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Aromatic polyimides are known for their excellent ther
mal stability and balanced mechanical and electric properties.1 
Polyimides are mainly used in the aerospace and electronic 
industries in the forms of films and moldings. Other uses for 
these polymers such as adhesives, composite matrices, coat
ings, foams, and gas separation membranes are rapidly increas- 
ing.2-9 However, aromatic polyimides are difficult to process 
because of high softening temperatures and limited solubility 
in commercially available solvents. To overcome these diffi
culties, structural modifications of the polymer backbone, such 
as the addition of bulky lateral substituents, flexible alkyl side 
chains, noncoplanar biphenylene moities and kinked comono
mer have been utilized either by lowering the interchain inter
actions or by reducing the stiffness of the polymer backbone.10-21

It had been known that polymers containing trimethylsilyl 
or t-butyl group have excellent gas permeability.22-24 Soluble 
polyimides containing bulky and rigid t-butylphenyl group 
offer particular promise in gas separation membrane applica
tion due to their superior mechanical property, high perme
ability and permselectivity. Thus, we tried to synthesize of
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new polyimides containing bulky t-butylphenyl group, which 
is expected to give good solubility and high gas permeability 
as well as permselectivity. In this communication, we report 
the synthesis and characterization of new soluble polyimides 
derived from new pyromellitic dianhydride containing bulky 
t-butylphenyl group and conventional aromatic diamines.

The synthetic route of the monomer is shown in Scheme 1.
1.4- dibromodurene (1)25 was obtained by bromination of durene. 
p-t-Butylbromobenzene was reacted with trimethylborate by 
Grignard reaction to generate p-t-butylbenzenebronic acid (2).
1.4- bis(4’-t-butylphenyl)durene (3) was obtained by Suzuki 
coupling reaction of p-t-butylbenzenebronic acid (2) and 1,4- 
dibromo durene. 1,4-Bis(4’-t-butylphenyl)pyromellitic di
anhydride (5) was obtained by oxidation of 1,4-bis(4’-t-but- 
ylphenyl)durene (3) following by dehydration of 1,4-bis(4’- 
t-butylphenyl)pyromellitic acid (4). The yields in each steps 
were very high. In the 1H NMR spectra of 1,4-bis(4’-t-but- 
ylphenyl)pyromellitic dianhydride, the proton peaks of t- 
butyl group and aromatic ring appeared at 1.1 ppm and 7.2 
ppm, respectively. In the FT-IR spectrum, instead of the broad 
acid peak disappeared, characteristic peaks of anhydride car
bonyl group appeared at 1770 cm-1 and 1870 cm-1.

There are two general methods for the preparation of poly
imides. (Scheme 2) One procedure involves two steps and 
proceeds via poly(amic acid)s intermediate. In this case, the 
polymer molecular weight is not high enough for preparing 
of the free standing film. However, the one-step polymeriza
tion at high temperature resulted in high viscosity as well as 
high molecular weight. It was known that the one step poly-
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Table 1. Elemental Analysis and Viscosity of Polymers

Elemental Analysis (%) 行

Polymer Diamne------- C——园

Polymer 1 6FDAa Cal. 69.23 4.36 3.59 0.62
[C45H34O4N2F6]n Found 69.35 4.44 3.69

Polymer 2 MDAb Cal. 80.12 5.59 4.35 0.64
[C43H36N2O4]n Found 79.87 5.47 4.35

Polymer 3 ODAc Cal. 78.02 5.26 4.33 1.98
[C42H34N2O5 ]n Found 77.93 5.35 4.47

a4,4’-(hexafluoroisopropylidene)dian山ne. ”4,4'-methylenedianiline.
c4,4’-oxydianiline. d0.05 g/dL in DMAc at 30 °C.

merization process is more favorable for unreactive dianhy
drides.26 The one step polymerization was carried out in p- 
chlorobenzene with 2% (w/w) isoquinoline as a catalysts 
and a polymer concentration around 5% (w/w). The first part 
of the reaction was proceeded at 60 oC for 2h and then the 
temperature was raised slowly up to 250 oC. Water formed 
during the imidization was continuously removed with a stream 
of argon. After 5 hrs, excess p-chlorophenol added and pre
cipitated in methanol. The polymer was filterd and washed 
with methanol several times. The results of the polymeriza
tion are summarized in Table 1. The inherent viscosities of 
the obtained polyimides by one-step polymerization were in 
the range of 0.62-1.98 dL/g. The elemental analysis values 
agreed quite well with the calculated values for the proposed 
structure of polyimides. The IR spectra of the polymers also 
supported the formation of polyimides.

Table 2 shows the solubility behavior of prepared polyim
ides. The polyimides containing bulky t-butylphenyl group 
were soluble in organic solvents such as NMP, DMAc and p- 
chlorophenol.

The thermal stability of polymers was ascertained by TGA. 
The results of the TGA analyses showed the general excel
lent thermal stability of the polyimides. The 5% weight losses 
in nitrogen were at 500-510 °C, 20% at 550 570 oC, and 35% 
at 600-620 oC. The films of polyimide showed good mechani
cal property. Table 3 lists the tensile properties of the poly
imide films. The films had tensile strength of 56-94 MPa, 
elongation at break of 6.7-34%, and tensile modulus range 
of 1.35-2.25 GPa.

Table 2. Solubility of Polymersa

Solvents Polymer 1 Polymer 2 Polymer 3
Ether — — —
THFb — — —

Acetone - — —
Chloroform +— — —

DMFc +— +— +—
DMSOd ++ +— +—
m-Cresol ++ +— ++

NMPe ++ ++ ++
DMAcf ++ ++ ++

p-Chlorophenol ++ ++ ++
a++: soluble, +-; partially soluble, -; insoluble. "THF: tetrahydro furane. 
cDMF: dimethylformamide. dDMSO: dimethyl sulfoxide. eNMP: N- 
methylpyrrolidone. %MAc: N,N-dimethylacetamide

Table 3. Mechanical Properties of Polyimides

Polymer Tensile Strength 
(MPa)

Tensile Modulous
(Gpa)

Elongation
(%)

Polymer 1 55.67 1.35 6.68
Polymer 2 88.03 1.25 8
Polymer 3 93.98 1.56 34

From the above results, the new synthesized polyimides 
containing bulky and rigid substituents by one-step method 
have good solubility in organic solvents and good thermal 
and mechanical property. Now we are progressing the study 
of gas separation properties of new polyimides.
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