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ABSTRACT

The conventional approach to developing fluorescent materials or molecules capable of absorbing
and releasing energy in the form of light in the visible region has largely relied on extending the size of m-
conjugated systems. However, modern perspectives have demonstrated that even compact molecular
structures as small as a single benzene ring can exhibit fluorescence in the visible region with large Stokes
shifts, provided that their electronic and geometric structures are appropriately engineered. Particularly,
precise control over electron distribution in both the ground and excited states plays a crucial role in
narrowing the energy gaps between these states, thereby enabling tunable fluorescence emission across
the visible region. To gain fundamental understanding of the electronic properties underpinning the
absorption and emission of single-benzene fluorophores, this study presents a theoretical investigation into
the effect of the ring size of electron-donating substituents in derivatives of 2,5-diamino-1,4-
benzenedicarbaldehyde on their photophysical properties. Computational chemistry techniques are
employed to calculate the energy gap between the ground and excited states and obtain the frontier
molecular orbital energy levels and the changes in electronic distributions upon photoexcitation and
emission. Ultimately, the authors anticipate that the insights obtained from this study will contribute to the

rational design and development of single-benzene fluorophores for future applications in bioimaging and

fluorescent sensing.
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