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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.

Keywords: liquid crystalline polyester (LCP), liquid crystalline thermoset (LCT), polycondensation,
composite.
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=]l 6—hydroxy—2—naphthoic acid, terephthalic acid, iso—
phthalic acid, 4—aminophenol®} Z1<l potassium acetate,
antimony oxidet= AldrichAtellA] T3t A2}l on], d73shd
=S WlEY A $2)E $Mdsh] 913l ARESE terephthaloyl di—
chloride, isophthaloyl dichloride:= Aldrich Al 4813, 4,4'—
biphenyldicarbonyl chloride 2} 4 —ethynylaniline< TCIAIA %)
siglom], e AlokEE- o] AR 3 glo] ARSIt T12ar 7}
%‘4 Wy Zejoll =20 galle} GAE Y A WEY A 7)€

kS |2 AREE N—methyl—2—pyrrolidinone NMP) & w]&k9]
TFEE AP 18l molecular sieves 718l Basigic

7171 339 71843 Y ERjelliE| 29} FEd TgAS mlE
2~ 5A)9) 38 722 H4J87] laled, 'H NMR (500 MHz) & Vanan
Unity Inova Spectrometer® AM31901, U 715 S22 tetra—
methylsilane (TMS) & 3713t ds—DMSO’gel S5t S4s1d
Al vE-A =29 432 TLC (thin layer chromatography)
2 5 287 = E ERISIS M, 254 nm indicator”F F7Fe 0.25
mm 771¢] silica gelo] 94314 3= TLC plate MerckAD & AMg3}k
it 3 B0 G7] Aol BAS- 9J3le] TGA 9 DSCE ARE3)
o, A EA) 3ol 10 C/min®] 5 £52 S350, )=
TA InstrumentsAFe] TGA 2050 (thermogravimetric analyzer)
¢} DSC (differential scanning calorimetry)g— ALgsi9ict el 7}
84 WY Zajo|AH|E 0] EAjgRe WatersAF] 590 pump2} 401
refractive index detectorS A3l DMFS €72 AMS1= Al F3
AzrPET#HY](GPC) & =748tk Al B3] free standing
filme] G¥% A= (coefficient of thermal expansion, CTE)
+ thermomechanical analysis(TMA, tensile mode) & ©]83}0] =
“g3I3irk.
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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.

HkS-0 F TREAIE sodium 5= potassium acetate A2 FulE AL

3}o] acetic anhydride® opE[0|ES} W o) =3} HcH(Scheme 1).

SRH J2olxe] 413} 9 A3} FRES-E WHEl] flsle] A o] st

oM W& ARSIt 37 REGE- E2kTol wHE 4|, B vlE,
A 7k =3 9 B Y475 AL, 6-hydroxy —2-
naphthoic acid(17.3 g, 0.092 moD), 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) Z potassium
acetate (0.9 g, T UM] 3 wt%) & T3k w7 e 24 7 ]’
AT FH3] A FH aHsPEA 158 59k A2l 150 T7HA] %
3l 1 25E fAeFAA 2Rk E1E REGAIFITE

A oPAJEO)E Yl o] E3) Hhgo] Fik - A2kA] WEgo=
48 558 WS- (melt condensation polymerization) & 2SSt}
(Scheme 2). &4 7k~ E9083 37 B2715 AAS ¥ 5 S0
<l antimony oxide (0.9 g, T=FA] tv] 3 wt%) & 58k, Al
HES-0 ZHE] AAJFE acetic acid®} PIWES- acetic anhydrideE ¥
g o] gste] 7sx AAIIE 0% 1x1F Adeellx] Rkt
WA 60+ 52t 300 CTE 33 éﬁ:} 3/\] 7k %‘?l o] LEF
TABISICE B nEE ol 8ste] k= A
HI-3-& TEaICE 0% 255 U :13— HEE- %ﬂ% NMP°ﬂ 23
ato] 2] acetoneol] FHAIZCE HHES ofFfslo] 1 o
(80 O)elA] 3FF Bt AAZAIA A2 24 2 el 7184 el
2HZS UGS 92%).

AASIM CHEIIE £X[o M. NMN-Bis(4-ethynylphenyl)
terephthalamide (LCT-1, Scheme 3): Dropping funnel2 %=}

Eg|H, #3548 A23, 2011

Triethylamine, NMP
25T, 30min

:_Q—NHz + CIiOiCI

Scheme 3. Synthesis of N, N~bis(4—ethynylphenyl) terephthal—
amide.

—@—NHz + u—“—@—L

Scheme 4. Synthesis of N,N~bis(4—ethynylphenyl) isophthal—
amide.

Scheme 5. Synthesis of N, N=bis (4—ethynylphenyl) biphenyl—
4,4'—dicarboamide.

Trlethylarmne NMP
25C, 30min

Trlethylamme NMP
25C, 30min

8k 3—neck round bottomed flask ] &5 flame dryE E3F
o] A A3 Fof] 4—ethynylaniline (8.66 g, 0.074 mol) & NMP
(8.66 g, 4—ethynylaniline thH] 100 wt%) 2 F318lo] g-ast 5
triethylamine (5.06 g, 0.05 mol)2 FAP 1S ALg-31o] H5d3] T2
&}al, magnetic stirring barg ©]-838F] A=l 3037 Wik}
&t} Terephthaloyl dichloride(5 g, 0.025 mol)E NMP(5 g,
terephthaloyl dichloride ©H] 100 wt%) S AREslo] E8ir7] &
20520l A3 FRIsh 3 3021t ISk vEs- F5 5 ike 3k
2 aq HCIo| F3A1A vikg- 4—ethynylaniline, 32+ NMPE A
sISi) HHE AIES o7t Fof| ag NaHCOsE AR5l nlRke-
terephthaloyl dichloride S <A1, A3k, 9doo DI waters AR
slo] A, Xy Hxslo] Gl =T BdE AUTHEE 85%, dec.
250 ¢, 'H NMR(BOO MHz, CDCl3), 3 10.6(s, 21, 8.1 (s, 4H), 7.9
(d,4H), 7.5, 4H), 4.1 (s, 2H)).

N.N~-Bis(4-ethynylphenyl)isophthalamide (LCT-2, Scheme 4) :
271 N.N—bis (4—ethynylphenyl) terephthalamide®] $Hd¥} =
U3t iy o 7 AFS X859 0, 4—ethynylaniline (8.66 g, 0.074
mol)# isophthaloy! dichloride (5 g, 0.025 moD) & Y52 ARSI
THE§ 82%, dec. 175 C, 'H NMR (500 MHz, CDCl3), § 10.6(s,
2H), 8.8(s, 1H), 8.2(d, 2H), 7.9(d, 4HD), 7.8(d, 1H), 7.5(d, 4H), 4.1
(s, 2H)).

N.N~-Bis(4-ethynylphenyl)biphenyl-4,4'-dicarboamide (LCT-3,
Scheme 5): 7] NN=bis(4—ethynylphenyl) terephthalamide2]
T st o R AYE 2185kl oH, 4—ethynylaniline
(6.3 g, 0.054 mol) #} biphenyl—4,4'—dicarbonyl dichloride (5 g,
0.018 mol) & 5% AFGBIAHEE 86%, dec. 230 C, 'H NMR
(500 MHz, CDCls), 8 10.5(s, 2H), 8.2(d, 4H), 7.8(d, 4H), 7.6(d,
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4H),7.5(d, 4H), 4.1 (s, 2H)).

718AM LCP/¥E3M LCT S&tAQl Free Standing Film H[=:
St 71eAd Wk ol Zajo| A EIE 2.4 g(24 wit%) T e
A3 SAE MiEYA 54 0.6 g(6 W) S 4124 NMP 7 g
of g3, =et o Hall 5Bt $loll ATt ol XF 2280 V)l
A 3 ARE EQE 7IRE HAFS10] NMPE 557 #1735 3 250 Tl 2
ARE B2 Al ©o)% 50% it gl o Ml ks w0
AL HoJR free standing filmS DI water® 4] 3 X8 @F
oM HAxBIIE

am o ER

712N QISR X Z2|0|AHIZ(LCP)| . 718 WS LCP
o] 3L B An|ERALe] Esjolf 7)< o E|E W o= wEk
HES-E o] 83131 om, ANTA REgR] olEl= Yl o= w3kkE-S
Il AR SRS potassium acetate Z7) 31X acetic anhydride
2 ool Es) W o =85tk (Scheme 1). o5 A29A] WES-
o= J2oN 8§ FEF NS AAsle] e 2 2 el 7
83 el EEE AUTHEE 92%, Scheme 2).

7487 s ERIsE] f18te] ¥/3% LCPE ole] 7<) f7] 8l
of| £l HIAEE aji A¥H(Table 1), NMP, DMSO, DMF 5-2] 12
=4 GulleliE 30% o Sl (Rl E R 8- =4, o
22 71l Gufells B3R stk

% 7MW LCPS) ¥4 725 'H NMR AZERS
gl FERIsISItHFigure 1). 7~9 ppm Pl UeRt= telst 34
O] W =4 1557 10.8 ppmolAE amidel] 4 JTE, IF
A} FANE Dkl SRS acetate 8} acetamide 2] 3T 2.3, 2.05
ppmellA] ZH7} st 4= QIgich

FPUTEE 7R O ZlorEl2e] WA 274S $18l GPC
5 olg3lgion, B BAL ZuAERS, S92 DMFE AREs)

Table 1. Solubility Test of LCP and LCT

NMP DMF DMSO THF MeOH
LCP 0] 0] ) X X
LCT-1 0] 0] ) 0] X
LCT-2 0] 0] 0O ) X
LCT-3 0] 0] 0O ) 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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| 2kds] 83l - SeISith SRR 7R O Erjell =S 4
it BARES: 718 ERE Qe S Wk AREE Hois dSAR A
7} 18500 Das A3tk 12t 2 55 FEls olEH=9) o= 1
LS & o} gkl | whel] AR FE(PDD = W 7RI 978
UeRRSle™ 3712 peak molecular weightS #2813t Figure 2).

AASIM IS 4=X|2] 4. 4—Ethynylaniline®} tereph—
thaloyl dichlorideE Y952 34 Scheme 3¢l &Jalix e NN~
bis (4—ethynylphenyl) terephthalamide (LCT—1) 9] ¥ %= 'H
NMR ~#HEHS 53] FRIsISicHFigure 3).

Terephthaloy! dichloride®] % #5717} 4—ethylnylaniline 2
amine¥} ¥F8319] amide”](10.6 ppm) & AJAJ5PHA, ethylnyl”] (4.2
ppm) 7} =¥ Zhe wHEE 4 Qlck

N.N—Bis (4—ethynylphenyl) isophthalamide (LCT—2, Scheme
4) 9] ¥4 725 'H NMR AZE#S 5] 2RIsiithFigure 4).
Isophthaloyl dichloride®] %2 acid chloride”} 4—ethylnylaniline
9] amine®} #8301 amide”](10.6 ppm) S AJAIEFAA, ethylnyl”)
(4.2 ppm) 7} =49 Zhe vk < SQlok

N.N"-Bis (4—ethynylphenyl) biphenyl—4,4'—dicarboamide
(LCT-3, Scheme 5) 9] 'H NMR A#HEHo}A] amide”](10.6 ppm)
1 ethylnyl”] (4.2 ppm) & 247+ #2815tHFigure 5).

71 R LCT-1, —2 2 —3& gif=2e] 7]8ulelle =
A MeOHelli= E-§o]t(Table 1). 731 LCTE DSCE A
23] A F97IstelA dAdste] & A3 LCT—-12 275 C,

=

bc

0o 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
———————— LCT2 in Nitrogen
LCT3 in Nitrogen

Endo

0 5 100 150 200 250 300
Temperature(°C)
Figure 6. DSC thermograms of LCT—1,—2 and —3.

LCT—2%=223 C, LCT—3% 253 ‘Col] G73lo] ad=]= 2 )
27} A= Figure 6).
7I18M LCP/EZEI LCT 28H| ®M=. 34

s LCTE= NMPE ©]83lo] 89 E-st 3(4/1 % v,
sl Bk el AAEsL 2l 22olM 7)Y, 1Fxsle] NMPE B
AAT F 250 T 2417 B3t SAE88ISIcE LCP/LCT S84
9] DSC 418 a3t A75 Figure 70l YeRd3ict 71829 L.CP
£ 178 ColA mlwa vk 7,5 YepioAIeL 71829 LCPel 47
34 LCTE 20 wt% =9Jsk] Q4371 H3A1E= 300 C o3t
o= ToE S QISItk s LCTE =3 53se] 7;
7} UeR A ok= o= 973 LCT Q) v=Ald 47} 38t %
7} AR 7182 LCPS} vl &) delollA] ddsl=e] 71k

734 7H4 LCPek &
Els
7

Eg|H, #3548 A23, 2011

—LCP
— —LCP +LCT1
e LCP +LCT2
\ LCP +LCT3

Endo

b~ —
T T T T T T T T T T T T X
0 50 100 150 200 250 300
Temperature(°C)
Figure 7. DSC thermograms of soluble LCP and LCP/LCT com—
posites.
—— LCP in Nitrogen
——————— LCP + LCT2 in Nitrogen
LCP + LCT3 in Nitrogen
100+ . | T LCP +LCT1 in Nitrogen
90+
80+
9
S 704
<
=)
(0] 60_
=
50-
40+
30+— ; ; ; ; ; ; ;
0 100 200 300 400 500 600 700
Temperature(°C)
Figure 8. TGA thermograms of soluble LCP and LCP/LCT com—
posites.

’d LCPY f87do] Agk=|gl7] wiizel] 300 T olde] &2 7.E 7}
A= o= AlmsTh

Figure 82 LCP/LCT H3A12] 24 #$)710fM2] TGA ¥4 A}
olck LCPLCT H3AIe] 7] Gl 2= 7HA LCPS} fAts)
Al BEFEJAGE 400 T 032 12 Joll 3 7180] HolA]
£ ZA0= Hol dePdAe] IA Tk AR wEkErk

74873 LCP= 400 T7HA] == Al FA] =4d0] A9] ¢iglork 400 €
O1FE= oF 60%2] A =4o] vRERHTE LCP/LCTE] 789, 50%2
SA f£40] dojt &%= LCP/LCT—19] 648 C, LCP/LCP—27}
613 C, LCP/LCT—3°] 600 C& #z=o], LCP2) 500 C Br} =
Al 32 TS HERISITE of2] E3A] FollMs dialido] 7R =
& LCT-1& 288k J53A19 debgido] 71 9<rsialth

7184 LCP9l 7313 LCTe] EAIE Al 54t flol Zxi"siar
A3 Fof SEMCoZ #2738 Figure 9ol YR
LCP/LCT E3HAR= 20l 28l Al %= 53] st 3¢ &4t

r

ofle] L ufe- $aloit) TR0 ¥ HlwA #ATS g
Qlgh 4= Q) - A8 ZefME= LCPACT—29] 3% 22.4 ym <)
TS AE A s e ek

H319] free standing film 34 o1 9 7184 LCPS}LCTE &
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2080

(b)

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 standing film fabrication of soluble LCP and LCP/
LCT—2 composite: (a) Soluble LCP; (b) Soluble LCP/LCT—2 com—
posite.

At BakAe] GsiA EAS nlwshy] $isle] g8 A"} o
HAEES 2N Figure 10). 74 LCP(30 wt%) S NMP (70
wt%) ol] 5o Zloln|E Elo|2Z2 Auto] /del Asf st flell A
B8t 5 250 Told T ARE 59F G| & 4k o]83810] §Hke o
sl oLt 71A1A A7) okt free standing filme] FAHCHFigure
10@). 284 7184 LCP (24 wt%) & 27331 LCT—2(6 wt%) 2F
Sl Baldslar Asf) 8k 9ol AEEE 3250 Told F AE 5<%t
GHJet Bkl vlwd 7)A1E Z2Pde] ot FA 22 pme free
standing film®] F=eS ERISKIHFigure 10(b)). 18u} H]
WA 7 A8 220 LCT—-1 9 LCT—-3% AREsio] 71d LCP
9} B33} Alofli= HAX)7] 412 EAJOF Ql8|A free—standing film
& gel] Asfisiolc.

100+

50

TMA(um)
(P

-501

-100.

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 (Hz) Tan 8(%) 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

71873 LCP/LCT E3Ae] 57 22 um®] free standing film=
thermomechanical analysis (TMA, tensile mode) & ©]-83}0] 434
75 (coefficient of thermal expansion, CTE) & S743loi& A3}
50~150 T Alele] &% 7% JelME I3 A= 12 ppn/ T
o] TEE oM ol FY ZxelM SA4g 784 LCPRte] A%
Al 35 ppm/Cell vIsiA 7kde AatE Wolar lekFigure 11). 71
Lt vl A GRS TS B3A| BE-E 223 T TAelA shds|gick

LCP/LCT E3AIS] F4&K) 385 $18A 339 7H-d LCP
(24 wt%) ¢+ 97333 LCT (6 wt%) S 0l NMP (70 wt%) S A}
g3l Z33F 5 copper wafer 9ol Z&EEla, 250 Told 2417 5
¢k AxjElslsicy =74 7)71= HP4194A impedence analyzerZ At
L3191, B3} 28 % copper wafer 9]0l shadow maskE &
# Z Pt sputtering (1000 A)313.em FE34= 100 kHz~1 MHz A}
ool SsISint BEFANES] FAID & 22.4 umelH, =< ®E
A5 ()2 175 um®Jtk 7% capacitanceS o[l AP:klof] tiqlst
o] & (dielectric constant) < T3I3ICE Table 2] ZEAEERO]
LCP/ LCT k= n]w 4 W 5468 Kol QIti4.1@1 MHz).
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