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Abstract: A series of fluorinated aromatic poly(hydroxyamide)s (PHAs) were synthesized by direct polycondensation of
diacides containing 2,6-dimethylphenoxy group and quinoxaline ring in the main chain with 2,2-bis-(3-amino-4-hydroxy-
phenyl)hexafluoropropane. The PHAs had relatively low inherent viscosities in the range of 0.35~0.43 dL/g at 35°C in
DMAC solution. All PHAs exhibited excellent solubility in aprotic solvents such as NMP, DMAc, DMF and DMSO as well
as in common organic solvents such as pyridine, THF, and m-cresol at room temperature. However, the poly(benzoxazole)s
(PBOs) were quite insoluble in all organic solvents except partially soluble in concentrated sulfuric acid. The PBOs showed
glass transition temperatures between 233 and 284°C by DSC and maximum weight loss temperatures in the range of 536-

546°C by TGA.
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Scheme 1. Synthesis of PHAs.
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Scheme 2. Synthesis of PBOs.
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Results and Discussion
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Figure 1. '"H-NMR spectrum of the PHA 1 (DMSO-dg).
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Figure 2. FT-IR spectrum of the PHA 4 (KBr).
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Figure 3. '"H-NMR spectrum of the PHA 4 (DMSO-dg).

Table 1. Inherent Viscosity of PHAs.

PHAs Nink®
PHA 1 0.43
PHA 2 0.41
PHA 3 0.35
PHA 4 0.40
PHA 5 0.36
PHA 6 0.41

Inherent viscosity was measured at a concentration of 0.1 g/dL in
DMAc at 35°C.
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Table 2. Solubility of the PHAs and PBOs.

Polymer

solvent®

code DMAc NMP DMF DMSO

Pyridine

m-Cresol THF TFA H,SOy4

PHA 1 0}
PHA 2
PHA 3
PHA 4
PHA 5
PHA 6

e}

o O

o

PBO 1
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PBO 4
PBO 5
PBO 6
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>
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>
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O : soluble, A : partially soluble, x : insoluble DMAc : N,N-dimethylacetamide, NMP : N-methyl-2-pyrrolidone, DMF : N,N-dimethyformamide,
DMSO : dimethylsulfoxide, THF : tetrahydrofuran, TFA : trifluoroacetic acid

solubility was tested with 10 mg sample in 1 mL solvent
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Figure 4. DSC thermograms of PHAs at a heating rate of 10 °C/

min: (a) PHA 1, (b) PHA 2, (c) PHA 3, (d) PHA 4, (e) PHA 5, (f)
PHA 6.
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Table 3. Thermal Properties of PHAs and PBOs

PHAs PBOs
code T, AH code T Tiow® T Residue at®
(O /g 0 (O O 900°C(%)
PHA 1 324 40 PBO 1 284 519 536 57
PHA 2 318 22 PBO 2 264 525 540 56
PHA 3 313 28 PBO 3 269 526 540 59
PHA 4 309 36 PBO 4 258 533 545 58
PHA 5 300 10 PBO 5 233 535 544 60
PHA 6 290 51 PBO 6 271 536 546 59
*Endothermic peak temperature of DSC thermograms.
®Glass transition temperature of DSC thermograms.
°10% weight loss temperature in TGA thermograms.
dMaximum weight loss temperature of DTG thermograms.
‘Residue at 900°C in nitrogen.
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Figure 5. DSC thermograms of PBOs at a heating rate of 10 °C/
min: (a) PBO 1, (b) PBO 2, (c) PBO 3, (d) PBO 4, (e) PBO 5,
(f) PBO 6.
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Figure 6. FT-IR spectra of the PHA 4 (KBr) as a function of
annealing temperature; (a) not annealed, (b) 270°C, (c) 300°C, (d)
350°C for 30 min.
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Figure 7. TGA thermograms of PHA 4 at a heating rate of 10
°C/min in N, (a) or in air (b) atmosphere.
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Figure 8. TGA thermograms of PBOs at a heating rate of 10 °C/
min in Ny: (@) PBO 1, (b) PBO 2, (c) PBO 3, (d) PBO 4, (e) PBO
5, (f) PBO 6.
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7} 545°C 18] PBO 57} 544°CZ& quinoxaline 112] 2] 3}
o] Holds2 AYLRAEE 257} 2715 AFHS B
k. Jang 5199 Ao A= quinoxaline 112]2] Fego]
7hgtol et H Y EeEE 27 Hastes RS
=0, & diolAYg dae 238 wiY AaE 2o
quinoxaline 112]7} 2,6-dimethylphenoxy 1E X Tt 5349
WEAGdE woled a3 YE 2ot Quinoxaline 1] 9]
Ue AadAS0] FEAY 4 B ES Foled 714 &
Aoz Azr HA, Jang 59 AFolA] AME-SIE benzi-
dine T} B Ao A ARESE hexafluoroisopropylidene 1
£3} 0|5 e ST ALEo) tigt 2714 A7 2
a5k AZHET 900°Col A ZHE AFFAAE oleh &
AR A3HE A3tk PBO 19] 57%, PBO 6] 59%, 18]l Zt
Z=3H|E21 PBO 27} 56%, PBO 39] 59%, PBO 47} 58%,
PBO 57} 60%Z quinoxaline 18] 2] $+&Fo] Z713to whe) u)
Mgt F7F o] A9t Zhfgo] F7ehe A Ko, Jang &

2 ol
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Figure 9. XRD patterns of PHAs and PBOs.

o] A+ Ao} uttf o] AnE Bt o] AyE2 A
O Jang 5'°9] AT Ao}l v|wEHH, 10% 27| EH2E
L 582~622°C, Y EEIPEE 2= 630~659°C 181 7+
T 65.4~70.8%2 2 A4 2 27|EFH2E 519~
536°C, AP EEIEE 2= 536~546°C 1811 Z-§-3F 56~
60% Xt} 3 oA BFE AN 2 AWE Ytk ol= F
SHA 9] txo) =% H7)3t hexafluoroisopropylidene 1&
o S 54 FAlE e FRT ATL s}o] FoNE}
S HIAE A QP ABlel ¥ Egol Hlx| 2511 2
52 o3} AR Yu]eteh. 22y Table 39] & AtoflA]
HolE d ¢4 B4 240535 o8 WEAS L&A=
WoHH A3 2FE FPE2 obdS & & AUtk tE:A Y Wk
% WE4d L&A Kevlar®t Nomex®| gh53} H|al 3 2
Kevlare] A% JgdBdE&r 2= 476°C, ZF4FE 31%
©]3L Nomex?] ¢ HhEEAEE 2=+ 506°Co] 3L T
FE B3%E 2P o]F FET vl BH 2 AtelA
o AfE2 23 W2 gE0l ofde E 4 Utk wEkA £
Atolx e =S T o 2 st vl Y HA
o g ¢kgAo] &2 PBOs o] FAHISS & + At
Figure 99]] PHA 4¢} 6 1231 PBO 42} 69] t3t X-Ray 3]
A 55 vluste] 2ech PHA 49 62 H7|3F hexa-
fluoroisopropylidene 15 =02 AEE7HY] of7) &
2 W ARE AT 18 AR st RAY AHE
a5z halo BFY) & YW REZE 3d 3A4S 240 2
Zu} PBO 49} 6 PHA 49} 6 Hi}= & o 7%
Ho] 3£t o= PHAs Erf & o Axg 9o E 9 benz-
oxazole =2 R o2 Ayzr=HET) o]z]3t 9§ 2] benzoxa-
zole BAL PHAs RrjE Et] G819 ASELS] 172
F= & Ao woEn? o]t A= PHAs Bt X
22 PBOs 9] &3 EATE DI IA7F AU

lo

733t intensityS

Conclusion

2 AN = gt 25 7= PBOsY 3= EAS
FF A7 259 943 EAES AR 3 229 2,6-
dimethylphenoxy 7153} quinoxaline 18| & Zt= WA &3}
2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropang 2=
ol Yo d= Z2 I35 AA 2159 4L AR
o A4 E = A 4 S5EAEY 4 9 259
durdQl 44 9 44 E4 A e o 2o 4 %
HAES] 4 &2 FT-IR E FT-NMR o 9J8fjA] &<l 3}
At BAE AT THYEE WRH W 035-0.43
dL/e& Rt PHAsS €3] ZAl|A DMF, DMAc %
NMP 52} 22 1] 94 ok obvj2} pyridine, THF 3
m-cresol 53 Z2 ARt 7] Srfjoll e A2oA & F3=
£ Holy $oIE S4L ugtt % FUA F 240 ¥7)
3}a1 A o] =2 hexafluoroisopropylidene 1E9] =919 &
She} ErEich e} PBOSS Q13 SHAke] REH 02 83

£ ue golE 542 B3 PBOsS DSC @ A4l
233-284°C Qo 4 ERT F2) WO LES S BT PBOs
o 27] ¥4 £ U AGARAEE LELE 27} 519-536
°Ce} 536~546°CE HF .1, 900°Co| A &) Z-E&-FL 57~60%S
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