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ABSTRACT : Poly(o—hydroxyamide)s as polybenzoxazoles precursors were synthesized by
polycondensation from 2,2'—bis(3—amino—4—hydroxyphenyl)hexafluoropropane and various
bis—acids. And the polymers were modified to acid—sensitive polyamides by introducing
tetrahydropyran in order to impart photosensitivity. A study of optical transmittance at 365 nm,
according to the chemical structure of bis—acid, revealed that the polymer derived from
4,4'—oxydibenzoic acid showed better optical transparency than those from other bis—acids.
This tendency of optical transmittance could be explained by formation of charge transfer
complex. In case of the polymer derived from 4,4'—oxydibenzoic acid, the electron accepting
characteristic of bis—zcid is reduced by introduction of electron donating group, —O—. Thus,
optical transmittance increased due to the diminished formation of intramolecular charge
transfer complex. In addition, the optical transmittance increased with increasing the THP
content in the polymer. This is attributed to the reduced intermolecular interaction by the
loosening of the packing density of the polymer chain.

Keywords  poly(o-hydroxyamide), polybenzoxazole, optical transmittance, charge transfer complex.
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Alek Ado] A3 N AN-dimethylacetamide
(DMACc), N.N-dimethylforamide (DMF), tetrahy-
drofuran< &4 Z CaH. & AFE-8le] 1247 oAt
o) g4t & fgedsto] Fis okl ARREf
o I dE KOHE AHE-slo] 2417 5ok &4
< ¥ FHste] AHgskith
2,2'—Bis(3—amino—4—hydroxyphenylhexaflu—
oropropane (Central Glass Co., LTD, >99%)2 &
T 71z38ko] AFE3EFSITt. Isophthalic acid (Junsei
Chemical), 4,4'—oxydibenzoic acid (Tokyo Kasei,
>98%), 4,4'
Kasei, >98%), 2,2—bis(4—carboxyphenyl)hexa—
fluoropropane (Tokyo Kasei, >98%), 3,4—dihy—
dro—2H-pyran (Aldrich, >97%)%= T3 AFS
A glo] Abg3talch 718l vhE AlerET £
S5 T8 AEFE AARTY slol AFEskiTh

.’E 32 o

—dicarboxydiphenyl sulfone (Tokyo

HA g ghekd], 2=3A) 9 7 oghe] 313Ee)
F2EA2 98 'H-NMR# FT-IRS AHE3kch

'"H-NMR 2#E#& Bruker AMX—-300MHz #%
Ag AHgstel AN oH, FT-IR AHEHS
Bio—Rad Digilab Division FTS—165 FT—IR 3%
AE AHgste] HAskUrh A9 Fa A9EHS
S—21—Photodiode Array 3% BFEAEZE ALgaled
quartzglell ¢FAl E=3x3te] 365 nmellA FAdskich
AEALS TA instrument 2950, BF5F £V
(thermogravimetric analyzer: TGA)$®} TA in—
strument 2950 @Az} 47 (differential sca—
nning calorimeter: DSC)& o1 &3}e} A4 7|57 &F
olA 10 T/ming] 7HMEEERE 94 B35 #4390t
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Bis-acid chloride®| &t @ A4 F-917|8kllA &=t
2~ dicarboxylic acid®} #H&2] thionyl chloride

2 Y3 Hujzke) DMFE YolF ¥ 80 TolA o
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Isophthaloyl chloride : 'H-NMR (CDCl3) : & 8.83
(s, 1H), 8.43 (d, 2H), 7.73 (t, 1H).

4,4'-Oxydibenzoyl chloride : '"H-NMR (CDCly) : &
8.16 (d, 4H), 7.15 (d, 4H).

Bis-{4-chlorocarbonylphenylsulfone
Cly) 8 8.23 (d, 4H), 8.10(d, 4H).

2,2-Bis(4-chlorocarboylphenylhexafluoropropane :
'"H-NMR (CDCls) : & 8.14 (d, 4H), 7.50 (d, 4H).

PAOHS| &t4: PAOHS UnhAQl FE2 o3
o "Aa B71skeld Zakme] bis(o—amino
phenol)& DMAc(10 wt%)olA 3087 wRksked
£3A17 F HEHA eq)s 7k H%Q’—‘:E
0 TR A3t 3087 witAHY. ©
ol bis—acid chloride® Y1 ®YH8}HA
AT o3l H89 AAE A T
AlZl 3= ojTste] 4= zbEle] A de-2d
23t} 50 T AFeEoA FEs]
A A 28-S Ak

PAOH-OXY : 'H-NMR (DMSO—dg) : § 10.35 (s,
2H, OH), 9.53 (s, 1H, NH), 7.97 (d, 4H, aromatic
H), 7.86 (s, 2H, aromatic H), 7.13 (d, 4H,
aromatic H), 6.95 (s, 4H, aromatic H).

PAOH-IP : 'H-NMR (DMSO—ds) : & 10.33 (s,
2H, OH), 9.71 (s, 2H, NH), 8.53 (d, 1H, aromatic
H), 813 (d, 2H, aromatic H), 7.90 (d, 2H,
aromatic H), 7.63 (t, 1H, aromatic H), 7.07 (d,
4H, aromatic H).

PAOH-6F : 'TH-NMR (DMSO—-dg) : & 10.32 (s,
2H, OH), 9.71 (s, 2H, NH), 8.02 (d, 4H, aromatic
H), 7.85 (s, 2H, aromatic H), 7.43 (d, 4H,
aromatic H), 7.02 (s, 4H, aromatic H).

PAOH-S02 : '"H-NMR (DMSO—dg): & 10.33 (s,
2H, OH), 9.78 (s, 2H, NH), 8.11 (d, 8H, aromatic
H), 7.85 (s, 2H, aromatic H), 7.02 (s, 4H,
aromatic H).

CO : 'H-NMR (DMSO—ds)

230

"H-NMR (CD

O
O

7F
I

o ri OFD P
> oo 12

ol
2 A
Zste] 3

l‘_n\L i :1111 4; o
m{n

©8 10.33 (s, 2H,

OH), 9.75 (s, NH), 9.55 (s, NH), 851 (d,
aromatic H), 8.12 (d, aromatic H), 8.03 (d,
aromatic H), 7.89 (s, aromatic H), 7.63 (t,
aromatic H), 7.16 (d, aromatic H), 7.03 (s,
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aromatic H).

PA-THPL| &4 : Ax E71stlA EeAIel
PAOH®} THF (10 wi%)E ¥ § 307 42
A g3iAZTh 937]9) p—toluenesulfonic acidE ¥
& &t 3027 9gAFITh o) ¥R gl 3.4
~dihydro—2H-pyrang Y1 2A13F &<]F w¥He-&
sto] Aol Aol §H4& 0 TE WAAZ weg
FM A HHAT|IL oAt 5= el AH wg
21 FRFE AFHSAk 50 T "AFg el A
Zapo] A ) EHE 9sivh

"H-NMR (DMSO-dg) : 8 10.37 (s, 2H, OH),
9.80 (s, 2H, NH), 8.52 (d, 1H, aromatic H), 8.11
(d, 2H, aromatic H), 7.95‘(d, 2H, aromatic H),
7.89 (d, 2H, aromatic H), 7.63 (t, 1H, aromatic
H), 7.11 (d, 1H, aromatic H), 7.07 (d, 3H,
aromatic H), 5.57 (s, 1H), 3.83 (s, 1H), 3.52 (s,
1H), 1.82 (m, 3H, aliphatic H), 1.47 (m. 3H,
aliphatic H).

FT—-IR (KBr): 3425 cm™ (NH of amide), 2947 cm™!
(alicyclic C—H of THP), 1684 cm™' (C=0 of amide).

Zot H nE
DExle] 1R HE W HH BN YR

Hoﬁ @ BOH + soCl; ———»

. CFyn_ CF, it o o
2 NH;
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AMg o7l HEkE Egloju] 52 Scheme 10 A
Al el oz HdEI e, Figure 1ol #4d4
kL Zgjolu|ie] 'H-NMR A9EH S Jehigl
L‘}. A73 1.82 ppmell THPS A#=% el C-H
ok 27} Lbephclal 5.57 ppmell THPS C-0 Ag
of ol b A7E vhehh 7.0 F-8 8.52 ppm7tA]
12 WS oFAAE debdth f1ia 9.80 ppmel
2 N-H$F 10.37 ppmel #l5717F &35} o)
FHE] o] ardtal d-talis oF 42.5 mol% 2] THP7}
2350} 9les glst 42 glgitt THPS x3-&
Figure 29 FT-IR A#EHOZHELE 13k
Qlizdl. 1684 emle] ohuxiol C=07} el
2947 em ol THPE A5 2] C—H7F el
3425 em ol opr]=o) NIy wlwh-ge] #ir]7}
LFER b Qluh, o) RE] whERE Edleln]izo) Ak
A7/1%0 THP7E A 3k= Q3-8 &I 7 Ak %%
FREG-S Ao A olitejFom WEEAITEE: 3ATE
o]aiﬁ} ALY T NMP £ 0.5 g/dlLe]
30 T STox &4 a}OﬂOrd Table 1]
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Scheme 1. Synthetic route of monomer and polymer.
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Figure 1. ]H—NMR spectroscopy of PA—THP—-42.5 (solvent: DMSO—dg).
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Figure 2. FT~1IR spectrum of PA~THP—-42.5.
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Table 1. Characterization of Polyamide

€X0

code mole ratio 7 (dL/g) 7(0) 70
PAOH-GF  GFAWGF- 03l 30 48
PAOH-S02  GFAWSOZ-VL 0% a4 4
prod-oxy AT g g0

-y PO p o w ow

co-s AR 3

co-r  CFAHERRY g a9
paok-lp RO o

pa-tip-z2 LA 0% 3 47
Pa-THp-425  STARIFL] % W s
PA-THP-T73.4 %?/17};41;3 06 30 A3

ol Yebd A3t o] o] 2& oA BFEH Ea
op| E7b FEWESARE
£kl iﬁﬂbiﬂ A
FT-IR AZEqela] #3138 5 gle ukel o),
300 TE 1 AIZF F2b 7Fd el whel, 1647 cm™' 9
ofp| = 337} AbebA e, 1491 cm™l oA o) WlESAY
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Figure 5. FT—IR spectra of PAOH and polybenzoxazole
(PAOH film cured for 1 hr at 300 C).
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Figure 6. TGA thermogram of PAOH.
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Figure 7. Bis—acid moieties arranged in order of thermal stabilities of the polymers.
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oA 25 wt%7HA] thekskAl NMPel &31E A1z
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AE 29 7Y SR} A7HE HIAIZIHEA quartz

o 28 FE-& AAE F 90 T 7tdels 5%

io
o

oo o o i

At "ES FEarE 29-sAAd B
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Table 2. Solubilities of Polyamides

sovent PAOH-IP TA0H PACH Pié%? o5 _TZ%};
hexane - - - - - -
cyclohe- + ++ + ++ v 4+
xanone
toluene - - - - - -
chloroform - - - - - -
THF* ++ ++ ++ ++ ++ ++
Zc_)lt:é?r; + -+ 4+ e+ + 4+
PGMEA? + ++ ++ ++ ++ 4+
methanol + - - - - -
acetone + o+ + ++ + ++
DMF* ++ ++ ++ ++ ++ ++
DMAc? ++ o ++ ++ ++
NMPe¢ ++ ++ ++ ++ ++ ++
DMSO/ ++ ++ ++ ++ 4+
water - - - - - -
TMAH? ++ - + + + -
HZS() A ++ ++ ++ ++ ++ ++

#*+ Solubility: ++, soluble at room temperature; +, partially

soluble or swelling; —, insoluble

“THF : Tetrahydrofuran.

*PGMEA : Propylene Glycol Methy!l Ether Acetate.

‘DMF : N, N—dimethylformamide.

‘DMAc : N,N—dimethylacetamide.

‘NMP : N—methyl—2—pyrrolidone.

DMSO : Dimethy! sulfoxide.

STMAH : 2.38wt% aqueous solution of tetramethyl
ammonium hydroxide.
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Zolt}. Figure 9+ bis—acid®] F+2¥ 3ol & F
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Figure 8. The intra and inter molecular charge transfer
of polyamide. Arrows indicate the directions of electron
transfer.
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Figure 9. Transmittance change of various polya-
mides with film thickness (at 365 nm).
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