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Synthesis and Properties of Polyimide Containing Norborneol with Transparency and Low Dielectric Constant
Huang Anmin, Peng Jun, Wang Jin, Yang Haiyang
(Zhuzhou Times New Material Technology Co., Ltd.,Zhuzhou 412007, China)

Abstract : Transparent polyimide films containing norborneol with low dielectric constant were prepared by incorporating 2,2’
-bis (trifluoromethyl) benzidine (TFDB) into polymer backbones dispiro[4, 7-methanoisobenzofuran-5(3H), 1-cyclopentane-3’, 5"
(3"H)-[4, 7]methanoisobenzofuran]-1, 1", 2’, 3, 3"(4H, 4"H) -pentone, octahydro- (CPODA)/p-phenylenediamine (PDA). Fourier
transform infrared spectrum, thermogravimetry, thermomechanical analysis, dielectric, optical and mechanical tests were carried out
to investigate the effects of trifluoromethyl groups in TFDB on the comprehensive properties of the films. Molecular simulation was
used to analyze the microstructures of the films and explain the internal mechanism of the performance variation. The results show
that the imidization of the film is fully completed. When the mole fraction of TFDB increases from 0% to 40%, the 1% weight loss
temperature decreases from 453 °C to 432 °C, the dielectric constant decreases from 2.87 to 2.68 and the tangent of dielectric loss
angle decreases from 0.007 3 to 0.004 8 at a frequency of 10° Hz, the cutoff wavelength decreases from 372 nm to 361 nm. The trans-
mittance of the films all reach 85%. The tensile properties of the film decrease due to the introduction of TFDB and the film can be
dissolved in N, N-dimethylformamide and N, N-dimethylacetamide. The molecular simulation indicates that the absence of benzene
ring in norborneol group leads to a lack of benzene ring electron conjugation. Both the dipole moment and polarizability per unit
volume are decreased and the spacing between molecular chains is increased as a result of the electron absorption and large volume
effect of trifluoromethyl. The intermolecular force reduces, and the cohesive energy density of the polymer declines simultaneously,
the free volume fraction of the polymer increases. The introduction of norborneol and trifluoromethyl can decrease the dielectronic
conatant and enhance the optical performance of the polyimide film and the comprehensive performances can be balanced by adjust-
ing the TFDB content.

Keywords : low dielectric constant ; transparency ; polyimide ; norborneol ; molecular simulation
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