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2 o Imide 991 EHSE diamine?t dicarboxylic acid ©##E, N-(4-aminophenyl)-4-aminophthalimide(APAP), N-(4-carboxyphenyl)-4-
carboxyphthalimide(CPCP), N,N-oxydiphenylenebis(4- aminophthalimide)(ODPAP) 282 N,N'-oxydiphenylenebis(4-carboxy-phthalimide)(ODPCP) 2
gAsAt 471 tetlg TFE GAAED d7l2ZEANS T GRAES M2 S3T0S8Y imide DAV 22 A EF poly(imide-amide)sS
At T3 imided S ¥838HE diamine ‘?}%bﬂl 7} terephthaloyl chloride, 2231 isophthaloyl chloride® %33l poly(imide-amide)sEE &
Aot olgA 48 FHAEL NMPALICIESS oi¢ 2 gasidoy aste] 24 w|%xd 34 vl DMF, DMSO, 222 DMAc Sdl+
80 TNz B %fﬂlia B FEo, avte] 3 @E— 0.18~067 dL/gE EdFQ2m NMP/LCl $ 402 RE] drdin BAR7] 4& o] &4
HAh FHHEL 500 T oldollA f8] Ho] 2= 2§32 B Yo G FF BAHA 10% T 2% 500 C 2244 Jeht £4:3
24 4% iai—r%l‘:}.

Abstract: Imide-containing diamine and dicarboxylic acid monomers, N-(4-aminophenyl)-4-aminophthalimide(APAP), N-(4-carboxyphenyl)-4-
carboxyphthalimide(CPCP), N,N'-oxydiphenylenebis(4-aminophthalimide)(ODPAP) and N,N’-oxydiphenylenebis(4-carboxyphthalimide)(ODPCP) were
prepared. Poly(amide-imide)s were prepared by condensation reaction of the diamine and the dicarboxylic acid monomers. Poly(amide-imide)s were
also prepared from the diamine monomers and aromatic acid chlorodes such as terephthaloyl chioride and isophthaloyl chloride. The polymers
possess inherent viscosity of 018~0.67 dL/g and brittle films were cast from NMP/LICl solution. The poly(amide-imide)s are easily soluble in
NMPF/LIiCl and also partially soluble in polar aprotic solvents such as DMF, DMSO, NMP and DMAc even at 8 C. DSC traces of polymers
showed no glass transition temperature and melting temperature, and TGA traces showed a 10% weight loss at 500 C.
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N-Phenylphthalimide® ¥3sle tolld gtz BAsez Az Zeolgus-ojnje [, Az9 43 43 139

S dolels gA2EAL BBASS FAGT olEL Az 3
Feto] ozl 1A Welel polylimide-amide)s® Aol 159l
o8 1A B4E ZAS,

2.4

4-Nitrophthalic anhydride, 4-carboxyphthalic anhydride, p-
nitroaniline, p-aminobenzoic acid, 4,4'-oxydianiline(ODA), N-methyl-
pyrrolidone(NMP), #1249, thionyl chloride, dimethylacetamide
(DMAc), N,N-dimethylformamide (DMF), Pd/C(Aldrich Chem.
Co.) 5 Aokg AEL AHalglel A3k Terephthaloyl
chloride(TC), 2] isophthaloyl chloride(IC)& R-F3loA 43}
wog Axse ALE81Y 28 N-methylpyrrolidone(NMP)2 &
S 93 FF6lo o}2ERZE BL AAY F AT FFeq A
43 '

Aol AMEZHL Midac Model M-1200 HJ4 37|15 A&
o] d%1om] 'H NMR 29 E#L Varian Gemini-2000 spectro-
meter® JUth 1H AEE NMP-LICIE &ui238lo 1 g/dLe]
£ 92 Cannon-Ubbelohde BEAZ A48l 25 TAA 2334
th. AR GEALS Dupont 2100 € 247, 4 F% AL
Perkin-Elmer 7 TGA-E24 A& A&t 24314}

2.1. N-(4-Aminophenyl)-4-aminophthalimide (APAP)<|
Ao

37 Zel24 39 4-nitrophthalic anhydride (965 g, 50 mmol),
4-nitroaniline (695 g, 50 mmol), %% DMF (100 mL), 231
EF4 (50 mL)E ¥3 Dean-Stark ZX& HXsla 120 CollA
2N BR3tY 902 £ES AANAY. whgo] 95
g EHRES do-29 Bl FAESE At 1A YR E
& A DMFe| &35t wgt o] JAAA w48 AL
At} N-(4-nitrophenyl)-4-nitrophthalimide (9.42 g, 30 mmol)Z
DMACc (30 mL)ell =o]x 10% Pd/C (02 g)& ¥l 3714 4
dee A azsld HF APAPE FAEHD. dojd ETAe
AN ES HF DMAc/dEolAEHE (50/50)&HoA AE 45
A}

APAP : Yield 70%. IR (KBr): 3350 (N-H), 3040 (C-H), 1730,
1680 (C=0), 1210-1100 (C-N) ecm™. 'H NMR (DMSO-dp): &
78-12 (m, 3 H, NH;Ph-), 72-68 (m, 4 H, -O-Ph-NHp),
4.8-43 (br, 4 H, 2 ~-NH>)

2.2. N-(4-carboxyphenyl)-4-carboxyphthalimide(CPCP)
9 Y

4-Carboxyphthalic anhydride (960 g, 50 mmol), 4-amino-
benzoic acid (6.85 g, 50 mmol)& =3 DMF (100 mL), 22z
E5F4d (50 mL)E Y1 Dean-Stark¥AE HA3 F 120 TAA
1N R & AASIG who] EY ¥ wbg ERE
AE-Eo Fo] FAAN T JAH AL AFsgd. AN E
TtA] DMFOl g3ist wgbgo] FAAA w@e] 2FL @
o odolAglo|EA AAAFHL
CPCP : Yield 78%, mp 377 . IR (KBr): 3450 (aromatic
C-H), 1780, 1735 (C=0), 1210-1120 (C-O and C-N) cm™. 'H
NMR (DMSO-ds): & 98 (2's, 2 H, 2 ~-COOH), 78-70 (m, 8
H, CO-Ph- and N-Ph-COOH)

32 o mio

2.3. N,N-xydiphenylenebis(4-aminophthalimide)
(ODPAP)9| A

4~Nitrophthalic anhydride (9.65 g, 50 mmol), ODA (5.00 g, 25
mmol) & AZ% DMF (100 mL), 282 £F4 (0 mL)& ¥
% Dean-Stark 3 & X33 120 CoAA 24 AT #FH3td
28 dé&xoz AAFHGT whgo]l it I uhS TFPEL AL
-Bo AAA7IL A4E 1A ZHE dFHsHh AHES O
DMFel| &35t wighgo] HANA MY AAE A% 4
A" N N'-oxydiphenylenebis(4-nitrominophthalimide) (10.71 g,
30 mmol)& DMAc (30 mL)ol =olx 10% Pd/C (0.2 g)& %o
37149 F4 FHolA Fagstd HF ol FEAE A3}
Aot ¥oj of?l F=AE DMAcAM AZBAs S At

ODPAP : Yield 74%. IR (KBr): 3350, 3060 (C-H), 1760, 1742
(C=0), 1190, 1012 (C-0 and C-N) em™. 'H NMR (DMSO-dy):
g 19-71 (m, 6 H, 2 -Ph-NH>), 77-10 (2 d, 8 H,
N-Ph-O-Ph-N

2.4. N,N-oxydiphenylenebis(4-carboxyphthalimide)
(ODPCP)9| 4

4-Carboxyphthalic anhydride (9.60 g, 50 mmol), ODA (5.00 g,
25 mmol)& 7AZ3 DMF (100 mL), 282 EF4 (50 mL)E ¥
I Dean-StarkZ X & AA3t2 120 CTollA 4AL BFdd +=8
& AASG. o] Ed F WS EFEL -8 Fof F
A7 BAE RS dFsig. 448E 94 DMFY 43
3t3 o] & thA] WEgo] HHAA M A4 Ak

ODPCP : Yield 82%. IR (KBr): 3500, 3087 (C-H), 1780, 1742
(C=0), 1310-1014 (C-0 and C-N) em”. 'H NMR (DMSO-ds):
8 97 (s, 2 H, 2 -COOH), 18 (m, 6 H, aromatic H's), 7.2-6.8
(2 d, 8 H, -N-Ph-O-Ph-N-).

2-5. ZYSEol 2J8t poly(amide-imide) &9| &4

A2 F F, 294, 1282 dropping funnel& A& 37
Eet230) dolwl gkxl APAP(G.02 g, 20 mmol), F2d (40
g), 281 NMP (15 mL)& %o & £3j43tk & gg Zga
3o F2EA4 @A CPCP®6.19 g, 20 mmol)% 20 mLe
thionyl chloride® ¥x ¥& 718t #7319 diacid chloride®
YHEX I3 thionyl chloride® Z739 944 AAY 5 ol&
15 mLe NMPdl| &35t H3} Zarjo] Qo] 308 24 H3}
stk 1 ¥ uhg EREY 2EE 80 TE A7 1047
o g A&Egd Bheo] F39 ¥ ukg THPEL de-E
of Fof AA7IL HAE L dFsd gy 22 A3
& 3 o e AFsgen 2eun YHNEL AAG7)
A3te] 14-dioxaneolt THFSIA #7FAZ o o3l H=
poly (amide-imide)-& 21t}

02 729 poly(amide-imide)E%= Z& W] oo A zxs}
gen A o= B E XIsE golul FEAE APAP S
ODPAP, 18] 3 terephthaloyl chloride % isophthaloyl chloridest
A wrgstd FHAE AzsPo

3. Znt & 1F

totdl =AM ZA 4-nitrophthalic anhydride nitroaniline, I
Z3 ODAE AMg3to] o|m=3 uhgg A3Ysto olnj=g ¥
e UUEZ JFEES FHT T 91EL 10% Pd/C EA 3l
A Fas WeE AYsd HAF: tolul dFAE N-(4-
aminophenyl)-4-aminophthalimide(APAP), N, N'-oxydiphenyl-enebis
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Scheme 1.
(4-aminophthalimide)(ODPAP)E Scheme 13 zro] #4s}iu)
T3 on=g T UINEAN GFHE  N-(d-carboxy-

phenyl)-4-carboxyphthalimide(CPCP) N, N'-oxydiphenylenebis(4-
carboxyphthal imide)(ODPCP)& 4-carboxyphthalic anhydrideZ
ODA 9 4-aminobenzoic acidst ¥Hg-ste] §Adstg}.

doidl dHAEL BF =FAL 8 Buido Aoz
DMSO, NMP % DMAc 59 # =sten olg9 THF, 28z

Aot HoE EF S5 & galatgch

ol TFAEE AHESIY om=g T dst: ZHolojol=g]
TAL 4z Yol ©FHE APAPS ODPAP, 13w fjs2
Al @2AE CPCP ODPCPE ZH7t wlz whgsle] §Ads
Atk WA O7EAA GHAES thionyl chloridest ¥Hg-ate] &
ozl oln=g Tgsh= diacid chloride2 A$H3le] NMP &3
AA & F8A2A D E A3 poly(APAP-CPCP), poly
(APAP-ODPCP), poly( ODPAP CPCP), 221 poly(ODPAP-
ODPCP)E€ %% Z¢ ol Scheme 29149 Zo] #A3 L)

W olui=E ¥XFshe tolwl FEAEL A terephthaloyl
chloridest isophthaloy] chloride® ¥+&-3le] ojnzg Z3a= =
oM EE% §Ae9ith U terephthaloyl chloride®} isophthaloyl
chloride—J g T Wgol AP Al LHEE 1FA LiCl

& A7kl wee AT,

olsh 2ol 24 plylimide-amidesa] 44 3= FTR
283 Yoz BASY 448 FRASE 24 33
z 04.—3— A4HoR AT gonz oo de g8yl F
Aggol FRA 2euelY) 44 F9E AAsd doln FHAS
& B THPY ld-dioxaneel 4 24 A2 59 443 3378

gt AA sk AHgE T,
(imide-amide)= 47] &ulol] 2 &afsl7] o o]2

A8k ALg-E4

FHAEY g 7z =
3250, 1775, 1680, 282 1250-1020 cm* 224 Yz 9o
v ol Z7 N-H, o ﬂlE C=0, olulol= C=0, 131 Iz
C-0 2 C-N9 F+ 97 Rolt}, o] H|L3 F2E 714 &
E dg 2gHs 011*15 532 Yehiz gk xdez o

A4 ole ARAE poly

A As}7]

Z= x%g]/\{ A:ﬂEEJoﬂ,q E)d e

—n e
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Figure 1. Superimposed IR spectra of (A) dicarboxylic monomer
2 and (B) poly(imide-amide) P> obtained from 2 and 3.
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N-PhenylphthalimideS £33t tloltld} trtz8A

Table 1. Results of Condensation Polymerization of Diamine
and Dicarboxylic Acid Monomers and Acid Chlorides®

Polymer Monomer Yield(%) 7 inh
Py APAP, CPCP 87 067
pP APAP, CPCP 91 054
P, ODPAP, CPCP 92 0.30
P3 APAP, ODPCP 89 0.26
Py ODPAP, ODPCP 0 0.20
Ps APAP, TC 86 023
Ps ODPAP, TC &9 031
P7 APAP, IC 92 0.18
Pg CPCP, IC A 0.34

a . Polymerization was performed in NMP-LIiCl at 60 C.
b : Polymerization was performed in NMP at 80 TC.

3z} w9 2o} g3 i He 94 Zagoh
ool gt R diF poly (imide~ amlde)E\_ o 7}
A 4wt &v) & THF, 1,4—dioxane, C’a‘i—"— 283 2XE 5

o W@ &M A9 gAeH IS4 WA %UH"‘ DMF,
DMSO, 283 NMPEel 80 T ol¥elAe 2 &3fatich 53
NMP-LiCl §dfell= wj¢ 2 &sfsiglon, FHASY F=&
NMP-LiClell ¢3] &3ld RET st d=g FAHAch
FT8A ZHF=T Table 19 YeEbd vieh o] 0.15~051 dl/g
Aroldl A ke HaFglon olEg Hulste] ¥ W EAFe 2

e Aoz FHH

%A P:9} Ps2 isophthaloyl chlorideE AMgste] d& Zgo}
o =2 A terephthaloyl chloride®& AH&- FEAE dls) T4
7t B84 YA &4 NMP &do g 88l%: o 438

AR Uehgoy %*?: 2AFo gy AFde 2 AANE BAF
7 et ole FEAl DFAES NMP Sofo] 7Y% £
S FAEAT Fgo] Ao upelr] ExigFo] FrlslHA &3
T7t Zaste] AAe gAel Bat A AlFel Ha gy o
Zoltt. 22 GFAEES AL£38S Y NMP-LICIE A 4o4 Qo2
FHAY ARl R 2 Aoz Yehith gREe FFPHgse
NMP-LiCI8 9402 &ejasidA dEg Y4ANAL 1 =F49

st BAR7) 4 nAdY BEo] dAHATY

HH9A gdg %’43}04 FAF @ AlA BA (DSC)E AAs

of FEAY Feldo] 2%, §7, 243 2% ¢ ¥ &x 5o
23& Az g e FHAEL 300~350 T F2oA A
A3 wrdo] o] 450~500 TollAd g 337t IA 2743}
% DSC 884 agz2 e & F AUk ol o] &% I

A F3A ezt MM APHE Ro RojAn

wgol AZgy] of el FEAZ FEPHo] & 2 gHL
A gskon ol& A #Aelsly] Yste] #d A ojHe
30 TAA 7ME F oA Yzhe o8 2% z*}e 3}312
PR Gtk ol FEA S BF olm=
71 A" FHE Kz 97] gl val %ﬂ°l€—£9}
=4 vehr] gielch
S AZ3H 400 T, 500 T, 223 800 Tolr =
A8 H 10%S] BAE P 2% B8
| RSk 3 400 T LEs A Azt
tHA (isothermal aging)%= ZAst3ith.
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Figure 2. DSC thermograms of polymers A) P, B) P; and C)
P; obtained with a heating rate of 10 C/min under nitrogen.
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Figure 3. TGA trace thermogram of polymers (A) P;, (B) Ps,
(C) Ps and (D) P

Qi F@A9] 27t ANFEE 25 (initial decomposition
temperature)= ™ 350~400 TolA Uelton o] 2% g
A ol e FF 2FS BFen 45H0~500 CTolA Ha7}
7H43t 28 BoFEa Q.

zE _"‘?{H]‘:S EAFol 27 AAE UG E g 3
Z2E 7KNE N-[p- carboxyphenyl]tnmelhnrmde% W folul
225 dojd FEAS vmE[11,12] T2 2 AHAHL B
Fo olgg 4FF ¥4 A7) Table 29 ‘/}EH} et

Poly(imide-amide)= °I"|= Z%& 717 B3E 1o wug
TEZ Ut F2 4 dAAS HoAFE Ao HoAg o))
EE EFse dIFAE7EY E£FP Qs oA poly
(imide-amide) &2 F&A 9l 37z W3ldl st dH 42
o F3g wste JEA ggtoy olFoA ©Ed APAP

=
bt
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Table 2. Thermal Properties of Poly(imide-amide) Obtained
from Imide-Containing Diamine and Dicarboxylic Acid Monomers

10% wt Loss Residual Weight (%)

Polvmer

T 400C 500C 800C
P, 520.7 97.2 92.3 489
P, 5132 98.3 915 539
Py 460.6 9.6 84.6 51.7
P, 490.3 975 88.0 50.1
Ps 508.2 97.6 91.0 579
Ps 526.0 98.9 936 584
P; 461.0 96.7 82.3 54.2
Py 488.3 98.7 89.7 60.0

ODPCP—J -ar‘g‘Oﬂ A F3A PH 73 ZAbEES 400 Tl

S|

gl o] 7o) 450 C°1“’°1 A 2 E HEATIE R
olvizg X&3d+= APAP3 ODPAPY tUo}lwl ohakd el
terephthaloyl chloride, “12] 3 isophthaloyl chloride2 €] %o}A
poly(imide-amide) 5= 7] FHAET %3 €4 42 By

Fch U Felofenst folo] @ faiol Yu A}
%2 $72 n Qe ok BEIE sa7Pe) RrEoz
BeAd2 9 & ARl olols. 2% Teshe Fellehs

< ol sy Z«l Al EFstn §3 3 °F4 Aol &

of Mahe AT F Uk ol Ps~Pyo) FEAE FolA °—“’.
Al 24 E“:ﬂ% STz wsto] diste ZA JEldA @
oy FRA P @ Aol e FHAERY Polye ¢ £
Ack o] G4 BRPETL AY 2L 018 dl/gd RAFT 3o
$& A g% & Eae] goldel At B £ gt
FTEAEL 400 CTolM 52 & FHAL FR4 PY A% 124
T Fol 15%9 T #EE B Fon Kapton BEI vk
AL AT S F F HHHE BAFYUY

4.4 £

S0l ade e Feolnsolotel ) g4E Hat

o olmt G E g dolid U2 EAL SEHES §
Akt 47 GFHAES M2 ¥t onz ‘:}717} adg
poly(imide-amide) & #48t%.20 tlolyl YA EL terephthaloyl

A3, A 10 d A1 E, 199

LA -

o

BA

chloride, 22]3 isophthaloyl chloride$t &3l poly(imide-
amide)E AT F4E FHAEL NMPLiICIEA o ¢
2 gastdon st 4 w|YAAd 4019 DMF, DMSO,
DMAc 5ol 2 4328 B9Fct FFAEY 14 FA=E
0.15-051 dL/gelled NMP/LiCl fdoz Fg HAo| & _;_zi
2o 33”-‘5]“[11 FTE EF AAo gt FRjgo] HA A
A FE Ao H, ‘a—i}*ﬂ o f8 Aol &= ¢ §4
ZHA ?m o 400 T F2oA AM3] Fai7t Yoyt
ZF EAA FEAEL 500 TAM 82~ 93‘/«] 21’*}"&:.
Aok omE a9 E sl Zdolgr= L e &
Ao 44 AL o= el —‘-Zﬂi Qlste] wj$-
T8 Aog yEhto)

.9, mR o Z;:
o 2L ¥ oy e ok

z A

o] AFE 198~199YE wFdstw fEdFue Aoz
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