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Giant Optical Modulation due to the Pockels Effect at the Interface
Where the Inversion Symmetry is Broken
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As written in the textbook of nonlinear optics, it is necessary that the spatial inversion symmetry
of the system is broken in order for the Pockels effect to occur. An interface between two
different materials satisfies this condition, but the relevant volume is limited to a range of nm
distance from the interface. The Pockels effect of interfacial water on a transparent electrode
was firstreported in 2007, and the Pockels coefficient (proportionality coefficient of refractive
index change proportional to the electric field) has been reported to be an order of magnitude
larger than that of LiNbO;. However, only a slight phase change occurs in the light which is
propagated through the extremely thin interfacial water layer, so that only a 1/1000 change
in the transmitted light intensity has been extracted as intensity modulation. In this research,
we have realized that light intensity modulation as large as 50% is experimentally attained by
total reflection of light at electrode-water interface, using a commercially available transparent
electrode on a glass substrate immersed in an aqueous electrolyte solution and applying an
AC voltage of several volts against a counter electrode. The principle of signal enhancement
nearly 1000 times can be explained by the resonator effect (coherent perfect absorption) in a
transparent electrode thin film with a thickness on the order of the wavelength of light and the
penetration of evanescent light into the electric double layer in water due to total reflection.
The experimental results are quantitatively reproduced by theoretical calculation of the optical
response of the multilayer film, and it is shown that 100% modulation can be realized under
optimized conditions. Our finding will make it feasible to develop light modulation elements
or interfacial sensors using water. The signal enhancement principle opens the possibility of

using the interfacial Pockels effect ubiquitous for any interface.
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