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Abstract: Polyimides have been prepared from a variety of dianhydrides and isomeric diamines, and their structure-prop-
erty relationship has been studied. Aromatic and aliphatic dianhydrides were reacted with constitutional and stereo iso-
mers of phenylenediamine and diaminocyclohexane. Solubility behavior, optica transparency, and thermal properties of
the obtained polyimides were investigated and the effect of their chemica structure on the properties was studied. Poly-
imides based on 1,2 diamines showed higher solubility and higher optical transparency than those of 1,4 diamine-con-
taining polyimides. This is probably attributed to more irregularly bent structures of 1,2 diamine-based polyimides. The
bent structure would result in less close chain packing, and consequently, weaker intermolecular interactions between
polyimide chains. In the cases of diphatic diamine-based polyimides, optical transparency increased and glass transition
temperature decreased in the order of trans, cis, and trans-cis mixture. Thisis also attributable to decrease in the degree
of close chain packing in the same order.
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Scheme 1. Synthesis of fully aromatic polyimides.
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Figure 1. Dianhydrides and diamines used in this study.
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Figure 2. FTIR spectra of PMDA-based polyimides: (a) PMDA/1,4-
PDA; (b) PMDA/mix-CHDA; (c) PMDA/trans-CHDA.

Table 1. Solubility Behavior of Polyimides®
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Figure 3. FTIR spectra of HPMDA-based polyimides: (a)
HPMDA/1,2-PDA; (b) HPMDA/mix-DACH; (c) HPMDA/trans-
DACH; (d) HPMDA/cis-DACH.

T T T T T T 1
2000 1000 750 500

Polyimide” Solvent
DMSO DMAc DMF NMP THF Dioxane Py CHCl; Acetone MeOH
HPMDA/1,2-PDA ++ ++ ++ ++ ++ +- +- +- -- -
HPMDA/mix-DACH ++ ++ ++ ++ ++ ++ ++ ++ +- -
HPMDA/trans-DACH ++ ++ ++ ++ ++ ++ ++ ++ -- -
HPMDA/cis-DACH ++ ++ ++ ++ ++ ++ ++ ++ +- -
PMDA/1,2-PDA +- +- +- +- +- +- +- +- -- -
PMDA/mix-DACH +- +- +- +- +- +- +- +- +- -
PMDA/trans-DACH +- +- +- +- +- +- +- +- +- --
PMDA/cissDACH ++ ++ ++ ++ +- ++ ++ ++ +- -
HPMDA/1,4-PDA +- +- +- +- +- +- +- - - -
HPMDA/mix-CHDA ++ ++ ++ ++ +- +- ++ +- - -
HPMDA/transs=CHDA +- +- +- +- +- +- +- +- - -
PMDA/1,4-PDA -- - - - - - - - - -
PMDA/mix-CHDA +- +- +- +- +- +- +- +- - -
PMDA/transs=CHDA +- +- +- +- - +- +- - - -

aSolubility; ++: soluble a room temperature;

+-: patialy soluble; --: insoluble. ®Chemically imidized polyimides from PAAs in NMP using
pyridine and acetic anhydride at 160°C for 5 h. ®DMSO: dimethylsulfoxide; DMAc: dimethylacetamide; DMF: dimethylformamide; NMP: N-
methyl-2-pyrrolidone; THF: tetrahydrofuran; Py: pyridine; CHCI: chloroform; MeOH: methanol.
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Table 2. Inherent Viscosities and Yidds of Poly(amic acid)s

sy
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Table 3. Optical Properties of Polyimide Films

Poly(amic acid) Inherent viscosity Yield

(dL/g)® (%)
PAA-HPMDA/1,2-PDA 0.46 97
PAA-HPMDA/mix-DACH 0.47 94
PAA-HPMDA /trans-DACH 0.46 96
PAA-HPMDA/cis-DACH 0.45 92
PAA-PMDA/1,2-PDA 0.39 7
PAA-PMDA/mix-DACH 0.38 95
PAA-PMDA /trans-DACH 0.36 92
PAA-PMDA/cis-DACH 0.36 92
PAA-HPMDA/1,4-PDA 0.59 92
PAA-HPMDA/mix-CHDA 0.61 95
PAA-HPMDA/trans-CHDA 0.53 95
PAA-PMDA/1,4-PDA 0.66 93
PAA-PMDA/mix-CHDA 0.69 96
PAA-PMDA/trans-CHDA 0.67 97

*Measured in NMP at a concentration of 0.5g/dL at 30°C.
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Polyimide® ks wavel g:fgthm P05 50 MM

@m  om  ®0 00
HPMDA/L2-PDA 4 371 8 85
HPMDA/Mix-DACH 6 218 99 99
HPMDA/transDACH 5 262 %4 %5
HPMDA/CiSDACH 6 254 % %
PMDA/L2-PDA 4 467 1 66
PMDA/Mix-DACH 6 272 94 o7
PMDAfransDACH 2 342 71 83
PMDA/cis: DACH 6 283 86 %
HPMDA/14-PDA 5 a42 1 78
HPMDA/Mix-CHDA 4 293 80 %5
HPMDA/transCHDA 10 335 74 83
PMDA/L4-PDA 6 501 0 2
PMDA/Mix-CHDA 6 335 76 88
PMDA/ransCHDA 3 34 68 83

#Films prepared by spin-coatting of poly(amic acid)s and subsequent
thermal imidization. PPercent transmittance at 400 nm. “Percent
transmittance at 550 nm.
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Table 4. Thermal Properties of Polyimides

Polyimide? (Ig:) (Ig)b
HPMDA/1,2-PDA - 439
HPMDA/mix-DACH - 437
HPMDA /trans-DACH - 461
HPMDA/cis-DACH - 412
PMDA/1,2-PDA 353 K
PMDA/mix-DACH 250 405
PMDA /trans-DACH 344 421
PMDA/cis-DACH 305 445
HPMDA/1,4-PDA - 492
HPMDA/mix-CHDA - 435
HPMDA /trans-CHDA - 440
PMDA/1,4-PDA - -
PMDA/mix-CHDA 275 417
PMDA/trans-=CHDA 319 464

Prepared by chemical imidization. "Temperatures at which specimens
show 10% weight loss when TGA is conducted up to 500 °C. “Weight
loss percentage is less than 10% at 500 °C.
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