EARREEFALLEBFEERRY 7S FM = FEROHR
- BREEICRIET EFESI DR -
(BILARE - B15) ORIFA, WKIE—, KHFME

MMEBETHABKEOA Y y biEEp -T2 =L OT7 Iy, VIR
ETHEp-7TI/REEFREZE/ v—¢LL., EGREALEZFIALTRYTI FA 3 F
HBROARZIT o~ EHEIMNFIH SNSRI ICE/ I —DFMAEOEELZELLS
BrElh, BIKRRKICE - TRRBENE LI BLBSEEZRH L=,

(=]

WHFFEER T, EMAMSIC IR st 4 ) S~—fElfbE2 Wb Z & T, p-
Ti/ﬁﬁé&mmm%%wtﬁ%%ﬁUTiF@%%\ikﬁmEDny%@
(PMDA) L p-7 ==L VT 2 /W@M%ﬁWtﬁ%ﬁT)4\F®ﬁ§ ZBWT, K
ROV R AR E VS TR RN EEZ AT HMmERRNCTE s e 2 A LR 2]

BEEA UM IERTFRE ) ~—% W5 & ZOIERFREICH Sk U288 0 B e
B35, 2NET, EXNHE /) ~— DK EREILRIC 103~105 F2E OIS EEN H
5FA IZBWTC, EFESNIIHAICHE S CE 2B 4 EREANIER U ~—fEh O

EIC B2 RIET EEZOND 20, BEEMERLZRATIUR, 4V I~—OkE5bEE
@ﬁﬁ%%¢ka*%®%ﬁ%ﬂﬁﬁé & T, fdn T AR Y ~— D E RS
HIEN R TE D,

Z ZTAMIZETIX. IERE /) ~—Tdh 5 PABA, I NTKFRE / ~—TdH 5 PMDA
& PPDA Z WAL EHFHEHRY 72 KA 2 FPANIZEH L., BRERERM OGS
&wioﬁﬁbwmﬁﬁﬁﬁ EOBRZ M LT, BEAafabic X iRl L7z PAI
A5 O TZREZ K IAF T SHAC Y DB Z SV TRRET L 72,

[525%]
1. BEEEESIESR
Schemel uTTMi*EOD HIHEL SIS RIS OV TR L7,

() nomo + nHZN@NHZ mHZNO “CrILG Random PAI

PMDA o PPDA PABA

(b) 110;m —nHI\@I\H —mHI\O

(0]

Polym-1—

Random PAI

Ethyl p- ammobenzoate
(PABA-E)

— 0]

o OO e O

O
N-(4-Ethoxycarbonylphenyl)-N’-(4’-aminophenyl)pyromelliteimide
(EAPI)

Polym-2 — (b)n Eroc@Nﬁ/\//jq —@—co& + nHN—@—NH
NN-(44° Ethoxycarbonylphenyl)pyromelhtelmlde

O
(ECPI) 2 E(OH JVH @Nm _Q_ENH _@Nﬂ_k

HHTT PAI

HT PAI

n HZNOWE
Polym-3 = OMO +2n HZNO P % ”ON);;Q:‘; —Q—CNH—Q—NH%

Polym-4 n O;j(j::o wn HzN—Q‘I\HC—Q- e Sequential ordered PAI
0 0

4.4 -Dlammobenzamhde
(DABA)

Scheme 1 Synthesis of PAI via four kinds of reaction
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2. HAKFE

TRV MV ARG TEBL AR AT (R))(DBT) ., IREE 2% & L TR Th e
WiRE FC6hEEZIToT2, TNENOERFIEZOWT, LITFIIRT,
Polym-1 : (AT E& D PMDA & DBT Zf{tiAA, 330°C TERliaEff S B 721412 PPDA
& PABA Z[AIFFICIINLES Lz, ZOFS. PMDA 2% % PABA OHIALTE LR
x([PABA)/[PMDA] % 1 & 9 (T4 172,
(b)PABA Z = F )L p-7 2 / XV x— MNPABA-E) L LTy =2 CRIODEAZIT- T2,
Polym-2: (a)8H-Z (H-T) Bl ¥ ZNel L7=E / ~—% 330°C ® DBT IZIRIML CTEE Lz,
(b) ¥E-EE-F-E (H-H-T-T) EAIAZNELI-E /) ~—% 330°C Trafllifit SHi-1%1C
L LED PPDA ZRINL CEA LT,
Polym-3 : PMDA & DBT % {fiA#x, 330°C TIiEIlEfE S H 721412, PMDA (Z%f L C 2
gmak%@ PABA-E Z¥INL 0.5h St L=, £ D, PMDA &% /L0 PPDA % I
ZEAE LT,
Polym-4 : PMDA & DBT % f1:iAZx, 330°C CTHERITIAME S 7=, PMDA & Y E /L&
D4,4-TT7 I )X AXT =Y FRDABA)ZIRINL, AL,

[FER & B8] Table 1 Results of Polym-1 (a)*

Polym-1 (a)(7 ¥ ¥ LEAR) Polymer

PAID T v X LILEGEITH> T2, ZOKE,  Polymer yield Morphology
FERRE /) ~— DN EBHRSNC B A RIE T 2 code X (%)
EERWIREL, ¢ S1E9DRMTEAEITH T2,

Cc
AR ATable LicRd, IRAXZ usnh, Rl 1 76 S%Twe’rslgtzd
73 FREONICA 3 FEAICHAT A= oy g A ere,

7 Z fileqd L7z (Fig. 1), ﬂ%ﬁ#ﬁblmﬂjﬁ*é E—7 = Polymerizations were carried out at 330°C
DHERB S NPT 2 D, MO TRIFD  aq 2onc. of 2.0 % in DBT b Molar ratio of
PAINFARI CE B2 b5, WAXSHIE [PABA]/[PMDAI] © Spheres comprised of
2LV AT L-PANTfE SR A2 A LTy . plate-like crystals © Star-like aggregates of
EREHFE—271F, BV (-7 =L a2 needle crystals

U hA 2 K) (PPPI) fESHICHET B LD TH-7=(Fig. 2), HrH L7=PAIOSEMBIZ %
Tolel ZA, x =1 THBEL L ZZPANTERIRTNL 7 & BOtRAE GG ACIRAE T O BRIREESE 472
ERfx IpfE EE INRAE LT 2 (RY)(Fig. 3()). — 7. 3 =9 Tl L 72 PAIRE S DI REIZ I,
Ty DI % A O ARCRAS fh 3 26 < BlE2 S V7= (R9)(Fig. 3(b)). ROTIL, IRARZY K
LE L OWAXSHIERE B 5 R U (p-_2 X7 3 R)(PBAEES (C kT 5 v — 27 23 g
DIRN DR LN, THOOERERND, 7o ¥ A EES TR L 7-PAIOD 3272858
BeFIXPPPLES T 5 & & % H AL, PBAEEH DN N AYITHLAGA F AL TV RN ATREMED R
I, £, EOZEL TR DA RIFIEDOPAINER L THY ., 25X
HPHALHINIZ X > TR LTV D TREME b R ST,

PPPI

imide C=0
symmetric stretching

imide and amide
amide C=0 C-N stretching
stretching

Transmittance (a.u.)

Intensity (a.u.)

RO

PBA

e

imide C=0
asymmetric stretching
PBA
1 1 1 1 1 1 1 1 1 1 1 1 1 10 2'0 ]‘0 4‘0 5:3
2000 1500 1000
Wavenumber (ecm™) 20 (degree)
Fig. 1 IR spectra of PPPI, R1, R9 and PBA ;‘%- lfBVXAXS intensity profiles of PPPI, R1, R9
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5 um

Fig. 3 Morphology of (a)R1 and (b)R9 precipitates
Polym-2 (EFFHER U = —DERK)

HEERYOFEZW LT 5720, EFRSENE LT ) v~ —2HWCERME
PAI DA EAT > 72(HT, HHTT), EARER % Table 2 12777, IR, WAXS 7> 5 PAI # i
ThbHZ xR LI-(Fig. 4), SEM B0 5, PAI S OTEAEIX, HT & HHTT W9
Bk A it ¢ 3 - 72 (Fig. 5(a), (b)),

Table 2 Results of Polym-2°

Polymer
Polymer Monomer  yield Morphology =
code 3
(%) <
HT EAPI 66 Plate E
ECPI, E
HHTT PPDA 75 Plate
* Polymerizations were carried out at 330°C at a " : ‘ m o
conc. of 2.0 % in DBT 20 (degred)

Fig. 4 WAXS |nten5|ty proflles of HT and HHTT

S um ) 5 um
———— s ——
WD 8. 6mm 20. OkV x10k Sum WD 7. 4mm 19. 0KV x10k Sum

Fig. 5 Morphology of (a)HT and (b)HHTT precipitates

Polym-3 (Vv Ry MEHER)

PMDA & 2/ E /L EDOPABA-EZ KIS S TEPH-H-T-TH#SH AN L. ZD%PPDA
ZWINT 52 ETHHTTO U ARy M A5 A 7-, AT71E(OP)iZPolym-1 (b)) Z &
LAHLHEERE2) LR —HMETH D720, HEMEZRE2 L JfE TTable 312~7, IRE
WAXSHITE DRERNG . PAREER THD Z L 2R LT, £7o. WAXSHIE LV, OPIX
PPPLEEH(Z 3k 3 2 [T B — 7 ZMEIETH L L Tz, FEmEREIL, REzijﬁwvwwz‘f*
g Cd D DITxF LT, OPIIHHTT & HAMEL L 72 AR i C & - 7= (Fig. 7(a), (b)) -

Table 3 Results of Polym-1 (b) and Polym-3° PPPLESHIZ &S

SERE— AT
Polymer HRE—INEZFITHE

c

Polymer : tad
yield Morphology
code (%) (h) 3
SPY Plate, z
RE2 2 58 0 Sphere :
OP 2 71 0.5 Plate B
* Polymerizations were carried out at 330°C at a

conc. of 20 % |n DBT ® Molar ratio of
[PABA-E]/[PMDA] ° Time when PPDA was added
into solution after PABA-E added into solution
Spheres comprised of plate-like crystals  Star-like
aggregates of needle crystals

20 (d?gree)
Fig. 6 WAXS intensity profiles of RE2,
OPand HHTT
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5 um

WD13. 6mm 18. OkV x10k

Fig. 7 Morphology of (a)RE2 and (b)OP precipitates

Polym-4 GEEHEFIEE)

U Loz E 2 PMDALDABA
rE/)v—L Lfié\ L7, ﬁﬁ{f@i\ ;l;‘.r:(lrtlel:k stretching
PPDA L PABAIZ X %3885 % DABAD 7
IZHIE L7-EAETH D, EFESN
FHLLT NI LT 2 NEEHARY
<~ — AR ASA TN D Z LR
HFFTE D, 87% DK TPAI(SOP) 2
Bo, IRARZ hne, 1650 cm™
fHEDT I RC=OfffEDO E— 27 3 LY
BEICAOND L) ITeoT-(Fig. 8), . - -
WAXSYEUE%%%’ E N 29:19806\7_-6@1/ \IE] Wavenumber (cm)
hree—r 2845 ﬁEE%L“( HAHZ & Fig. 8 IR spectra of R1 and SOP precipitates
B35 725712 (Fig. 9). fiahfF B, K&
&1.0-1.5 umn## ﬁm@m%hﬁﬁ
KCThot-, iz, BEL TN RNE

Zimn bR C& . K S1305-1.0 um
T%otGﬂ]@ AEA R TIERL

ﬁﬁf%é [ZH b 59 T
Hj L/7L&— PAI D it T REROHE pb I 1 13 | NV |
L< Bipo TV, e g T

imide C=0

f \ /Y
| / . -
asymmetric | “ \/ \ / amide and imide
N ., f A4 . .
stretching | | amide C=0 |/ C-N stretching
\ | stretching

Transmittance (a.u.)

RI i e

Intensity (a.u.)

20 (degree)
Fig. 9 WAXS intensity profiles of R1 and SOP

[%%]
aftmibic X I L7e PAL fS O
EIEIﬂ:/:Ab I, $féﬁﬂ§[ﬁ‘§ﬁ%%’]ﬁ”‘5 kf%

‘5 v L/< ﬁfoeé &ﬁ)/\ﬁ)OfLo \—O)ﬁt%i I_J
. i WAEIETE A & R U 7238 LU GE e B il 4E
M A A RO FREME A2 R L T D,
Fig. 10 Morphology of SOP precipitates
[2%Z 3R]
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