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and Other Polymer Films 

FINAL REPORT 

September 10, 1997 

Daniel J. Klingenberg, University of Wisconsin 
Stuart L. Cooper, University of Delaware 

Michael J. Winokur, University of Wisconsin 

1    Research Summary 

Electrostriction is the elastic deformation of a material caused by an electric field. Achievable deformations can be 
much larger than those of piezoelectric polymers and inorganic materials. Our research has focused on understanding 
electrostriction in thin polymer films — determining the underlying mechanism or mechanisms and the properties 
that control observed behavior. 

We have shown that experimental observations can be described as elastic deformation due to electrostatic forces. 
Critical to this conclusion has been correctly identifying the dielectric properties that govern the electrostatic stress. 
and developing techniques to measure them. 

We developed a linear theory for simple materials which introduces five material parameters governing electrostric- 
tion: the relative dielectric constant, e°, two derivatives of the dielectric tensor with respect to strain components. 
a,\ and a^, Young's modulus, Ey, and Poisson's ratio, u. Knowledge of these parameters and appropriate boundary 
conditions allow one to predict field-induced deformations. 

Of these parameters, a\ and a<i had not previously been measured for systems of interest. We have devel- 
oped several techniques to measure these parameters, based on the simultaneous measurement of deformation and 
permittivity in thin polymer films.  One experimental apparatus, shown schematically in Figure (1), consists of a 

H.VD.C. to LC-oscillator 

Ar gap 

Fblymer films 

Figure 1: Schematic diagram of the polymer-air-polymer capacitor assembly. The electrodes are glued to the glass 
slides. The two polymer films, obtained by cutting a single film in half, act as a spacer for center air-gap capacitor. 

polymer-film capacitor integrated with an air-gap capacitor. Deformation induced by an applied field is determined 
from the change in capacitance of the air-gap capacitor, while the electrostriction parameters are determined by the 
change in capacitance of the polymer-film capacitor. 
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We have also developed a microscopic model for electrostriction of amorphous, polarizable solids. The electrostric- 
tion parameters are predicted to be functions of only the dielectric constant of the nondeformed solid, e°, 
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The measured parameters agree very well with this microscopic model, as illustrated in Figure (2).   The electro- 
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Figure 2: Sum of electrostriction coefficients, <zi + a.2, as a function of the polymer dielectric constant. The solid 
curve is the prediction from the microscopic model, and the symbols are experimental data for a Kraton (SIS, Shell) 
and two polyurethane elastomeric films. 

static stress driving the deformation contains two contributions—the Coulombic attraction between the bounding 
electrodes, and "pure electrostriction" which is linear in the quantity — (a\ +a-i). The measured parameter values 
indicate that the deformation arising from pure electrostriction is > 10 x that arising from Coulombic attraction for 
polyurethane elastomers. Thus, understanding the relationships between ai, a-i and material chemistry is crucial for 
future development of electrostrictive materials. 
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4    Interactions 

We have had one significant scientific interaction with Dr. Ed Balizer from the Naval Surface Warfare Center in 
Bethesda, MD. The objective of this interaction was to use our experimental techniques to measure electrostriction 
parameters of films prepared by Dr. Balizer. The two main conclusions from this interactions are (1) that different 
Polyurethane elastomers appear to have similar values for the electrostriction parameters ai and 02, and (2) that 
field-induced deformations are also sensitive to differences in the mechanical properties of the films (Young's modulus 
and Poisson ratio). 


