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Structure and dynamics of photoexcited molecules and molecular systems are influenced by application 

of electric field, which can be detected by measuring the electric field effects on absorption and emission 

spectra and emission decays. Along with the change in molecular photoexcitation dynamics, novel property 

and/or novel function may be generated by application of electric field and photoirradiation. The research 

field in which a combination of photoirradiation and electric field is applied to create new functions in 

materials and in biological systems may be called as “Photoelectrics” and “Photobioelectrics”. In fact, we 

have demonstrated the presence of field-induced switching of electrical conductivity enhanced by 

photoirradiation, based on time-resolved photocurrent experiments of organic charge-transfer salts using 

short laser pulse excitation.
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We have also demonstrated that the biological function can be significantly affected by application of 

short pulsed electric field. When the electric field having a 

pulse-width large enough is applied to biological systems, the 

voltage across the membrane becomes very large and results in 

the breakdown of the cell membrane and the production of holes 

on the cell surface. This behavior is well known as 

electroporation, which can be used for drug delivery or gene 

delivery. When the pulse-width of the applied electric field is 

small enough, in comparison to the charging time, the voltage 

across the membrane is negligible, resulting in the deep 

penetration of the applied electric field into intracellular 

organelles. In fact, we can show the nanosecond pulsed electric 

field effect on intracellular function, i.e., field-induced apoptosis, 

based on the fluorescence lifetime microscopy (FLIM), as 

shown in the figure.
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Fig.1 Fluorescence intensity 

images of HeLa cells, which show 

the apoptosis induced by 

nanosecond pulsed electric fields.  

 


