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1. Introduction
Meta-dielectric materials enable energy storage devices with high energy density combined with the power density of the film
capacitors. Meta-dielectrics are composite materials comprising an envelop of insulating substituent groups that electrically isolate each
polarizable unit in the dielectric crystal layer providing
high resistivity and high dielectric strength.1,2 The
insulating substituent groups are resistive alkyl or
fluro-alkyl chains covalently bonded to the polarizable
unit, forming the resistive envelop.
Fig 1 depicts the supramolecular structure and
process to create the dense array of electrically isolated
polarizable units in a thin film. Such a meta-dielectric
could enable a < 2 µm dielectric layer with 1000 relative
permittivity at an operating voltage of 1000 V.3-4
2. Molecular & Supramolecular Structure
Perylene-3,4,9,10-tetracarboxylic dianhydride (PDA) is a
conjugated pi-pi stacking molecule. Both PDA and the
imide derivative serve as the basic polarizable unit for this
work. These types of molecules exhibit strong
second-order polarizability.4 PDA is easilypressed into a Fig. 1. Schematic of the fabrication of an advanced capacitor utilizing a
13 mm x 1.3 mm pellet by grinding 0.2 g of powder and 1 – 5 µm coating of Meta-Dielectric Material between charge collecting
pressing it at 7 Tons with a Specac hydraulic press inside a electrodes. The material comprises a dense array of kinetic units each
die. Silver epoxy electrodes are then applied to both with a highly polarizable core and electrically insulating periphery.
circular faces of the pellet. The capacitance is measured at
50 mHz and the resistance is measured in DC. A modified version of PDA, N,N-Bis(1-dodecyltridecyl)perylene-3,4,9,10-tetracarboxylic
diimide (Bis-Alk-PDI) employs branched alkyl groups at both apex positions to create an insulating envelope. Pellet fabrication and
electrical testing is identical to PDA. Finally, the meta-dielectric is prepared by coating a 0.45 g / mL toluene solution of Bis-Alk-PDI
after filtering through an 0.45 µm PTFE membrane. The resulting device is a 1.5 µm film of meta-dielectric on top of 12 µm metallized
(2 Ω/ of aluminum) PET film. The aluminum serves as the lower electrode. The upper electrode is a fixture that presses firmly from
above. The electrical measurement of the film is analogous to the pellets.
3. Results
Fig. 2 shows a 100x increase in electrical resistivity through
the incorporation of the insulating alkyl envelop. Moreover,
the thin film exhibits another >1000 x increase in resistivity
afforded by the creation of supramolecular crystalline order
which forms in the liquid solution and persists in the dried
thin film. The relative permittivity of these materials varies
little. The time constant of the thin film is 100 x that of the
pellet for the same material.
4. Conclusions
We have demonstrated that we can design meta-dielectric
materials that exhibit extremely high electrical resistivity
while maintaining relative permittivity. In other work4, we
demonstrate the ability to design modified polarizable units
with the same alkyl envelopes, but with potentially 10,000x
more second–order polarizability than PDA and
Bis-Alk-PDI. Such an advanced meta-dielectric capacitor
can result in the next generation energy storage device.

Pellet

Pellet

Coated Thin Film

1011 Ω cm

1013 Ω cm

>1016 Ω cm

Fig. 2. Molecular structure, form factor (pellet or thin film), and electrical
resistivity for Left: Pellet of PDA representing the basic polarizable unit,
Center: Pellet of Bis-Alk-PDI demonstrating effect of insulating alkyl
envelope, and Right: 1.5 µm thin film of Bis-Alk-PDI demonstrating the
effect of supramolecular structural order
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