Synthesis of Heteroatom-containing High Refractive Index Poly(phenylene sulfide)s and
Their Optical Property Tuning Enabled by Post-polymerization Modification
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Poly(phenylene sulfide) (PPS) is a well-known super-engineering plastic with good thermostability, high
dimensional stability, and mechanical properties, although their application field has been limited due to its
difficult processability and poor solubility. On the other hand, PPS derivatives with additional side groups are
the solution to afford functionalities to the pristine PPS, affording amorphous nature, better solubility, and
optical properties suitable for various optoelectronic applications. However, their accessible chemical structures
have been limited to the derivatives bearing electron-donating side chains (e.g., alkyl and alkoxy groups), due
to the electrophilic substitution reaction mechanism in the oxidative polymerization of aromatic disulfides,
which is the common synthetic route for the PPS derivatives. Therefore, synthesis of heteroatom-containing
PPS, such as heteroaromatic PPS and halogen-containing PPS, has been challenging to date.

Herein, we succeeded in the synthesis of heteroatom-containing PPS, such as dibenzothiophene and fluorine-
containing PPS, using superacid as a polymerization catalyst. Addition of superacid (e.g., trifluoromethane
sulfonic acid) facilitates the stabilization of active sulfonium cation species and enables the positive shifting of
redox potential of the oxidants, finally accelerating the electrophilic substitution of the electron-deficient
monomers to give the corresponding PPS with reasonable molecular weight (M, ~ 3x10?). Corresponding to
the substructure, the resulting PPS derivatives display ultrahigh refractive indices (np ~ 1.85) or low dielectric
losses (Dx ~ 2.8 and D¢~ 2.0x107), which have rarely been achieved in the polymer materials. We also expanded
the molecular design to poly(thiourea)s, which display fascinating optical properties attributed to the polarizable

yet random hydrogen bonds unique to the heteroatom-containing structures.
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