl—4,4'—dicarbonyl dichloride (5 g,
0.018 moD) & Y5 AMSIIHEE 86%, dec. 230 C, 'H NMR
(500 MHz, CDCls), 8 10.5(s, 2H), 8.2(d, 4H), 7.8(d, 41D, 7.6(d,



4H), 7.5(d, 4H), 4.1 (s, 2H)).

71284 LCP/2ASIM LCT S8H|o| Free Standing Film HZE:
E 7HEd WS Y ZelellEZ 24 g(24 wi) 3 E
e DA wE—A 4] 06 g6 wh)E 2A1EA NMP 7 g
of gall, T F 3l B Hofl A Foff FF 2280 Tl
A g ARE BRE 73, 245810 NMPE 5 AlASE F 250 Tl 2
AlZE B DEsEsin) ol F 509 At -8R0 g A Tk o)
AABED. Hold free standing film-S DI water & <54 3. 2% o8
oM Azt

N Y EE

7184 HEkE Ay E2(HIAHE(CPo] B, 7 g LCP
9 L QR AnlEnale] Eslof ried olElE Ul oful= wih
W& ol 3Iom, AllA] Hhgel el gl ofnj= wanke-S
et AR FEEIE potassium acetate ) 814 acetic anhydride
2 opflEe]|ER} 9l olu|=8lslgitk(Scheme 1), ©1F- A2wA] whe-
0% 3ol -8 FFE WE-E Arlsle] e 7 2t gl )
|4 T EHZE AHHGE 92%, Scheme 2).

71 R BRI Sl FV3E LCPE o33 F59) ) £
ofl $3% HAEE s AzH(Table 1), NMP, DMSO, DMF 9] 11
=3 &llelh= 30% obd SaE (PR aitAlEe] 58 B4, of
o] 71t Guflofl= el skt

e 7heA U LCPS) ¥4 725 ' NMR AFERS B
8l g1t Figure 1). 7~9 ppm G8olA] vjER s tlokst 84
o) MIES h 1EES) 10.8 ppmolds amided) G4 928, 18-
A} Ak Welel] EAl8l acetate 2t acetamide d] M=% 2.3, 2.05
ppmellA] 242F sk 4= glgict

FHEEP 718 AR Elellamize) PR 23S 948 GPC
£ olg3iglon, uF B4 FP ERlE, 92 DMFE A3t

Table 1. Solubility Test of LCP and LCT

NMP DMF DMSO THF MeOH
LCP O O O X X
LCT~1 O O O 0 X
LCT-2 O O O O X
LCT-3 Y 0 0 O X

O: soluble, X! insoluble.
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Figure 1. '"H NMR spectrum of soluble liquid crystalline poly—
ester (LCP).
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B FARRE 7H) SRE A S ke AREE Hojsk 95A A
7} 18500 Das A3tk 22k B 53 Fefe oau=g) o= w
ke 5 o ZEsly] Wizl ¥ EEPDDE HE AR 9.7
Vel o1 3719) peak molecular weightZ #281tHFigure 2).

AAS CIE £X12] M. 4—Ethynylaniline®} tereph—
thaloyl dichloride® 952 3} Scheme 3¢ a4 FAE NN~
bis (4—ethynylpheny!) terephthalamide LCT—1) &) 22} 7%& 'H
NMR AHEZE Ea) ERIBIITHFigure 3).

Terephthaloyl dichloride®] %% #5717} 4—ethylnylaniline 2]
amine®} ¥k8510] amide”} (106 ppm) & ABEFAA, ethylnyl?) (4.2
ppm) 7+ ES4E RS e o Sl

N.N=Bis (4 —ethynylphenyl) isophthalamide (LCT~2, Scheme
1)) B2 722 'H NMR AHEZS T3 21613tk Figure 4).
Isophthaloy! dichloride®] %% acid chloride”} 4—ethylnylaniline
] amine} 4§35} amide”1(10.6 ppm) & A4, ethylnyl”]
(4.2 ppm) 7} QY A& BEE 5 glk

NN—Bis (4 —ethynylphenyl) biphenyl—4,4'~dicarboamide
(LCT-3, Scheme 5)2] H NMR A=l amide”](10.6 ppm)
9! ethylnyl7]{(4.2 ppm) & 27} Fa8IcHFigure 5).

A7led $dE LCT-1, -2 ¥ 3% thiiee f718ulels =
QA MeOHell= 2-80]cKTable 1). 843K LCTE DSCE A}
galo] Ax Bejrlsteld] dAdsiel ¥ A3, LCT-12 275 C,

be
3
a ;/ \Wﬁk\y
T T T ¥ T ¥ T ¥ T ¥ 1
o 10 20 30 40 50
Minutes

Figure 2. GPC trace of soluble liquid crystalline polyester (LCP).
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Figure 3. 'H NMR spectrum of N,N-bis{(4—ethynylphenyl)
terephthalamide (LCT—1).
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Figure 4. 'H NMR spectrum of N,N—bis{4—ethynylphenyl)
isophthalamide (LCT—2).
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Figure 5. 'H NMR spectrum of N,N-—bis(4—ethynylphenyl)
biphenyl—4,4'—dicarboamide (LCT-3).

—— LCT1 in Nitrogen
[ LCTZ in Nitrogen
~~~~~~~~~~~ LCT3 in Nitrogen

Endo

0 80 100 150 200 250 300
Temperature(*C)
Figure 6. DSC thermograms of LCT—-1,—2 and —3.

LCT—2%E 223 C, LCT—3% 253 Col] 873le) digdsis i 1
27} A (Figure 6).

718N LCP/AASW LCT 28k M=, e 7184 LCPsk &
78 LCTE NMPE ol43le] o Edlgst $(4/1 5% vl9),
A8l 54} ol AXREElT AF B 7k HxE] NMPE B
AASE & 250 CTollA 2214 F<t 28Ik LCPACT E84)
©] DSC #-4-& 88 2% Figure 701 YERISIE) 7143 LCP
£ 178 CellA vl d] sk 7,8 VR, 7M84 LCPell €73
3 LCTE 20 wi% =43le] G48A17] H3Allss 300 € ot
ofrie ThE Tash 5 gigict GAsH] LCTE =518 B3Alge] 7
7} LERR] k= o)t G3 LTS wAld =27} st 72
7t AR 71840 LCPs} vdsiAl B3kl Adeiold @73skse] 7hg

E2|H, 4354 A2z, 2011d

3

ol

—ICFP

— —LCP+LCTY
e LCP +LCT2
\ LCP +LCT3

Endo

p——
e
~—

) 50 100 150 200 250 300
Temperature(°C)

Figure 7. DSC thermograms of soluble LCP and LCP/LCT com—
posites.

e LGP i Nitrogen

........ LCP + L.CT2 in Nitrogen
e LGP 4 LCTS in Nitrogen
100 T [ LCP + LCT1 in Nitrogen
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70

Weight(%)

30 T 4 T T r T T T T - T

0 1060 200 300 400 500 600 700
Temperature(°C)

Figure 8. TGA thermograms of soluble LCP and LCP/LCT com—

posites.
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Figure 8& LCPACT H5He] Az £$417109] TGA ¥4 23
olck LCPACT B2 27] 8l &5 /M4 LCPSL fAkst
A BEEGA, 400 T ol 12 Folr] F Fhago] Rolx|
=07 Yol d@ekdide] 2 Frlele 2ok ket

7443 LCPE= 400 THR] 2 A] 7] 40] A< §iglert 400 €
o} &= ok 60%] FA £4o] vekdth LCP/LCTS 2, 50%2)
T &ado] Yol L5+ LCP/LCT—10] 648 C, LCPALCP—-27}
613 C, LCP/LCT—3°] 600 C& &&=}, LCPL) 500 C Xt =2
A T& 5215 HeRGIT e B3 Felrhz gisidol 71 =
S LCT-1& EF8ks BgA1e dkdidol 78 9<3lisith

743 LCPS 97831 LCTS) BEAIE sl Fub 2ol =isshn
H73A71 Fof] SEMO R #2e 19E Figure 9 VERNSITH
LCP/LCT Eghak= <alsol] ofsll Al s=l] £3] 23} o) 54}
ole] AAEL wjpe 25BIgicE THEY e vlwd FUEs &
ek 5= giglar, ¥ A% o= LCP/LCT-29] 7 224 yme]
FEE FAS A 2 A S5 30k

BEH19] free standing film 33 o1F- % 71879 LCPLHLCTE &
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Figure 9. SEM micrographs of LCP/LCT—2 composite: (a) Top
view of LCP/LCT -2 coating layer; (b} Side view of LCP/LCT—2.

Figure 10. Free standmg film fabncaﬂon of soluble I LP and L.CP/

LCT—2 composite: (a) Soluble LCP; (b) Soluble LOPACT—2 com-~
posite,

et BEAS] Hp 544G wlwsh] gslol 4o AlEls) o)
HIAEES AAIBItHFigure 10). 71 LCP(30 wit%) = NMP (70
wt%) ©f 503 Fjoln|= go|Zz Aulo] PAH s Fuk o] A
B3 5250 Colpd F AR 59 AlE] £ AR o) g3lo] Fuke oy

B0t 71AIA A5} 9 free standing filme] BAE K Figure
10(@). Z1eu} 71678 LCP(24 wt%) & 7431 LCT-2(6 wt%) 9}
B Bllgshar sl Fub Slell AAX B F 250 Collr] = ARz St
dAfelst Sk wind 71AE 7ol wot Al 22 um) free
standing filme] B3-S ERISIICHFigure 10(0)). 22} 1)
WA S Y P20 LCT-1 9 LCT-32 Akesle] 7k84) LCP
ﬂiﬁ} Aol §417]7) 418 EA 02 Q1A free—standing film

/el Asfsisick

1004
50+
€
S
x *H
E \
e
50+
-100. . T T T - T T )
0 50 100 150 200 250

Temperature(°C)

Figure 11. TMA measurement of LCP/LCT-2 composite film.

Table 2. Dielectric Constant of LCP/ LCT-2 Composite

Frequency(Mz)  Tan 6(%) C(F) K
200 k 0.21 0.384p 10.1

400 k 1.91 0.351p 9.2

600 k ~0.01 0.304p 8.0

800 k 1.16 0.239p 6.3

1M -3.8 0.154p 4.1

7H8d LCP/LCT 53212 7] 22 um?] free standing film<
thermomechanical analysis(TMA, tensile mode)Z o|-&s}o] g
& Al coefficient of thermal expansion, CTE) & "74010%32* Aw}
50~150 T Aolé] &5 77k dedolrl= A3k Alrt 12 ppny/C
o} k]9 o 0]“ Y el F48 7heA LOPRke] S
Al 35 ppmy/ Tl Maia] 7R AutE Bol5r ¢rkFigure 11). 1
efh vlwA GRS A E2 223 T TAel siEet
LCP/LCT B39 £88&K) S38& o 2499 /M4 Lep
(24 wt%) 2+ 9733Pd LCT (6 wt%) & 2ol NMP(70 wit%) & A}
g3to] £33 9 copper wafer $lol] TSI, 250 Tk 22k &
< AXElslgint 54 7171 HP4194A impedence analyzer® A}
%ﬂ‘;’iﬁ 37} Z-EE copper wafer 9o shadow mask® 2
@l & Pt sputtering (1000 A)8l%d 0 54 100 kHz~1 MHz A}
olofla] Fadsiolct HiAEe] SAD) & 224 umel, =] 1k
AE(r )2 175 pmelth 539 capacitanceE o] Ako] tiglst
o] f&&(diclectric constant) S :1l’3}?\i‘3} Table 20 FAEII%0)
LCP/ LCT B8A= 74 S 5488 5o)3 vH4.1@1 M),
7H8A LCP 2] f3ES 45@1 MHZO]tq LCTse] B3 5
s oiRke] HAE S VRIS

Cd Cd

. :
.so/l s I

¢ dielectric constant
d thickness
C': capacitance
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4 £

B dqtelr= 6—hydroxy—2—naphthoic acid, terephthalic acid,
isophthalic acid 2! 4—aminophenolS ©EA= M85t £33} 3t
30l SJ3led WIS ZE)AHZ(LCP) & eXeigit) 399 LCPE=
JREAL FARE| ofn|E ARVt HEAOR BAEShs TE2E 7AW
T AR SAE IR whiel] Aget Btk 24 (<20000 Dalton)
< 3 NMP, DMSO, DMF §9] 2154 171 84lell 30% o)
Laxhe 7H4d LCPE ¥3it)k 318 4—ethynylaniline®} Al 7<)
acid dichloride (i.e. terephthaloyl dichloride, isophthaloyl dichlo—
ride ¥ biphenyl—4,4'~dicarbonyl dichloride) & &3+ ¥-&$AIA 47
3P AR FACCD & PIssitt IA€ 7H8A LCPg 97
3P4 LCTE Hkslsle] 250 TeolA 2AIRF 53t Axjjslel 71419 7
T/ M2 9573 free standing filmS Al&319th LCP/LCT-2
B8 F52 12 ppny/Ce] DAIGE 7R, 4.19) W 598
S HERISITE 2 A7l AR Al Gk B A,
AR EAdo] == PCB 7| 2 IC substrate Sl 24 7}
T A0F Al

Z2|H, A35A A2E, 20114

ZALR| 2 2 A7 AEAN 283717 A

Aoz FHEIFUE

to 23

—_

i

1. E. J. Choi and J. 1. Jin, Liquid Crystalline Polymer, Moo—
noondang Publisher, p. 6 (2001).

2. Y. Y. Kwon, D. H. Choi, and J. L. Jin, Polymer (Korea), 29,
523 (2005).

3. Preparation of Aromatic Polyesters, JP 1995—278282 (1995).

4. K. J. Lee, H. Z. Cheng, W. S. Jou, G. J. Chen, and C. W,
Liang, Mater. Chem. Phys., 102, 187 (2007).

5. L. Carpaneto, G. Lesage, R. Pisino, and V. Trefiletti, Polymer,
40, 1781 (1999).

6. A. P. Melissaris and M. H. Litt, Macromolecules, 27, 2675
(1994).

7. E. A. Gavrin, J. Polym. Sci,, 38, 4184 (1999).

8. D. A. Langlois and B. C. Benicewicz, Chem. Mater., 10, 3393
(1998).

9. A. Shiota and C. K. Ober, J. Polym. Sci., 22, 975 (1997).



