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The wide applications of aromatic polyimides in the elec-
tronics industry and others stem from their high thermal sta-
bility, chemical resistance and good mechanical strength.
The rigid aromatic polyimides become inprocessable and
intractable after thermal curing (imidization) of the corre-
sponding precursors and thus most of the polyimide fabrica-
tions such as coating and casting have to be conducted in the
precursor states, which is typical for these convertible poly-
mers.1 So far poly(amic acids) and poly(amic esters) are the
most common precursors of polyimides and the characteris-
tics of precursors and curing conditions are very important
for each application since they affect properties of the result-
ing polyimides in various manners.2~4

We have recently reported a successful synthesis of
poly(amic ester-alt-imides), precursors for the strictly alter-
nating copolyimides, which have alternating imide units of
an aromatic diamine and a dianhydride and amic ester units
of the same diamine and different dianhydride.5 The key step
was the selective chemical imidization of amic acid moieties
of the corresponding poly(amic acid-alt-amic esters) without
affecting amic ester moieties. The new precursors showed
higher thermal stability and solution stability than the corre-
sponding poly(amic acids).5 As an extension of the previous
study, the synthesis and thermal characterization of
poly(amic ester-co-imides), precursors for the copolyimides,
are presented in this communication.

The synthesis of poly(amic ester-co-imides) began with
the reaction of a diamidodiamine, N,N-bis(3-aminophe-
nyl)2,5-bis[isopropyloxycarbonyl] benzene-1,4-dicarboxa-
mide (MDPM) prepared from pyromellitic dianhydride
(PMDA) and m-phenylene diamine (m-PDA),5~8 and m-
PDA with stoichiometric amounts of biphthalic dianhy-
dride  (BPDA) as depicted in Scheme 1. Subsequent selec-
tive chemical imidization of amic acid units was performed
by the addition of acetic anhydride, pyridine and triethy-
lamine to the solution of poly(amic acid-co-amic ester) in
NMP and stirring the mixture for 2h at 60 oC. The reaction
mixture was injected into methanol/water solution (1 : 1 v/v)
to precipitate the product. The product after reprecipitating
process was lightly yellow fibrous particles. Copolyimides
were prepared by heating of the cast film at 150 oC, 200 oC,
250 oC, 300 oC, and to 350 oC for 30 min each under nitro-
gen atmosphere.

Since amic acid units were generated from the reaction
BPDA and m-PDA and the generated amic acid units w
converted into imide units by the selective chemical imidiz
tion, the ratio of imide and amic ester moieties in the prec
sors could be controlled by the mole ratio of MDPM and 
PDA. With increasing mole ratio of m-PDA, the contents 
BPDA/m-PDA imide moieties in the precursors and copo
imides increased. The maximum composition of imide m
eties in poly(amic ester-co-imide) from MDPM/m-PDA/
BPDA without losing its solubility in NMP was 62.5%
where the used mole ratio of MDPM to m-PDA was 0.7
0.25. Thus, poly(amic ester-co-imides) with four different
imide compositions were prepared and their thermal im
dization behaviors were investigated by differential scann
calorimeter (DSC). 

Thermal imidization behaviors of the poly(amic ester-co-
imides) with various imide ratios are shown in Figure 1 a
the results of DSC along with glass transition temperat
(Tg) of the resulting polyimides are listed in Table 1. T
endothermic peaks in Figure 1, which disappear at the 
ond heating cycle, result from the elimination of isoprop
alcohol in the amic ester moiety during the course of im
dization. The initial imidization (Ti) and maximum imidiza-
tion (TMi) temperature of the poly(amic ester-co-imides)
increased with increasing the mole ratio of m-PDA. As t
mole ratio of m-PDA increased, more BPDA/m-PDA imid
units were incorporated into the precursor at the expens
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Scheme 1. Poly(amic ester-co-imides) precursor prepared from
MDPM/m-PDA/BPDA.
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PMDA/m-PDA amic ester units. This resulted in the
increase of the precursor rigidity since BPDA/m-PDA imide
units can be regarded more rigid than PMDA/m-PDA amic
ester units. The more rigid BPDA/m-PDA imide units were
incorporated into the precursor polymer, the more energy
was needed to form imide rings from amic ester units, which
resulted in the increase of Ti and TMi. Similar phenomena
have been observed by Kim et al.9 during the isothermal imi-
dization of poly(p-phenylene biphenyltetracarboxamic
diethyl etster) (BPDA/p-PDA ES). It was found that the imi-
dization of poly(amic dialkyl esters) was proceeded with the
fast first step followed by the slow second step. It was pro-
posed that the imidization rate slowed down above certain
imidization degree because the rigidity of precursor polymer
increased as the imidization proceeded,9 which is consistent
with the present study.

Meanwhile, Tg’s of the resulting copolyimides decreased
as the ratio of PMDA/m-PDA amic ester contents in
poly(amic ester-co-imides) precursor decreased. (Table 1)
Increasing mole fraction of m-PDA resulted in the decrease
of PMDA/m-PDA imide contents vs BPDA/m-PDA imide
contents in the copolyimides. Before curing, PMDA/m-PDA
units existed as amic ester in the precursors and after curing,
PMDA/m-PDA units existed as imide in copolyimides.
Thus, the decrease of PMDA/m-PDA imide contents in the
resulting copolyimides is expected to lower Tg of copolyim-
ides because Tg of PMDA/m-PDA is higher than that of
BPDA/m-PDA homopolyimide (360 oC). 

It is also interesting to note that Tg (393 oC) of the copoly-
imide, which was prepared by mixing all three monomers
together (PMDA/BPDA/mPDA; mole ratio 0.4 : 0.5 : 1),
was found to be higher than Tg (367 oC) of the copolyimide
prepared from MDPM/BPDA/m-PDA (mole ratio
0.8 : 1 : 0.2). Considering that the compositions of PMDA/
m-PDA and BPDA/m-PDA imide units in both copolyim-
ides were the same, the difference of Tg was significant. The

difference in these two copolyimides was the employed p
cursors, where poly(amic acid) was the precursor in cas
mixing monomers and poly(amic ester-co-imide) was the
precursor in case of using MDPM. But it seems less lik
that the difference in Tg was due to the employed precurs
because it has been reported that Tg of polyimides are
much affected whether they are prepared from poly(am
acids) or poly(amic esters).10 Instead we assumed tha
PMDA/m-PDA imide block segments may be produced 
the copolyimide prepared directly from PMDA/BPDA/m
PDA, which resulted in the increase of Tg. Although blo
copolyimides are difficult to obtain by simple mixing of th
monomers,11 the higher reactivity of PMDA than BPDA
may allow to form partial block PMDA/m-PDA imide seg
ments in the copolyimide. There were no block segmen
PMDA/m-PDA imide in the copolyimides prepared by th
present method because PMDA/m-PDA imide units we
always located next to at least one or more BPDA/m-PD
imide units.

In summary, a successful synthesis of poly(amic ester-co-
imides), new types of copolyimide precursors, were p
sented. The synthetic methodology reported here can 
vide the preparation of various copolyimide precurso
stable at high temperature, which can be utilized to the s
thesis of a broad range of copolyimides with fine control 
molecular structure.
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Table 1. Thermal properties of MDPM/m-PDA/BPDA poly(amic
ester-co-imides) and copolyimides

BPDA/m-PDA imide
 moiety content (%) 50 57.5 60 62.5 60a 100b

MDPM/m-PDA
(n/m) 1/0 0.85/0.15 0.8/0.2 0.75/0.25 0/1

Ti (oC) 248 249 252 255

TMi (oC) 278 283 290 303

Tg  of PI (oC) 373 371 367 364 393 360

a Copolyimide prepared from PMDA/BPDA/m-PDA (mole ratio; 4 : 5
9). b Homopolyimide prepared from BPDA/m-PDA.

Figure 1. DSC thermograms of the poly(amic ester-co-imides)
from MDPM/m-PDA/BPDA with different imide contents.
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