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Two-photon absorption (TPA) of organic materials has attracted considerable attention because of its potential applications in various fields such as photonics, nano-technology, bioscience, and medicine.  Molecules bearing large TPA cross section can accelerate the applications, so a number of new molecules have been developed for this aim in the last decade.  However, still the cross sections have not reached the theoretical limit.[1]  The relationship between molecular structure and TPA properties has not been established yet.
The most widely accepted strategy of molecular design for large TPA cross section is introduction of strong electron donor (D) and/or acceptor (A) groups at the ends of a -conjugated system.  This has been explained with large transition dipole moments for the D/A-substituted system.   However, this is rather empirical and the reason was not well understood.  Recently, we have clarified that the D/A-substitution causes breaking of the alternancy symmetry (also known as the hole-particle symmetry), resulting in the enhancement of the TPA cross section.[2]   The breaking can also occur in the system where the doubly-excited electronic states play an important role such as singlet diradical species.  Some of stable singlet dradical molecules were shown to have a large TPA cross section experimentally.[3]  

In the case of the molecular system bearing two or more conjugation paths, the TPA properties can be affected by the coupling between the conjugate paths.  For example, we found that the system with the same conjugation paths (two D--D) exhibits larger TPA cross section than the system with different paths (D--D and A--A), suggesting that strong coupling between the same conjugate paths can enhance a TPA band.[4]  We also found that the systems with three conjugate paths have intense TPA without D/A-substitution.[5]  This was observed at the green or shorter wavelength region, so this design strategy can be useful for the application where short wavelength is favorable such as optical data storage.
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