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ABSTRACT: A series of poly(amide-imide)s has been synthesized by the direct polycondensation of biphenyl imide 
containing diacids with aromatic diamines using triphenylphosphite (TPP) as the condensation agent in a N-methyl-2-pyrrolidone 
(NMP)-pyridine solution containing 3.5 wt% LiCI. The direct polycondensation was markedly facilitated to give 
high-molecular-weight (0.24 < 1/;nh < 2.38) of poly(amide-imide)s in quantitative yield. The thermal properties of the obtained 
poly(amide-imide)s were examined by DSC and TGA. The synthesized poly(amide-imide)s possessed glass transition temperature 
in the range of 285-337°C. The poly(amide-imide)s exhibited excellent thermal stabilities and had 10% weight loss at the 
temperature in the range of 475-597oC under nitrogen atmosphere. With the exception of polymer BP-2 series, the 
poly(amide-imide)s showed good solubility in NMP, N,N-dimethylformamide (DMF), and dimethyl sulfoxide (DMSO). 
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Aromatic polyimides were one of the most thermo­
stable polymers. Owing to the rigidity of the imide ring, 
most of the polyimides possessed high thermal resistance 
(the decomposition > 500°C), high tensile strength, and 
high modulus. However, the applications of the majority 
of polyimides are limited because of their infusibility and 
insolubility. Thus, for the processing of polyimides and 
many copolyimides, such as poly(amide-ester-imide)s, 1 

poly(amide-imide)s, 2 poly(imide-carbonate)s, 3 and poly­
(ester-imide)s4 have been prepared. The solubilities of 
the polyimides were improved by the copolymerization, 
but the thermostabilities were depressed. In order to 
increase the solubility without significantly descreasing 
the thermostability, the synthesis of poly(amide-imide)s 
seems more important than the other copolyimides. 

Various synthetic methods for the preparation of 
poly(amide-imide)s have been disclosed in many reports, 
such as (I) by the solution polymerization of an amide 
containing diamine with a dianhydride, 5 (2) by the 
solution polymerization of a diamine with an acylchlo­
ride phenylanhydride,6 •7 (3) by the solution polymeriza­
tion of a diisocyanate with trimellitic anhydride, 8 ( 4) by 
the solution polymerization of N,N'-bis(trimethylsilyl)­
substituted aromatic diamines with 4-chloroformylph­
thalic anhydride, 9 (5) by the direct polycondensation of 
a diamine with an imide containing diacid. 10 Among 
these methods, the direct polycondensation was the most 
convenient approach for synthesizing high molecular 
weight poly(amide-imide)s on a laboratory scale. The 
direct polycondensation using triphenylphosphite (TPP) 
as the condensation agent for the synthesis ofpolyamides 
has been developed by Yamazaki 11 in 1974. Recently, 
Russo has applied this method for the preparation of 
polyamides (Kevlar) with a high inherent viscosity of 
9.0dlg- 1 Y 

In this study, a series of fully aromatic poly(amide­
imide)s with high molecular weights were synthesized by 
the direct polycondensation of the biphenyl imide con­
taining diacids with aromatic diamines using TPP as 
the condensation agent in a N-methyl-2-pyrrolidone 

t To whom all correspondence should be addressed. 

(NMP)-pyridine solution containing LiCl. The effects of 
the amounts of LiCl and TPP and the temperature on 
the yield and molecular weight of the synthesized 
poly(amide-imide)s were investgated. In addition, the 
effects of biphenylene and naphthylene structures in 
poly(amide-imide)s on the thermal properties and sol­
ubilities were also investigated. 

EXPERIMENTAL 

Materials and Measurements 
Trimellitic anhydride (TMA) (Merck Co.), 4-amino­

benzoic acid (Merck Co.), 3-aminobenzoic acid (Tokyo 
Kasei Co.), 4-(aminomethyl)benzoic acid (Merek Co.), 
4,4'-biphthalic anhydride (Tokyo Kasei Co.), 1,5-
diaminonaphthalene (Tokyo Kasei Co.), 4,4'-diamino­
diphenylmethane (Merck Co.), 4,4'-diaminodiphenyl 
ether (Merck Co.), I ,4' -bis(p-aminophenoxy)benzene 
(Tokyo Kasei Co.), 4,4'-diamino-3,3'-dimethy1diphe­
nylmethane (Tokyo Kasei Co.), 4,4'-diaminodiphenyl­
sulfone (Merck Co.), 4,4'-(hexafl.uoroisopropylidene)­
dianiline (Aldrich Co.), 1 ,4-phenylenediamine (Merck 
Co.), and tripheny1 phosphite (RDH Co.) were used 
without further purification. LiCl (RDH Co.) was dried 
under vacuum at 130°C for 4 h and at 160°C for 8 h. 
Pyridine and NMP were purified by distillation over 
KOH and P20 5 . respectively, prior to use. 

Elemental analysis of synthesized monomers were 
measured by a Perkin-Elmer 2400-CHN Elemental An­
alyzer. IR spctra ranging from 400cm- 1 to 4600cm- 1 

of the synthesized polymers which were cast on NaCl 
discs were obtained on a JASCO FT-IR-7000 instru­
ment. Wide angle X-ray diffraction powder patterns 
were measured by a Rigaku D/MAX III, V XRD X­
ray diffractometer at room temperature with Cu-Ka 
radiation using a Ni-filter. 

Visual observation of phase transitions was made by 
using a Leitz Ortholux 2 POL BK polarizing microscope 
equipped with a Linkam THMS 600 heating stage. 
Thermal transition properties were characterized using 
a Du Pont 2000 DSC at a heating rate of 20oC min- 1 

under a nitrogen atmosphere. The thermal stability of 
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Scheme 1. The general synthetic routes and structures of imide-diacid 
monomers. 

the poly(amide-imide)s were measured by thermogravi­
metry on a Perkin Elmer TGA 7 at a heating rate of 
20oC min- 1 under a nitrogen atmosphere. Tensile prop­
erties of poly(amide-imide) films were performed on 
a Micro-Computer Universal Testing Machines (Hung 
Ta Instrument Co.) at a constant testing rate of 60 
mmmin- 1 . 

Monomer Synthesis 
N,N'-Bis(3-carboxyphenyl)-1 ,1 '-biphthalimide (BP- 1). 

4,4'-Biphthalic anhydride (0.04 mol) and 3-aminobenzoic 
acid (0.08 mol) in 250 ml of NMP were stirred in a 500 ml 
flask at room temperature for 2 h and then the tem­
perature was raised to 140°C for another 2 h. Acetic 
anhydride (0.1 mol) was added into the reactor and 
reacted at reflux temperature for 2 h. The resulting 
mixture was poured into water and filtered. The crude 
product was extracted with hot ethanol and dried 
overnight at 85oC under vacuum. The final product 
was obtained in 61.1% yield as a yellow powder with a 
melting point of 409-411 oc. 

IR (KBr): 1777, 1723, and 731 em -l for imide group. 
3600-2400 em- 1 for -COOH group. 

Other monomers, N,N' -bis( 4-carboxyphenyl)-1, 1' -bi­
phthalimide (BP-2), N,N' -bis( 4-carboxylphenylmethyl)-
1, 1' -biphthalimide (BP-3), 1,5-di(4-carboxyphthalimi­
do )naphthalene (NAI), N-( 4-carboxyphenyl)trimellit­
imide (M I), and 4,4' -bis( 4-carboxyphthalimido )diphen­
ylmethane (MAl) were prepared by a similar procedure. 
Monomers NAI, M 1, and MAl were recrystallized from 
N,N-dimethylacetamide (DMAc) or N,N-dimethylform­
amide (DMF). The yields and elemental analyses of 
the monomers were listed in Table I. 

Polymer Synthesis 
Polymer P 1-M. A solution of TPP (11 mmol) in 

pyridine (4ml) was added dropwise to a solution of 
monomer BP-1 (2.5 mmol) and LiCI (0.5 g) in NMP 
(7 ml). The mixture was stirred at room temperature 
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Scheme 2. The general synthetic routes and structures of polymers. 

for 30 min then at 95aC for 10 min, 4,4' -diaminodiphenyl 
methane (MDA) (2.5 mmol) in NMP (2 ml) was then 
added drop wise to this mixture over a period of 30 min. 
The resulting mixture was reacted at 95°C for another 
3 h. More NMP was added during the polymerization in 
order to keep the reaction mixture at an exceptable 
viscosity, and thus stirrable. After the polymeization 
the whole mixture was poured into methanol. The 
precipitated polymer was filtered and washed with 
methanol and dried at 8SOC under vacuum for 12 h. 
Other polymers in this study were prepared by the 
similar procedure. The yields, solubilities and thermal 
properties of all polymers synthesized were listed in 
Tables III-V. 

RESULTS AND DISCUSSION 

Polymer Synthesis 
A series of imide-diacid monomers was prepared from 

corresponding biphenyl dianhydride and trimellitic 
anhydride with diamines and aminoacids, respectively, 
as listed in Table I. The imidization of all the syn­
thesized monomers was completed by using acetic 
anhydride, and monomers obtained were in a high yield. 
These monomers showed poor solubility in common 
organic solvent at room temperature. However, they 
were partially soluble in NMP at 95°C at the beginning 
of the polymerization, and the reaction mixture became 
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Table I. The properties of imide-diacid monomers 

mp 
Monomer Yield/% 

"C 

BP-I 61.1 409-410 

BP-2 87.9 428-432 

BP-3 70.8 390-392 

NAI 85.0 >450 
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Formula 
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C3oH6oN20s 
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C32H2oN20s 
(560.52) 

CzsHt4NzOs 
(506.43) 
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00 
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Figure 1. The concentration of LiCI on the inherent viscosity of the 
Poly(amide-imide)s. Ml =MDA=5mmol, TPP= II mmol, NMP= 
2 ml, pyridine= 8 ml, and temperature= 95oC. 

homogeneous while these monomers reacted with di­
amines to form poly(amide-imide)s. 

The inherent viscosity of the synthesized polymers by 
the direct polycondensation is dependent upon several 
factors, such as: the type and the amounts of the con­
densation agents and metal halides, the concentrations 
and the reactivities of the monomers, the reaction tem­
perature, and the solubilities of the monomers and poly­
mers. In this study, the effects of the various amount of 
the LiCl and TPP, and various temperatures on the in­
herent viscosities of the synthesized poly(amide-imide)s 
were investigated. 

The effect of the concentrations of LiCl on the in­
herent viscosities of the poly(amide-imide)s was shown in 
Figure 1. As reported by Higashi, 13 the addition of LiCl 
was effective in lowering the electronic density of N­
phosphonium salts and preventing formation of the 
byproduct, phenylester compound. A maximum viscosi­
ty of 1.35 dl g - 1 was obtained at the concentration of 
3.5 wt% of LiCl. Further increase of the LiCl caused a 
sharp decrease of the inherent viscosity of the resulting 
poly( amide-imide). 

A higher reaction temperature would destroy the 
stability of N-phosphonium salt and a lower temperature 
would depress the reactivity of the monomers. The effect 
of reaction temperature on the inherent viscosity of the 
poly(amide-imide)s was shown in Figure 2. The highest 
viscosity was obtained at the reaction temperature of 
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Figure 2. The effect of reaction temperature on the inherent viscosity 
of the poly(amide-imide)s. MAI=MDA=5 mmol, TPP= II mmol, 
NMP=20ml, pyridine=8ml, and LiCI=3.5wt%. 

Table II. The effect of the amount of TPP on the 
inherent viscosity of the poly(amide-imide)sa 

TPP Excess 'linh/dJg-l b 

mmol % 95°C 100°C 

10 0 0.52 0.32 
II 10 1.35 0.66 
12 20 0.53 0.49 
13 30 0.39 0.24 

aMI=MDA=5mmol; LiCI=I.Og (3.5wt%); NMP=20ml and 
pyridine= 8 mi. b Measured at a concentration of 0.5 g dl- 1 in NMP 
at 30'C. 

95oC. 
The effect of the amount of TPP on the inherent 

viscosity of the poly(amide-imide)s was shown in Table 
II. The highest inherent viscosity of 1.35 dl g- 1 was ob­
tained, when an excess amount of LiCl (lOmol%) was 
used at 95oC. All of the poly(amide-imide)s synthesized 
at 95oC had a higher inherent viscosity than those of the 
polymers prepared at lOOoC. Therefore, in this study, the 
best reaction condition was achieved at 20 ml NMP, 8 ml 
pyridine, and 3.5 wt% LiCl in the presence of II mmol 
of TPP at 95°C. 

Four series of novel high molecular weight poly(amide­
imide)s were synthesized by the direct polycondensation 
from imide-diacids with various aromatic diamines in 
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Table III. Viscosity and film properties of poly(amide-imide)s• 

Monomer '7inh 
b Yield 

Polymer 
Additional 

Film' 
Diimide-diacid Diamine NMP/ml dlg- 1 % 

NAI series 
PN-M NAI MDA 0 0.40 99 
PN-0 NAI ODA 0 0.50 99 Brittle 
PN-20 NAI 20DA 0 0.43 99 Brittle 
PN-S NAI S02-DA 0 0.25 99 
PN-DM NAI DMDA 0 0.30 99 
PN-6F NAI 6F-DA 0 0.24 87 

BP-1 series 
Pl-M BP-1 DMA 15 1.63 99 Flexible 
Pl-0 BP-I ODA 20 2.04 99 Flexible 
Pl-S BP-1 20DA 30 1.41 99 Flexible 
Pl-20 BP-I S02-DA 10 0.45 99 Brittle 
Pl-DM BP-1 DMDA 20 2.38 99 Flexible 
P1-6F PB-1 6F-DA 10 0.82 99 Flexible 

BP-2 series 
P2-M BP-2 DMA 35 1.99d 96 
P2-0 BP-2 ODA 35 1.76d 99 
P2-S BP-2 20DA 10 1.13d 97 
P2-20 BP-2 S02-DA 10 0.57 99 
P2-DM BP-2 DMDA 30 0.95 99 Flexible 
P2-6F PB-2 6F-DA 25 2.14 99 Flexible 

BP-3 series 
P3-M BP-3 DMA 10 90 
P3-0 BP-3 ODA 15 1.03 99 Flexible 
P3-S BP-3 20DA 10 0.65 99 Flexible 
P3-20 BP-3 S02-DA 10 0.35 99 Brittle 
P3-DM BP-3 DMDA 10 0.60 99 Flexible 
P3-6F PB-3 6F-DA 10 0.46 99 Flexible 

•Polymerization was carried out with 5mmol monomer, 11 mmo1 TPP, 8ml pyridine, and 0.5g LiC1 in 20m! NMP at 95oc for 3h under a 
nitrogen atmosphere. b Measured at a concentration of 0.5 g dl- 1 in NMP at 30°C. 'Casted on a glass plate at 150oC for 12 h. d Measured at 
a concentration of 0.5 g d1- 1 in NMR containing 2 wt% of LiCl at 30°C. 

4000 3000 2000 1500 1000 

Figure 3. FT-IR spectrum of polymer P3-M. 

NMP, containing pyridine, TPP, and LiCl, according to 
the recipe described above. In order to reduce the vis­
cosity of the reaction mixture, further amount of NMP 
was added during the polymerization. All poly(amide­
imide)s were isolated as yellowish materials in quantita­
tive yields. As shown in Table III, it might be owing to 
the step like and rigid structure of 1 ,5-naphthylene unit, 
the inherent viscosities of polymers NAI series were lower 
than those of the other series. The poly(amide-imide)s 
derived from 4,4'-diaminodiphenylsulfone (S02-DA) 
showed lower inherent visocosity than those derived from 
other diamines. This result was due to the sulfone group, 
an electron-withdrawing group, which decreases the 
nucleophilic basicity of the amino group. The inherent 
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viscosttles of synthesized poly(amide-imide)s were in 
the range of0.24--2.38dlg- 1 in NMP at 30°C. 

The structures of the resulting poly(amide-imide)s 
were characterized by FT-IR spectroscopy. As shown 
in Figure 3, the typical FT-IR spectrum of polymer P3-
M showed the characteristic absorption bands of -NH­
of the amide group at 3358 em - 1 , the carbonyl group 
of the imide ring at 1775, 1721, and 731 cm- 1 , the 
carbonyl group of the amide at 1671 em - 1, the phenylene 
group at 1591 and 1518 em- 1, and C-N of the imide 
ring at 1373 em - 1 . 

Properties of the Poly(amide-imide)s 
With the exception of polymers series BP-2, the syn­

thesized poly(amide-imide)s showed good solubilities 
in aprotic solvents, such as DMF, N,N-dimethylacet­
amide (DMAc), and NMP as listed in Table IV. Owing to 
the para-substituted structure and high rigidity, poly­
(amide-imide)s BP-2 series possessed poor solubility in 
most of the solvent listed in Table IV. However, they 
were soluble in a solution NMP containing 2 wt% of 
LiCl or H 2S04 • Poly(amide-imide)s derived from 4,4'­
(hexafluoroisopropylidene)dianiline (6F-DA) had a better 
solubility than other poly(amide-imide)s in this study. 
It may be due to the presence of the hexafluoroisopro­
pylidene units, the packing of macromolecular chains 
in tight structures through hydrogen bonding between 
amide groups is probably disturbed and, consequently, 
the solvent molecules can penetrate easily to solubilize 
the chains. 14 In general, the solubilities of the poly-
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Table IV. Solubility of poly(amide-imide)sa 

Polymer 

H 2S04 NMP 

PN-M + + 
PN-0 + + 
PN-20 + + 
PN-S + + 
PN-DM + + 
PN-6F + + 

Pl-M + + 
Pl-0 + + 
PI-S + + 
Pl-20 + + 
Pl-DM + + 
Pl-6F + + 

P2-M + 
P2-0 + 
P2-S + 
P2-20 + + 
P2-DM + h 
P2-6F + + 

P3-M + 
P3-0 + + 
P3-S + + 
P3-20 + + 
P3-DM + + 
P3-6F + + 

Solvent 

2wt% LiCI DMAc 
NMP 

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

h 
h 
h 

+ h 
h 

+ + 

+ + 
+ + 
+ + 
+ + 
+ + 

DMF 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

h 
h 

+ 
+ 
+ 

DMSO 

+ 
+ 
+ 
+ 
+ 
+ 

h 

+ 
h 

+ 
+ 
+ 

h 

+ 
+ 
+ 

THF m-Cresol 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 

a +, soluble at room temperature; h, soluble on heating; s, swelling on heating; -, insoluble. 

(amide-imide)s which were derived from various diamine 
structures were in the order of: 

6F-DA DM-DA so,-DA 

ODA 20-DA MDA 

The transition temperatures of the synthesized poly­
(amide-imide)s were characterized by DSC measure­
ments as shown in Table V. The DSC curves of most 
poly(amide-imide)s exhibited a step transition corre­
sponding to a glass transition temperature (Tg). However, 
no endothermic peak corresponding to the melting 
transition temperature (Tm) was detected. These results 
indicated that these poly(amide-imide)s possess an 
amorphous characteristic, which was confirmed by 
W AXD measurements in Figure 7. The non-crystallinity 
may be due to the polymers NAI series with a rigid 
structure, and thus no glass transition was observed for 
polymers NAI series. It was important to note that most 
of the poly(amide-imide)s with biphenyl imide structure 
possessed notable high glass transitions ( > 300°C). As 
listed in Table V, it was reasonable that polymer BP-3 
series with an aliphatic chain exhibited lower glass 
transition than those of other series, and polymers BP-
2 series with para-substituent structure had higher glass 
transition than those of polymers BP-1 series with meta­
substituent structure. Therefore, the glass transition 
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Table V. Thermal properties of poly(amide-imide)s 

Polymer 

NAI series 
PN-M 
PN-0 
PN-20 
PN-S 
PN-DM 
PN-6F 

BP-I series 
Pl-M 
Pl-0 
PI-S 
Pl-20 
Pl-DM 
Pl-6F 

BP-2 series 
P2-M 
P2-0 
P2-S 
P2-20 
P2-DM 
P2-6F 

BP-3 series 
P3-M 
P3-0 
P3-S 
P3-20 
P3-DM 
P3-6F 

Dsca 

r"rc 

298 

300 
312 
337 
296 
277 
335 

351 

318 
354 

302 
287 
329 
296 
285 
303 

TGA b weight loss;oc 

5% 

456 
414 
396 
395 
382 
458 

491 
497 
462 
529 
483 
528 

489 
488 
555 
515 
419 
495 

480 
522 
460 
500 
444 
475 

10% 

555 
558 
531 
517 
475 
552 

573 
588 
544 
597 
535 
577 

564 
553 
597 
573 
481 
567 

535 
561 
508 
550 
485 
538 

20% 

620 
638 
603 
584 
575 
593 

643 
654 
627 
650 
660 
630 

633 
635 
643 
636 
582 
610 

585 
615 
560 
605 
560 
579 

Char yield 
7oooc 

wt% 

66.9 
68.5 
64.5 
60.4 
62.5 
61.3 

67.5 
71.6 
67.5 
70.6 
75.3 
69.1 

68.4 
69.7 
68.0 
68.4 
69.7 
65.3 

58.4 
62.2 
56.1 
62.1 
61.6 
58.7 

a Measured by DSC at a heating rate of 20oc min- 1 on the second 
heating. bThermogravimetric analyses conducted at a heating rate of 
20oc min- 1 under a nitrogen atmosphere. 
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Figure 4. The DSC curves of polymers Pl-6F, P2-6F, and P3-6F. 
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Figure 5. The TGA curves for polymers NAI series. 

of the synthesized poly(amide-imide)s were in the order 
of: BP-2 series> BP-1 series> BP-3 series. 

In addition, poly(amide-imide)s derived from 6F-DA 
possessed a higher glass transition than those of other 
poly(amide-imide)s in the same series. The DSC curves 
of poly(amide-imide)s with 6F-DA structures were 
shown in Figure 4. Glass transitions were located at 
335°C, 354°C, and 303°C for polymers P1-6F, P2-6F, 
and P3-6F, respectively. 

The thermostabilities of the poly(amide-imide)s were 
examined by TGA measurements. As shown in Table V, 
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Figure 6. The TGA curves of polymers BP-I series. 
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2e 

Figure 7. The WAXD of polymers BP-1 series. 

polymers NAI series did not possess excellent thermo­
stabilities because of their low molecular weights, but 
the other synthesized poly(amide-imide)s with biphenyl 
imide structures possessed moderately high thermal 
resistance. With the exception of polymers NAI series, 
most of polymers BP-1, BP-3 series did not show obvious 
weight loss up to the temperature of approximately 500°C 
and their 10% weight loss temperature were in the range 
of 481-597°C under nitrogen atmosphere. The TGA 
curves of polymers NAI series and BP-I series were 
shown in Figures 5 and 6, respectively. 

In order to study the crystalline characteristics of the 
synthesized poly(amide-imide)s, they were subjected to 
W AXD measurements at room temperature. Most of 
the poly(amide-imide)s possessed amorphous nature. 
For examples as shown in Figure 7, polymer BP-I series 
are exhibited amorphous characters and the films of 
polymer BP-1 series shows transparent and flexible 
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PN-M 

10 15 20 25 30 35 

Figure 8. TheWAXDofpolymersPN-M,Pl-M,P2-M,andP3-M. 

Table VI. Tensile properties of polyamide-imide films 

Tensile stress 
Viscosity 

Polymer Yield point Elongation 
dlg- 1 

kgcm- 2 % 

BP-I series 
Pl-M 1.63 591.4 1.56 
Pl-0 2.04 562.1 1.04 
Pl-20 1.41 510.6 3.26 
Pl-DM 2.38 588.1 2.65 
Pl-6F 0.82 633.5 1.48 

BP-3 series 
P3-20 0.65 433.0 3.42 
P3-DM 0.60 450.3 2.87 

properties. The WAXD of polymers PN-M and P3-M 
were shown in Figure 8. With the exception of polymer 
P3-M showing semi-crystalline patterns, all poly(amide­
imide)s derived from MDA showed amorphous char­
acteristics. However, the semi-crystalline property did 
not provide a higher initial decomposition temperature. 

The tensile properties of some of poly(amide-imide)s 
have been performed in the form of films at room 
temperature. The data of tensile properties of poly­
(amide-imide)s are shown in Table VI. All of these 
poly(amide-imide)s possessed good mechanical prop­
erties with high tensile strength and low elongation 
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at break. It may be suggested that these poly(amide­
imide)s can be applied as new materials for engineering 
plastics. 

CONCLUSION 

A series of high molecular weight poly(amide-imide)s 
have been prepared. The best reaction condition was 
achieved by reacting 5 mmol of monomer at 20 ml NMP, 
8 ml pyridine, 3.5 wt% LiCl in presence of 11 mmol of 
TPP at 95°C. The poly(amide-imide)s with biphenylene 
structure (Pl-P3 series) possessed excellent thermo­
stability (5% weight loss of these poly(amide-imide)s are 
around 490°C) and good solubilities in common aprotic 
solvents, such as NMP, DMAc, and DMF. Thus, these 
poly(amide-imide)s showed the potential application as 
the new high-performance and thermal resistant material. 
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