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Scheme 1 Synthesis route of diamine monomer
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Scheme 2 Preparation of polyimides (PIs)
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Fig. 1 FTIR spectra of monomer 3 and PlIs
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Table 1  Solubility of polyimide films in organic solvents®

Solvent m-Cresol NMP DMAc DMF DMSO CHCI,COOH CHCI, THF
PI-PMDA — — — — — — — —
PI-BPDA — — — — — + - — —
PI-6FDA — + - — — + - — —
PI-BTDA — — — — + - — —
PI-ODPA — — + - — — + - — —
PI-BPADA + + + - + - + - + - + - + - —
“10 mg of polyimide in I mL of solvent at room temperature; + + , Soluble at room temperature; + — , Partial soluble; —, Insoluble
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BPDA K PI-BTDA. 3 J& iy T 5 i I il B 42 o 114
7N IR TR o e VA 0 T B O e e BT s AT

b, 18 2 19 DSC il 4k @R PI-PMDA 3 B {b % 25 R
QA T2 B B, 5 7T BB (K S PMIDA #7393t
T D922, 0 0ok 8 B v R0 T R R R B 8 2
T 6] 9 45 T 0 380, Sy T BE B 1 3 S T
R AE R AR T B 5% R 10% 4 2k T i B
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Table 2 Thermal properties of the Pl films and inherent viscosities of PAA

Mo (PAA)® T,(C) T, Ts° Th" R,'
Polyimides
(dL/g) Dsc? DMA® (C) (c) (c) (%)
PMDA 0.50 241 — 409 421 447 47
BPDA 0.37 234 — 432 448 473 59
6FDA 0. 49 239 243 432 448 470 50
BTDA 0. 43 232 232 420 440 466 58
ODPA 0.39 212 216 423 435 458 54
BPADA 0. 46 188 189 436 444 461 50

* Inherent viscosity of PAA measured in DMAc at 20 °C with a concentration of 0. 5 g/dL; " Baseline shift in the second heating DSC traces, with

a heating rate of 10 K/min under N,; “ At a heating rate of 5 K/min and a load frequency of 1 Hz in film tension geometry; d T,, onset

decomposition temperature by TGA at a heating rate of 10 K/min under N, ;

“Ts, T, temperatures at 5% and 10% weight loss by TGA at a

heating rate of 10 K/min under N, ; "R, residual weight retention at 800 °C by TGA at a heating rate of 10 K/min under N, ; —Not detected
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Fig. 2 DSC curves of Pls
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Fig. 3 TGA and DTG curves of Pls
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Table 3 Mechanical properties and water uptake of PI films g
— — — :
s cut-o
Polyimides ! ’ &
(MPa) (GPa) (% ) (nm) o
PMDA — — — —
BPDA 84 2.8 4.4 389 . 1 L L
300 400 500 600 700 800
6FDA 92 3.5 3.6 367 Wavelength (nm)
BTDA 102 2.9 6.5 389
Fig. 4 UV-Vis spectra of PI films
ODPA 46 2.7 2.0 368
BPADA 68 3.5 2.5 374
* T, tensile strength; T, , tensile modulus; " E,, elongation at LS
s ensile streng M ensile modadulus B elongation al 3 gE -Lb
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Synthesis and Characterization of Polyimides Containing Pyridazine Moieties

Yue Guan, Da-ming Wang, Guang-liang Song, Xing-di Zhang, Hong-wei Zhou,
Chun-hai Chen, Guo-dong Dang, Xiao-gang Zhao "
(Alan G. MacDiarmid Institute, Jilin University, Changchun 130012)

Abstract A new pyridazine-containing aromatic diamine monomer,3 ,6-bis(3-aminophenoxy ) pyridazine , was
successfully synthesized by a nucleophilic substitution reaction of 3, 6-dichloropyridazine with meta-
aminophenol in the presence of potassium hydroxide in dimethyl sulfoxide ( DMSO).'H-NMR, FTIR and
HPLC-MS were employed to confirm the diamine and intermediates structure. In order to maintain the thermal
and mechanical properties ,and improve the glass transition temperatures (7,) and optical property,the novel
aromatic heterocyclic diamine monomer was employed to synthesize a series of polyimides by polycondensation
with various commercial aromatic dianhydrides in N, N-dimethylacetamide ( DMAc) wvia the conventional two-
step method ,i. e. , ring-opening polycondensation forming the poly(amic acid)s (PAA) and further thermal
imidization forming the pyridazine-containing polyimides. The resulting PAA possessed inherent viscosities in
the range of 0.37 ~0.50 dL/g. High quality polyimide films could be prepared by casting the PAA solutions
on glass plates. Experimental results indicated that the polyimide films had good thermal stability , with high
initial decomposition temperature (T, > 409 °C ) and T, of 188 ~241 °C ,and the temperature at 5% and 10%
weight loss of 421 ~448 and 458 ~473 °C at a nitrogen atmosphere , respectively. Moreover, the polyimide films
showed outstanding mechanical properties with tensile strength of 46 ~102 MPa ,tensile modulus of 2.7 ~3.5
GPa and elongation at break of 2.0% ~6.5% . Most of the polyimide films had good chemical resistance ,and
were insoluble in common organic solvents,such as NMP,DMSO, DMF , m-cresol and CHCI,. The UV-Visible
measurements indicated that the cut-off wavelength of polyimide films was in the range of 367 ~389 nm. The
pyridazine-based polyimide films showed a good combination of properties.

Keywords Nucleophilic substitution, Pyridazine diamine, Polyimide films
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