
HAT 1-S CLAIMED: 

1. A device comprising: 

a lanotube or nanowell disposed within a support material, the nanotube comprising 

one or more 'idewall electrodes, the nanowell comprising one or more sidewall electrodes 

and/or one or m e bottom electrodes; and 

an electroacti nanomembrane disposed over at least a portion of one electrode of 

the nanowell or nanotub• wherein the clectroactive nanomembrane is configured to cause a 

chemical composition ehang in the electroactive nanomembrane in response to electrical 

stimuli. 

2. The device of claim 1, wherei the electroactive nanomembrane is configured to 

change at least one dimension thereof, re' Ming from the electroactive response to the 

electrical stimuli. 

The device of claim 1, wherein the electro five nanomembrane is configured to 

cause polymerization or depolymerization in respons o the electrical stimuli, 

4. 	The device of claim 1, wherein the electroactive na •membrane is at (cast in part 

disposed to be hydrophobic, hydrophilic, charged, chemically active, metal-binding, 

metallic, or combinations thereof. 

5. The device of claim 1, wherein the electroactive nanomembran 'omprises a 

conductive electroactive polymer, and one or more of a dielectric electroactive polymer, a 

ferroeleetric electroactive polymer, and an ionic electroactive polymer. 

6. The device of claim 1, wherein the electroactive nanomembrane comprises 

metalized nanomembrane. 
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The device of claim I , wherein the electroactive nanomembrane is an encircling 

°membrane on an interior surface of the nanowell or nanotube, thereby forming a 

nano re. 

8. 	Th device of claim 1, wherein the electroactive nanomembrane is covalently attached 

to the at least 	ortion of the one electrode. 

9, The device claim 1, wherein the electroactive nanomembrane is non-covalently 

disposed on the at leas portion of the one electrode. 

10, The device of claim wherein the electroactive nanomembranes is configured to 

bridge at least a portion of two 	more electrodes to provide an electrical connection 

between the electrodes. 

11. 	The device of claim I, wherein a omposition of the electroactive nanomembrane 

comprises a doping agent, a dye, a quantum 
	

t, or combinations thereof. 

12, The device of claim 1, further comprising dditional nanowells or nanotubes or 

combinations thereof, that are arranged as an array in single support material. 

13, The device of claim 1, further comprising one or 	re additional nanomembra.nes 

deposited between the electroactive nanomembrane and the a east a portion of the one 

electrode, wherein the one or more additional nanomembranes at- lectroactive or non-

e lectroactive, 

14. 	A device comprising: 

a nanowell or nanotube disposed within a support material, the nanotub comprising 

one or more sidewall electrodes, the nanowell comprising one or more sidewall ele codes 

and/or one or more bottom electrodes; 
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a first nanomembrane disposed over at least a portion of one sidewall electrode of the 

oat well or nanotube; and 

second nanomembrane disposed over the first nanomembrane to form a 

nanochanne or nanopore, or combinations thereof, wherein the second nanomembrane is 

configured to a 	one or more of a molecular composition, a dimension, or a chemical 

property thereof in sponse to electrical stimuli, 

15. The device of cl -11 14, wherein each of the nanowell, the nanotube, and the nanopore 

has a circular, square, rectal le, or polygon cross-section, 

16. The device of claim 14, vN erein the first nanomembrane is non-electroactive, 

17. The device of claim 14, where the first nanomembrane is configured to alter a. 

molecular composition, a dimension, or a 'roperty thereof in response to electrical stimuli. 

18. The device of claim 14, wherein the pi erty capable of alternating comprises one or 

more properties of hydrophobic, hydrophilic., char d, chemically reactive, metal-binding, 

metallic, or combinations thereof. 

19. The device of claim 14, wherein the first nanomem r ane is more electrically 

conductive than the second nanomembrane, and/or is less chef ally reactive than the second 

nanomembrane. 

20. The device of claim 14, wherein one or both of the first nanome bran° and the 

second nanomembrane are electrically conductive. 

21. The device of claim 14, wherein one or both of the first nanomembrane 'd the 

second nanomembrane are capable of driving an electrochemical reaction. 

22, 	A device comprising: 
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one or more nanowells or nanotubes or combinations thereof disposed in a support 

erial, each nanotube comprising one or more sidewall electrodes, each nanowell 

comi ising one or more sidewall electrodes and/or one or more bottom electrodes; and 

011 or more electroactive nanomembranes disposed over at least one sidewall 

electrode oft one or more nanowells or nanotubes or combinations thereof to form a 

nanochannel, or a anoporc, or combinations thereof, wherein the electroactive 

nanomembrane is cm tgured to change at least one dimension of the electroactive 

nanomembrane resulting om electrical stimuli, and is at least in part disposed to be a 

hydrophobic, hydrophilic, ch rged, chemically reactive, metal binding, metallic, or 

combinations thereof, 

23. 	The device of claim 22, wher 	the electroactive nanomembrane is configured to 

cause a composition change in response t the electrical stimuli. 

24, 	A device comprising: 

one or more nanowells or nanotuhes or coin inations thereof disposed within a. 

support material, each nanotube comprising one or mo sidewall electrodes, each nanowell 

comprising one or more sidewall electrodes and/or one or i ore bottom electrodes; 

one or more electroactive nanomembranes disposed on least a portion of the one or 

more electrodes of the one or more nanowells or nanotubes or com nations thereof; and 

a lipid bilayer supported by the one or more electroactive nanom b anes, wherein 

the lipid bilayer is configured to allow insertion of a molecule. 

25. 	The device of claim 24, wherein the lipid bilayer is configured to provide sertion 

and functionality testing of one or more lipophilie molecules comprising 

detergents, oils, fats, lipids, surfactants, or combinations thereof, or 
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comprise a hydrophobic surface is configured t Ilow nucleation of formation of the lipid 

bilayer or to stabilize the lipid bilayer. 

proteins comprising porins, ion channels, protein nanopores, membrane proteins, 

lbrane enzymes, membrane receptors, membrane channel proteins, membrane transport 

prote 	complexes With and by thereof, or combinations thereof, and wherein the insertion 

comprises 	insertion of one molecule of protein. 

26. The de e of claim 24, wherein the one or more electroactive nanomembranes have a 

as a nucleation site or an adhesion site configured to promote nucleation hydrophobic surfa 

of formation or stabili tion of a lipid bilayer, 

27. The device of claim 	, wherein number of lipophilic molecules or proteins or protein 

complexes able to be inserted i the one or more electroactive nanomembranes is controllable 

or restricted by a dimension alterat n of the one or more electroactive nanomembranes to 

decrease a surface area spanned by the id bilayer. 

28, 	The device of claim 24, wherein the ne or more electroactive nanomembranes 

29, The device of claim 24, further comprising a nan, hannel or nanopore formed by the 

one or more electroactive nanomembranes to support or sta ize the lipid bilayer, 

30, A method for molecular separation, purification, and sens g, the method comprising: 

providing one or more nanotubes or nanowells or combination' hereof in a support 

material, each nanotube comprising one or more sidewall electrodes, each anowell 

comprising one or more sidewall electrodes and/or one or more bottom electr es, wherein 

an electroactive nanomembrane is disposed on at least a portion of one electrode the one or 

more nanotubes or nanowells, or combinations thereof to form a nanopore or a nanoc noel 

within a corresponding nanotube or nanowell, and wherein the electroactive nanomembr 
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s configured to alter one or more of a dimension, composition, hydrophobicity, 

hy •ophilieity, charge, chemical binding, metallic, and metal binding property of the 

elcctr etive nanomembrane; and 

mo 	ng an analyte in the one or more of the nanopores or nanowells, or combinations 

thereof, 

31. 	The method 'f claim 30, further comprising modulating a property of the 

electroactive nanomem ►  inc over time such that one or more analytes are separated, 

partitioned, isolated, fractio fed, purified, or combinations thereof according to their size as 

the one or more analytes pass t ough the nanopore or the nanochannel formed by the 

electroactive nanomembrane, 

32, 	The method of claim 30, further omprising modulating a property of the 

electroactive nanomembrane over time sue hat one or more analytes are separated, 

partitioned, isolated, fractionated, purified, or c 	binalions thereof, according to their 

hydrophobicity / hydrophilicity as the one or more ialytes pass through the nanopore or the 

nanochannel formed by the electroactive nanomembrai 

33. The method of claim 30, further comprising moduli g over time a property of the 

electroactive nanomembrane such that one or more analytes are eparated, partitioned, 

isolated, fractionated, purified, and combinations thereof according their charges as the one 

or more analytes pass through the nanopore or the nanochannel formed 	the electroactive 

nanomembrane, 

34. , The method of claim 30, further comprising modulating a property of 

electroactive nanomembrane over time such that one or more analytes are separat 

partitioned, isolated, fractionated, purified, or combinations thereof according to their 

chemical reactivity as the one or more analytes pass through the nanopore or the nanocha iel 
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ormed by the electroactive nanotnembrane. 

35 	The method of claim 30, further comprising modulating a property of the 

electro tive nanomernbrane over time such that one or more analytes are separated, 

partitioned, 'solated, fractionated, purified, or combinations thereof, according to their being 

bound by one • more types of nanomembrane-attached functionalization as the one or more 

analytes pass throb 	the nanopore or the nanochannel formed by the electroactive 

nanomembrane, the .fu. tionalization comprising proteins, antibodies, enzymes, antibody 

fragments, lectins, phage, oleic acid oligomers, nucleic acid components, aptamers, 

peptides, amino acids, modifi amino acids, lipids, ions, small molecules, drugs, or 

combinations thereof. 

36, 	The method of claim 30, futile comprising modulating a property of the 

electroactive nanomembrane over time su that one or more analytes are separated, 

partitioned, isolated, fractionated, purified, an combinations thereof according to one or 

more properties selected from size, wettability, eh• ge, chemical reactivity, functionalization, 

or a combination thereof, as the one or more analytes s.s through the nanopore or the 

nanochannel formed by the electroactive nanomembrane, 

37. 	The method of claim 30, wherein moving the analyte c uprises subjecting a passive 

diffusion movement, an electrophoretic force, a mechanical force, r their combinations to 

the analyte. 

38. The method of claim 30, wherein moving the analyte comprises alt 'ing a dimension 

of the electroactive nanomembrane by imposing electric stimuli on the electro bye 

nanomembrane. 

39. The method of claim 30, wherein moving the analyte comprises e,lectrokinetica 

introducing a plurality of ionized molecules into the nanochannel or nanopore formed by t 
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electroactive nanomembrane; and wherein the plurality of ionized molecules comprises 

io zed salts, nucleic acid oligomers, nucleic acid components, and combinations thereof. 

40. he method of Oahu 30, wherein the nanopore or the nanochannel forms one or more 

testing colt ns or wells for liquid chromatography (LC) or gas chromatography (GC), 

41. A meth 	for molecular separation, purification, and sensing, the method comprising: 

providing on r more nanotubes or nanowells or combinations thereof in a support 

material, each nanotube mprising one or more sidewall electrodes, each nanowell 

comprising one or more sid all electrodes and/or one or more bottom electrodes, wherein 

an electroactive nanomembrane disposed on at least a portion of one electrode of the one or 

more nanotubes or nanowells, or co binations thereof to form a nanopore or a nanochannel 

within a corresponding nanotube or nan well, and wherein the electroactive nanomembrane 

is configured to alter one or more of a dime sion, composition, hydrophobicity, 

hydrophilicity, charge, chemical binding, meta (2,, and metal binding property of the 

electroactive nanomembrane; 

moving an analyte in the one or more of the 11E11»ores or nanowells, or combinations 

thereof; and 

immobilizing the analyte by neutralizing a net charge of e analyte by applying 

electrical stimuli as the analyte moves across the one or more elcctr ctive nanomembranes, 

42, 	The method of claim 41, further comprising mobilizing or isolati the immobilized 

analytes by changing the dimension or composition of the electroactive nano 'embrane. 

43. 	The method of claim 41, further comprising mobilizing or isolating the im obilized 

analyte by applying a fluid to interact with the electroactive nanomembrane by elects tatic, 

hydrophobic, or hydrophilic interactions, or to disrupt target or functionalization interaeti 
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comprises 

providing two or more parts of the support material containing portions of one 

more nanowells or nanotubes, or combinations thereof in the array; and 

herein the fluid is formulated with one or more components comprising ions, ionic material, 

'gents, proteins, antibodies, enzymes, antibody fragments, lectins, carbohydrates, phage, 

ligand' nucleic acid oligomers, nucleic acid components, aptamers, peptides, amino acids, 

modified lino acids, lipids, small molecules, drugs, or combinations thereof. 

44. The me od of claim 41, further comprising mobilizing or isolating the immobilized 

analyte by changin, a temperature or a pressure of the clectroactive nanomembrane. 

45. A method of for lag a device comprising: 

providing an array Fe led by one or more of a nanowell, a nanotube, and 

combinations thereof, in a suppo material, the nanotube comprising one or more sidewall 

electrodes, the nanowell comprising le or more sidewall electrodes and/or one or more 

bottom electrodes; and 

depositing an electroactive nanomem a.ne over at least a portion of one electrode in 

the array, wherein the electroactive nanomembra is configured to change at least one 

dimension, chemical composition or a property of the electroactive nanomembrane resulting 

from an electroactive response. 

46. The method of claim 45, wherein depositing the elect active nanomembrane uses a 

deposition process comprising spraying, vapor-phase deposition, uttering, spin coating, 

precipitation, in situ non-electrochemical deposition using one or me of heat and photo 

energy, multilayer deposition, chemical deposition, and combinations the eof. 

47, 	The method of claim 45, wherein providing the array in the support m. erial 
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bringing together the two or more parts of the support material for binding. 

48. 	The method of claim 45, wherein depositing the electroactive nanomembrane 

compris 

depo ing an electroactive nanomembrane over each of two or more parts of the 

support materia ontaining portions of the one or more nanowells or nanotubes, or 

combinations there° in the array; 

bringing the two 	more parts of the support material together; and 

binding the deposited • ectroactive nanomembranes over the two or more parts of the 

support material. 

49. The method of claim 45, where depositing the electroactive nanomembrane utilizes 

a direct or indirect electrochemical deposi n comprising selecting monomers for the 

electrochemical deposition such that the form- electroactive nanomembrane is at least 

initially electrically conductive, 

50. The method of claim 45, wherein depositing th lectroactive nanoinenihranc 

comprises using a precursor material comprising 

HZPJ- 

, or combinations thereof tha 	configured to 

undergo a direct or indirect electrochemically induced polymerization r, -tctlon and bearing an 

Rn group, wherein Rn represents 

(1) hydrogen; 

(2) one or more substitution groups that are made to a monomer's stru ure as 

a core structure; 
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(3) one or more substitution groups, at least one of which is a hydrophobic 

group comprising a group comprising a saturated or unsaturated hydrocarbons having 

sufficient carbon-chain lengths, or combinations thereof; 

(4) one or more substitution group(s), at least one awl-Lich is a hydrophilic 

group • mprising a group comprising an hydroxyl, a carboxylic acid, a sulfonic acid, 

a thiol, a p 	ethylene glycol, an amine, or combinations thereof; 

(5) one 	more substitution groups, at least one of which is charged 

comprising a. group 'omprising an hydroxyl, a carboxylic acid or their salts, a sulfonic 

acid or their salts, a tht 	a polyethylene glycol, an amine, or combinations thereof; 

(6) one or more subs ution groups, at least one of which is chemically 

reactive comprising a group con. rising an hydroxyl, a carboxylic acid, an ester, an 

activated ester, an aldehyde, a keto 	a halogen, a sulfonate ester, a thiol, an azide, 

and alkene, an alkyne, a phosphene, an nine, or combinations thereof; 

(7) one or more substitution groups, 	least one or which is metal binding 

comprising a group comprising a thiol, an ethyle ediaminetetraacetic acid (EDTA), 

an ethyleneglycoltetraacetic acid (EGTA), a Glycin -  Glycine-Iiistidine peptide, or 

combinations thereof; or 

any combination selected from (1)-(7). 

51. The method of claim 45, wherein depositing the electroactive nan nernbrane 

comprises using a precursor material comprising a metal ion to form a metal 

nanomembrane, wherein the metal ion comprises silver, gold, platinum, copper, en, 

tungsten, aluminum, titanium, or combinations thereof, 

52. The method of claim 45, wherein depositing the electroactive nanomembrane is 
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ontrollable over an extent to which space within a nanowell or nanotube is occupied. 

53, 	The method of claim 45, wherein the deposited electroactive nanomembrane is 

control ble to change a dimension or composition or property of the electroactive 

nanomcmb ne after the deposition. 

54. The met •d of claim 45, wherein the deposited electroactive nanomembrane is 

controllable by at lo 	applying electrical stimuli to at least one siclevvall electrode after the 

deposition to generate a •olymerization or depolymerization reaction, 

55. The method of claim 5, wherein the deposited electroactive nanomembrane is 

controllable by at least applying lectrical stimuli to at least one sidewaRelectrode after the 

deposition to add or remove molecu s to alter one or more of a surface composition and an 

internal composition of the electroactiv lanomembrane. 

56, The method of claim 45, wherein dep iting an electroactive nanomembrane 

comprises an electrochemical polymerization on le at least a portion of one electrode in the 

array as a primary electrode, 

57, The method of claim 56, further comprising 

applying electrical stimuli to at least one secondary ele• rode selected from any 

electrodes different from the primary electrode of the nanowell or lnotube to attract the 

deposited, or continually depositing, electroactive nanomembrane to 'rds a surface of the 

secondary electrode such that the electroactive nanomembrane extends fr n the primary 

electrode and contacts the secondary electrode to form an electrically conduc 	bridge 

between the primary and the secondary electrodes, 

58, A method of forming a device comprising: 
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providing an array formed by one or more nanowells or nanotubes or combinations 

the of in a support material, each nanotube comprising one or more sidewall electrodes,. 

each n -Iowa comprising one or more sidewall electrodes and/or one or more bottom 

depos rig a first nanomembrane over at least a portion of one electrode of the array; 

and 

tunably deposi lg a second electroactive nanomembrane over the first 

nanomembrane to form a nochannel or nanopore, or combinations thereof, within a 

corresponding nanowell or a rresponding nanotube in the array, wherein the second 

electroactive nanomembrane is c 'figured to alter one or more of a molecular composition, a 

dimension, or a property thereof in re onse to electrical stimuli. 

59. The method of claim 58, wherein 	)siting the first nanomembrane comprises a 

deposition process comprising spraying, vapo phase deposition, sputtering, spin coating, 

precipitation, in situ non-electrochemical depositi i using one or more of heat and photo 

energy, multi layer deposition, chemical deposition, o ombinations thereof. 

60. The method of claim 58, wherein tunably depositin the second electroactive 

nanomembrane comprises tuning one or more of: electrical stir uli for an electrochemical 

deposition, a direct current, an alternating current, a current or vol 	e modulated as a sine, 

square, or saw-tooth waveform, a cyclic voltammetry-driven current o voltage, an electric 

waveform supplied at constant voltage, constant current, or constant pow 	a voltage or 

current varying in a type of amplitude or frequency or both, a voltage or curt 	varying in 

their duration or number of pulses, or combinations thereof, 

61, 	A method of forming a device comprising: 
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providing one or more nanowells or nanotubes or combinations thereof in a support 

m erial, each nanotube comprising one or more sidewall electrodes, each nanowell 

comp ing one or more sidewall electrodes and/or one or more bottom electrodes; 

se! ting a 'first precursor material; 

deposits a first nanomembrane from the first precursor material over at least a 

portion of one elec de of the one or more nanowells or nanotubes or combinations thereof; 

replacing the firs )recursor material with a second precursor material; and 

electrochemically dep .icing a second electroactive nanomembrane over the first 

nanomembrane from the second ecursor material to form a nanopore or nanochannel within 

a corresponding nanowell or nanotu 	wherein at least a portion of the first or second 

clectroactive nanomembrane comprises 	hemically reactive material, a charge-binding 

material, a hydrophobic material, a hydrophi 'c material, a charged material, a metal-binding 

material, a metallic material, an clectro-conduct 	material, or combinations thereof. 

62. 	The method of claim 61, wherein the ehemica reactive material comprises a 

material that can he reacted with a cross-linker, a heterob unetional cross-linker, a light-

activated cross-linker, or combinations thereof. 

63. The method of claim 61, wherein the second electroactive anomeinbrane is directly 

or indirectly chemically reactive to proteins, antibodies, enzymes, an Jody fragments, 

lectins, phage, nucleic acid oligomers, nucleic components, a.ptamers, pe ides, amino acids, 

modified amino acids, lipids, ions, small molecules, drugs, or combinations - reof, to 

functionalize a surface of the nanochannel or nanopore. 

64. The method of claim 63, wherein the enzymes comprise kinases, phosphatase 

nucleases, synthases, oxiclases, peroxiciases, reductases, or combinations thereof. 

94 



applying an ion funnel current or voltage move nucleic acids towards and through 

the protein nanopore; and 

The method of claim 61, wherein depositing the first nanomembrane or the second 

ele roactive nanomembrane comprises an indirect electrochemical deposition comprising a 

1,4-he oquinone reaction. 

66. 	A r thod for molecular separation, purification, and sensing, the method comprising: 

providing one or more nanowells or nanotubes or combinations thereof in a support 

material, each nano be comprising one or more sidewall electrodes, each nanowell 

comprising one or more idewall electrodes and/or one or more bottom electrodes, wherein 

one or more electroactive n °membranes are proyided on at least a portion of the one or 

more sidewall or bottom electr es, or combinations thereof; 

nucleating and forming a. lip bilayer at the one or more electroa.ctive 

nanomeinbrancs; 

inserting a protein nanopore into the ski bilayer; 

deriving a. sequence of the nucleic acids by compar g measured signals of a. passage 

of the nucleic acids through the protein nanopore with predete Tined signals. 

67. The method of claim 66, further comprising stabilizing fort tion of a lipid bilayer at 

the one or more electroactive nanomembranes, 

68. The method of claim 66, wherein the protein nanopore comprises a- -molysin or 

mycobacterium smegmatis porin A. 

69. The method of claim 66, wherein the lipid bilaycr is size-restricting to prevet more 

than one protein nanopore to be inserted in the lipid bi layer, 
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thereo 

The method of claim 66, wherein the nucleic acids comprise single stranded nucleic 

ael• s, double-stranded nucleic acids, partially double-stranded nucleic acids, or combinations 

71. 	The ethod of claim 66, wherein the nucleic acids are single stranded nucleic acids, 

and wherein of or more complementary nucleic acid oligomers are hybridized with the 

single stranded nu 	is acids in a length or under conditions that provide for sufficient 

stability to maintain at ast a partially double-stranded form for testing. 

72, 	The method of elaii 66, wherein the nucleic acids comprise a strand of R.NA for 

sequencing, wherein no reverse anseriptase or optical detection method is used for 

sequencing the strand of RNA, 

73. 	The method of claim 66, wherei -he nucleic acids are double stranded DNA and 

wherein the double stranded DNA is sequen d without making the double stranded DNA 

single-stranded. 

74, 	The method of claim 66, wherein the metho 	a signal detection method using a 

chloride / silver / silver chloride measuring system. 

75. The method of claim 66, wherein the one or more nan membranes are configured to 

alter one or more of a molecular composition, a dimension, or a p •perty thereof in response 

to electrical stimuli, wherein the property comprises one or more of h drophobie, 

hydrophilic, charged, chemically reactive, metal-binding, or metallic pro rty, or 

combinations thereof. 

76. A method for molecular separation, purification, and sensing, the method mprising: 

providing one or more nanowells or nanotu.bes or combinations the-roof within 

support material, each nanotube comprising one or more sidewall electrodes, each nanov 
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omprising one or more sidcwall electrodes and/or one or more bottom electrodes, wherein 

one or more electroactive nanomembranes are provided on at least a portion of the one or 

more 6 ewall or bottom electrodes, or combinations thereof to form a nanopore or a 

nanocham 1 by the one or more electroactive nanornembranes; 

placing tieleic acids above the nanopore or the nanochannel; 

applying an •n funnel current or voltage to move the nucleic acids towards and 

through the nanopore of he nanochannel; and 

deriving a sequence the nucleic acids by comparing measured signals of a passage 

of the nucleic acids through the 	lopore or nanochannel with predetermined signals. 

77. The method of claim 76, whe 	the nucleic acids comprise single stranded nucleic 

and wherein a complementary nucleic ac oligomer is hybridized with the single stranded 

nucleic acids in a length or under conditions at provide for sufficient stability to maintain a 

double-stranded form for testing. 

78. The method of claim 76, wherein the nucleic ids comprise a strand of RNA for 

sequencing, wherein no reverse transcriptase or optical d ection method is used for 

sequencing the strand of RNA. 

79. The method of claim 76, wherein the nucleic acids are dot le stranded DNA and 

wherein the double stranded DNA is sequenced without making the 

single-stranded. 

ible stranded DNA 

80. The method of claim 76, wherein the method is a signal detection metl d using a 

chloride / silver / silver chloride measuring system, 

81. The method of claim 76, wherein the one or more nanomembranes are configur, to 

alter one or more of a molecular composition, a dimension, or a property thereof in respon 
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to electrical stimuli, wherein the property comprises one or more of hydrophobic, 

drophilic, charged, chemically reactive, metal-binding, or metallic property, or 

co "inations thereof, 

82. 	A iiethod for molecular separation, purification, and sensing, the method comprising: 

provti ig one or more nanowells or nanotubes or combinations thereof within a 

support material, 	h nanotube comprising one or more sidewall electrodes, each nanowell 

comprising one or 	e sidewall electrodes and/or one or more bottom electrodes, wherein 

one or more electroactiv anomembranes are provided on at least a portion of the one or 

more sidewall or bottom glee odes, or combinations thereof to form a nanopore or a 

nanochannel by the one or more ectroactive nanomembranes; 

functionalizing the one or moi electroactive nanomembranes by attaching nucleases 

thereto; 

placing nucleic acids above the nanopo or nanochannel, wherein nucleic acid bases 

are formed from the nucleic acids by the enzymatt activity of the nucleases; 

applying an ion funnel current or voltage to mo' the nucleic acid bases towards and 

through the nanopore or the nanochannel; and 

deriving a sequence of the nucleic acids by comparing i asured signals of a passage 

of the nucleic acid bases through the nanopore or the nanochannel 'th predetermined 

signals, 

83. The method of claim 82, wherein the nucleic acids comprise a stran f RNA for 

sequencing, wherein no DNA polymerase or reverse transcriptase or optical deto tion is used 

for sequencing the strand of RNA. 

84. The method of claim 82, wherein the nucleic acids are double stranded DNA an 
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herein the double stranded DNA is sequenced without making the double stranded DNA 

sin 	-stranded, 

85. 	Th method of claim 82, wherein the method is a signal detection method using a 

chloride / sil r / silver chloride measuring system. 



WHAT IS CLAIMED: 

1. A device comprising: 

a nanotube or nanowell disposed within a support material, the nanotube comprising one or 

more sidewall electrodes, the nanowell comprising one or more sidewall electrodes and/or one or 

more bottom electrodes; 

an electroactive nanomembrane disposed over at least a portion of one electrode of the 

nanowell or nanotube, wherein a composition in the electroactive nanomembrane is changed in 

response to electrical stimuli; and 

wherein the composition comprises a doping agent, a dye, a quantum dot, or combinations 

thereof. 

2. The device of claim 1, wherein the electroactive nanomembrane is configured to change at 

least one dimension thereof, resulting from the electroactive response to the electrical stimuli. 

3. The device of claim 1, wherein the electroactive nanomembrane is configured to cause 

polymerization or depolymerization in response to the electrical stimuli. 

4. The device of claim 1, wherein the electroactive nanomembrane is at least in part disposed 

to be hydrophobic, hydrophilic, charged, chemically reactive, metal-binding, metallic, or 

combinations thereof. 

5. The device of claim 1, wherein the electroactive nanomembrane comprises a conductive 

electroactive polymer, and one or more of a dielectric electroactive polymer, a ferroelectric 

electroactive polymer, and an ionic electroactive polymer. 

6. The device of claim 1, wherein the electroactive nanomembrane comprises a. metalized 
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nanomembrane. 

7. The device of claim 1, wherein the electroactive nanomembrane is an encircling 

nanomembrane on an interior surface of the nanowell or nanotube, thereby forming a nanopore. 

8. The device of claim 1, wherein the electroactive nanomembrane is covalently attached to 

the at least a portion of the one electrode. 

9. The device of claim 1, wherein the electroactive nanomembrane is non-covalently 

disposed on the at least a portion of the one electrode. 

10. The device of claim 1, wherein the electroactive nanomembranes is configured to bridge at 

least a portion of two or more electrodes to provide an electrical connection between the 

electrodes. 

11. The device of claim 1, further comprising additional nanowells or nanotubes or combinations 

thereof, that are arranged as an array in a single support material. 

12. The device of claim 1, further comprising one or more additional nanomembranes deposited 

between the electroactive nanomembrane and the at least a portion of the one electrode, wherein the 

one or more additional nanomembranes are electroactive or non-electroactive. 

13. A device comprising: 

a nanowell or nanotube disposed within a support material, the nanotube comprising one or 

more sidewall electrodes, the nanowell comprising one or more sidewall electrodes and/or one or 

more bottom electrodes; 

a first nanomembrane disposed over at least a portion of one sidewall electrode of the 
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nanowell or nanotube; 

a second nanomembrane disposed over the first nanomembrane to form a nanochannel or 

nanopore, or combinations thereof, wherein the second nanomembrane is configured to alter one 

or more of a molecular composition, a dimension, or a chemical property thereof in response to 

electrical stimuli; and 

wherein the first nanomembrane is configured to alter a molecular composition, a 

dimension, or a property thereof in response to electrical stimuli. 

14. The device of claim 13, wherein each of the nanowell, the nanotube, and the nanopore 

has a circular, square, rectangle, or polygon cross-section. 

15. The device of claim 13, wherein the first nanomembrane is non-electroactive. 

16. The device of claim 13, wherein the property capable of alternating comprises one or 

more properties of hydrophobic, hydrophilic, charged, chemically reactive, metal-binding, 

metallic, or combinations thereof 

17. The device of claim 13, wherein the first nanomembrane is more electrically conductive 

than the second nanomembrane, and/or is less chemically reactive than the second 

nanomembrane. 

18. The device of claim 13, wherein one or both of the first nanomembrane and the second 

nanomembrane are electrically conductive. 

19. The device of claim 13, wherein, one or both of the first nanomembrane and the second 

nanomembrane are capable of driving an electrochemical reaction. 
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20. A device comprising: 

one or more nanowells or nanotubes or combinations thereof disposed in a support 

material, each nanotube comprising one or more sidewall electrodes, each nanowell comprising 

one or more sidewall electrodes and/or one or more bottom electrodes; 

one or more electroactive nanomembranes disposed over at least one sidewall electrode of the 

one or more nanowells or nanotubes or combinations thereof to form a nanochannel, or a nanopore, or 

combinations thereof, wherein the electroactive nanomembrane is configured to change at least one 

dimension of the electroactive nanomembrane resulting from electrical stimuli, and is at least in part 

disposed to be a hydrophobic, hydrophilic, charged, chemically reactive, metal binding, metallic, or 

combinations thereof; and 

wherein a composition of the electroactive nanomembrane comprises a doping agent, a dye, a 

quantum dot, or combinations thereof. 

21. The device of claim 20, wherein the electroactive nanomembrane is configured to 

cause a composition change in response to the electrical stimuli. 

22. A device comprising: 

one or more nanowells or nanotubes or combinations thereof disposed within a support 

material, each nanotube comprising one or more sidewall electrodes, each nanowell comprising one 

or more sidewall electrodes and/or one or more bottom electrodes; 

one or more electroactive nanomembranes disposed on at least a portion of the one or more 

electrodes of the one or more nanowells or nanotubes or combinations thereof; and 

a lipid bilayer supported by and in direct contact with the one or more electroactive 

nanomembranes, wherein the lipid bilayer is configured to allow insertion of a molecule. 
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23. The device of claim 22, wherein the lipid bilayer is configured to provide insertion 

and functionality testing of one or more lipophilic molecules comprising 

detergents, oils, fats, lipids, surfactants, or combinations thereof, or 

proteins comprising porins, ion channels, protein nanopores, membrane proteins, 

membrane enzymes, membrane receptors, membrane channel proteins, membrane transport 

proteins, complexes with and by thereof, or combinations thereof, and wherein the insertion 

comprises an insertion of one molecule of protein. 

24. The device of claim 22, wherein the one or more electroactive nanomembranes have a 

hydrophobic surface as a nucleation site or an adhesion site configured to promote nucleation of 

formation or stabilization of a lipid bilayer. 

25. The device of claim 22, wherein number of lipophilic molecules or proteins or protein 

complexes able to be inserted in the one or more electroactive nanomembranes is controllable or 

restricted by a dimension alteration of the one or more electroactive nanomembranes to decrease a 

surface area spanned by the lipid bilayer. 

26. The device of claim 22, wherein the one or more electroactive nanomembranes 

comprise a hydrophobic surface is configured to allow nucleation of formation of the lipid bilayer 

or to stabilize the lipid bilayer. 

27. The device of claim 22, further comprising a nanochannel or nanopore formed by the one 

or more electroactive nanomembranes to support or stabilize the lipid bilayer. 
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