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[0026] In another embodiment of the present invention, the modifying functional groups are 

selected from the list comprising alkyl, aryl, substituted alkyl, substituted aryl, and any 

combination thereof.  The modifying functional groups provide solubility of organic compounds 

at the stage of manufacturing and additional insulating properties to the solid insulating layer of 

the capacitor.  In yet another embodiment of the present invention, the insulating layers comprise 

polymeric materials selected from the list comprising fluorinated alkyls, polyethylene, 

poly(vinylidene fluoride-hexafluoropropylene), polypropylene, fluorinated polypropylene, 

polydimethylsiloxane.  In still another embodiment of the present invention, the insulating layers 

comprise a polymeric material formed on the basis of polymers which are selected from the 

structures 44 to 49 as given in Table 2. 

Table 2. Examples of polymers for the insulating layers 

 
poly(2,2’-disulfo-4,4’-benzidine terephthalamide) 

44 

 
poly(2,2’-disulfo-4,4’-benzidine isophthalamide) 

45 
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poly(2,2’-disulfo-4,4’-benzidine 1,3-dioxo-isoindoline-5-

carboxamide) 

46 

 
poly(2,2’-disulfo-4,4’-benzidine 1H-benzimidazole-2,5-

dicarboxamide) 

47 

 
poly(2,2’-disulfo-4,4’-benzidine 3,3’,4,4’-biphenyl 

tetracarboxylic acid diimide) 

48 

 
poly(2,2'disulpho-4,4'benzidine 1,4,5,8-naphtalen 

tetracarboxylic acid diimide) 

49 

[0027] The listed materials intended for the insulating layers provide a high intensity of an 

electric field which is not less than 0.1 Volt per nanometer.   

[0028] A wide variety of conducting and semiconducting (conjugated) polymers can be used as 

conductive layers of the present invention.  This variety of polymers have a unique set of 

properties, combining the electronic properties of metals and semiconductors with the processing 

advantages and mechanical properties of polymers, see A.J. Heeger, et al., “Semiconducting and 

Metallic Polymers.”, Oxford Graduate Texts, Oxford Press, 2010.   

[0029] For the disclosed energy storage device the solid conductive layer may possess a different 

structure in the range between an amorphous and crystalline solid layer, depending on the 

material and manufacturing procedure used. 

[0030] In one embodiment of the present invention the conductive layer is crystalline. 

[0031] In another embodiment of the present invention, the conductive layer comprises material 

possessing molecular conductivity.  A conductive material possessing molecular conductivity 

refers to a material containing organic molecules wherein electric charges are moved under 
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action of an external electric field within the limits of these molecules.  As a result of 

displacement of mobile charges inside of this molecule, an electric dipole oriented along the 

electric field is formed (Jean-Pierre Farges, Organic Conductors, Fundamentals and applications, 

Marcell-Dekker Inc. NY. 1994).  

[0032] In one embodiment of the present invention, the conductive layers comprise 

electroconductive oligomers.  In another embodiment of the present invention, the longitudinal 

axes of the electroconductive oligomers are directed predominantly perpendicularly in relation to 

the electrode surface.  In yet another embodiment of the present invention, the longitudinal axes 

of the electroconductive oligomers are directed predominantly parallel in relation to the electrode 

surface.   

[0033] In still another embodiment of the present invention, the conductive layer comprising the 

electroconductive oligomers predominantly possesses lateral translational symmetry.  

Translational symmetry of the object means that a shift on a certain vector does not change the 

object.   

[0034] In one embodiment of the present invention, the electroconductive oligomers are selected 

from the list comprising following structural formulas corresponding to one of structures 50 to 

56 as given in Table 3. 

Table 3. Examples of polymers for the conductive layers  
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where X = 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12 

[0035] In another embodiment of the energy storage device of the present invention, the 

conductive layer comprises low-molecular weight electroconductive polymers.  In another 

embodiment of the present invention, the low-molecular weight electroconductive polymer 

contains monomers selected from the structures 50 to 56 as given in Table 3.  In another 

embodiment of the disclosed energy storage device, the electroconductive oligomers further 

comprise substitute groups and are described by the following general structural formula II: 

(electroconductive oligomer )--Rq                    (II)  

where Rq is a set of substitute groups, q is a number of the substitute groups R in the set Rq, and q 

= 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10.  In yet another embodiment of the present invention, the 

substituents R are independently selected from the list comprising alkyl, aryl, substituted alkyl, 

substituted aryl, and any combination thereof  

[0036] In still another embodiment of the present invention, thickness of the insulating layer 

(dins), thickness of the conductive layer (dcond), number of the insulating layers (nins ≥ 2), 

dielectric permittivity of the insulating dielectric material (εins) and dielectric permittivity of the 

conductive layer (εcond) satisfy the following relation:  

dcond = p·(nins/(nins-1)·(εcond/εins)· dins , where p ≥3. (6) 

[0037] Electrodes of the disclosed energy storage device may be made of any suitable material, 

including but not limited to Pt, Cu, Al, Ag or Au.   

[0038] The disclosed energy storage device can be produced by a variety of manufacturing 

methods, which in general comprise the steps of a) preparation of a conducting substrate serving 
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CLAIMS 

 

1. An energy storage capacitor comprising  

  a first electrode, 

  a second electrode, and 

  a solid multilayer structure disposed between said first and second electrodes, 

 wherein said electrodes are flat and planar and positioned parallel to each other, and 

wherein said solid multilayer structure comprises m insulating layers and conductive layers both 

parallel to the electrodes, wherein m is the total number of insulating layers and conductive 

layers,  

said layers are disposed parallel to said electrodes, and  

said layers have the following sequence: A-B-(A-B-…A-B-)A, where  

A is a homogeneous insulating layer which comprises polyethylene  

B is a homogeneous conductive layer comprising polyaniline, and  

m is equal to 3 or more, 

wherein insulating layer thickness (dins), conductive layer thickness (dcond), number of 

the insulating layers (nins) ≥ 2, dielectric permittivity of the insulating layers (εins) and 

dielectric permittivity of the conductive layers (εcond) satisfy the following relation:  

dcond = p·(nins/(nins-1)·(εcond/εins)· dins , where p ≥3, 

wherein εcond and εins are measured at identical operational parameters. 

 

2. The energy storage capacitor according to Claim 1, wherein the electrodes 

comprise Pt, Cu, Al, Ag and/or Au. 

 

3. A method of producing an energy storage capacitor, which comprises the steps of  

a) preparation of a conducting substrate serving as a first electrode,  

b) formation of a multilayer structure on the first electrode, and 

c) formation of a second electrode on the multilayer structure 

wherein formation of the multilayer structure comprises alternating steps of 

application of insulating layers and application of conductive layers or a step of coextrusion of 

insulating and conductive layers, wherein the multilayer structure is a solid multilayer structure 

disposed between said first and second electrodes, 

 wherein said electrodes are flat and planar and positioned parallel to each other, 

and 
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wherein said solid multilayer structure comprises m insulating layers and 

conductive layers, wherein m is the total number of insulating layers and conductive layers both 

parallel to the electrodes,  

said layers are disposed parallel to said electrodes, and  

said layers have the following sequence: A-B-(A-B-…A-B-)A, where  

A is a homogeneous insulating layer which comprises polyethylene,  

B is a homogeneous conductive layer comprising polyaniline, and  

m is equal to 3 or more 

wherein insulating layer thickness (dins), conductive layer thickness (dcond), 

number of the insulating layers (nins) ≥ 2, dielectric permittivity of the insulating layers 

(εins) and dielectric permittivity of the conductive layers (εcond) satisfy the following 

relation:  

dcond = p·(nins/(nins-1)·(εcond/εins)· dins , where p ≥3, 

wherein εcond and εins are measured at identical operational parameters. 

 

4. The method according to Claim 3, wherein the step b) of formation of the 

multilayer structure comprises alternating steps of the application of a solution of an insulating 

material and the application of a solution of a conductive material, wherein both application 

steps are followed by a step of drying to form solid insulating layers and solid conductive layers, 

the alternating steps are repeated until formation of the multilayer structure is completed, and the 

insulating layer is formed as the first layer and as the last layer, said first layer and said last layer 

each being in direct contact with an electrode. 

 

5. The method according to Claim 3, wherein the step b) of formation of the solid 

multilayer structure comprises a step of coextrusion of a set of alternating conductive layers and 

insulating layers onto the substrate, followed by drying to form the solid multilayer structure. 

 

 


