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X5 ! Poly(ethylene glycol)methyl etherMPEG)$} dimethylphenoxy U E 158 Z'+ polybenzoxazoles(PBOs)S] &
& A7 poly(o-hydroxyamides)(PHAS)E A2 &< F&3ol ojsiM FAsigth. ¢49 58 AFAEY 2F
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Abstract: Polyhydroxyamides (PHAs) having poly(ethylene glycol)methyl ether (MPEG) and/or dimethylphenoxy pendant
groups were synthesized by solution polycondensation at low temperature. The inherent viscosities of the PHAs measured
at 35 C in DMAC or DMAC/LICl solution were in the range of 0.51~2.31 dL/g. This precursor polymers were studied
by FT-IR, lH-NMR, DSC, and TGA. Solubility of the precursors with higher MPEG unit was increased, especially the
polymer having MPEG (M, = 1100) was soluble or partially soluble in ethanol, methanol, and water as well as aprotic
solvents, but the PBOs were nearly insoluble in a variety of solvents. PHAs were converted to polybenzoxazoles (PBOs)
by thermal cyclization reaction with heat of endotherm. In case of the precursors having MPEG unit, the precursor
polymers with a higher M, were fully cyclized at a lower temperature than one with a lower M,,.

Keywords: polyhydroxyamides, polybenzoxazoles, thermal cyclization reaction.
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FL9L JIRE FF ATAQ] PHAE 2,2-bis-(3-amino-4-hydroxy-
phenyDhexafluoropropane ¥} isophthaloyl chlorideol] €13l A2 &%t
2 st o]2A §4E PHAE 44 183 vk3] 23 PBO
2 Ag=on 52 dAAdS rixlcka Basigich B3l Hsiao
527 W7)8F 182 ortho-phenylenedioxy 252 $idhs M2 W
FZ 53 AFACHAE AR, olE T AT A iE &
B4, 714 R 2354 58 Bt

£ AFolxE= PBOY ATAIR PHAY EoiEA 2 784S 3
A717] sliA EAEHE- 228t poly(ethylene glycolmethyl ether(MPEG)
U dimethylphenoxy 153 22 273 21§S PHAS WHE 1
Fo2 =98] 5% € 35 ATAE ¢ F 259 54 %
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Poly(ethylene glycol)methyl etherMPEG, M,= 350, 550, 750, 1100),
p-toluenesulfony! chioride, diethyl 2,5-dihydroxyterephthalate~ Aldrich
A} AEFL AAe] 2HZ AREEIY I, 2,6-dimethylphenol, potassium
tbutoxide, dimethyl-2-nitroterephthalate 5+ ACROSAF A|F-& A&}
At} &, 33 dihydroxybenzidine e TCIAF AE-2 AAglo] 2thE A}
439 th. N,N-dimethylformamide(DMF)$} N,N”’-dimethylacetamide
(DMASE HZ€ MgSO,& ¥ 4A7 FF ARl % 2t &
F3to} AR835151.29 thionyl chloride= triphenyl phosphite®} 2A]7F &
Qb BFAZ T FH3t] AREEITE 18], triethylamine> CaH,
g ¥ AR % BFRAN F SR ARSI
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E Ao AHE-E 2,5-bis[w-methoxy-poly(ethylene glycol)Jtereph-
thaloyl chloride(M,= 350, 550, 750, 1100)%} 2-(2,6-dimethylphenoxy)
terephthaloyl chloride®] 332 ZH7} Jin® Wolfe}” Hunsaker” 52
RS FAst] ARSI

221 8 dAAS2 2
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PHA 29| 349 Aol k22 £9715k0A 3,3 dihydroxyben-
zidine 1 g(4.623x10° mole)@ CaCl, 0.5133 g& DMAc 5 mLel| 7}3}ar
ice bathol}A] 307t 2 WRkAZ] F 2,5-bis[w-methoxy-poly(ethylene
glycol)]terephthaloyl chloride 4.1573 g(4.623X 10° mole)S DMAc 5 mL
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ice bathol]A] 3037F 2 WAL F 2,5-bis[w-methoxy-poly(ethylene
glycol)lterephthaloyl chloride 2.08 £(2.31X10° moley& DMAc 2.5 mL
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ﬂ° o}@“:} E3 T AT x4 ﬂé#ﬁ% %71 21 PA-
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mAE Nifiltered CuK radiationg- ©]-83} 2~10° 26714 A3}
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A8 T ATASTY 98NS Y8 FTIRFY 'HNMRS A
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=2l 3000~3600 cm™ ({OH, -NH), 2880cm Y(C-H), 1660 cm(C=0), 1605

(AL Cc=0)F FuFde 2N 3 A7 FHRNSS &
ﬁ‘~ 211t} 18] 2 Figure 19 PHA 29 ‘H-NMRA A=y et
W=, PEG-CH;9) chemical shift’} 248 ~2.55, -CH,CH»>2] chemical
shift’= 3.15~4.05, -OCH»-PEG®) chemical shift= 4.40~4.55, dihydroxy-
biphenylene 1] 3, 4, 7, 8, 9, 10 <=4 chemical shift== 7.05~7.25,
dialkoxyphenylene 912 3, 5 42~ chemical shift== 7.90~8.05, OH9]
chemical shift= 10.40~10.50, -NH-2] chemical shift= 10.50~10.65
ppmoll A LERTE 7H2ke] chemical shift9] nﬂx*um ol&x¢} & 2
HNgozH Fg At g 8 e 4 Uit

@3, FEE ATAS] PHA 32 3100~3500 cny'(-NH, -OH), 2880
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em'(Ph-O-Ph)e] WMESS FIIR AHEAA 21819 1, Figure 22
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Figure 1. 'H-NMR spectrum of the PHA 2(DMSO-d).
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Figure 2. 'H-NMR spectrum of the PHA 3(DMSO-ds).

Table 1. Inherent Viscosity and Film Quality of PHAs

PHAs N’ Film quality
PHA 1 2.31 dark brown, flexible
PHA 2 0.74 "

PHA 3 1.06 !

PHA 4 0.98 "

PHA 5 0.51 !

PHA 6 " 0.99 "

PHA 7 0.55 "

PHA 8 1.16 "

PHA 9 2.04 dark brown, brittle

“Inherent viscosity was measured at a concentration of 0.1 g/dL in DMAc or
DMACc/LiClat35 C.

2 chemical shift= 2.15~2.3 ppm, PEG-CH;9] chemical shift”} 2.40
~2.55, -CH,CH>-2] chemical shift= 3.15~4.05, -OCH-PEG2] chemical
shift= 440 ~4.55, dihydroxybiphenylene &} 4~ chemical shift=
6.85~7.40, dialkoxyphenylene T+92] 3, 6 42~ chemical shift<= 7.90~
8.05, OH®] chemical shift= 10.40~10.65 pp, NH-9] chemical shift=
1065~10.80 ppmollA ZHztel u|ZEL FRIsI%Ich PHA 3 94
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Table 2. Solubility of the Polymer Precursors and PBOs

x'm
(i
o)
o

Ho

Polymer

Solvent

code DMAc NMP DMF DMSO TFA

CHCl,

Methanol Ethanol H,0 THF m-cresol H,S0,

PHA 1
PHA 2
PHA 3
PHA 4
PHA 5
PHA 6
PHA7
PHAS
PHA9
PBO 1
PBO 2
PBO 3
PBO 4
PBO 5
PBO6
PBO7
PBO 8
PBOY

>

owm) o oW o)

X XX XXX XXO000000O0
XXX XXX X0O000O00O0OO0
X X X XX XXX000Q0000O0
X X XXX XX0O000000O0
X X X XXX XXDDPDDD>DD

X
X

X

X X X X X X X X X X X X X X X

X X X X X

X X X X X X X DD X X X X X
X X X X X X X X DO X X X XX
X X X X X X X X D D X X X X X

X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X
PODDDDDDPOOOOO0O0OO0

X
X

O : soluble, O(L) : soluble with LiCl, A : partially soluble, X

: insoluble. DMAc : N, N-dimethylacetamide, NMP : A-methyl-2-pyrrolidone, DMF : NA~

dimethylformamide, DMSQ : dimethylsulfoxide, THF : tetrahydrofuran, TFA : trifluoroacetic acid.

B Ao E ¢¢} e B ow WA poly(o-hydroxyamide)(PHA)
ol dimethylphenoxy 158 =3 A3}, 8|Z LiCI7} H7H=oloF &
=71 QAT Table 201 Q) AXT dimethylphenoxy 1F°] =
U57] M| pHARCTE: 34E 4358 B9FUh Chun 527
PHAS 43l 1 80548 ARISIEH Lic7t 718 DMAc
o} NMPollE & £3)5901 DMFE DMSOol = LiCI7} 371s o
£ REHoZ L3 $E L9528 HYFUSS BN
o} 728y MPEG ©9lE A =43RS 7 dimethylphen-
oxy TS 7R Qe 53 AFAPHA DR S3=7T FEE
LiICIS ¥4 22 DMAc 5 NMP, DMSO, DMF 59 &jjol] & &
F=dch. E3] o] 11002 MPEGE 7HAle 58 A4l PHA
89 7% Lot A o AR &3] Fa=en, o
B e ok $RAHo=Z ZaEde) o3 e ¥ A7
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of Ag3] ks Wtk S 2T
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ANAZ ekol] RAHNS B opE} Wk Box dF
B gaEe 5 22 ATNE Bd T 99 Aol 1o F
R5o] WHE 1502 =UH GHEF MPEG LF°] dimethyl-
phenoxy ZEREG 53 A7 L=g A= o E29F
o1, MPEGS] &alxx 79 Exlge] 37)d g&ds 4 F A
ot a8ln 93 zesl whes 4ozl PBOY $W54-2 PBO
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Figure 4 PHA 39 93 m2)g} whs A# 39 FIIR AHEDRA,
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1st heating

Heat flow(W/g)

2nd heating

0 50 100 150 200 250 300 350 400 450
Temperature(C)

Figure 3. DSC thermograms of PHA 3 at a heating rate of 10 C/min.

=

Absorbance
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Figure 4. IR spectra of PHA 3, and PBO 3.

Heat flow(W/g)

O]

150 200 250 300 350 400
Temperature(C)

50 100

Figure 5. DSC thermograms of PBO precursors. (a) PHA 1, (b) PHA 2,
(c) PHA 4, (d) PHA 6, and (¢) PHA 8.

Table 37} Figure 6(a)°l] 3 A7A<) PHA 1, 2, 4, 6, 8%) TGA %
=ZA53 AES vehldth PHA 12] TGA T&olA F 7o) &
g &3 JdArE e A dx Ea dAlE oF 8% FAIE
Ag Bol Firk ol )3t vhguEe] whA We 854 77%C]
Ezbet wi$ & TS BEd FoM HPEHA Fgue 59
DSC E3Ae] Aaelw 2 UA|SI3ict tigF 360 TlAFE 500 C
7R F WA 23] dAlAM = AHUE 15R] dimethylphenoxy LF
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o] Fajo} tjEe] FAKE B3l olojzl o= Azhdrt 900 TAlA
9 char FSEL 55%32A E2 F5ES R3E0, chares € o)
2 oh= g aks o e aRA A28 7S I Sole
S22 ) weby agdd ZREAYFE char AP0 Frh
AE Sof HYE Zuldd ez F9- 900 TollA9
char 52 00 7R Wed 18AE E] ¢ poly(ether
ether ketone)® E]o|n| == 712} 46%9} 50%E Bol=tl o|E3} )
S PHA 19 char 58 A33] £ g 2o ik 14

1 9E L?xﬂ“ol PHA 2, 4, 6, 8% TGA €348 B PHA
19] TGA €A o2 e Hod Fth aEs vhegFol
H A== % ¢=_<>ﬂ = B dAjle] "AH 2= 450 T7HA
shte] & whAlet UEebgth PHA 29 A4 B89 olEe
33%EA HEF 340 T7HAY £5d FEr I 08 2=
A£H FHEAE Hth ol DSC EFHANME A5 vk}
o] mel3} ¥HE-T MPEG ©l9] &3] ¥hgo] PHA 13§ M2 &
g=lo] X ¥ ;s vk AF oF 350 CTEEEE MPEGY
Hau-go) olojA doj}y] iF o AZbET) 12|31 PHA 2, 4, 6,
8 w02 FXEY 718719 BAPL oS B 4 A o
MPEG2] EA15Fo] #x17) afiZelth PHA 19 % 482 TEAM 7MW}
=2 AY 2 &4 25 E, PHA 89 A /P e Hu S &
A 25396 T8 Evh WA 5 A7AEL DSC €545
Ao}l Ao AXFHS B R PHA 2, 4, 6, 79 char 552 77} 28,
25, 20, 13%2A] MPEGS] EAFFo] Azl we} 4Ags 590w,
PHA 19] &t & o]slo] HEH]L o] dollx AT vieh o)
B Apox ST S BA o8 MPEG 9IS ARSI W&
olr},

Table 37} Figure 6(b)°]] dimethylphenoxy T3 MPEG Z1E°] 39
5% ATAES PHA 3,5, 7,9 & TGA EIZAHEH AYES 1}
ERASIEE. PHA 32] 7% PHA 13 F31% 244 s Bojex]
BAA T 350 CT/A] v1A L9 TAL BT I o]F RIoflA]
= MPEG2] H3ko g 450 CT7HA] F3 AALE 7HEA sl 4
T4 Bolthrt 450 T olFole euislA walse g By
450 COHAM char 55 54%32A] PHA 2(40%) Robs B2 38 B
P, £ AAe] WHE 1—‘?—9& EA)8}= dimethylphenoxy 2]
ZoA oz Azbac) o] T AyAe debdAl HellAE PHA
19 vl Po] HolxAgk A sfele] H2o)E dimethyl-
phenoxy ZE°] E¥E|0JMA PHA 13 FARHS o545k 18
1} PHA 5, 7, 99] %% MPEG®] E-x}eo] AXAAN FAF &3

J

Table 3. Thermal Properties of PBO Precursors

PHAs T,X(C) T,2(C) T.(C) Residue at 900 C(%)
PHA 1 312 322 482 55
PHA 2 328 344 412 28
PHA3 . 325 332 418 37
PHA 4 322 340 408 27
PHA 5 313 329 413 33
PHA 6 297 337 401 20
PHA 7 302 320 408 26
PHA 8 279 334 396 13
PHA 9 291 313 399 19

“Endothermic peak temperature in DSC thermograms. *5% weight loss temperature
in TGA thermograms. “Maximum weight loss temperature in DTG thermograms.
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Figure 6. TGA thermograms of PBO precursors at a heating rate of
10 C/min.
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Figure 7. FTIR spectra of PHA 2 annealed at 300 C.(a)0h, (b) 2 h, (c) 4
h, (d) 6 h, and () 8 h.

Table 4. Thermal Properties of PHA 2 Annealed at 300 C

e

Annealing T Residue at 900 T
Time () (%)
0 hr 334 28.00
2 hr 334 28.35
4 hr 342 29.61
6 hr 356 32.28
8 hr 488 43.69

“1st weight reduction onset temperature.
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Figure 8. XRD patterns of the PHA 2, 4, 6, and 8.
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Figure 9. XRD patterns of PHA 2. (a) not annealed, (b) annealed at 240 C
for 1 h, (c) annealed at 260 C for 1 h, (d) annealed at 280 C for 1 h,
and (e) annealed at 300 C for 1 h.
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