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(Summary)

A 1% TDevelopment of Phosphorus-Containing Polymers for High Refractive and Low Birefringent Materials |
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% P4 E " Development of High Refractive and Low Birefringent Materials Based on Poly(phosphonate)
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(Summary)

This thesis has dealt with the synthesis of phosphorus-containing polymers, namely poly(phosphonate)s,
poly(thiophosphonate)s, poly(arylene ether phosphine oxide)s, and poly(arylene ether phosphine sulfide)s and their
optical properties such as refractive indices, the Abbe numbers, and birefringent properties.

In Chapter 2, novel high-refractive-index materials consisting of poly(thiophosphonate)s were developed. These
polymers achieve high refractive indices of 1.626—1.687 owing to the highly polarizable sulfur and phosphorus atoms
in their backbones and relatively high Abbe numbers of 21.3-27.5.

In Chapter 3, the birefringent properties of bisphenol A-based poly(phosphonate) and poly(thiophosphonate) were
investigated. The orientational birefringences (Cy values) of the poly(phosphonate) derivatives are in the range from
+1.2 x 107 to +1.5 x 107’ Pa”', which are less than half of those of the conventional bisphenol A-based polymers. In
addition, their photoelastic birefringences (Cp values) are in the range from +5.7 x 10" to +6.1 x 10" Pa™', which
are also lower than those of the conventional bisphenol A-based polymers. From the DFT calculations of the
polarizability anisotropies of the model compounds, it was suggested that the low birefringent properties of the
poly(phosphonate) derivatives are due to the presence of the P=O and P=S groups and the phenyl substituents
perpendicularly oriented to the main chain direction.

In Chapter 4, high-molecular-weight poly(phosphonate)s and poly(thiophosphonate)s were successfully synthesized
from various bisphenols. These polymers achieve high refractive indices above 1.65, low Abbe numbers (23.1-25.4),
and low orientational birefringences (Cr < 1.0 x 10~ Pa™'), which are suitable to low Abbe lens materials for
compensating the chromatic aberration.

In Chapter 5, high-molecular-weight poly(arylene ether phosphine oxide)s and poly(arylene ether phosphine
sulfide)s were successfully synthesized. These polymers achieve high refractive indices of 1.649-1.675 for the
poly(arylene ether phosphine oxide)s and 1.671-1.691 for the poly(arylene ether phosphine sulfide)s owing to the
highly polarizable P=X (X = O, S) groups in their backbones. Their orientational birefringences (Cr values) are in the
range from +0.7 x 10™° to +3.0 x 10™° Pa™', which are lower than those of the conventional poly(arylene ether ketone)
and poly(arylene ether sulfone).

In Chapter 6, the studies described in Chapters 2—5 are summarized and future perspectives are described.
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