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Abstract— Thermotropic behavior was observed in a number of aromatic copoly (ester amide)s con-
taining a flexible spacer based on 4,4'-dicarboxy-a,o-diphenoxy alkanes as an A component, di-acetyla-
ted p-aminophenol as a B, di-acetylated hydroquinone as a C gave the thermotropic copoly (ester
amide)s containing a flexible spacer in the polymer backbone. 4,4'-diamino-3,3'-dimethoxybiphenyl as
an amino group containing monomer as a D components.

In the last case, up to 60 mol% of amide group was allowed to afford thermotropic liquid-crystallinity.
The polymer structure and thermotropic nature were examined by solid-state and solution *C NMR
spectroscopy, differential scanning calorimeter, polarizing microscopy, and IR spectroscopy.
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rmotropic copoly(ester amide)sZ &Rgsted,
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yester®] % C NMR spectra®] [l s AT ol
FRES 571 QoxE AL wRstadch*™ Dial-
koxy spacer: MBLS #37) 9% AMSER IE
ApxgY rholl WA, WAHS BRS BN
g3} [E8e 3C NMR spectra %ol 2Ja)A] wIAESHA
Pt o]l Bl ME 015 kel Fols i
B2 pEI 3lod, amide FHES Bol B 3K
5y B2 4fk5r2) thermotropic coply(ester amide)s
2 astdch kY 2EARs #RES, ERE(solution,
solid) BC NMR spectroscopy, differential scaning
calorimetry, polarizing microscopy ~12]iL IR spec-

troscopyol] °}3ted HEEE ARHTERAch

2K B

2.1 Monomer2] &zt ES&
44'-dicarbetoxy-1,10-diphenoxydecane, ~ 4,4'-di-
carboxy-1,10-diphenoxydecane-2- Griffin®} Havens
o) Hikel A SEEATHT
4,4'-dicarbetoxy-1,10-diphenoxydecane; 1e] =
0 flaskel ZEEEF Fell4l p-hydroquinone benzoic
acid ethyl ester(E#{LAR)(33.2g, 0.20moD & N,
N’-dimethylformamide(DMPF)ell B##A1A  HKR
L tEF(265g 0.12mol)3 1,10-dibromodecane
(300 g, 0.10 mol)& ¥ =k A flask 2] suspe-
nion&-< WISl 140CE FAIshH A 5] X
HEA AT AEIE 519 KKl Y-olA, MR
oA 24B%R AN 1 % HEHS BN
eI RS 319 FEEKOlA 3 #Pst,
HAE R 60T A 48R EZEHRAZTH
HAERIWS 95% ethanolol| X FHERE #% £
9] ke 285 g(61%) Heh. Ak 105C (CSTRME
2 108.5-110C) ek
4,4'-dicarboxy-1,10-diphenoxydecane; 4,4'-dicar-
betoxy-1,10-diphenoxydecane(23.5 g, 0.05 mol) &
10%(w/v) &) KELZ-F ethanolZ# 500 mio #&
fnskede) 4pkE suspension¥-2 6B MNEVEH
A7) #%, 5191 FEiEKel ¥4, hot plate kel A
mechanical stirrer® f$fsled, @igstaA 60T}
A @wEsE 28, ZEEKE Bz 21X
VA eSS i) pHL Eitkel ® wi7hA] pi-
pete 2 3] Yt HmkEEol 24 HKET &

Evke ERIch &Kol Al [EHRo) shtkel E
742 BT % 60T A EZEEA A

WA REY-S DMF2} 95%2) ethanololl 4 FHSds
slo] BiS Ao KRS 14.3 g(69%), Al
277C (TRME 273-274C) Aok

2.2 Diacethyl monomer2| 45k

p-aminophenol( 7 LAY (A4, 155C), p-phen-
ylenediamine (B (L) -2 WSS RSt

4,4'-diaminobiphenylmethane(25 g) ol 45 m/2]
pyridine®} 50 m/ 2| FKEEME-S Husted, iRlA 12
BRI RCh KRS IR 40T BAEmER
A7 95%92] ethanolell A PSS Ch A Ml 44
diacetoamidobiphenylmethane(34.4 g, IR 97%) )
Ahs-e 233CCUEMEY 236-237C).

3,3'-dimethoxy-4,4'-diaminobiphenyl(5 ) & #-&
JH o 2 acethyldt 3o} A el 3,3'-dimethoxy-
4,4'-diacetoamidobiphenyl-2 4.3 g(64%), Ao
242°C (CEME® 242-243T) o)t}

2.3 EA

HEAHHEE S Fig 1o episich

A RSy e 2] decarboxylic acid, B a2 2.4
diacetyl{t &} p-aminophenol, C 572244 diacet-
ylhydroquinone, 18] D Ao 24 FH&EMK dia-
mine monomer Fifi s A EEEaE$A(Zn(CH,CO,),
-2H,0) & MR sle] FHRRM Tl A BiEEel
& AEEROEE FIRstY 2ExE sREch
Fig. 1ol vtebd Zlxf zto] ®IREFK gasE EHHON
Z#jalwA, B2 monomer?] ASo] thE7)
o Foll fnzhel] o HE, 52 EKEES 7] $sted
100C ol A 18], 150Coll A 1858, 240T oA 185
puEate], Btk WEE Sk

ample® 2 monomer”} &E FARste] R4fE7)
FwsHA B2, &9 mEES ebi ] AR 3
o2 RE] BIS B BEE Sevhe &l
BEfgo] sty Alatete] wE Agels AH7E
WEEHT HRARE7E Sk oil bathe] HEE
260-300C 2 shod, [l HhEE A HlaL B
Beo] @ite] W34le ), Bl glass ample]
mon F7 I #HHE HITh ol bathel #EL
260-300C rhell A, EHZE pump®A] 3-6 mmHge| #
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Fig. 1. Apparatus for melt polycondensation.

Bow slo] Bffshda EAS ##Eske] Unix|g)
fElke] WS (AL olwle) S ARG
o8 3fe] 3-THER frelelch

AT el o] ShNi- ESENIS] K s
FEL IRERS] ASENIl WelelikaEZt =Sl pid)
Meel e HE of KRGS ok Hoh ks o
FAF] Wrd e 2.0 g(85%) o))

2.4 HEBEHD SRER

A3 A= Mettler FP-84 hot stage?} Mf#% i
KRBT <A AR ARED O] 5503 RS
BiEzstalek, MR R 360Co] ¢},

2.5 REEEHBAT

a2k} T, T4 pewst?] 98, sample 8-10
mgS Hudled, Perkin Elmer DSC-I1S Fips}od],
FEFIE L, FBEE 20 deg/min®] A ZA] 100-
450C 2] I EREA A %4 sholct

2.6 IR spectra
22ke] IR spectrats, Hitachi A48490 30
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260-10= FIAIsted M@ 9ok IR spectra®] NH, CO
s Ehe] el ]l thermotropic copoly(ester
amide)s #%2l CONH, COOZ #zgsteict.

2.7 CP/MAS [i#8 '°C NMR

CP/MAS [E#8 “C NMR-& CP/MAS unit7} ff
5% AR JNM-GX 270 spectrometer(6.34
Telsa, 67.8 MHz frequency)-S Filfislo] 250l 4]
Bt SRR S 2 4 Adamantan(29.5 ppm) -
Al Daibronf#d(Bullet-type Kel F)&] i
alfbitell 82l ke Pola) Hisslaich

2.8 B4 '°C NMR spectra

AE-2ke] 7 BC NMR spectra 1,1,2,2-Tetra-
chloroethane®} pentafluorphenol-d,2] & &%#%(6
S4)% FiHsle) 67.8 MHzoll 4 HlEdicy. TMSE
FE 745ppme) (7ol v}l Tetrachloroe-
thane®] WU¢& NilE#E o 2 ac),

3. BR A %

3.1 Spacer® JIK|= FEK copoly(ester
amide)s®| &EM

Table 1o vlepwll copoly(ester amide)si= 4.4'-
dicarboxy-1,10-bis(phenoxy)decane, O, N-diacetyl-
p-aminophenol ¥ hydroquinone diacetate® (1)
Aol wheba} Xe] H-8- 0-60 mol% b =) (L A] A 4]
olef7ba] o] o] B 3klr Aol thermotropic
coply(ester amide)sS FRAFHE ol oJald &
Wi ok,

A SETCHIE S 1,.,=0.22-0.319) ol c)
p-aminophenol-$- 20 mol% A& 7--(10P50H) =
232C(T,) <l A atfgslol nematic ko) o,
324C(T) A isotropic #He] =2c}h. B fsyo H
AsEA] 942 polyester(10HQ) ®.t} HISGH R T, o)
7C Ea, T 2C ok B pk4ral p-aminophe-
nol®} frdio] el wpeja] T,-& olx|y, T
SE % vtebedeh p-aminophenol®] 43S
60 mol% 2. HEANZHAN, thermotropic #abtt-S vie}l
vhal eketreh B A%4rel p-Aminophenolg 20 mol%
A HE -2H10P20H) &) iedhiissims 92c e
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Table 1. Polycondensation and Thermal Properties of Thermotropic three-Components Copoly (ester amides)
with 1,10-dioxydecamethylene spacer

Molar Ratio Total T, To T,—T,? Yield -

Polymer q P

A B(g) C(g monomers(g) C C deg %(g) dL/g
10HQ 1009 0 100(0.47) 147 225 326 101 83(0.97) 0.59
10P20H 100 20(0.09) 80(0.38) 1.47 232 324 92 85(1.12) 0.25
10P30H 100 0(0.14) 70(0.33) 147 234 317 83 86(1.08) 0.22
10P40H 100 40(0.19) 60(0.28) 147 244 309 65 83(1.05) 0.22
10P50H 100 50(0.23) 50(0.24) 147 244 290 46 86(1.08) 0.23
10P60H 100 60(0.09) 40(0.19) 147 248 - 0 89(1.12) 0.31

a) Measured by a polarizing microscope equipped with a Mettler FP 84 hot stage.
b) Mesophase temperature range.
c¢) Monomer weight (1.00 g).
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Table 2. Polycondensation and Thermal Properties of Thermotropic Four-Components Copoly (ester amides)

Containing p-Phenylenediamine units

Polymer Molar Ratio Total T, T® T.—T,"” Yield
10PHD A B(g) Cl D(G) monomers(g) C T deg e(g)
10PHD-1 100” 5(0.02) 90(0.42) 5(0.02) 146 196 306 110 91(1.07)
10PHD-2 -100 10(0.05) 80(0.37)  10(0.05) 1.47 233 308 75 89(1.04)
10PHD-3 100 15(0.05) 70(0.33) 15(0.07) 1.45 260 323 63 92(1.08)
10PHD-4 100 20(0.09) 60(0.28)  29(0.09) 1.46 298 - 0 91(1.07)

a) Measured by a polarizing microscope equipped with a Mettler FP 84 hot stage.

b) Mesophase temperature.
¢) Monomer weight (1.00 g).
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Table 3. Polycondensation and Thermal Properties of Thermotropic Four-Components Copoly (ester amides)

Containing Bis (p-aminopheny) methane units

Molar Ratio

Polymer Total T, T T.—T,” Yield
10PHMT AR) B(g) Clg) D(G) monomers(g) C C deg %(g)
10PHMT-1 100 10(0.07)  80(0.56)  10(0.10) 2.23 225 297 72 92(1.66)
10PHMT-2 100 15(0.10)  70(0.49)  15(0.15) 2.24 180 250 70 92(1.72)
10PHMT-3 100 20(0.14)  60(0.42)  20(0.20) 2.26 270 — 0 90(1.64)

a) Measured by a polarizing microscope equipped with a Mettler FP 84 hot stage.

b) Mesophase temperature range.
¢) Monomer weight (1.50 g).

4 50 mol% ZHT - #H(10P50H) of 413z 46C 7}
Al Foblw, amide hisrel et A IR

= FHobAl: A& o 9k Table 1ol 4«
amide 5452524 25 mol%olsle] B pksro- s#iASH
T eddderw D ks 241, N, N'-diacetyl-p-phe-
nylenediamine, 4,4’-diaminobiphenylmethane % 3,
3'-dimethoxy-4,4'-diaminobiphenyl2 ¥ AZF 45%%)
5o EAHHIS Tabel 2-49] vlefligich

Table 2041= A, B, C %%-& Table 13} 7to)
%, 4,4'-dicarboxy-1,10-bis-(phenoxy)decane, O, N-
diacetyl-p-aminophenol ¥ hydroquinone diace-
tatedl D #%4-2224 N, N'-diacetyl-p-phenylene-

diamine& EH&E 4R850 2 5-E gh-o] % thermo-
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tropic copoly(ester amide)s®| ¥ahake Ve
8t} p-aminophenol unit 5mol%2} p-phenylene-
diamine unit 5mol% %A% thermotropic coply
(ester amide) (10PHD-1)-& thermotropic #eiutEg
vhebla, T, Tas 22 196C 9} 306C5 vheh
otk 465 %2 copoly(ester amide)ss amide B
el el webd T3 T 5 fHas vt
W, fAaEEEIR(T-T,) = #4y#ch p-amino-
phenol?} p-phenylenediamine unit® K45 15
mol%, Hl, amide Aksre]l 22.5 mol% BAR =}
of| 3= thermotropic ¥t vielbz] edgic) 1
MHEA= copoly(ester amide)s el p-amino-
phenol unit¥hE FLASH  FEMS epd R,
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Table 4. Polycondensation and Thermal Properties of Thermotropic Four-Components Copoly (ester amides)
Containing 3,3'-Dimethoxy-4,4'-biphenylendiamine units

Molar Ratio

Polymer Total Tn® T» T;—T,” Yield

10PHMD AR Bl C@ D(G) monomers(g) o c deg %(g)

10PHMD-1 1007 10(0.05) 80(0.38) 10(0.08) 1.50 215 308 93 92(1.12)
10PHMD-2 100 15(0.07)  70(0.32)  15(0.12) 1.52 203 300 97 92(1.13)
10PHMD-3 100 20(0.09) 60(0.28)  20(0.16) 153 193 295 100 92(1.15)
10PHMD-4 100 25(0.12) 50(0.23)  25(0.20) 1.55 170 280 110 95(1.20)
10PHMD-5 100 30(0.14) 40(0.19)  30(0.24) 1.57 160 273 118 93(1.18)
10PHMD-6 100 35(0.16) 30(0.14) 35(0.28) 1.58 155 277 122 92(1.18)
10PHMD-7 100 40(0.19) 20(0.09) 40(0.32) 1.60 145 270 125 94(1.23)

a) Measured by a polarizing microscope equipped with a Mettler FP 84 hot stage.

b) Mesophase temperature range.
¢) Monomer weight (1.00 g).

2 22KH el p-aminophenol unit®] -NHC:H,CO-
9} phenylenediamineol| 23 -OCCeH.NH-9| 3F¥f
B 2B Aol A7) WEelztz A=t
183, o] amide #&&°) amide &S KEHGE
wmA7)7] s el Hdhtkol WA=k HeE R
t}. Amide AR 224 p-phenylenedia-
mineqte] F1EA}of| A= thermotropic M-S
x| 9¥ge.m g, p-aminophenol¥ 4,4'-diamino-
biphenylmethane®] i%& %% 15mol% BAZ
538 thermotropic WifktES YebHAAT, &
20 mol% HAF Afelde iAol B B
#25)%) odgkeh 3714 5 FRI amide #5&el %
AFEES BES A $std D myel &
S 713 amine AHS FIANA 4R 5L
22kg apdc

Al (2ol wekd Xob Yo BEKS o= JHAR
BEAAN BRES AR HES Table 40 v}
ellgic). amide #EALALS &4  p-aminophenol
(B)#} 3,3'-dimethoxy-44" aminobiphenyl(D) &
£4 10-40 mol%7t=] FA ). o] 45 hel AE
Aol M amide”| 9] BAEHES 60 mol%7HA] B
ATTRER 71& &slch B9} Dol monomer 553l
10 mol% =07} FE2H10PHMD-1)& 215Te) 4
Fif#s}le] nematic #ghe) Hgowd, 308CeA] isot-

ropic #He] ®glch. amide g%} el webx T,
T @7 FolAe RS WEh L, REEEE
BT 93degZH€] 125deg7h? HA wleidcth ©l
AL D FSre g AT 3.3 -dimethoxy-4,4'-dia-
minobiphenyl unit #72] dimethoxy E#faike] 2%t
Hfato] sk, MRS WA shs FResa
AZE = Al KFERECl B diel
& LR Aol gt A7k &, biphenyl
C-CHaFEe [igol TEAHe) v 3l
ojx] e} methoxy#e] MAEBHAEYF L7 o
ot

g+, Griffinff3e%E-2 4,4'-dichloroformyl-1,10-
bis(phenoxy)decane®} 3,3'-dimethoxy-4,4’-diami-
nobiphenyl £ %€ #E#&3¥F thermotropic polyamide
2 mkEEEA sl on] HAE Hel sich
a#v), polyamide?] T,©] 256Col 3, T 276Cz}
3 3= Ee T, S vehl I BBEREE 2002
o Aol A", SEIFIFES A AAkE thermotro-
pic copoly(ester amide)sell M W& HRARIRLH
Es etk

3.2 Copoly(estyer amide)s2| Efd CP/MAS
3C NMRAIE
Thermotropic copoly(ester amide)s(10P20H) 2]
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Fig. 2. 67.8 MHz "“C NMR spectra of thermotropic
copoly (ester amide)(10P20H in Table 1).
A) CP/MAS solid state spectra (SSB free),
B) Solution spectra in TCE-d; and PFP as
solvents at 27C.

[E4% YC NMR spectrae Fig. 20l vielulodc}. [His
spectraol] 2lo] 3= dialkoxy 452l alkylene car-
bon2 202} 70 ppm ffirell EHFISHAl vhelbghon
Cye 27.7ppm, 123l CB, €8, Ce= 32.5 ppmol]
fgiE o] vebydrh. kel QA3 Ca®l carbond
68.5 ppmoll 1% vtelvtrl Benzenefi@ carbon-&
110-170 ppmel| 4 #g<x]o], ¥ signal®] §R-> be-
nzeneBi 2] FHIE) o 28 UlleZH' R OCE &
BEYcL mirel EPEeld ek kA
ol hexamethylene spacer& 7}%| thermotropic pol-
yester el spacer a-carbonell JE%H2 ortho car-
#lexstar, hexamethylenefify2] all-trans
conformation & Z--E] A4 71char g sdcl ey,
Fig. 20l v}ebd (10P20G) ol 4]4= sk el 4]
ARE {38 thermotopic polyester®} fr#gsle] ¥,
2,2" 79 carbon %, ortho carbon& [H#% NMRej
M A g 1R WRE A eyt o]

bonS-

34 gt in 1 LE SR3YE IR (1991.3)

IS E "
10HQ
10P20H
s
g
£ t
£ 10P50H
g
b=
§¢N
| 5 I 1 B I ]
3500 3000 2500 2000 1800 1600 1000

Wavelength (cru 1)

Fig. 3. IR spectra of thermotropic copoly (ester
amide)s, 10HQ, 10P20H, and 10P50H (Table
1).

L 300CA A FERtEEGE copoly(ester amide)

sv fLfiiE ByfPEElo) Jab(kEl S Jlxlme

S NMRefl A= 149 gz 4 #g<s]sicka 4

zkxl e 7)),

i "C NMR spectrao] A= ester2t amide?)
168.73 171.3 ppmell %% H#s) A el
wEAIRE [ spectraoll A= HE S o] vhelgel co-
poly(ester amide)10P20H(Table 1)3} 10P50H
(Table 1)o] #%12] Ji4h spectrag Fig 36l vie}
Wadck /@ ad-2= CONH fifEiRg)e] Higo s
gk Wiz 3l NHeol 4] 3400 cm ™!, CO+= 1680 cm Lol
Lhepubar oo, KFEEE Aol o8k sREk S TR
IPERE pkeha e e bl gl &9,
amide 1ksr 2] el &7, 3400, 1680 cm '9) g
W7t siabA Jebdar ol 73S warskdcoh

carbon-&

3.3 Thermotropic copoly(ester amide)s2| R
REMSE e

Gl GRS R e Al R R
hot stageff#i 2] (WY HiMIEERZ) 2)5le] nematic
RaitES el e o FIbe =Y

4,4'-dicarboxy-1,10-bis(phenoxy)decane®} diace-

tylhydroquinone 2. 2 %6 wkEo]x X z}= 250C
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Fig. 4. Photomicrographs of nematic phase from copoly (ester amids)s.
A) Threaded Schlieren texture of 10P20H (Table 1) taken at 250C, B) Schiieren texture of 10PHD
(Table 1) taken at 250C, C) Droplets texture of 10P50H (Table 1) taken near T, (magnificationX 150)

oA nematic #89] Schlieren & el Sl=
7o) #ESW ) 71 9] |3k, p-aminophenolfiF& 20
mol% EA3ZF copoly(ester amide)s(10P20H, Table
el 4= 238-256C ~belel|#} Threaded Schlieren
ARES) HEe e, Fig 4AE 250CeA HBk
3 BEES Vel Qo o) EEL IEAE A
s wol el kel

amine i%4r¢ monomer2A] O, N-diacetyl-p-
aminophenol 10 mol%, N, N'-diacetyl-p-phenylene-
diamine 10 mol%2S HAF 445 FRe ZEA0
PHD-2, Table 2)¢] 250Te|A #i%=3} schlieren
{85 Fig 4B vehliicth ol ke 270C=F
¥ 200C7HA] Jebtes], oiwdsl st B &
suifel ot

p-aminophenol®] %4y 50 mol% BAZ A}
(10P50H, Table 1)¢] isotropicie ZHE HES
YZo] 7tu) ehs dropleti ] #EE-E Fig 4Cel
viehfgleh. o] MRS 290T A 265C7HA] Al 3l
A el

4.4 £

1. alkvlene spacer?] KFEEZF 1021 4,4'-dicar-

boxy-1,10-bis(phenoxy)decane-2 A5, amide #5
LA KS 993 monomerZA O, N-diacetyl-p-ami-
nophenol& B Hi4, diol®4] diacetylhydroqui-
noned C AR4rC.2% 35 %4 themotropic co-
poly(ester amide)s& &ALsh= 7o) wraEstsle,.

2. D AlEo 2 N, N'-diacetyl-p-phenylenedia-
mine, 4,4'-diacetamidobiphenylmethane, 3,3'-dime-
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nomer24] 50 mol%)3& A 3tod & thermotropic #ish
Mo Jellle AL o 5 ok

3. amide &< KB HASY] $13ted amide
42 ASHE monomerdl] EHEIE S0l Ue
3,3'-dimethoxy-4,4'-diacetamidobiphenyl-&  FHT
Bl 485 %ol e 60 mol%7tA] amide &S H
A= thermotropic Wfbtte viehie & o
& 9lgleh o159 mEAS FEHEEMFEN A= ne-
maticiE S AEshe o2 BZtE %o, mo-
nomer?) A4S A PHFEFo 24 thermotropicik
¥ copoly(ester amide)sE &RksHE Aol AlRE
shel ot
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