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Nonlinear polarizability in dielectrophores

Statement of the Problem: Efficient energy storage is crucial both for everyday operations and for the long-term sustainability 
of human civilization. Electrochemical storage units, such as batteries, have large energy density but small power density and, 

moreover, can degrade relatively fast. Electrostatic storage units, such as capacitors, have the advantages over the batteries in 
almost all areas but have much smaller energy density. We proposed to use molecular   film capacitors where the energy is stored in 
highly polarizable aromatic cores, dielectrophores, enveloped in resistive structure by aliphatic tails which provide high dielectric 
strength. We believe that if the induced dipole depends nonlinearly on the external electric field, at high operating voltage such 
structure can have the energy density comparable with that of the batteries and even exceed it. 

Methodology: Thin films based on organic molecules were grown by the cascade crystallization procedure. Three samples 
with the P032, P033, and P036 molecular units, see Fig. 1, were charged using corona poling method, and compared to the 
polypropylene film (PP). The surface potential was measured by the Kelvin probe technique with the bottom electrode grounded.  
The dependencies of the surface potential on the introduced charge are shown in Fig. 1. 

Findings: While the PP film exhibits the linear relation between the charge and voltage, the corresponding dependence is highly 
nonlinear for our organic films for elevated voltages. Our estimations demonstrate that the stored energy for the P036 molecular 
compound can exceed that of the PP film up to 3000 times. 

Conclusion & Significance: We demonstrate organic-molecules-based thin films which can be used for the energy storage 
applications. With high energy density and large breakdown voltage, they can eventually replace the electrochemical batteries.
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Figure 1. Dependence of the surface potential on the introduced charge for 
several compounds shown in the right in comparison to the polypropylene film (PP)


