
Unravelling of Baird’s Rule via Spectroscopic Analysis: Reversal of Hückel 

Aromaticity in the Excited Singlet and Triplet States of Hexaphyrins 

 

Dongho Kim* 

 

Department of Chemistry, Yonsei University, Seoul, South Korea, 03722 
*dongho@yonsei.ac.kr 

 

 

Attention on the aromaticity in the ground state has been shifted to that in the excited 

state and its application because the determination of excited state aromaticity not only 

rationalizes the photostability and photoreactivity but also provides crucial insight into 

photosynthetic mechanisms and designing photoactive materials such as saturable 

absorbers. The excited state aromaticity was first described by Baird, where he proposed 

that Hückel aromatic and antiaromatic characters are reversed in the lowest excited triplet 

state into antiaromatic and aromatic ones, respectively (known as aromaticity reversal; 

Baird’s rule).[1]  

Here, we discuss the aromaticity reversal in the excited state of a comparable set of 

Hückel aromatic/antiaromatic hexaphyrin congeners by time-resolved infrared (TRIR) 

spectroscopy. Aromaticity is deeply related with molecular conformations;[2-6] 

electronically unstable antiaromatic molecules tend to become stable via structural 

distortions while aromatic ones exhibit planar and rigid geometries for more effective π-

conjugation.[7-9] Judging from this aromaticity-dependent conformational differences, we 

investigate the aromaticity reversal in the excited state with the IR-activity of C=C 

stretching modes, which are sensitive to conformational distortions due to the vibrational 

selection rule for a change of the dipole moment.[5] The aromatic/antiaromatic hexaphyrin 

congeners showed the interconvertible IR spectral features between the ground and excited 

states arise from aromaticity-driven structural changes, which clearly demonstrates the 

 

  
Figure 1. Aromaticity-dependence of molecular structures and IR-activities. 



aromaticity reversal in the excited state. Our unconventional findings by the IR 

spectroscopy will provide deeper insight into the effect of aromaticity reversal on the 

photochemical synthesis as well as the photostability and photoreactivity for photoactive 

materials. 
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