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Synthesis and Properties of Aromatic Poly(ether-ether-ester)s
having Flexible Side Chain

Moon-Soo Bang"

'Division of Advanced Materials Engineering, Kongju National University

L & IdIA AXEE A= o3t EAES ZH= SRS Poly(ether-ether-ester) 7} ether”| 2 HAZAE triad diolx}
2,5-dialkoxyterephthalic acid=2%-E| direct polycondensationo]] 2J3}o] A=t =FA|e] Fxe EF AZLS
IH-NMR, FT-IR, DSC, TGAE o]&3}o] A= QIct. A ZATtof| oJahH, Sull24] 1,1,2,2-tetrachloroethane(TCE) S A}
goto] 24E LEAS] GHAEL 045-086 djg] HS UEhUilen, Ao Belvlseld 24 27dRse

= 378~418 CE YEUTh FHA dREES Sl ARH {718l &=l o"B’do]‘\Q:E(Tm)‘C‘ rE
o Lot A4 FAHAC F4HS ARE LT

Abstract A series of wholly aromatic Poly(ether-ether-ester)s with flexible side chain was synthesized by direct
polycondensation from ether linkaged triad diol and 2,5-dialkoxyterephthalic acid. The chemical structures and
physical properties of these polymers were investigated by using 'H-NMR, FT-IR, DSC and TGA. As results of
investigations, the inherent viscosities(r) inh) measured at 40 C in 1,1,2,2-tetrachloroethane(TCE) were 0.45~0.86
dl/g and initial decomposition(Td) in TGA occurred at 378~418 C in N2 gas. The majority of these polymers
were soluble in organic solvents used in this experiments at elevated temperatures. Melting temperatures(Tm)
decreased with increasing the length of the side chain and showed odd-even effects.

Key Words : Wholly aromatic polymer, Flexible side chain, Rigid rod, Ether linkage
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H7|8 X|87] 9] 9, TERAARES] ATHIES] &5
& Wefste] B 97 of @A shar BxpAbole] 9l
21} ZASEE ZaAFITh TEAF Ao ZAA oA

s o] BAol AYH o Pelo] glom, Bap)
o] g9 ERe} A7 F8 A7t Hek Akgo] 4
K4o] Zhas) Hw WS 3] co-planality S 724]
713 BARE WL st BARE Qlelo] sl
HomA § i 854e] A A ol

o, AEE EA) 2
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TollA= *}—Oﬂ ether A3V & 2=
J_’——E—Z]-EH , BASEE A= alkoxy group

2. 4

2.1 A2k & 717]

B oA ARRE Aeke] 1-bromoalkane
1,4-dibromobenzene, 4-methoxyphenol, diethyl-
2,5-dihydroxyterephthalate, pyridine 123l TCE=
AldrichA}  AES  ARE3S}E o,  thionylchloride=
triphenylphosphite?} 2A]17H50t ELFA|7] & Z£735}o] A}
gatach

shifgel paEA W ARAS Seke] R
Spectrophotometer(Bio-Rad Win-IR), 'H-NMR

Spectrophotometer (JEOL JNM-AL 300), DSC(TA DSC
Q20), TGA(PL STA 625)E o|&3}%itt

2.2 Ctefxle &

S2IA1] -2 thE Scheme 13} Scheme ITof whef
Yol om, T9Al (A= HEHE Ballauffe] Bi[6] 02,
A (B)y= Al-Dujaili 51519 S o] &3t

2 TAIB)2] T thste] 7]«

Scheme |
OH
i

C,Hs0C ‘(‘JOCZHE, +  Br(CHp)n4CHz

o]
HO
O(CHy)n.1CH3
K;COg/Acetone N
B —— HOC COH
KOH/HCI (H)

CHj3(CHy),4O

n=2,4,586,78 10
(A-n)
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2.21. 4,4 ‘—dimethoxytriphenylether

3+ SttAFo 0.8mol,
1,4-dibromobenzene 0.27 mol, KOH 0.59 mol 123’ Cu
27 g2 41 7] AAnHE7],  Dean-Stark
condenser, 2T A|S #2|8F & salt bathAfol|A] 735HA 1L
wkslEA] 200 ColA] WHSAIZTE WHSAEE B 1212 o]
Woll BAHE =2 A AA=NCH BR-E2 Al 44]
7B o WAtk W] BY F AHES 5%
KOH#=§Hof| Fojx|iL A& &1} 5% KOHEHo g

T 2 AH, AxE F olgeE HEAAEUT ol
MBS 8 ¢H| L (Ty)s 145 C Tt

4-methoxyphenol

powder

222 4.4

A% 4,4¢-dimethoxytriphenylether?} AICLIE 1000
ml Zetade] Wi WAOR §elEk  4A7HES B
At AES SRl & 334 SHE7|= HAs
AAS T ofTiet T TAAEL 5% KOHEGoo] 2
o] g3zttt ojnf Balj=|X] Gh= HAES oifste] A
Adta ole SN-HCI-EN-S Hrlale] Akt A
@ UUEE ookl Sen - A e s
sto] Ml o 2 HE YA Fojl BAEEY Tn
190 C 93\1:]'
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A

Scheme lll
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(B) J TCE/Pyridine
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o] A 2] 2,5-hexoxyterephthalic acid 5.00 g (1.36x107
mol)& 7HAEl Zekaae] Yar ggke] SOCLE £
Sha1 2AZHEE BHRAIZ] - ol0] SOCLE ZRtAlAs)
I AYAEE AFASHEL petreloum ether® 23] A &gt &
TCE 10 mlof] g-3li5t3ict o] AFA3E-& ZshA aykA]
ZIHA TCE 10 ml / Pyridine 2 mlof] &35
4 4¢-dihydroxytriphenylether(B)(1.36x10> mol)2 Al-&o]
Al dropwisedt = 90 Cof|A] 48A|7F59t HES-A]7]2L A
AEE EAL vghZe] 2a AdE A5 et
SRR ek - & dxsiglny dxE A
Poly(triphenylether-2,5-dihexoxybenzoate)= OFAE g

Sfoll Al 4BAIRFESE &l FEste] AAISHL.

3.1 EHRA & St 'Y

3.1.1 EheIXIe] B

H AFo)A FH]|E T A|2l 2,5-dialkoxyterephthalic
acid(A)= WP H Ballauffo] WH[6]& o]-8st3ith o=
ZHE2] o] diethyl-2,5-dihydroxyterephthalate 2 ;- E]
two-pot2] IH-& AX == AS one-pote] BRGSO
2 ot Alzlew, T A A E SeIAY] et 7
Aol 285E AR HuFs o 7129 HHET &
elg e & 4 Atk

A EES APl IR 'H-NMR B0
2 HE 3l3ltE TAI(A-6)2] 2,5-hexoxyterephthalic
acid(A)9]  IREA]9] 749, diethyl-2,5-dihydroxy
terephthalateol| 4] #&He]= -OH A1&%%lE Fo]= (240
0~3400 cm™), C=0(1680 cm™) L&l bromoalkane2]
Br-C(680 em™)7} AFeRA| 3L 43 SHeHE(A)9] C=0 3
o]=7} 1680 em’ofl A Aj2o] AAE o2 FHAE S
& o & qlgiek

'H-NMR(CDCL)O A= § 12.92H, -OH-), 7.3(2H,
-CeH), 4.0(4H. -OCHx), 1.7(4H. -OCH»-CH,-), 1.3~
1.5(12H. -CHy-), 1.5~1.6(6H. -CH;)Z ¥olo @ 315t
BA)9] THS BT & gl

F 18 Td9AI(A)Q] 2,5-dialkoxy terephthalic acid2]
T o 24 alkoxy ZARE9] Zol7t Aojd4E W Tud
UHehfon, $2 el 8AEE HUSEA
0] BhEe] NS A5 = St

[E 1] 2,5-dialkoxyterephthalic acid®] §-§do]&x"

Monomers

(A-n)
Tn (C) 2202 1461 153.0 1451 1433 137.7 1366

* Peak points of DSC thermograms.

A2 A4 A5 A6 A7 A8 A-10

G AQ1 4,4¢-dihydroxytriphenylether(B)+ Al-Dujaili
S1519] WS ol8aksitt. &9IAl (B)Y] old ©A &
Zl9l 4,4¢-dimethoxytriphenyl ether= 38% AE9] o
TEE PAEeH, o] =] FAEHE £1l 7]
%4 Et-OHS ARSES of AA 4o gk &9 &
gjglo] W] wjZof hot-filterg sh= Skl AEHoR
A ARl A o] 52l FHFo] HA] ko). whEbA] B
Ao A= oAl EE Bl E AMBSIYleH, 1 A} 3kt
=9 ZAE A% Fgol A o golsiylon, FA| 4
Y £EE FoplE SISk

4.4,-Dimethoxytriphenylether 258 3% ©H¢A|(B)
o] IR 140] 29 o] T £o] gl -OH AZUE
wo]=7} 3308 cm'oflA Ar-09} FA TEEQoH,
'H-NMR(DMSO-d¢)2] 7% § 6.99]|A] -CeH,-2] 12HS} §
9.30|A4] -OHY] 2H7} TEE o2 A T4 (B)Y] <

shoIa 4= qlgitt.

3.1.2 SHQ| &

Z3AQ T2 TCEST) FollA 4
3 GO WS AT FEA
9~88%on, SjEA TCES AM&-3}o]
HAEZRE 0.45~0.86 dl/g A H]@A

T BAENES & o A

[e)

il

1o 3{:%
&

o =
o s

E#quz

&

AL
.

oL
T
ot K

fo

Transmittance

! ! 1 1 ! ! !
3500 3000 2500 2000 1500 1000 500

Wavenumber, cm™

(32 3] FEAP-69] IR 23 EH(KBI).

E3 FA(P-6)2] IR AHEH(TTY 3)ollAl= T
A (A)2) C=09} (B)°] OH 4% A% 7]o| 27} A1
AMZo] WE6iA ester?] C=0 To]Z7} 1720 cm’ oA

3062



felat

pal

A

2] A]
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ZF= v}Er= 92

1
=2 R o o=

Poly(ether-ether-ester)2] ¢4 W

AENLS & 4 9191e 0, 'H-NMR(CF;COOD) 3]
(Y 49 At § 7.8(2H, CO-C¢Hz-), 7.4~7.6 (12H,
0-CeHy-), 4.6(4H. -OCH-), 2.3(4H. -OCH,-CHy-), 16~
1.8(12H. -CHa-), 0.96(6H, -CHs) To]|37} 3Hzkel o =2 4
FA7 A EeS Blsteln

== |

¢
E

e LA L S
Chemical shift (ppm)

(O3 4] STAP-6)2] 'H-NMR A#EY

—=i—u

(CF;COOD).

3.2 SEtAel 43
2 9 SIS Sl UHARS b
Q). AAlEo] Q1= Z3HH|0] P-0= Ao 4] AMLE =
£ S18oeA SR gskaL, UG B
= RIS & AU ATA BAREl U FUAIES
A o7k LolW4s gayel Fobue o 4
ol
(& 2] 39| goj=
POI(YI{‘)’“S CCl, Toluene CHCl; TCE DMF H,SO,
P-0 X X X X X (@]
P2 X X O @) A O
P-4 A AN (@) @] @] O
P-5 A @] @] @] @] O
P-6 A @] @] @] @] O
P-7 A @] (@] (@] (@] (@]
P-8 O O @] @] @] @]
P-10 O @] (@] (@] (@] (@]
* O : Soluble on heating
A : Partially soluble on heating
x . Insoluble
o= MZoIN sdsatgismol MATE] A9 ether
Aol olg Aol A qhaol W Eako]
ofat B4} ARgAtel9] 7] ofelo 2 Qlste] BAZE
Aol sty ALY & 4 9ok
32 FEA9) ekl e, 19 5= FPAE
o dmAoRA, FEAY SGLEE ATA| 2AS 2

oV 2ol otlen @ael el 24
P, 790 S0l Mol Aol Histel A o 2
o ggens wahﬁmq PHE FUASY FARol
AYFE F2S 2L B ol e §HL

22 e R oo F7h 2290 2l o
o Ao BLPETh AAL cther 2O AT FUA
A AMAY g 5 4 ek

420 7

[E 3] S dubadl 44

Polymers  yield a T, Tn AHp
(n) @& ™) (O ()
P-0 88 0.86 122.7 - -
P-2 83 0.58 104.8 259.3 17.8
P-4 84 0.52 46.9 130.0 40.5
P-5 79 0.49 52.4 92.2 4.1
P-6 85 0.61 43.4 127.5 31.7
P-7 81 0.46 36.6 46.6 4.4
P-8 80 0.48 26.9 1229 27.9

P-10 84 0.45 12.7 55.1 14.3

* Inherent viscosities were measured at a concentration of
0.5g/dl in a 1,1,2,2-tetrachloro ethane at 40C.

Exothermic —

0 100 200 300 400
Temperature, °C
[32] 5] 10 T/mine] 71EEE2 25 DSC A

a9 62 E AlsloA] g4 E poly(ether-ether-ester) 2}
Han S{5]¢f 9Js}o] Bl Z3F=E polyester A2 3
AUAAHLZA, WaEETE] Apolo] AT cthers}
ester A%S FHOE ?Fl ZAgtzro] ether ATHLE 6(A))
o] %7t ester ARHLH 6(B)Y] Af-HT) T w2 &
O BT YL Mol A1 Utk o] ZHe] Han 5o o]
slo] BAR FPASS BALS EFIL YLol= 2
FoT EA} S UEoL, B AglolA] g
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EE other AT F& FRE ste] A<
ks @ Aoz ofEEn

B)
[O8 6] A et EApu4.
(A)poly(ether-ether-ester), (B)polyester[5].

E, o2 felos wemmee] el l
Kol walak ) Ak 9S54 9k o4
A IR 2elel Sste] AR BAE b WHol
AR YORA BAZIo| Fashy] olct

0 aher 3T 34 9 T8 TA 32
o BARE BEAPORA FUA §HLEE B

Z0% 89024 JTE sl Ao pEr. ol
H oA FAJE poly(ether-ether-ester)@} -2 Z)
0]9] QA AR 2 Han of oJ3te] B
FE polyestero] Tnr vlwsl EH ofsiz} 4
T
poly(ether-ether-ester)7} T W2
s 200) A9 40|22 e LS A
gleo 3ol 3 2 9\1]:}

FARzo] AgEoE

A e 8 28 4 oz %
SE2ER Qs 7ol 2AE e WS i
o ether AE71E ZH= moiety7} LAH|E ZFE =
BAE AR A WIS 1RAS0| 2 J|AY
B0 £AlS ZATHO T B QGOLEE UEo oA
H9E ALY S 908 Aos e

Eat, FA0 ol LEE BAsol g
A, P-09] Ty7} 122.7 C, 7é‘/\]—;.:4 BA4=7} 1021 P-109]
T 127 o] Wlhel glon], SgHolewsl g

s wEd o ASiTh

rlr rlr

o 2

Ie]
i QAo OI% THAES ¥
ot bggh #A 13k
U & g Uk EZE 600 COﬂ/ng 2
T%EA B} 3 9pekE dleko] 24 ¢ uk

~16
Se Ueriich

EIF_’

(
~

o mo ¢

flor

Weight(%)
3
|

200 400 600
Temperature °C

[l 7] 10 ¢/min®] 7tE&E2 A% TGA ITA.

[E 4] 3A19 95584
o' A
Polymers ( DCD) ( %: )
P-0 418 30.8
P-2 402 29.3
P-4 384 25.8
P-5 389 243
P-6 379 232
P-7 387 22.5
P-8 378 18.1
P-10 398 16.7

* Initial 5% weight loss temperature.
b weight percent of residue at 600 TC.

4. A2

2 A5 fIste] EHlE deAer Ao dat
248 2AE RS et Pk

Q1 2,5-alkoxyterephthalic acid+= one-pot2]

Hdew d& T Qdslen, E9AIB)d

4,4¢-dihydroxy triphenylether= O}A| &2 A A|-&uj]
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G935 AAEE ZH= WFE Poly(ether-ether-ester) 2] $HA 9 A2
Z ARSI RA] =2 81 oS =Y 4 i syntheses, 45. Soluble and meltable
2. S E Z3A] = P-0= AFoA AdE nE §7] poly(benzobisthiazole)s  derived  from  substituted
Qo L3R FFoL}, AARLO| Q= =31 terephthalic acids" Makromol. Chem., 191, 2017-2026,
52 Akse] Lot Loldis ot st 1990.
3. 2= DA E ()= 0.45~0.86 dl/goR [10] K.S.Lee, HM.Kim, J.M.Rhee, and S,M.Lee, "Synthesis
n|mA whe Hajero] 237l s E Q) and properties of processable rigid polymers containing
4 RS0 SGACE(T S AAREe] Zlo]7} ﬁl;;)afzzi 1191190116tles Makromol.  Chem., 192,
7]2=2 vropom, A SN 2 ®ia B B ’ )
/E\T_ S 7‘;}’1— =, o =<l ol e [11] B.R.Harkness and J.Watanabe, "Rigid-rod polyesters
T AN L]-]i—]i{ ";‘Et with flexible side chains based on 1,4-dialkyl esters of
Z 1
5. 9 E SUASS B2 Twolle =5kal 379 C7t pyromellitic acid. 1" Macromolecules, 24, 6759-6763,
2 GEE7E FWE A o, 600 CollAel 1991
TS S Aol Bers SURE 2 [12] R.Centore, A.Roviello, A,Sirigu, and H.R.Kricheldorf,
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