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Analysis of Volumetric Thermal Expansion and Molecular Chain Orientation of Polyimide Films Based on
Variable Temperature Measurement of Refractive Indices

Masashi MIZOROKI and Shinji ANDO, (Dept. Chemistry and Materials Science, Tokyo Institute of Technology,
Ookayama 2-12-1-E4-5, Meguro-ku, Tokyo 152-8552, Japan)
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Abstract: Coefficients of thermal expansion (CTE) and those of volumetric thermal expansion (CVE) have been
reported for free-standing polyimide (PI) films, though little is known for those of as-cast PI films formed on
substrates. We have reported that the anisotropy in CTEs of PI films parallel and perpendicular to the film
surface strongly correlates with the main chain orientation. It is therefore important to analyze the chain
orientation for evaluation and control of the CTEs and CVEs of PI films. Temperature dependence of refractive
index, which is called Thermo-Optic (TO) coefficient, can be divided into contributions from CVE and
temperature dependence of molecular polarizability due to main chain orientation. In this study, these
contributions were quantitatively analyzed for six kinds of PI films based on the Lorentz-Lorenz and Vuks
equations by estimating their CVEs and the degrees of orientation through measuring TO coefficients using the
prism coupling method. It was revealed that the CVEs of as-cast PI films are smaller than those of free-standing
PI films, and the polar angle, which is defined as the angle between the axis perpendicular to the film surface and
the axis along the PI main chain, varies depending on film thickness without influences by CVEs.
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Figure 4. CVE:s of free-standing and as-cast PI films.
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Figure 5. Relationship between polar angle and
orientation function.
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Figure 6. Thickness dependence of birefringence.
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Figure 7. Birefringence dependence of CVEs and

polar angle.
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