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A N (liquid crystalline thermoset, LCT) HHFC2 AZE )
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LCTEY €4 A2 72 FARSol| Xghe vl 730l J3s wioltt, Q9% A5 (coefficients of thermal
expansion, CTE) & 27.72~50.95 ppm/C AF0]9] k& BT

Abstract: We used melt polymerization method to prepare a series of aromatic liquid crystals (LCs) based

on aromatic ester and amide units with the reactive methyl—maleimide end group, and then the resulting

thermally cross—linked LCs to produce LC thermoset films by means of solution casting and the
followed heat treatment. The synthesized L.Cs and LCTs were characterized by Fourier transform infrared
(FTIR) spectroscopy, differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), thermo—
mechanical analysis (TMA), X—ray diffractometry (XRD), and polarizing optical microscopy (POM) with
a hot stage. All of the LCs prepared by melt polymerization method formed smectic mesophases. The
thermal properties of the LC and LCT films were strongly affected by the mesogen units in the main chain
structures. The thermal expansion coefficients of samples were in the range of 27.72~50.95 ppm/C.

Keywords: liquid crystal, liquid crystalline thermoset, thermal property, coefficient of thermal expansion.
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Aok B Adof ARgE AlekE 4—hydroxy benzoic acid, 4,4'—

biphenol, 4— (4—hydroxyphenyl) benzoic acid, p—amino phenol,
4—acetamidobenzoic acid 4— (4—hydoxyphenyl) benzoic acid,

44— 151331 719] AJke Aldrich
Al 715, ik Aloke: Al e AR kit Tl Ab
gkt

L] §H. 2 A3 AR WTk]Ql methyl maleimide (Ct—
COOH) & 2% A8l 39819 7 39S Scheme 1] 1.
Atk

OMIE!S} SHEh| §HY. 2 A3el AR ddAll= el slo] =%
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1) Synthesis of end group
]
. CCH,
? Il (II)
Hoc—©—©— OH HOC OCCH,
e 2
ABCA

. CCH,
(o)

? ?
H,CCNH —@— OCCH,

AAPA

2) Acetylation

Ct- COOH

Melt polym.

Crosslinking

— H;ﬁN—é‘E "éNH@— }{

ABCA

é oo} -0 b

LC-vii

O--ba-G-oft &

LCT-Vill

3) Syntheses of LC and LCT

Scheme 1. Synthetic routes for the LC and LCT.
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Scheme 2. Chemical structures of LCs containing various mesogens.

4—carboxylic acid(ABCA) FdHyt Awsladc) 100 mLe] 5 Table 1. Melt Polymerization Conditions of LCs with Different

ZAF(acetic anhydride) ©l] 4'—hydroxy—4—carboxylic acid 3 g Mesogens

(0.014 mole)= 591 & 140 ColA 413t B<F SFA1IT) o] % LC Temp., C/Time, min/Pressure, Torr

Z18) ofo] Z o) M| T HAAES Avfdich Aejul JA% I 170/60/760—180/90/760-190/60/760-5190/30/210-5190/30/1

280 C AL Ax3lo] oerea} & 111 AL Qoo A4 sk 1I 170;60;760—&80;90760—&90;60;760—&90;15;210—&90;30;1
- : e . I 170/60/760-180/90/760—190/60/760-190/15/210-190/30/1
2 ek Ex o|9} 7o upH o 7 3RAIEIQIT) AL oA

;F o1<]>1€y_°ﬂ] b wgsiaink WS o IV 170/60/760-180/90/760-190/60/760—190/15/210-190/30/1
cheme | =51, ) ) V' 170/60/760-180/90/760-190/60/760-190/15/210-190/30/1
LC &Y. Scheme 201 T ol w2} 871419] $P€ LC + VI 170/60/760-180/60/760-190/30/760—190/30/210-190/60/1

X5 Rk 77 v dedAlel] e 3 2P BT vssieE VII 170/60/760-180/60/760-190/30/760—190/30/210-190/60/1
T2 VI Tk o2 So] Aulaiant Zajazel| oju] ok 3w VIII 170/60/760-180/60/760-190/30/760-190/30/210-»190/60/1

7] Ct—COOH 1 g(4.32 mmol), ABCA 0.57 g(2.16 mmol),

p—acetamidophenyl acetate (AAPA) 0.87 g(4.32 mmol), 4.4'— Table 2. Heat Treatment Conditions for LCT Films
bibenzoic acid(BBA) 0.54 g(2.16 mmol) & 23l ¥4 241 mL Film Temp., ‘C/Time, min
2 71sitt 170 CTold 1A17F B2 A4S SFA17|HA bk So) LCT 180/120-250/60—280/30—310/30-340/30—-370/30
3] o 52 Fofl ke AR 1ARE 308 § WkS 2 E
HEgo] X3y x] 7}l LCT =& HZ. N-Methyl pyrrolidone NMP) 2 gell

180 CZ &23L T 1AIRE 5 190 C= Sk
A At A Ha 9 WS dojw ZekaaEs 7jist FAE LC 0.2 g5 4ARF 59k 159 - 94s] 58 1L.C S 7%
o] 210 torr® W5o] k. tha] AL Akso] dojubd ¢kds] 71 & FFGEX5 cm?) el F=tk 180 CollA 2417 9k Axje)st
& HoFaL o)F FAS o] o] dojuhd wke-S FAT 3 250 ol 141%E 280, 310, 340 C, 12]aL 370 ColM z+2F 30
t} iEkxel B4 3148 Scheme 10 210H] Table 1014 7t ek AAEldit) dojx FEL BAHHE) 3 mLet S5 300
LCE] A8 3t 271e ®HaiTh mLE 41 #1F 8ol gro] frejstelx] wof Witk Table 2]
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A 7hig LCT F55 9% dAe] 2315 Bl

SYZAL 9 LC 2 LCTY 38b 429} s 2Rlsh7] 9
3l FTIR (Fourier transform infrared spectrometer, JASCO
FTIR 460)7} 'H NMR (Bruker 400 Ultrashield TM) < A4}
Aar, 43 JEE 2AR S8l DSC(Netzsch F3) 9+ TGA(TA
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3l coefficient of thermal expansion(CTE)®= TMA (TA 2940)
= Ax 715 %ol 10 T/min% $2310] S35t oju) AR
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2 A EE

LCel 3= #ol. 99 LC= 72 FTIR w41 Falo] 1 3
5 ERIGIIE Figure 1ol wld Zeoln|= W7 |5 7BAHA] 24}
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Tt} 3064 cm el WEES C—H, 2939 cm 'ollA] A= C—H )3
2 717} #1384 91911 3325 cm 'oAE NH 932 sRIst 4=
Qlek Tk 1717 emelA] C=0 Age] %79} 1321 cm™ ollA]
C—N 23] 935 &R 4= glgleon] C-0 23] 93+= 1042
cm” ol Felalgith

LCe| ¥X HE. Figure 2ol €-§ 8% LCE 400 T/ 714
A12] DSC ZI#ZE worh §d% B8 LCE oF 250 T oPdellA
Wk 3] 4 (exothermal peak) & Q18 4= QJQltk o532 LC et
o ol e Telelw|=o] o)F Afte] et W9} L W
Fohs 218 & = Qlok! iy 22} 719419) DSC 1efszelA]
ol FA7F Ve 93-S ERIgho =4 9] Tt o]
FolFES & 5 SItHFigure 3). o)A 0= Wol 400 T/ 13}
DSC 7FaAle]] ofu] LCe] 7har} o014 Zskd LCT7} oo 3
S o 5 ATk

m$- S EAE, T WS 4o w vehs B vas
7} LC Fo] wet 212} TR 55 HolFEglt) o2 5ol T2 11,
V, VI, Z12]aL VIIof| Bjsf) ARz Hrh B opu|= A3MS 71|
Q=1 I VI, 2 VIS Aol o Lok g 2 vj=7h vt

)

2939 cm”!
Aliphatic C-H
¢ LC-lI
3062 cm’’
3480 cm” Aromatic C-H v1\ 1042 cm’™
C=0 overtone y 7 1321 cm c-0
1717 cm” _y C-N-C
. c=0
3325 cm

N-H 1609~1508 cm”'
Aromatic ring C=C

4000 3000 2000 1000

Wavenumber(cm™)

Figure 1. FTIR spectrum of LC.
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2% HeloA UERE 218 ERIst 47} 9tk o3 Ak of| &~
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ofn|= Agte] AR Q) Ak} BAE] Flo] o] Wo] 283
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TE LCE faldo] &5(Ty oF A3k (792 ARt 5%k
g Aol (Th) TV WS vk S Alskde] &%
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Ao} 7hsprt R FeyE]y] witelr) T2la B el §
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EllollA] S5l o do] LR ] ok B $71HA] @Rlo] itk

Table 39 LC&} 7l LCTS) |7 A4S 22k 1) vie]
Z5 AlLlsla= vloldd (biphenyl) 735 38kt V, VIS VI
AE o LCEY Y 52 7,5 B3tk VO] A9ole meta— A%

¢

—~
-

Endotherm.

100 200 300 400
Temperature(°C)

Figure 2. DSC thermograms of LCs (1% heating).

Endotherm.

100 200 300 400
Temperature(°C)

Figure 3. DSC thermograms of LCs (2™ heating).
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LCe| dskds 71dwto] g2ke Hg dnjos fasielct 53],
T2 L IVE] Zfellis vhe 72l nisl Ashde] =2 ol &
Ap gzl 3EFR opu) = Ajke] 47t vk ]| vlal Wal opv|=
Aol &gt Faddhow B2 A& Aleole] Agteo] T7lsle] Kot
T U2 22} ) (molecular packing) ©] 919102 AYZ}EIt), $HA ©
E VI, VIL, VII 59 Aglgo] the Fzef] vlal] whe- o] f= 23]

Table 3. Thermal Properties of LCs and LCTs

LC LCT
Samples  7;  Softening” " Wi CTE!
() () () (%) (ppm/T)
I 90 142 410 63 27.72
II 90 121 403 68 29.62
m 89 180 424 66 47.78
v 76 146 418 67 50.95
V108 120 416 72 38.89
VI 64 96 441 77 38.46
VI 122 98 423 75 46.19
VII 122 91 421 71 41.87

“Determined by polarized optical microscopy. ?At a 2% initial weight—loss
temperature. “Weight percent of residue at 600 C. ¢ Coefficient of thermal
expansion. Temperature range for CTE is 50—150 C.

®)
Figure 4. Polarizing optical micrographs of (a) LC—V at 150 C;
(b) LC—VII at 122 C (magnification X 250).
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o] 24 EojA Q7] wiEelth ol vlelwde] HrEwA b
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LCo| XA Figure 40l 714 o] F-25 AF dn)ES o]$3)
A LC—-Ve} VIIe] Naaks 72k Btk Figure 2] DSC 3H4de]]
A ok 4= glRo] e sl dito] ofw] Tk WS s17] wiE
of] e Wol =g S5 PEN oM, WG AvlF deE 4
85} itmo] oleiir) Teht E Algol] S LER = stir—
opalescence® 21 7 3T, 8719] A= F 7S SHalsh At
S HolE AR AIRE ol g3i] ARIE AS = ol Hol= F 7]
A& Vel VII= 182l ~5E] (smectic) 4] Tl (marble) &
& HolFa 9l AR FYUS FEE Kot

LCe| 7kE. Figure 504 % LC-1IE o] g3ax] 23 3o
A 7F 2ol AAE] 9S AA 7hst He 2H9S FTIRE
ZARIGITE 1717 em™ FZolld] Boli= olliE] die] 932 7%

Heat treat. temp., °C

370

A 340

e 310
° — N 280
(&)
c
S J— 250
g VV 180
E \ rt(LC)
'_
]S

" W 910em?
=C-H vinyl oop
2000 1500 1000 500
Wavenumber(cm™)
(a)
Heat treat. temp., °C

©
[&]
C
8
€
[2]
c
©
'_
X

'-.a‘

910 cm™

1000 900 800 700 600
Wavenumber(cm™)

(b)

Figure 5. FTIR spectra of II with different heat treatment
temperatures: (a) 2000—500 cm™"; (b) 1000—600 cm ™.

Polymer (Korea), Vol. 34, No. 4, 2010



374

M

o= Woln|Ee] C=C olxa% =7} &=l U?E} 717} =
welgto® wak= 9321 910 cm o9 FHES AT
(Figure 5 (2)). 910 cm™ ‘oA Wah= 932 23] ®7] 230
gt 172 Figure 5 (b) ol Bk Exlg]el ¢J&l 250 CH-E
910 em™' 9] M7} AR & B 5 AUk B 720 LCE
VEPIAR 250 T oPdelr] o] m=7) $Hds] Al As & 5
SIStk A= FE 78 (casting) g2 370 CT7A] A= )
] olgst sl E Bl ols Aol B ¢EtA Jtwd
th= AS #1e 5= ek

LCT ZE0| A Z2F 2M. LCT e 4 S ¥4 A¥= Table
3¢l ¥gek 7hwe LCT RN 2% 7] 5% &)< BE
TEOIA 400 T oVdelA] oFfE & 4= Stk 15 o= 4
F S7F e R 1 vleud T35 Egtehe VI, VI, VI 52
#ho] Tk Fxol] vl BEsISith o)A o] gfellx M“*O]'oﬂc
o], 3IE Ulol] Ak A2 o] 7Fsst o= A3t 47 52
HiAle] Adio] ol Hlw A £ 2ol T3 Aavt dofut Flo]

2} A7kInk 3 600 Col o] Rakwa’) A= 19} 2 o]

F2 ulolld 722 ¥3sh= V- VI & k8 BolFgich

|
Il
1]
v
\

>

= VI

5]

= VIl
VIl

5 10 15 20 25 30
20(degree)

(a)
m'
m”
MIII

> -

2 — e [\/

g oy

IS M W \/
- e \/|
- ~ i /]
M VIl

5 10 15 20 25 30
26(degree)

(b)
Figure 6. XRD patterns of (a) LCs; (b) LCTs.
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B3I CTE 3k o= Age] slafo] Fust g1 1o 3]
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sfaR=t] 71012 8 ek Wi, Vel A9 vilaio] 21 el
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