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TOWARDS THE VERY SMALLEST
ELECTRONIC CIRCUITS AND SYSTEMS:
TRANSDUCTION, SIGNAL PROCESSING,

AND DIGITAL LOGIC IN MOLECULAR
FUSED-RINGS VIA MESH RING-CURRENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit of priority of U.S.
provisional application Ser. No. 61/239,426 filed on Sep. 2,
2009, incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention pertains to the fields of molecular
electronics and chemionics, and in particular to small-scale
molecular electronics comprised by interacting ring current
flows within and associated with fused-ring molecules. An
argument can be made that these is approaching the smallest
scale in which electrical-current based electronics can be
implemented.

[0004] 2. Background of the Invention

[0005] Since the invention of the transistor, traditional
active electronics for signal processing and digital logic has
long employed lattice or other spatially repetitive substrate
structures—such as crystal lattices, organic polymers, graph-
eme (sheets and nanotubes)—to provide a framework for
creating active devices such as transistors. There are exciting
and admirable ongoing efforts to miniaturize active elements
using such substrate structures (for example, silicon) to 100’s
to 10’s of nanometers in scale. This includes, inter alia, carbon
nanotube FETs and Intel’s 45 nm process (“400 transistors on
a red blood cell” http://www.podtech.net’/home/1904/intels-
45-nanometer-process-300-transistors-on-a-red-blood-cell).
Although DNA, other molecular recognition processes, and
other forms of self-assembly hold much promise for 3D
nanoscale assembly, at the time of this filing fabrication
approaches still involve and require rendering in a largely
planar implementation.

[0006] The many special properties of silicon crystals, car-
bon (and other material) nanotubes, and organic polymers
permit some interactions with photonic processes, to a lesser
extent magnetic processes, and to a limited extent chemical
processes. Grapheme sheets, nanotubes, and organic poly-
mers have already demonstrated a vast number intriguing
exotic processes and properties. However, the themes of
adapting these processes and properties to signal processing
and digital logic applications is essentially one of emulating
the familiar processes and devices stemming from well-es-
tablished traditions of silicon-based electronics.

[0007] In many aspects of chemionics, devices such as
molecular switches and molecular-scale sensors have been
devised. However, these involve electrical currents from else-
where and often themselves can require a large molecule for
even an extremely basic or simple function.

[0008] Each of the steps from traditional silicon to (1)
small-scale silicon or organic polymers, then scaled down
further to (2) grapheme sheets nanotubes, and then potentially
scaled down further to (3) established large-molecule
molecular switches and sensors devised by contemporary
chemionics one way or another still involve a large number of
atoms to perform simple tasks.
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[0009] The present invention moves towards likely the ulti-
mate size reduction for molecular electronic circuits: use of
the mutual interaction among ring currents in a fused-ring
molecule to create an electrical structure similar to a mesh-
topology electrical circuit. Various aspects of molecular
structure, conformation, functional groups, rearrangements,
etc. are used as input, output, and signal processing processes
and elements.

[0010] Inadditionto the reduction in size, the approach and
various aspects of the present invention provide a number of
additional benefits, opportunities, and applications:

[0011] A natural environment for signal transduction on
a small-molecule scale;

[0012] Interworking with electrical, optical, photonic,
excited state, chemical, magnetic, and biological pro-
cesses and phenomena;

[0013] Gateway access to quantum effects and biological
operation.

FIG. 1 depicts a high-level summary of some of these aspects
of the invention.

[0014] Inbiology, other processes have evolved with spec-
tacular success. A major component in both metabolism and
nervous system function is “signal transduction” (i.e.,
enzyme cascades, ion channels, etc.). Additionally, other
aspects of the nervous system employ supramolecular elec-
trical processes. These biological processes interface with a
wide range of chemical, electrical, and photonic processes
and implement complex control and signal processing func-
tions within biological organisms. The present invention pro-
vides new avenues for access to such biological processes due
to its small scale as well as adjacency to an inherent chemical
processes, many or all of which can be implemented via
organic compounds.

[0015] Additionally, experimental and proposed quantum
computation systems provide paradigm-changing promise
and interesting new capabilities such as “Q-bits” with com-
plex-number-valued states, memory size exponentially larger
than physical size, simultaneously superimposed computa-
tions, etc. Although this work is astonishing and impressive,
quantum computation technologies remain largely theoreti-
cal and far from inexpensively manufactured implementa-
tion. Part of the problem is accessing the quantum computa-
tion phenomena for signal input and output purposes on a
very small scale. The present invention provides new avenues
for access to quantum effects due to its small scale as well as
adjacency to an inherent internal quantum processes.

[0016] The ring-current electronics provided by the inven-
tion is in one approach driven by a time-varying magnetic
field or circularly polarized laser. These can serve as power
source, signal input, or both, and can be applied from various
directions (for example, in orthogonal orientations) so as to
support one, two, or three independent sources. In the cases of
laser, a number of selective capabilities can be added. In that
the time-varying magnetic field or circularly polarized laser is
used as a power source, the resulting powering can be
regarded as being similar to a pulsed electrical circuit, AC-
powered circuit, clocked logic circuit, etc.

SUMMARY OF THE INVENTION

[0017] With full respect of the aforementioned magnificent
systems, methods, and creations, this patent application
respectfully submits a new framework for molecular-scale
signal processing and digital logic.



US 2012/0112830 Al

[0018] Inone approach, the mutual interaction among ring
currents in a fused-ring molecule is used to create an electrical
structure similar to a mesh-topology electrical circuit involv-
ing ring currents of dislocated electrons of the mt-cloud, asso-
ciated lone pairs, or other types of electrons or electron
arrangements.

[0019] The new framework and associated technology uses
properties of one or more topologically-cyclic chemical moi-
eties or other cyclic structures to influence affairs at one or
more of at least another cyclic moiety or other cyclic struc-
ture. In one approach, each of these cyclic moieties or other
cyclic structures are within a common molecule. In one
approach, some of these cyclic moieties or other cyclic struc-
tures are comprised by one molecule while others are com-
prised by another molecule.

[0020] Atleast one of the cyclic moieties or other structures
is used to receive one or more signal inputs (photonic, chemi-
cal, magnetic, electrical, etc.), and at least one of the cyclic
moieties or other structures is used to provide one or more
signal outputs (photonic, chemical, magnetic, electrical, etc.).
[0021] Outputs can be rendered as inter-molecular cou-
pling, non-proximal measurements, chemical reactions,
molecular rearrangement, signal transduction, change in opti-
cal properties, excited state, optical emission, etc.

[0022] The new framework and associated invention has
many attractive properties and possibilities, including the
following:

[0023] Itdoes notrequire lattice or other spatially repetitive
substrate structures but rather uses intramolecular interac-
tions within (selected classes of) a cyclic or fused-ring mol-
ecule as the substrate;

[0024] TItdoes not require lattice or other spatially repeti-
tive substrate structures but rather uses intramolecular
interactions within (selected classes of) a cyclic or
fused-ring molecule as the substrate;

[0025] It can readily support interactions with electrical,
photonic, chemical, and magnetic phenomena, allowing
for a wide pallet of facilities for signal input, signal
output, and system-internal transduction;

[0026] Accordingly, it can readily combine molecular
electronics with not only photophysics but also photo-
chemistry in various contexts (chromophore, other
molecular rearrangement, etc.);

[0027] It can provide access to quantum phenomena;

[0028] Accordingly, it can combine be used to access
types of quantum logic, and further to intermingle tra-
ditional Boolean logic and various forms of quantum
logic;

[0029] It can be integrated into macromolecules such as
proteins;

[0030] It can be integrated into biological cells;

[0031] It can be spatially architected into various 3-di-
mensional shapes, which in turn can be used as func-
tional elements;

[0032] It can leverage familiar electrical circuitry for-
malisms such as mesh currents, modular interfaces, and
subsystem isolation;

[0033] It can be realized at least through use of simple
organic and heterocyclic chemistry, specifically involv-
ing well-known moieties and functional groups.

[0034] Study and refinement perhaps may lead to new
understandings of processes within living organisms and
complex physical materials that are not yet recognized or
appreciated.
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[0035] Other variations are also possible and are provided
for by the invention.

Ring Current Aspects of the Invention

[0036] Inone aspect of the invention, a molecular electron-
ics arrangement comprises at least one fused-ring molecule
capable of supporting an induced ring current of electrons
associated with the molecule.

[0037] Inone aspect of the invention, a molecular electron-
ics arrangement comprises at least one fused-ring molecule
capable of sustaining an induced ring current associated with
the molecule.

[0038] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a fused-ring (“condensed ring”) cyclic struc-
ture and a plurality of ring currents of electrons associated
with the molecule.

[0039] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a fused-ring cyclic structure and disjoint
aromatic sextet structures comprised by a fused-ring cyclic
molecular are employed.

[0040] In another aspect of the invention, at least one ring
current is transported by m-electrons.

[0041] In another aspect of the invention, at least one ring
current transported by mt-electrons flows only on one side ofa
ring plane.

[0042] In another aspect of the invention, at least one ring
current flows outside a ring plane of the fused-ring molecule.
[0043] In another aspect of the invention, at least one ring
current flows within a ring plane defined by a ring-shaped
interbonded collection of atoms comprised by the fused-ring
molecule.

[0044] In another aspect of the invention, at least one diat-
ropic (a.k.a. “diamagnetic”) ring current is employed within
the fused-ring molecule.

[0045] Inanother aspect of the invention, at least one para-
tropic ring current is employed within the fused-ring mol-
ecule.

[0046] In another aspect of the invention, the fused-ring
molecule comprises a strained unconjugated ring which as a
result of the strain sustains a ring current (“strained ring
current”).

[0047] In another aspect of the invention, the fused-ring
molecule comprises a strained saturated ring which as a result
of the strain sustains a ring current (“strained ring current™).
[0048] In another aspect of the invention, at least one ring
current flows within an atom comprised by the fused-ring
molecule.

[0049] In another aspect of the invention, at least one ring
current is split at a moiety comprised by the fused-ring mol-
ecule.

[0050] In another aspect of the invention, a magnetic
shielding effect within the fused-ring molecule is employed
in determining or influencing a ring current.

[0051] In another aspect of the invention, a magnetic
deshielding effect within the fused-ring molecule is
employed in determining or influencing a ring current.
[0052] In another aspect of the invention, the magnetic
deshielding effect within the fused-ring molecule is created
by steric interactions among crowded protons.

[0053] In another aspect of the invention, a polar effect
within the fused-ring molecule is employed in determining or
influencing a ring current.

[0054] In another aspect of the invention, the fused-ring
molecule comprises a closed 3-dimensional form topologi-
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cally embeddable in the surface of a torus and a surface
current (for example, “sphere current”) is used.

[0055] In another aspect of the invention, the fused-ring
molecule comprises a closed 3-dimensional form topologi-
cally embeddable in the surface of a sphere and a surface
current (for example, “sphere current”) is used.

[0056] In another aspect of the invention, the fused-ring
molecule comprises at least one cyclic structure in a first
plane and at least one other cyclic structure in a second plane
orthogonal to the first plane.

[0057] In another aspect of the invention, the fused-ring
molecule comprises at least one aromatic system in a first
plane and at least one other aromatic system in a second plane
orthogonal to the first plane.

[0058] In another aspect of the invention, the fused-ring
molecule comprises multiple aromaticity systems from the
collection of the n-bond system, o-bond system, and/or
d-bond system.

Magnetic Field Aspects of the Invention

[0059] In another aspect of the invention, ring currents are
induced by at least one time-varying magnetic field.

[0060] Inanother aspect of the invention, ring currents are
induced by at least two spatially-orthogonal time-varying
magnetic fields.

[0061] Inanother aspect of the invention, at least one time-
varying magnetic field is employed as a power source.

Circularly-Polarized Laser Pulse Aspects of the Invention

[0062] Inanother aspect of the invention, ring currents are
induced by at least one circularly-polarized laser pulse.
[0063] Inanother aspect of the invention, ring currents are
induced by at least two spatially-orthogonal circularly-polar-
ized laser pulse.

[0064] In another aspect of the invention, at least one cir-
cularly-polarized laser pulse is employed as a power source.

Signal Input Aspects of the Invention

[0065] Inan aspect of the invention, a ring current within a
fused-ring molecule is affected by an electrical phenomena
signal input process.

[0066] In another aspect of the invention, a ring current
within a fused-ring molecule is affected by a photonic phe-
nomena signal input process.

[0067] In another aspect of the invention, a ring structure
within a fused-ring molecule is affected by a photonic phe-
nomena signal input process.

[0068] In another aspect of the invention, photochromic
compounds are used as transducer elements within fused-ring
molecular electronic systems employing operation on and by
molecular ring currents.

[0069] In another aspect of the invention, a ring current
within a fused-ring molecule is affected by a chemical phe-
nomena signal input process.

[0070] In another aspect of the invention, a ring current
within a fused-ring molecule is affected by a magnetic phe-
nomena signal input process.
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[0071] In another aspect of the invention, a ring current
within a fused-ring molecule is turned on and off by photo-
induced molecular rearrangement.

Signal Output Aspects of the Invention

[0072] Inan aspect of the invention, a ring current within a
fused-ring molecule affects a photonic phenomena signal
output process.

[0073] In another aspect of the invention, a ring current
within a fused-ring molecule affects an optical property
which may be used as part of a signal output process.

[0074] In another aspect of the invention, a ring current
within a fused-ring molecule affects an electrical phenomena
signal output process.

[0075] In another aspect of the invention, a ring current
within a fused-ring molecule affects an electrical property
which may be used as part of a signal output process.

[0076] In another aspect of the invention, a ring current
within a fused-ring molecule affects a chemical phenomena
signal output process.

[0077] In another aspect of the invention, a ring current
within a fused-ring molecule affects a chemical property
which may be used as part of a signal output process.

[0078] In another aspect of the invention, a ring current
within a fused-ring molecule affects a magnetic phenomena
signal output process.

[0079] In another aspect of the invention, a ring current
within a fused-ring molecule affects a magnetic property
which may be used as part of a signal output process.

Signal Processing Aspects of the Invention

[0080] In an aspect of the invention, a fused-ring molecule
can perform a signal processing operation such as (but not
limited to) amplification, threshold detection, comparator
functions, nonlinear operations, hysteresis, etc.

[0081] In another aspect of the invention, a polymer of
fused-ring compounds act together to approximate a distrib-
uted-parameter component.

[0082] In another aspect of the invention, a polymer of
fused-ring compounds act together to approximate a passive
distributed-parameter component.

[0083] In another aspect of the invention, a polymer of
fused-ring compounds act together to approximate an active
distributed-parameter component.

[0084] In another aspect of the invention, quantum phe-
nomena associated with a fused-ring molecule may be uti-
lized as part of the signal processing operation performed by
the fused-ring molecule.

Logic Operation Aspects of the Invention

[0085] Inanother aspect of the invention, a fused-ring mol-
ecule can perform Boolean logic-gate operation such as (but
not limited to) AND, OR, INVERT, NAND, NOR, etc.
[0086] In another aspect of the invention, ring currents are
used to provide access to quantum phenomena that can be
used to access types of quantum logic processes.

[0087] Inanother aspect of the invention, traditional Bool-
ean logic is combined with quantum logic.
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[0088] In another aspect of the invention, quantum phe-
nomena associated with a fused-ring molecule may be uti-
lized as part of the digital logic operation performed by the
fused-ring molecule.

Memory Operation Aspects of the Invention

[0089] In an aspect of the invention, a fused-ring molecule
can perform a memory function.

[0090] In another aspect of the invention, the invention
provides for the use photochromic compounds as memory
elements within fused-ring molecular electronic systems
employing operation on and by molecular ring currents.
[0091] In another aspect of the invention, the invention
provides for the use photochromic compounds as R-S flip-
flop elements within fused-ring molecular electronic systems
employing operation on and by molecular ring currents.

Chemical Reaction Aspects of the Invention

[0092] In an aspect of the invention, molecular electronics
is combined with photochemistry.

[0093] In another aspect of the invention, molecular elec-
tronics is combined with molecular rearrangement chemistry.
[0094] In another aspect of the invention, molecular elec-
tronics is combined with chromophore chemistry.

[0095] In another aspect of the invention, molecular elec-
tronics is combined with host-guest-chemistry.

Molecular Structure Aspects of the Invention

[0096] In an aspect of the invention, a fused-ring molecule
comprises a fused-ring cyclic structure.

[0097] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a conjugated compound, ring, moiety, or
functional group.

[0098] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a hyperconjugated compound, ring, moiety,
or functional group.

[0099] In another aspect of the invention, a fused-ring mol-
ecule comprises a strained ring, moiety, or functional group.
[0100] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a bridge.

[0101] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a polyvalent bridge.

[0102] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a bridged aromatic compound.

[0103] Inanother aspect of the invention, a fused-ring mol-
ecule comprises an inorganic ring structure, for example
comprising one or more atoms of sulfur, phosphorus, boron,
etc.

[0104] Inanother aspect of the invention, a fused-ring mol-
ecule is non-planar.

[0105] Inanother aspect of the invention, a fused-ring mol-
ecule comprises at least one cluster structure.

[0106] Inanother aspect of the invention, a fused-ring mol-
ecule comprises an inorganic cluster structure, for example
comprising one or more atoms of sulfur, phosphorus, boron,
etc.

[0107] Inanother aspect of the invention, a fused-ring mol-
ecule comprises at least one cage structure.

[0108] Inanother aspect of the invention, a fused-ring mol-
ecule comprises am inorganic cage structure, for example
comprising one or more atoms of sulfur, phosphorus, boron,
etc.
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[0109] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a macrocyclic structure.

[0110] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a multidentate macrocyclic structure.
[0111] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a cyclophane.

[0112] In another aspect of the invention, magnetic cou-
pling is used in conjunction with a cyclophane structure.
[0113] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a calixarene.

[0114] Inanotheraspect ofthe invention, a host-guest inter-
action is used in conjunction with a calixarene structure.
[0115] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a nested cyclic macroscopic structure such as
that of circulene of sulflower.

[0116] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a geodesic polyarene structure such as cir-
culene of sulflower.

[0117] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a helicene.

[0118] In another aspect of the invention, the spectral or
optical properties of a helicene are used.

[0119] Inanother aspect of the invention, a fused-ring mol-
ecule comprises an propellane.

[0120] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a macrocyclic structure such as but not lim-
ited to crown ethers, crown esters, aza-crowns, thia-crowns,
selena-crowns, organosilicon crowns, mixed amine-ether
crowns, etc.

[0121] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a macrocyclic structure such as a phthalo-
cyanine structure, porphyrin structure, cyclic polypyrrole
structure, etc.

[0122] Inanother aspect of the invention, a fused-ring mol-
ecule comprises an enlarged porphyrin.

Polycyclic Aromatic Compound Aspects of the Invention

[0123] Inan aspect of the invention, at least one fused-ring
cyclic structure comprises at least one Polycyclic Aromatic
Compound (PAC).

[0124] Inan aspect of the invention, at least one fused-ring
cyclic structure comprises at least one Polycyclic Aromatic
Hydrocarbon (PAH).

Heterocyclic Aspects of the Invention

[0125] In an aspect of the invention, at least one fused
cyclic structure includes at least one heteroatom (non-carbon
atom) in at least one ring.

[0126] Inanother aspect of the invention, a fused-ring mol-
ecule or fused-ring cyclic structure comprises a fused-ring
heterocyclic moiety.

[0127] Inanother aspect of the invention, a fused-ring mol-
ecule or fused-ring cyclic structure comprises at least one
bridgehead heteroatom.

[0128] Inanother aspect of the invention, at least one fused-
ring cyclic structure comprises at least one polycyclic aro-
matic sulfur compound, for example such as a thiaarane.
[0129] Inanother aspect of the invention, at least one fused-
ring cyclic structure comprises at least one polycyclic aro-
matic nitrogen compound, for example such as an azaarane.
[0130] Inanother aspect of the invention, at least one fused-
ring cyclic structure comprises at least one polycyclic aro-
matic oxygen compound, for example such as an oxaarane.
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[0131] In one aspect of the invention, heterocyclic ring
moieties within larger fused-ring molecules are used to create
structural variations with ring current properties that differ
from the ring currents in polycyclic aromatic hydrocarbons.
[0132] Inanother aspect of the invention, heterocyclic ring
moieties within larger fused-ring molecules are leveraged to
provide signal input and output capabilities that differ from
those available in polycyclic aromatic hydrocarbons.

Functional Group Aspects of the Invention

[0133] Inan aspect of the invention, at least one functional
group within the fused-ring molecule comprises a heterocy-
clic structure.

[0134] In an aspect of the invention, at least one functional
group within the fused-ring molecule comprises an aromatic
moiety.

[0135] In another aspect of the invention, the fused-ring
molecule comprises at least one capability rendered or influ-
enced by at least one attached functional group.

[0136] In another aspect of the invention, the fused-ring
molecule comprises at least one behavior rendered or influ-
enced by at least one attached functional group.

Coordination Complex and Chelate Aspects of the Invention

[0137] Inan aspect of the invention, a fused-ring molecule
comprises a coordination complex.

[0138] Inanother aspect of the invention, a fused-ring mol-
ecule comprises an cyclic chelate.

[0139] In another aspect of the invention, a fused-ring mol-
ecule comprises a sandwich compound structure.

[0140] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a half-sandwich compound structure.
[0141] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a metallocene.

[0142] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a metalloporphyrin structure.

[0143] In another aspect of the invention, the fused-ring
molecule comprises a charge transfer complex.

Supramolecular, Macromolecular, and Polymer Aspects of
the Invention

[0144] Inan aspect of the invention, a fused-ring molecule
is comprised by a larger supramolecular structure.

[0145] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a supramolecular structure.

[0146] Inanother aspect of the invention, a fused-ring mol-
ecule comprises at least one polymer.

[0147] Inanother aspect of the invention, a fused-ring mol-
ecule comprises at least one metallocene polymer.

[0148] Inanother aspect of the invention, a fused-ring mol-
ecule comprises at least one block polymer.

[0149] In another aspect of the invention, a fused-ring mol-
ecule comprises at least one cross-linked polymer.

[0150] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a host-guest structure.

[0151] Inanother aspect of the invention, a fused-ring mol-
ecule is comprised by a host-guest structure.

Fabrication Aspects of the Invention

[0152] Inanother aspect of the invention, a desired arrange-
ment of a plurality of fused-ring molecules is fabricated by
polymerization.
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[0153] Inanother aspect of the invention, a desired arrange-
ment of a plurality of fused-ring molecules is fabricated
through the use of self-assembled monolayers.

[0154] Inanother aspect of the invention, a desired arrange-
ment of a plurality of fused-ring molecules is fabricated
through the use of molecular recognition assembly.

[0155] Inanother aspect of the invention, a desired arrange-
ment of a plurality of fused-ring molecules is fabricated
through the use of DNA-driven assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0156] The above and other aspects, features and advan-
tages of the present invention will become more apparent
upon consideration of the following description of embodi-
ments taken in conjunction with the accompanying drawing
figures. The accompanying figures are examples of the vari-
ous aspects and features of the present invention and are not
limiting either individually or in combination.

[0157] FIG. 1 depicts a high-level summary of some
aspects of the invention.

[0158] FIGS. 2a-2d depicts benzene rings.

[0159] FIG. 3 illustrates a vertically depicted externally
sourced magnetic field line intersecting a perpendicular pla-
nar molecule.

[0160] FIGS. 4a-4fdepict examples of homoaromatic com-
pounds.
[0161] FIG. 5a depicts the induction of ring current from a

circularly polarized laser pulse, and a subsequently magnetic
field induced by the ring current. FIG. 5b depicts the ring
currents induced in a metal porphyrin a circularly polarized
laser pulse.

[0162] FIG. 6a depicts an example molecule involving
three fusings of benzene rings to a selected benzene ring.
[0163] FIG. 6a depicts an example molecule involving four
fusings of benzene rings to a selected benzene ring.

[0164] FIG. 7 illustrates a family of polycyclic hydrocar-
bons that involve a circular structure of benzene rings.
[0165] FIG. 8 depicts planar aromatic fused-ring molecules
comprised by all carbon ring atoms with non-hexagonal moi-
eties (azulene, acenaphthylene, acenaphthene, and fluoran-
theses).

[0166] FIG. 9 depicts a region of the periodic table local to
carbon comprising elements relevant to heterocyclic com-
pounds and inorganic cyclic compounds.

[0167] FIGS. 10a-10d depict the t-cloud of a simple ben-
zene ring and representative examples of how heteroatom
lone pairs of electrons can be adapted as constituents in the
n-cloud of a single-ring heterocyclic compound.

[0168] FIGS. 11a-11f depict examples of 5-member and
6-member heterocyclic-compounds with one to three hetero-
atoms of various types.

[0169] FIG. 12 depicts six topologically-distinct fused-ring
molecules where in each six-member ring comprises a single
nitrogen atom and where in none of the nitrogen atoms are
located at the ring fusion bond between the two six-member
rings.

[0170] FIGS. 134-13d depict the fusion of a six-member
ring and a five-member ring where in a nitrogen atom serves
as a member of the ring fusion bond.

[0171] FIG. 14 depicts a three-ring fused molecule with
nitrogen heteroatoms.
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[0172] FIG. 15 depicts a more complex molecule including
one six-member ring moiety comprising two nitrogen mol-
ecules as well as several benzene rings and a seven-member
ring.

[0173] FIG. 16a depicts a number of aromatic fused-ring
molecules comprising one heterocyclic moiety and one ben-
zene ring moieties. FIG. 165 depicts an aromatic fused-ring
molecule comprising one heterocyclic moiety and two ben-
zene ring moieties. FIG. 16¢ depicts fused-ring molecules
comprising two heterocyclic moieties and two benzene ring
moieties.

[0174] FIGS. 17a-17e depict more complex fused-ring
molecules comprising aromatic two-nitrogen six-member
heterocycle moieties and benzene ring moieties.

[0175] FIGS. 184-185 depict fused-ring molecules com-
prising aromatic three-nitrogen six-member heterocycle moi-
eties and benzene ring moieties.

[0176] FIGS. 194-195 depicts a fused-ring molecule com-
prising aromatic nitrogen-hetero-atom five-member and six-
member heterocycle moieties two benzene ring moieties.
[0177] FIGS. 20a-206 depict more complex fused-ring
molecules comprising sulfur-based aromatic heterocycle
moieties and benzene ring moieties.

[0178] FIGS. 21a-21c¢ depict fused-ring molecules com-
prising moieties with nitrogen and oxygen heteroatoms.
[0179] FIGS. 22a-22¢ depict fused-ring molecules com-
prising moieties with nitrogen and sulfur heteroatoms.
[0180] FIG. 23 depicts a fused-ring molecule comprising
larger-ring heterocyclic moieties therein comprising oxygen
and sulfur heteroatoms.

[0181] FIG. 24 depicts a fused-ring molecule comprising
heterocyclic moieties therein comprising oxygen and phos-
phorus heteroatoms.

[0182] FIGS. 254-25d depict fused-ring molecules com-
prising heterocyclic moieties therein comprising nitrogen
(Group 15) and other heteroatoms (Group 15 phosphorous;
Group 16 sulfur, selenium; Group 14 tin, silicon). FIGS.
25¢-25f depict bridgehead nitrogen heteroatoms.

[0183] FIGS. 264a-26¢ depict photochromic compounds
and processes.
[0184] FIGS. 27a-27d depict the pH indicator molecule

phenolphthalein in various pH conditions.

[0185] FIGS. 28a-28¢ depict the thymol blue (thymolsul-
phonephthalein) molecule in various pH conditions.

[0186] FIG. 29a shows a representation of the one-dimen-
sion time-varying magnetic stimulus used to induce ring cur-
rents that were depicted earlier in FIG. 3.

[0187] FIG. 2956 depicts three orthogonal magnetic field
directs that can be used for “powering” (inducing ring cur-
rents) and/or signal inputs and/or signal outputs.

[0188] FIGS. 30-34 depict molecular fused-ring systems
that are nonplanar.

[0189] FIGS. 35-36 depict bridge structures in a fused-ring
molecules.
[0190] FIG. 37a depicts a schematic representation of a

fused-ring molecule. FIG. 375 depicts overlapping a-orbitals
of the fused-ring molecule depicted the schematic represen-
tation of FIG. 37a.

[0191] FIGS. 37¢-37e depict the overlapping p-orbitals for
each of the individual ring moieties in fused-ring molecule
depicted the schematic representation of FIG. 37a. FIG. 37f
depicts the overlapping p-orbitals for all of the ring moieties
in fused-ring molecule depicted the schematic representation
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of FIG. 37a. FIG. 37g depicts the overlapping p-orbitals of
FIG. 37f'with the overlapping o-orbitals of FIG. 375.

[0192] FIG. 38 depicts, from bottom to top, the overlapping
o-orbitals of FIG. 375, its schematic representation of FIG.
37a, each of three ring current components confined to each
of the ring moieties, three pair-wise perimeter internal ring
currents between pairs of ring moieties, and the outer perim-
eter ring current.

[0193] FIGS. 394 and 395 depict mesh current components
for two abstract fused-ring structures. The collection of mesh
current components of FIG. 394 can be viewed as isomorphic
to the collection of ring current components of FIG. 38.
[0194] FIG. 40 shows an electronic circuit comprising a
photonic input, a voltage input and a voltage output.

[0195] FIG. 41 depicts an abstraction of electronic circuits
comprising a photonic input, a voltage input and a voltage
output.

[0196] FIG. 42a depicts another electronic circuit compris-
ing two photonic inputs and a voltage output. FIG. 425
depicts a molecular electronic circuit comprising two photo-
nic inputs and a measurable or couplable phenomena output.
[0197] FIG. 43 depicts an abstraction of the molecular elec-
tronic circuit of FIG. 425.

[0198] FIGS. 44a-44¢ depicts various coupling mecha-
nisms between electronic circuit elements involving at least
one current.

[0199] FIGS. 45a-455 depict crown ethers fused with aro-
matic ring compounds.

[0200] FIGS. 46a-46¢ and 47a-47¢ depict nitrogen-boron
fused-ring compounds.

[0201] FIGS. 48a-48¢ depict nitrogen-phosphorus fused-
ring compounds.

[0202] FIG. 49 depicts a cluster compound.

[0203] FIGS. 50-52 depict porphyrins and related com-
pounds.

[0204] FIG. 53 depicts types of chlorophyll, a type of por-
phyrin.

[0205] FIG. 54 depicts the shift in photonic spectra result-

ing from the slight differences in functional groups.

[0206] FIGS. 55a-55¢ depict metallic porphyrin com-
plexes. FIG. 554 depicts a metallic porphyrin complex com-
prising a bridge that additionally provides field influences on
the complexitying metal ion. FIG. 55¢ depicts polymers that
can be created from planar metallic porphyrin complexes.

[0207] FIGS. 56a-56¢ and FIG. 57 depict exemplary fer-
rocenes.
[0208] FIG. 58 depicts an Ti-based metallocene.
[0209] FIG. 59 depicts a ring Ni-based and Fe-based met-
allocene.
[0210] FIG. 60a-60c depict aniline orbitals and resonance
forms.
[0211] FIG. 61 depicts and example charge transfer com-
plex.

DETAILED DESCRIPTION
[0212] In the following description, reference is made to

the accompanying drawing figures which form a part hereof,
and which show by way of illustration specific embodiments
of the invention. It is to be understood by those of ordinary
skill in this technological field that other embodiments can be
utilized, and structural, electrical, as well as procedural
changes can be made without departing from the scope of the
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present invention. The aspects and features described herein
may be used singly or in combination unless specifically
stated otherwise.

[0213] The present patent application respectfully submits
a fundamentally new framework for molecular-scale signal
processing and digital logic by repurposing ring currents as
an electronic circuit without wires. FIG. 1 depicts a high-level
summary of some aspects of the invention. In the broadest
reaches of the invention, one or more of chemical processes,
chemionics processes, photonic processes, electrical/poten-
tial processes, and magnetic processes serve as one or more
signal input(s) to one or more coupled or isolated ring current
networks. The one or more of these ring current networks
provide one or more signal output(s) in the form of one or
more of chemical processes, chemionics processes, photonic
processes, electrical/potential processes, and magnetic pro-
cesses that are measured, linked, or otherwise observed by
external or exogenous systems. The ring currents themselves
are induced by one or more sources of time-varying magnetic
field(s) or laser pulse(s) (for example, short-duration circu-
larly polarized laser pulses) that are applied to the one or more
coupled or isolated ring current networks

[0214] To begin, attention is first directed to the case of the
simple benzene ring, depicted in various ways in FIGS.
2a-2d.

[0215] In standard atomic orbital models, carbon atom is
structured to quiescently comprise five distinct electron orbit-
als considered; these are traditionally designated 1s, 2s, 2p,,
2p,, 2p,. A carbon atom has six electrons, and in the ground
(unexcited) state has two electrons located in the 1s atomic
orbital, two electrons within the 2s atomic orbital, and one
electron in two of the three 2p atomic orbitals (2p,, 2p,, 2p,).
The third 2p orbital is vacant in the ground state.

[0216] In many molecular configurations, one of the 2s
electrons is excited (under the influence of electric fields) out
of'the 2s atomic orbital (leaving the 2s atomic orbital with one
electron) and into the vacant 2p atomic orbital. The result
under these conditions is two electrons in the 1s atomic
orbital, one electron in the 2s atomic orbital, and one electron
apiece in each of the three 2p atomic orbitals 2p,, 2p,, 2p,.
[0217] In alkanes (hydrocarbons only single-bonds
between bounded carbon atoms), a carbon atom’s three 2p
atomic orbitals (2p,, 2p,, 2p,) combine with that carbon
atom’s single 2s atomic orbital to form four hybridized sp®
orbitals, each comprising one electron and each symmetri-
cally oriented in 3-space at ~109.5-degree angles in the shape
of a tetrahedron.

[0218] In alkenes (hydrocarbons with at least one double-
bound between bounded carbon atoms) such as the benzene
ring, a corresponding model combines the single 2s atomic
orbital with only two of the three 2p atomic orbitals (leaving
the third 2p atomic orbital uninvolved). The result is one
comprising three hybridized sp® atomic orbitals plus the
remaining p orbital. The three hybridized sp> orbitals line in a
plane, trisecting it in 120-degree angles in the shape of an
equilateral triangle, while the p atomic orbital is perpendicu-
lar to the plane. Because the hybridization has less p-orbital
components, quantum statistics weigh more 2s significance
in the electron distribution within the three hybridized sp>
atomic orbitals (as compared to hybridized sp> atomic orbit-
als which ‘average in’ three 2p atomic orbitals rather than
two). As aresult these three hybridized sp® atomic orbitals are
thus statistically located closer to the carbon atom nucleus
that that of the uninvolved p atomic orbital. The hybridized
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sp? atomic orbitals of two separate but sufficiently adjacent
carbon atoms can overlap to form a bond between these
carbon atoms—such a bond (between hybridized sp> atomic
orbitals of two separate carbon atoms) is known as o-bond.
Note the p atomic orbital of each of the o-bonded carbon
atoms is thus subsequently geometrically orthogonal to the
resulting o-bond between the bounded carbon atoms.

[0219] A benzene molecule comprises six carbon atoms
links by o-bonds to form a ring comprised of six single
o-bonds. Because the sp atomic orbitals of each carbon atom
line in a plane, the resulting benzene ring is planar. In each
carbon atom, p atomic orbital is orthogonal to the plan of that
carbon atom’s three sp® atomic orbitals. Thus the geometry of
the p atomic orbitals of the six carbon atoms cause each of the
siX p atomic orbitals to overlap with the p atomic orbital of
each of its two immediate neighbors. This overlapping pro-
vides the basis for a second bond between adjacent carbon
atoms. However, the overlap and atomic orbital geometry is
such that the electron distribution situation within the lesser
overlapping p atomic orbitals is more relaxed than that of the
greater overlapping o-bonds, and in fact the six electrons in
the p atomic orbitals are found both theoretically and empiri-
cally to be equally distributed among each of the six p atomic
orbitals in the benzene molecule. The resulting additional
“bonds” resultant from the lesser overlapping p atomic orbit-
als are referred to as m-bonds, but because of the equally
distributed nature of the electrons the resulting arrangement
is referred to as a -cloud. The equally distributed electrons in
the mt-cloud are referred to as ‘delocalized.

[0220] Certain conditions can force the bonds into specific
static configurations in the benzene ring involving three
single bonds (each a o-bond only) and three double bonds
(each a o-bonds plus a rigidly defined t-bond), for example as
depicted in FIG. 2a or FIG. 2b. However, in most cases the
benzene ring “simultaneously” behaves as both and neither of
FIG. 2a and FIG. 2b—instead, as it now modeled, the six
electrons in the p atomic orbitals are equally distributed
among each of the six p atomic orbitals. Early views of
Pauling and others likely envisioned the benzene ring “simul-
taneously” behaves as both and neither of FIG. 2a and FIG. 25
in a different manner, or at least employed use the misleading
term “resonance” together with diagrams such as that
depicted in FIG. 2c¢ to represent that model. However, in the
contemporary view, nothing in the electron structure of ben-
zene is thought to be oscillating in such a manner [1] and
eventually new terminologies and symbols, such as that
depicted in FIG. 2d, became proposed and adopted. Of impor-
tance is that benzene and other molecular rings can be fused
s0 as to share a common pair (or more) of atoms and their
associated bonds (resulting in a fused-ring (“condensed
ring”’) molecule.

1. Ring Currents

[0221] Ring currents in cyclic molecules came to and have
remained in the attention of researchers due to their role in the
spectrometric identification of organic compounds. Ring cur-
rent models are used to explain various observed magnetic
spectrometric measurement shifts and have been the subject
of a large number of books and articles, including those
disputing their existence.

1.1 Magnetically Induced Ring Currents

[0222] FIG. 3 which illustrates a vertically depicted exter-
nally sourced magnetic field line intersecting a perpendicular
planar molecule.
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[0223] By Faraday’s Law, electrons in an aromatic planar-
aligned molecule’s n-orbitals are forced to flow in a circular
path as a current induced by (and proportional to) the time-
derivative of the external magnetic field. By Ampere’s law,
the resultant electron current itself induces a toroidally-origi-
ned magnetic field proportional to the time-derivative of the
electron current. It is this Ampere’s law induced magnetic
field that is used to make traditional Nuclear Magnetic Reso-
nance (NMR) measurements used to character details of mol-
ecules under study. In many molecular rings, the induced ring
currents are subsequently sustained after being induced.
[0224] Although the history has been long, detailed, and
somewhat convolved, the term “aromatic,” which had been
used to signify first compounds similar to benzene, then used
to signify compounds with benzene-like stability, has now
come to signify compounds exhibiting diatropic ring currents
(also called ‘diamagnetic ring currents’ and ‘aromatic ring
currents’). There have subsequently emerged large number of
types of aromaticity, concepts related to aromaticity, various
types of ring current phenomena, and conditions in various
way differing from aromaticity. Some of these relevant to the
invention include these two opposing components:

[0225] “paratropic” ring currents that flow ‘inside’ of a

molecular ring
[0226] “diatropic” ring currents that flow ‘outside’ of a
molecular ring
[0227] and the following uses of these components:

[0228] “non-aromatic” molecules where paratropic ring
currents and diatropic ring currents are equal and oppo-
site, effectively cancelling out one another;

[0229] “aromatic” molecules where the diatropic ring
current on the outside of the ring dominates the paratro-
pic ring current inside of the ring;

[0230] “antiaromatic” molecules where the paratropic
ring-current inside the ring dominates the diatropic ring
current on the outside of the ring,

Even though all molecular rings can be viewed as supporting
both diatropic and paratropic ring current components when
exposed to an external magnetic field, “aromatic” molecules
are grossly said to support “only” diatropic ring currents,
“antiaromatic” molecules are grossly said to support “only”
paratropic ring currents, and “non-aromatic” molecules are
grossly said to support “no” ring currents.

[0231] In some compounds ring current transported by
n-electrons flows only on one side of a ring plane [2].
[0232] The breakthough formulation of Hiickel’s rule states
an aromatic molecule must be planar and cyclic and have
(4n+2) m-electrons that form an uninterrupted m-electron
cloud. The bonding 7 molecular orbitals are fully occupied,
while the non-bonding 7 molecular orbitals and the antibond-
ing molecular orbitals are completely unoccupied. In the
Hiickel theory, if the molecule is not both planar and cyclic
then it cannot not aromatic. There are various other predictive
results, for example involving conjugated structures within
molecular rings, and subsequently many curious extensions
and counterexamples (for example, pyrene has sixteen 7 elec-
trons and coronene has twenty-four m, each violating the
(4n+2) m-electron criterion, but both are aromatic carbon
compounds). As a result, the original Hiickel theory has been
extended considerably, for example admitting important
variations including:

[0233] “strain” ring currents that arise from strain con-
formations within a unconjugated molecular rings;
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[0234] “homoaromatic” ring currents, found in conju-
gated cyclic systems that are able to skip a part of the
ring.

Although hardly comprehensive, a representative quick sum-
mary may be found in quoting the abstract of the analytic
molecular orbital paper by Fliegl et al. [2]:

[0235] “The magnetically induced current densities for
ring-shaped hydrocarbons are studied at the density
functional theory (DFT) and second-order Meller-
Plesset (MP2) levels using gauge-including atomic
orbitals. The current densities are calculated using the
gauge-including  magnetically induced  current
approach. The calculations show that all studied hydro-
carbon rings sustain strong diatropic and paratropic ring
currents when exposed to an external magnetic field,
regardless whether they are unsaturated or not. For non-
aromatic rings, the strength of the paratropic current
flowing inside the ring is as large as the diatropic one
circling outside it, yielding a vanishing net ring current.
For aromatic molecules, the diatropic current on the
outside of the ring is much stronger than the paratropic
one inside, giving rise to the net diatropic ring current
that is typical for aromatic molecules. For antiaromatic
molecules, the paratropic ring-current contribution
inside the ring dominates. For homoaromatic molecules,
the diatropic current circles at the periphery of the ring.
The ring current is split at the CH(2) moiety; the main
fraction of the current flow passes outside the CH(2) at
the hydrogens, and some current flows inside the carbon
atom. The diatropic current does not take the through-
space short-cut pathway, whereas the paratropic current
does take that route. Calculations of the ring-current
profile show that the ring current of benzene is not trans-
ported by the pi electrons on both sides of the molecular
ring. The strongest diatropic ring current flows on the
outside of the ring and in the ring plane. A weaker
paratropic current circles inside the ring with the largest
current density in the ring plane. Due to the ring strain,
small unconjugated and saturated hydrocarbon rings
sustain a strong ring current which could be called ring-
strain current.”

[0236] The understanding of molecular orbitals and ring
currents of benzene, other cyclic hydrocarbons, and polycy-
clic hydrocarbons has subsequently been significantly devel-
oped. The new terminologies and symbols are reflective of
more detailed understanding and development of molecular
orbital (MO) models. As is known to one skilled in the art, a
vast number of analytic molecular orbital models and calcu-
lations exist; for example but hardly limited to Linear Com-
bination of Atomic Orbital (LCAQO) method, Hartree-Fock
method, Self-Consistent-Field methods, Ab Initio methods,
Meller-Plesset Perturbation methods (1* order, 2"¢ order,
etc.), Density Functional Theory (DFT) method, Semiempiri-
cal methods, complete-active-space self-consistent field
(CASSCF) methods, Ipsocentric method, Gauge-Including
Atomic Orbital (GIAO) methods, Continuous Set of Gauge
Transformation (CSGT) methods, etc. These theories, meth-
ods, and associated empirical studies encompass many other
types of related bond phenomena. One example is hypercon-
jugation (comprising an extended molecular orbital involving
interactions of sigma bond electrons with a proximate
unfilled non-bonding p-orbital, unfilled antibonding 7 orbital,
or filled  orbital) as well as more complex doubly or triple
aromatic situations (comprising two or more of o-, 7-, and
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d-electron systems). Neutral planar rings of carbon atoms can
exhibit “double aromaticity” support ring currents associated
with in-plane m-electron systems as well as the usual out-of-
plane m-electron systems. Another important case is that of
excited states: many individual and fused-ring molecules (for
example, benzene, cyclobutadiene, azulene, porphyrins)
exhibit ring currents in excited states, and some molecules are
have ring currents in excited states and exhibit opposite [3] or
no ring currents in the ground state. Azulene is also known to
exhibit oscillating ring currents in its second excited state [3].

1.2 Homoaromatic Ring Currents

[0237] As described above, “homoaromatic” ring currents
are ring currents induced in conjugated molecular ring that
are able to skip one or more atoms of the ring. Compounds
with this property are often referred to as being homoaro-
matic. FIG. 4a, when ionized, has the resonant forms depicted
in FIG. 4b. On the balance these behave as the homoaromatic
structure depicted in FIG. 4c¢. FIGS. 4¢-4f depict a number of
other examples of homoaromatic compounds. These interest-
ing structures and their properties provide a wider pallet from
which systems with pluralities of ring currents can be con-
structed.

1.3 Ring Currents in Non-Planar Molecules with Orthogonal
Cyclic Structures

[0238] Some polycyclic molecules (molecules have a plu-
rality of cyclic structures) are arranged so that at least two
cyclic structures lie in different planes oriented at angles with
respect to one another. One case of interest pertains to mol-
ecules where the planes are orthogonal. Some molecules of
this type can be “multiply” aromatic, for example comprising
at least one aromatic system in a first plane and at least one
other aromatic system in a second plane orthogonal to the first
plane. The 3,5-dehydrophenyl cation is an example [4].

1.4 Circularly-Polarized Laser-Pulse Induced Ring Currents

[0239] Traditionally molecular ring currents have been
induced only by magnetic fields, typically those involved in
Nuclear Magnetic Resonance (NMR) measurements and
instrumentation. However, work of Barth [5]-[7] and others to
follow have predicted that a very-short duration circularly-
polarized laser pulse can induce a ring current in at least
excited degenerate states of a molecule capable of supporting
ring currents in at least excited states of the molecule. Theo-
retical calculations suggest the strength of the induced ring
current can be of considerable magnitude. This not only pro-
vides an important alternative and/or supplement to the use of
magnetic fields to induce molecular ring currents employed
by the invention, this also augments the design pallet for the
invention yet further:

[0240] Additional degrees of control are provided via the
amplitude, wavelength, duration of the laser pulse;

[0241] The direction of the circular polarization of the
laser light controls the direction of the current;

[0242] Magnetic fields can be generated by the induced
ring current. FIG. 5a (adapted from [5]-[6]) depicts the
induction of ring current from a circularly polarized
laser pulse, and a subsequently magnetic field induced
by the ring current. Since the direction of a circular
electron current determines the direction of an induced
magnetic field, the direction of the circular polarization
of the laser light thus also controls the direction of the
induced magnetic field;

May 10, 2012

[0243] Since some molecules (for example, azulene [3])
have differing ring current properties in excited states
than in ground states, this laser pulse excitation can be
used to modulate ring current properties (aromaticity,
anti aromaticity, etc.);

[0244] Since some molecules (for example, again, azu-
lene [3]) exhibit oscillating ring currents in excited
states—attributed to interference effects between
HOMO and LUMO—opportunities exists for simple
molecular-scale oscillators that can be coupled via mesh
currents in fused rings, induced magnetic fields, etc.);

[0245] Since excited states can be used to induce
changed molecular conformation and other molecular
rearrangements, the use of laser pulse stimulation can
also be employed to invoke topological feature changes
to moieties within the molecule;

[0246] Since chemistry in excited states differs consid-
erable from chemistry in ground states, the use of laser
pulse stimulation can also be employed to invoke excited
state chemistry, for example involving reactive interme-
diates;

[0247] Since excited states can dissipate via photon
emission of other wavelengths, the use of laser pulse
stimulation can also be employed to invoke photonic
processes within the molecule or among a group of
molecules.

[0248] In topologically complex molecules, the use of
laser pulse stimulation can be used to induce ring cur-
rents with different flow topologies than would be pro-
duced by time-varying magnetic fields. For example
FIG. 56 (adapted from [5]-[6]) depicts the ring currents
induced in a metal porphyrin a circularly polarized laser
pulse

2. Fused-Ring Molecules

[0249] Fused-ring molecules exhibit a plurality of ring cur-
rents, and the overall gross ring current behavior can be
represented as a linear combination of local ring current com-
ponents. This is analogous to multi-mesh electrical circuits as
will be described later, and provides an important framework
for the invention.

[0250] Within the structures of each employed ring in a
fused-ring molecule, delocalized electrons of a z-cloud (in-
cluding associated lone pairs, hybridized orbital electrons,
etc) of a fused-ring molecule (among other possible Mecha-
nisms) provide mutual interaction among ring currents. This
interaction is influenced by at least the topology and geom-
etry of the fused-ring molecule.

[0251] An important step relating to the understanding of
the structure of ring currents was the work of Clar and its
subsequent refinements. These, in the case of (homogeneous-
moiety, i.e., only benzene rings) polycyclic aromatic hydro-
carbons (“PAH”, discussed further below), force surprisingly
vast non-symmetries in the relative strengths of ring current
components within the mesh topology implied by the nucleus
locations comprised by a fused-ring molecule. The aforemen-
tioned work of Clar and others that followed predict and
demonstrate that the ring currents in a fused-ring molecule
comprise aromatic sextet structures. In general, the ring cur-
rents in a fused-ring molecule can be represented as compris-
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ing a superposition of various local and global ring currents.
More details and examples are provided in Section 5.

2.1 Polycyclic Hydrocarbons and Related Compounds

[0252] The member atoms of the molecular rings may be
augmented with various atoms (such as hydrogen) or func-
tional groups. Important to the invention, two or more such
benzene rings may be fused share a common pair (or more) of
atoms and their associated bond(s), and the resultant fused-
ring molecule is aromatic. Several examples are shown in
FIG. 6a. Note that, unlike the usual situation where the elec-
trons in the m-cloud are delocalized, the compounds of FIG.
6a.demonstrate localization of their double bonds.

[0253] More complex and larger-scale fusings of benzene
rings also exist, for example involving three fusings to a given
ring as shown in the examples of FIG. 6a (Benzso[5]picene
and dibenzo[de,mn|naphtalene, and pyrene), four fusingsto a
ring as in the example violanthrenes of FIG. 65, as well as five
and six fusings. When all free bonds are saturated with hydro-
gen, the resulting fused-ring compounds are examples of a
broad class of compounds known as polycyclic hydrocar-
bons. Molecular orbitals of these have been highly studied
empirically and theoretically.

[0254] Many polycyclic hydrocarbons have been deter-
mined empirically and analytically determined to be aro-
matic. Polycyclic hydrocarbons that are aromatic are well-
studied and have become known as Polycyclic Aromatic
Hydrocarbons (PAH). Polycyclic hydrocarbons include
many interesting topologies which, as will be seen, can bring
in other associated properties. In many cases the property of
being aromatic does not depend on hydrogen and other radi-
cals or functional groups may be used instead. There are
exceptions, for example a ring current within a moiety of
tetrakis(bicyclo[2.1.1]hexeno)cyclooctatetraene  (1(D,,,))
can be modulated on or off via saturated or unsaturated
clamps [8].

[0255] FIG. 7 illustrates a family of polycyclic hydrocar-
bons that involve a circular structure of benzene rings. Of
these, the circulene family includes both coronene which due
to the central hexagonal core, has essentially an unstrained
form where the ring bared geometry of each ring is very close
to that of benzene for every bond, allowing the molecule to be
flat (planar). Other members of the circulene family comprise
a non-hexagonal core and as a result can have non-planar
shapes. In the case of [ 7]-circulene, the molecule has a saddle
shape and [5]-circulene is bowl-shaped. It is noted that each
of [5]-circulene, [6]-circulene, and [7]-circulene are aromatic
although of these only [6]-circulene (a.k.a coronene) is pla-
nar. A variation in the flat conformal arrangement of coronene
is hexahelicene which (as the helicene name suggests) has a
helical structure. In circular topologies involving larger num-
bers ofrings, other types of geometric structures emerge, such
as the internal multidetent shape of the annular-shaped
12-ring planar molecule of Kekulene.

[0256] Thus, all the ringed moieties considered thus far are
hexagonal in shape, for the most part maintaining the intrinsic
tetrahedral shape of the hybridized sp® atomic orbitals of each
carbon atom. However, fused-ring molecules comprised by
all carbon ring atoms with non-hexagonal moieties exist, for
example azulene, acenaphthylene, and the fluorantheses as
depicted in FIG. 8. Both acenaphthylene and the fluoranthene
molecules are aromatic and planar. Despite the fact that azu-
lene has no hexagonal rings, it is in fact aromatic (with a
10-electron m-cloud) and in quiescent situations the molecule
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is planar (some crystalline forms of azulene create electric
fields that warp the otherwise planar azulene molecule).

2.2 Individual and Fused-Ring Heterocyclic Molecules

[0257] Of importance to the present invention are models,
measurement data, and analysis pertaining to fused-ring car-
bon, heterocyclic and inorganic compounds. More will be
provided on this topic later in the development and presenta-
tion of various aspects of the invention.

[0258] All of the fused-ring molecules described thus far
have had only carbon as ring members and much of the
discussion has been directed to aromatic molecules. How-
ever, molecules can comprise ring moieties containing ring
atoms other than carbon, and aromatic molecules can occur in
ring moieties with ring atoms other than carbon. Some of
these are entirely inorganic, comprising atoms such as phos-
phorus, sulfur, boron, metals, etc. Other include at least one
carbon atom

[0259] FIG. 9 depicts a region of the periodic table local to
carbon. Through various mechanisms that create conditions
for electron delocalization, these neighboring atoms become
candidates for creating aromatic molecules by ‘replacing’one
ormore carbon atoms. Under appropriate conditions these are
reliably aromatic heterocyclic compounds, wherein each
non-carbon atom that substitutes for a carbon atom (in a
molecule also containing carbon members) is referred to as a
‘heteroatom.” Because of variations in the election configu-
rations of a heteroatom (non-carbon atoms) can readily pro-
duce aromatic rings with:

[0260] non-hexagonal geometrics (due to non-symmet-
ric bound-lengths), and

[0261] non-hexagonal topologies (due to numbers of
ring members other than six).

[0262] As to an initial view as to the degrees of variation,
reference is again made to the region of the periodic table
local to carbon depicted in FIG. 9. Because of valance differ-
ences of atoms outside group 14 from the valance of carbon,
other mechanisms come into play in creating aromatic het-
erocyclic compounds. In some cases, lone pairs of Group 15
and Group16 heteroatoms can be used to “fill out” the mt-cloud
in such a way as to result in aromaticity.

[0263] Group 15 (Pnitogen) atomic orbitals can provide
one lone pair of electrons, and

[0264] Group 16 (Chalcogen) atomic orbitals can pro-
vide two lone pairs of electrons.

In some circumstances, Group 17 (Halogen) atomic orbitals
can provide three lone pairs.

[0265] Intheupper left corner of FIG. 10qa the t-cloud of a
simple benzene ring is provided for comparison while FIGS.
10a-10d provide a few representative examples of how het-
eroatom lone pairs of electrons can be adapted as constituents
in the m-cloud of a single-ring aromatic heterocyclic com-
pound.

[0266] In the case of benzene, every carbon atom in the
ring contributes a p-orbital to create a -cloud molecular
orbital system which resides above and below the plane
of the ring. The electrons in the m-cloud are evenly
distributed around the plane of the ring.

[0267] Inthe caseof pyridine, the single (sp® hybridized)
nitrogen heteroatom keeps its extra lone pair free from
the mt-cloud and smoothly substitutes for a carbon atom
to form a six-member ring resembling a benzene ring.
The three double bonds provide the six electrons
required to produce an aromatic mt-cloud. The lone-pair
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electrons of the nitrogen atom are held in an sp2 hybrid
orbital perpendicular to the orbitals in the m-cloud and
are thus not part of the m-cloud. Instead, the remaining
extra lone pair ofthe sp2 hybridized nitrogen atom is left
for bonding outside the ring (i.e., to radicals and func-
tional groups) and as a result gives pyridine a base pH.

[0268] In the case of pyrrole (a five member ring with
one nitrogen heteroatom) the nitrogen atom lends its
lone pair to the rt-cloud resulting in a total of six zt-cloud
electrons to produce aromaticity. The nitrogen lone pair
is oriented so that it becomes part of the m-cloud. The
remaining extra electron of the sp2 hybridized nitrogen
atom is left for bonding outside the ring to electrophiles
(i.e., to hydrogen).

[0269] Inthe case of furan (a five member ring with one
oxygen heteroatom) the oxygen atom lends one of its
two lone pairs to the mt-cloud resulting in a total of six
m-cloud electrons to cause aromaticity. This first lone
pair of oxygen replaces the electrons that would be pro-
vided by two carbon atoms in the benzene ring. (All
atoms within the furan ring are sp2 hybridized.) This
lone pair serves as part of the m-cloud. Since oxygen also
has a second lone pair, the oxygen heteroatom provides
an extra lone pair left for bonding outside the ring (i.e.,
to radicals and functional groups) which, as in the case
of the lone pair from nitrogen in pyridine, gives furan a
base pH. This second lone pair is in an sp2 hybrid orbital
oriented perpendicular to the m-cloud (as is the single
nitrogen lone pair in pyridine).

[0270] The case of thiophene (a five member ring with
one sulfur heteroatom) is at the level of this discussion
similar to that of furan, resultant from sulfur and oxygen
both being Group 16 elements. The sulfur heteroatom
lends a lone pair of electrons to the t-cloud, resulting in
aromaticity. As with furan, thiophene has an extra lone
pair of electrons provided by the sulfur atom to give the
molecule a base pH character.

[0271] FIGS. 11a-11f depict various examples of 5-mem-
ber and 6-member rings with one to three hetero-atoms of
various types. FIG. 11a shows the similar structures of pyr-
role and furan (considered in more detail just above) as well
as that of thiophene wherein the Group 16 oxygen heteroatom
is replaced with the Group 16 sulfur heteroatom. As described
earlier, each of these is aromatic. FIG. 115 depicts pyrazole
and imidazole which each contain two nitrogen heteroatoms
wherein one of the nitrogen heteroatoms acts as the nitrogen
heteroatom in pyridine (one electron contributed to the
nt-cloud) while the other nitrogen heteroatom acts as the nitro-
gen heteroatom in pyrrole (two electrons contributed to the
n-cloud) as suggested by the dots (depicting the role of the
lone pair) in these diagrams (dot-pair inside the ring are in the
n-cloud, dot-pair inside the ring are not involved in the
n-cloud). Each of these is also aromatic. FIG. 11¢ shows
pyradine (described earlier) which is aromatic (due to the
nitrogen contributing only its single sp® electron to the
n-cloud, and pyran which (due to oxygen having two lone
pairs) is not aromatic (too many electrons). FIG. 114 shows
three two-nitrogen six-member rings which are aromatic due
to each nitrogen ring contributing only its single sp* electron
to the m-cloud. The examples of FIG. 11e¢ (5-member rings
with two mixed heteroatoms) and FIG. 11/ (6-member rings
with three nitrogen heteroatoms) are also aromatic.

[0272] Although much of classical heterocyclic chemistry
is concerned with heteroatoms of nitrogen, sulfur, and oxy-

May 10, 2012

gen, the other atoms depicted in FIG. 9 also can be used to
produce aromatic heterocyclic rings. As with the aromatic
benzene ring, this rich collection of aromatic heterocyclic
rings can be fused with one another or all carbon-member
rings to produce fused-ring aromatic compounds. The pres-
ence of heteroatoms also makes various types of distinguish-
able configurations possible, such as the six topologically-
distinct fused-ring variations depicted in FIG. 12 and two
variations depicted in FIG. 135 (to be discussed shortly). F1G.
12 depicts six topologically-distinct fused-ring molecules
where in each six-member ring comprises a single nitrogen
atom and where in none of the nitrogen atoms are located at
the ring fusion bond between the two six-member rings.

[0273] FIGS. 13a-13d depict the fusion of a six-member
ring and a five-member ring where in a nitrogen atom serves
as amember of the ring fusion bond. Ofthese FIG. 13a shows
a case with one nitrogen atom, which FIGS. 135-13d depict
respectively, cases with 1, 2, and 3 additional nitrogen atoms
not involved in the ring-fusion bond. FIG. 14 depicts a 3-ring
fused molecule with nitrogen heteroatoms. FIG. 15 depicts a
more complex molecule including one six-member ring moi-
ety comprising two nitrogen molecules as well as several
benzene rings and a seven-member ring.

[0274] FIG. 164 depicts a number of aromatic fused-ring
molecules comprising one heterocyclic moiety and one ben-
zene ring moieties. FIG. 165 depicts acridine, an aromatic
fused-ring molecule comprising one heterocyclic moiety and
two benzene ring moieties. FIG. 16¢ depicts fused-ring mol-
ecules comprising two heterocyclic moieties and two ben-
zene ring moieties. FIGS. 17a-17¢ depict more complex
fused-ring molecules comprising two-nitrogen heteroatom
aromatic six-member heterocycle moieties and benzene ring
moieties. FIGS. 184-185 depict fused-ring molecules com-
prising aromatic three-nitrogen six-member heterocycle moi-
eties and benzene ring moieties. FIGS. 194-195 depict fused-
ring molecules comprising aromatic nitrogen-hetero-atom
five-member and six-member heterocycle moieties two ben-
zene ring moieties. The molecule of FIG. 195 is derived from
benzoquinone, pyridine, and acetylatone.

[0275] Larger fused-ring molecules employing at least one
heterocyclic moieties are absolutely not limited to nitrogen
heteroatoms. For example, FIGS. 194-196 depict complex
fused-ring molecules comprising sulfur-based aromatic het-
erocycle moieties and benzene ring moieties. The thiophene
moiety is aromatic in each of these. Although tetrathiophene
(FIG. 20q) and sulflower (FIG. 206) are both oligoth-
iophenes, some oligothiophenes are aromatic (for example
tetrathiophene), while others (such as sulflower) are not aro-
matic.

[0276] Larger fused-ring molecules employing at least one
heterocyclic moieties are absolutely not limited to single
types of heteroatoms, or limited to heteroatoms from the same
periodic table group:

[0277] FIGS. 21a-21c depict fused-ring molecules com-
prising moieties with nitrogen and oxygen heteroatoms.
[0278] FIGS. 22a-22g depict fused-ring molecules com-
prising moieties with nitrogen and sulfur heteroatoms. (In
FIG. 22f, the otherwise aromatic benzothiophene moiety is
merged with aromatic isoquinoline in such a way that one of
the carbon atoms of benzothiophene is replaced by nitrogen.
The hydrogen-saturated carbons either side of the nitrogen
atom interfere with molecular aromaticity.)
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[0279] FIG. 23 depicts a fused-ring molecule comprising
larger-ring heterocyclic moieties therein comprising oxygen
and sulfur heteroatoms.

[0280] FIG. 24 depicts a fused-ring molecule comprising
heterocyclic moieties therein comprising oxygen and phos-
phorus heteroatoms.

[0281] FIGS. 254-25d depicts fused-ring molecules com-
prising heterocyclic moieties therein comprising nitrogen
(Group 15) and other heteroatoms (Group 15 phosphorous;
Group 16 sulfur, selenium; Group 14 tin, silicon).

[0282] FIGS. 25¢-25f depict bridgehead nitrogen heteroa-
toms.

[0283] There are types of polycyclic molecules (other than
polycyclic carbon compounds) that comprise one or more
heteroatoms such as sulfur, phosphorus, oxygen, etc.
Examples include polycyclic aromatic sulfur compounds
(such as a thiaarane), polycyclic aromatic nitrogen com-
pounds (such as an azaarane), polycyclic aromatic oxygen
compounds (such as an oxaarane), etc. Those that are aro-
matic are known as Polycyclic Aromatic Compounds
(“PAC”).

[0284] Such exhibits of various classes and example
molecular structures could continue, and additional catego-
ries of cyclic molecules and supramolecular structures com-
prising them will be considered and incorporated into the
invention, but via the examples thus far the following has
been established:

[0285] Fused-ring molecules comprising a wide variety
of heterocyclic moieties and heteroatoms are known.
Further (although not considered here) there is a rich
literature of the synthesis (and effectively the near
design) of such molecules.

[0286] Heterocyclic moieties within larger fused-ring
molecules offer properties that can be leveraged to pro-
vide signal input and output capabilities that differ from
those available in polycyclic aromatic hydrocarbons.

[0287] Conceptually, heterocyclic moieties could pro-
vide variations in electrical, optical, magnetic, and che-
mionic behaviors so as to operate as differentiated com-
ponents in a molecular electronics and/or chemionics
system.

2.3. Clusters and Cages as Fused-Ring Molecules

[0288] Other forms of molecules that comprise multiple
fused-rings are clusters and cases. These may be carbon-
based, metal-based, or may comprise combinations of two or
more of carbon, boron, phosphorus, sulfur, nitrogen, metals,
or other elements. Many such molecules are aromatic, and
some are doubly or triple aromatic by way of two or more of
O-, -, and d-electron systems within the cluster [9].

3. The Use of Ring Currents in Fused-Ring Molecules in the
Invention

[0289] The invention gathers together the identified prin-
ciple, structures, constructed components, etc. as well as
those described in the remainder of the detailed description to
create unique and novel systems and methods for designing,
implementing, and integrating fused-ring ring current
molecular electronics systems. The following are brought
together from the extensive enablement discussion provided

thus far:
[0290] The invention provides for a molecular electron-
ics arrangement comprising at least one fused-ring mol-
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ecule supporting and/or sustaining an induced ring cur-
rent of electrons associated with the molecule.

[0291] The invention provides for a fused-ring molecule
comprises a fused-ring (“condensed ring”) cyclic struc-
ture supports a plurality of ring currents of electrons
associated with the molecule.

[0292] The aforementioned work of Clar and others that
followed predict and demonstrates that vast non-sym-
metries in the relative strengths of ring current compo-
nents within the mesh topology implied by the nucleus
locations comprised by a fused-ring molecule. The
invention provides for such non-symmetries in the
strengths of ring current components invoke associated
circuit design laws.

[0293] The invention provides for a fused-ring molecule
comprising a fused-ring cyclic structure and disjoint
aromatic sextet structures comprised by a fused-ring
cyclic molecular are employed as ring current elements
in a molecular electronics system.

[0294] The invention provides for at least one ring cur-
rent flow within a ring plane defined by a ring-shaped
interbonded collection of atoms comprised by the fused-
ring molecule. [2]

[0295] The invention provides for at least one diatropic
(ak.a. “diamagnetic”) and/or paratropic (a.k.a. “para-
magnetic”) ring, current employed within the fused-ring
molecule.

[0296] The invention provides for at least one ring cur-
rent flow outside a ring plane of the fused-ring molecule
[2].

[0297] The invention provides for at least one ring cur-
rent transported by [J-electrons flows only on one side of
a ring plane [2].

[0298] In an aspect of the invention, ring currents are
induced by at least one time-varying magnetic field.
[0299] The invention provides for ring currents induced
by at least two spatially-orthogonal time-varying mag-

netic fields.

[0300] The invention provides for at least one time-vary-
ing magnetic field and/or circularly-polarized laser
pulse employed as a power source.

[0301] The invention provides for ring currents induced
by at least two spatially-orthogonal circularly-polarized
laser pulses.

[0302] The invention provides for additional degrees of
control provided via the amplitude, wavelength, dura-
tion, and laser direction of polarization.

[0303] The invention provides for magnetic fields gen-
erated by the induced ring current. The direction of the
circular polarization of the laser light controls the direc-
tion of an induced ring current.

[0304] The aforedescribed FIG. 5a depicts the induction
of ring current from a circularly polarized laser pulse,
and a subsequently magnetic field induced by the ring
current. Since the direction of a circular electron current
determines the direction of an induced magnetic field,
the direction of the circular polarization of the laser light
thus also controls the direction of the induced magnetic
field. The invention provides for the direction of the
circular polarization of the laser light to control the
induced magnetic field.

[0305] Since some molecules (for example, azulene [3])
have differing ring current properties in excited states
than in ground states, this laser pulse excitation can be
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used to modulate ring current properties (aromaticity,
anti aromaticity, etc.). The invention provides for laser
pulse excitation to modulate ring current properties.

[0306] Since some molecules (for example, again, azu-
lene [3]) exhibit oscillating ring currents in excited
states. Accordingly, the invention provides for molecu-
lar-scale oscillators that can be coupled via mesh cur-
rents in fused rings, induced magnetic fields, etc.).

[0307] The invention provides for excited states associ-
ated with laser pulses to be used to induce changed
molecular conformation and other molecular rearrange-
ments or topological feature changes to moieties within
the molecule.

[0308] The invention provides for the use of laser pulse
stimulation to invoke excited state chemistry, for
example involving reactive intermediates.

[0309] The invention provides for the use of laser pulse
stimulation to invoke excited state photon emission at a
wavelength differing from the laser.

[0310] The invention provides for the use of laser pulse
stimulation to induce ring currents with different flow
topologies than would be produced by time-varying
magnetic fields.

[0311] The invention provides for a fused-ring molecule
to comprise an inorganic ring structure, cluster structure,
and/or cage structure, for example comprising one or
more atoms of sulfur, phosphorus, boron, etc.

[0312] The invention provides for a fused-ring molecule
that is non-planar.

[0313] The invention provides for a fused-ring molecule
comprising a conjugated and/or hyperconjugated com-
pound, ring, moiety, or functional group.

[0314] In another aspect of the invention, a fused-ring
molecule comprises a strained ring, moiety, or func-
tional group.

[0315] In another aspect of the invention, the fused-ring
molecule comprises a strained unconjugated ring which
as a result of the strain supports and/or sustains a ring
current (“‘strained ring current”). [2]

[0316] Inanotheraspectoftheinvention, atleastone ring
current flows within an atom comprised by the fused-
ring molecule. [2]

[0317] Inanotheraspectoftheinvention, atleastone ring
current is split at a moiety comprised by the fused-ring
molecule. [2]

[0318] In an embodiment, the interacting ring currents
are also influenced by other process and structures
responsive to signal inputs (photonic, electrical, mag-
netic, chemical, etc.). The mutual interaction among
ring currents in a fused-ring molecule is used to create an
electrical structure similar to a mesh-topology electrical
circuit.

[0319] In an embodiment, at least one ring current
induces a process or phenomena (photonic, optical, elec-
trical, magnetic, chemical, etc.) which can be measured
or which can influence an external entity, providing the
role of a signal output.

[0320] Inanembodiment, the new framework and asso-
ciated technology uses properties of one or more cyclic
moieties or other structures to influence affairs at one or
more of at least another cyclic moiety or other structure
within a common fused-ring molecule.

[0321] In an embodiment, fused-ring molecules are
architected so that various ring currents (diatropic, para-
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tropic, strain, homoaromatic) can be introduced and
traded-off to deliver attributes advantageous to the
invention and its applications.

[0322] In an embodiment, the presence of heteroatoms
(non-carbon) in cyclic moieties or other structures cre-
ates an environment for design-parameter variation in
the behavior of ring currents and thus the resultant
“mesh” currents.

[0323] Inan embodiment of the invention, the heterocy-
clic moieties can be aromatic.

[0324] In another aspect of the invention, a fused-ring
molecule or fused-ring cyclic structure comprises at
least one bridgehead heteroatom. For example, nitrogen
and oxygen offer lone pairs that can hybridize for enlist-
ment in ring currents.

[0325] In an embodiment, the structure of a fused-ring
molecule can be changed by an external process, result-
ing in a change in at least one ring current.

[0326] Inanembodiment, the conformity ofa fused-ring
molecule can be changed by an external process, result-
ing in a change in at least one ring current.

[0327] At least one of the cyclic moieties or other struc-
tures is used to receive one or more signal inputs (pho-
tonic, chemical, magnetic, electrical, etc.), and at least
one of the cyclic moieties or other structures is used to
provide one or more signal outputs (photonic, chemical,
magnetic, electrical, etc.).

[0328] Outputs can be rendered as inter-molecular cou-
pling, non-proximal measurements, chemical reactions,
molecular rearrangement, signal transduction, change in
optical properties, excited state, optical emission, etc.

[0329] In one aspect of the invention, heterocyclic aro-
matic ring moieties within larger fused-ring molecules
are used to create structural variations with ring current
properties that differ from the ring currents in polycyclic
aromatic hydrocarbons.

[0330] In another aspect of the invention, heterocyclic
aromatic ring moieties within larger fused-ring mol-
ecules are leveraged to provide signal input and output
capabilities that differ from those available in polycyclic
aromatic hydrocarbons.

[0331] In an embodiment of the invention, heterocyclic
moieties are used to provide variations in electrical,
optical, magnetic, and chemionic behaviors, said varia-
tion as compared to those provided by benzene-ring
moieties, so as to operate as differentiated components
in a molecular electronics and/or chemionics system.

[0332] The invention provides for a magnetic deshield-
ing effect within the fused-ring molecule employed in
determining or influencing a ring current.

[0333] The invention provides for a magnetic deshield-
ing effect within the fused-ring molecule icreated by
steric interactions among crowded protons. [10]

[0334] In another aspect of the invention, a polar effect
within the fused-ring molecule is employed in determin-
ing or influencing a ring current.

[0335] In another aspect of the invention, the fused-ring
molecule comprises at least one aromatic system in a
first plane and at least one other aromatic system in a
second plane orthogonal to the first plane.[4]

[0336] In another aspect of the invention, the fused-ring
molecule comprises a closed 3-dimensional form topo-
logically embeddable in the surface of a torus and a
surface current (for example, “sphere current”) is used.
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[0337] In another aspect of the invention, the fused-ring
molecule comprises a closed 3-dimensional form topo-
logically embeddable in the surface of a sphere and a
surface current (for example, “sphere current”) is used.

[0338] In another aspect of the invention, the fused-ring
molecule comprises at least one cyclic structure in a first
plane and at least one other cyclic structure in a second
plane orthogonal to the first plane.

[0339] In another aspect of the invention, the fused-ring
molecule comprises at least one aromatic system in a
first plane and at least one other aromatic system in a
second plane orthogonal to the first plane. [4]

[0340] In another aspect of the invention, the fused-ring
molecule comprises multiple aromaticity systems from
the collection of the n-bond system, o-bond system,
and/or 9-bond system. [10]

[0341] The invention provides for at least one fused-ring
structure comprising at least one polycyclic aromatic
sulfur compound polycyclic aromatic nitrogen com-
pound, and/or polycyclic aromatic oxygen structure.

[0342] More on these and related aspects of the invention
will be provided in the remainder of this specification.

4. Signal Input Aspects of the Invention

[0343] Using the various properties and arrangements
described thus far, the invention provides a wide range of
possible signal input processes that can be used to influence
the size and other aspects of induced ring currents in a fused-
ring molecule. Various embodiments of the invention can
comprise one or more signal inputs of one or more of the
following types:

[0344] In an embodiment, a ring current within a fused-
ring molecule is affected by an electrical phenomena
signal input process, for example, an electric field or
change in molecular polarization;

[0345] Inanembodiment, a ring structure within a fused-
ring molecule is affected by a photonic phenomena sig-
nal input process, for example, through the invocation of
at least one excited state or at least one photo-induced
molecular rearrangement;

[0346] In an embodiment, a ring current within a fused-
ring molecule is affected by a chemical phenomena sig-
nal input process, for example through the invocation of
at least one photo-induced molecular rearrangement;

[0347] In an embodiment, a ring current within a fused-
ring molecule is affected by a magnetic phenomena
signal input process, for example perturbing or inducing
an individual ring current.

Further attention is directed to these in the subsections below
and in subsequent portions of the specification.

4.1 Photon-Input Processes

[0348] A first example of a photon-input process provided
for by the invention is one involving photochromism [11], is
now provided to demonstrate ways in which the latter two
conceptual principles may be realized. More specifically, the
spiropyrans (FIG. 27a), fulides (FIG. 27b), and diarylethenes
(FIG. 27¢) are among a group of fused-ring heterocyclic
compounds wherein at least one ring can open and close in
response to the application of light of specific wavelengths,
resulting in differing isomers. In the case of fulides (FI1G. 2756)
and diarylethenes (FIG. 27¢), the topologically-central ring
of the entire fused-ring molecule opens and closes under
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selected photon stimulation. As a result, the entire topology of
the fused-ring molecule (and resulting distribution of ring
currents, as well as some chemical properties) may be opti-
cally modulated. Note in the case of diarlylethenes (FIG. 27¢)
two of the unchanged moieties are aromatic (thiophene, dis-
cussed earlier) and the closed form of the modulated ring is an
(aromatic) benzene ring moiety. Many fulides and dia-
rylethenes are thermally stable, so they are only controlled by
photons. For the class of diarlylethenes known as diar-
lylethenes:

[0349] Methyl groups attached to the thiophenes prevent
oxidation of the closed ring form;

[0350] The overall molecular shape undergoes only
minor changes as the rings opens and closes, allowing
their incorporation into larger structures (crystals being
one example) as operative photochromic molecules;

[0351] The isomers have differing absorption spectra,
refractive indices, dielectric constants, and oxidation-
reduction potentials;

[0352] The closed-ring isomer, in addition to linking the
two near edges of the thiophene molecules, also shifts
the p-orbital electrons to form double bonds that provide
a conjugated bond path across the entire molecule to
functional groups terminating on the thiophene mol-
ecules, permitting electronic communications between
the functional groups, a trait that amounts to an opti-
cally-controlled molecular electrical switch,

[0353] Larger structures, such as crown ethers, may be
attached to diarlylethenes.

[0354] The above discussion provides only a simple moti-
vating example. There are an extensive range of compounds
and moieties with photo-modulated structural properties that
can control the affairs of ring currents.

[0355] Inanembodiment, the invention provides fortheuse
photochromic compounds as transducer elements within
fused-ring molecular electronic systems employing opera-
tion on and by molecular ring currents. In an embodiment, the
invention provides for the use photochromic compounds as
memory elements within fused-ring molecular electronic sys-
tems employing operation on and by molecular ring currents.
In an embodiment, the invention provides for the use photo-
chromic compounds as R-S flip-flop elements within fused-
ring molecular electronic systems employing operation on
and by molecular ring currents. In an embodiment the inven-
tion provides for the use photochromic compounds as nanos-
cale moving mechanical elements within fused-ring molecu-
lar electronic systems additionally employing operation on
and by molecular ring currents.

[0356] Another example is the use of a photonic process to
create an excited state. Such an excited state can be used to
change ring current properties (for example, to modulate
between aromaticity, antiaromaticity, nonaromicity, etc.)
Alternatively or in conjunction, such an excited state can be
used to induce conformational changes as a result of molecu-
lar rearrangements that affect, for example, the ring topology
of the fused-ring molecule. Alternatively or in conjunction,
such an excited state can be used for chemical reaction pur-
poses.

4.2 Chemical Input Processes

[0357] A first example of a photon-input process provided
for by the invention is that of ring topology of the fused-ring
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molecule. As a couple of initial examples, the pH dependence
of the molecular topology of two common pH indicators is
considered.

[0358] First, FIGS. 27a-27d depict the pH indicator mol-
ecule phenolphthalein in various pH conditions. The phenol-
phthalein molecule of FIG. 275 (and in fact the synthesis of
phenolphthalein) can be seen as involving a condensation of
phthalic anhydride with two phenol groups. Phthalic anhy-
dride itself is a fused molecule comprising a furan (resem-
bling maelic anhydride) and a benzene ring. Here, discussion
is directed to the two colorless pH regimes (pH<0-8.2 and
pH>12.0) rather than the more well-known colored ions
occurring for pH 8.2-12.0 (magenta) FIG. 27¢ and pH<0
(orange) FIG. 27a. InFIG. 275, the phenolphthalein molecule
comprises a fused molecule comprising a furan ring (resem-
bling maleic anhydride) and a benzene ring. This fused mol-
ecule provides a setting for two meshed ring currents, a venue
for each of the furan ring and the benzene ring. Under other
pH conditions (FIGS. 27a, 27¢, and 27d) the furan ring dis-
appears, removing the furan ring current venue. In each case
the remaining benzene ring remains orthogonal to the two
phenol elements. Thus the ring current in the “phthalic anhy-
dride” moiety is switched on and off by pH changes.

[0359] Next, “Thymol blue” (thymolsulphonephthalein) is
alsoused as a pH indicator; it makes color transitions from red
to yellow at pH 1.2-2.8 and from yellow to blue at pH 8.0-9.6.
FIGS. 28a-28¢ depict the thymol blue (thymolsulphoneph-
thalein) molecule in various pH conditions. For the example,
the two pH regimes pH<2 (FIG. 28a) and pH>2 (FIGS. 286-¢)
are of interest. The thymol blue (thymolsulphonephthalein)
molecule at pH<2 comprises a fused-ring moiety with a 1,2-
oxathiole ring fused with a benzene ring. This fused molecule
provides a setting for two meshed ring currents, a venue for
each of the 1,2-oxathiole ring and the benzene ring. Under
pH>2 conditions (FIG. 285 and FIG. 28¢) the 1,2-oxathiole
ring disappears (the sulfone becomes a sulfite), thus removing
the 1,2-oxathiole ring current venue. Hence the ring current in
the “1,2-oxathiole ring” moiety is switched on and off by pH
changes.

[0360] Accordingly, such approaches provide control of
the existence of a molecular ring as a function of pH. In the
case of phenolphthalein, a fused-ring molecule is actively
involved center-stage. This general principle can be adapted
to create similar types of reversible and non-reversible
molecular topology and geometry modulations affecting ring
currents in other types of fused-ring molecules, and further
devised so that such molecular topology and geometry modu-
lations are responsive to one or more chemical conditions
including or other than ranges of pH.

[0361] Asadifferentexample, a chemical input process can
invoke a chemical reaction that creates, destroys, or alters one
or more rings or ring-fusions of a fused ring molecule. This
change in molecular topology can be used to affect ring
currents in the fused-ring molecule.

[0362] As yet another example, a chemical input process
can be used to change or replace a functional group that
clamps resonant modes to a particular fixed conjugation
structure. This change can be used to affect ring currents in
the fused-ring molecule.

[0363] As yet another example, a chemical input process
can be used to change the average distributions of tautomer-
isms involving a fused-ring molecule in such a way to affect
ring currents in the fused-ring molecule.
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[0364] As yet another example, a chemical input process
can be used to change the charge distributions of a fused-ring
molecule in such a way to affect ring currents in the fused-ring
molecule, for example, changing the polarity of the molecule.
[0365] In an embodiment, chemical input processes
employed by the invention can comprise the use of a collec-
tion of synthons.

4.3 Magnetic Input Processes

[0366] Nonplanar molecular structure of multiple-ring
molecules can be used to create additional magnetic stimulus
channels.

[0367] FIG. 29a shows a representation of the one-dimen-
sion time-varying magnetic stimulus used to induce ring cur-
rents that was depicted earlier in FIG. 4. FIG. 295 depicts
three orthogonal magnetic field directs that can be used for
“powering” (inducing ring currents) and/or signal inputs and/
or signal outputs. These are useful for molecular and
supramolecular fused-ring systems that are nonplanar and are
provided for by the invention.

[0368] FIGS. 30-34 depict molecular fused-ring systems
that are nonplanar. FIGS. 33 and 34 depict bridge structures
FIGS. 35-36 depict bridge structures. Many bridge structures
give rise to nonplanar ring molecular moieties. In some situ-
ations, one or more ring moieties may be spatially-orthogonal
to other ring moieties. In an embodiment, spatially-orthogo-
nal magnetic fields are aligned so as to render projections onto
ring moieties separated by a dihedral angle.

[0369] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a bridge. In related aspects of the invention,
a fused-ring molecule comprises a bridged aromatic moiety
or a polyvalent bridge.

[0370] The invention provides for the use of at least two
spatially-orthogonal magnetic fields, as described above in
conjunction with FIG. 344, to be used to stimulate ring cur-
rents. The invention provides for the use of at least two spa-
tially-orthogonal magnetic fields to be used to stimulate ring
currents wherein one is “powering” and another is used for
providing signal input. The invention provides for the use of
at least two spatially-orthogonal magnetic fields to be used to
stimulate ring currents wherein one is “powering” and
another is used for measuring signal output. The invention
provides for the use of at least three spatially-orthogonal
magnetic fields to be used to stimulate ring currents wherein
one is “powering,” another is used for providing signal input,
and another is used for measuring signal output. The inven-
tion further provides for at least two ring moieties to be
magnetically coupled using a magnetic field direction that is
spatially-orthogonal to a “powering” or stimulating magnetic
field.

4.4 Circularly-Polarized Laser-Pulse Input Processes

[0371] Inanalogy with the section immediately above, the
invention provides for the use of at least two circularly-po-
larized laser-pulse sources. These can have different charac-
teristics (wavelength, circular direction, pulse duration,
amplitude, etc.) and/or can be spatially-orthogonal. The
invention provides for the use of at least two spatially-or-
thogonal circularly-polarized laser-pulse sources to be used
to stimulate ring currents wherein one is “powering” and
another is used for providing signal input. The invention
provides for the use of at least three spatially-orthogonal
circularly-polarized laser-pulse sources to be used to stimu-
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late ring currents wherein one is “powering,” and the other
two are used for providing signal inputs.

5. Mesh Current Molecular Electronic Circuits

[0372] Next attention is directed to more detailed consid-
eration of t-cloud ring currents in fused-rings and their meta-
phor with the mesh current operation of conventional elec-
tronic circuitry. To begin FIG. 37a depicts a schematic
representation of a fused-ring molecule. FIG. 376 depicts
overlapping o-orbitals of the fused-ring molecule depicted
the schematic representation of FIG. 37a.

[0373] FIGS. 37¢-37e depict the overlapping p-orbitals for
each of the individual ring moieties in fused-ring molecule
depicted the schematic representation of FIG. 37a.

[0374] FIG. 37fdepicts the overlapping p-orbitals for all of
the ring moieties in fused-ring molecule depicted the sche-
matic representation of FIG. 37a. FIG. 37g depicts the over-
lapping p-orbitals of FIG. 37f'with the overlapping o-orbitals
of FIG. 37b.

[0375] FIG. 38 depicts, from bottom to top, the overlapping
o-orbitals of FIG. 375, its schematic representation of FIG.
37a, each of three ring current components confined to each
of the ring moieties, three pair-wise perimeter internal ring
currents between pairs of ring moieties, and the outer perim-
eter ring current. Because of Kirkoff’s current laws (or
through use of other mathematical arguments), the ring cur-
rents obey linear summation rules and some of these seven
ring current components can be expressed in terms of others.
Cut-set analysis or other mathematical tools can be used to
identify a (typically non-unique) set of “basis” ring currents.
In polycyclic aromatic hydrocarbons, ring currents may be
calculated by graph theory representations of molecular
topology [12]
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This type of analysis may be adapted to other fused-ring
molecules and fused-ring supramolecular structures.

[0376] FIGS.39a and 395 depict mesh current components
for two abstract fused-ring structures. The collection of mesh
current components of FIG. 394 can be viewed as isomorphic
to the collection of ring current components of FIG. 38. This
forms the basis for analogous design and operation of fused-
ring ring current meshes as compared to traditional electronic
circuits. Further as to this, FIG. 40 shows an electronic circuit
comprising a photonic input, a voltage input and a voltage
output. This can be abstracted as FIG. 41 depicts, the abstrac-
tion comprising a photonic input, a voltage input a voltage
output, and a plurality of internal meshed current loops.
[0377] FIG. 42a depicts another electronic circuit compris-
ing two photonic inputs and a voltage output. FIG. 425
depicts a molecular electronic circuit comprising two photo-
nic inputs and a measurable or couplable phenomena output.
This type of analogy provides at least one conceptual frame-
work for the invention. For example, at a higher level of
abstraction and generality provided by the systems and meth-
ods of the invention, FIG. 43 depicts an abstraction of the
molecular electronic circuit of FIG. 4256. The polygons are
ring moieties of the molecular ring current electronic system.
The invention provides for extending this abstraction to arbi-
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trary numbers and types of inputs, outputs, physical linking,
and interactions among molecular moieties.

[0378] FIGS. 44a-44¢ depicts various coupling mecha-
nisms between electronic circuit elements involving at least
one current. FIG. 44q extends this to optical linking between
carbon nanotube FETs as provided for in pending U.S. patent
application Ser. Nos. 12/033,212 and 12/025,562. The inven-
tion provides for analogous coupling among molecular moi-
eties in a fused-ring molecular ring-current electronic system.
The invention provides for at least two ring moieties to be
magnetically coupled. The invention provides for at least two
ring moieties to be unidirectionally optically coupled. The
invention provides for at least one pair of ring moieties to be
bidirectionally optically coupled. The invention provides for
at least two ring moieties to be mutually optically coupled.

6. Supramolecular Structures

[0379] The invention provides for use of supramolecular
structures comprising macrocyclic rings for use in ring-cur-
rent molecular electronics. The invention provides for
supramolecular structures to provide additional features and/
or functionality of use in ring-current molecular electronics.
FIGS. 454-45b depict crown ethers fused with aromatic ring
compounds. Crown ethers can be used to form complexes
comprising metal ions or other materials. Such complexes
have valuable electronic, photonic, and chemical properties
that can perform functions useful in ring-current molecular
electronic systems. The oxygen atoms in a crown ether can be
replaced with sulfur or other atoms to produce other types of
crown compounds (for example, aza-crowns). The invention
provides for the use of crown compound complexes to pro-
vide additional features and/or functionality of use in ring-
current molecular electronic systems.

[0380] The invention provides for nitrogen-boron fused-
ring compounds, nitrogen-phosphorus fused-ring com-
pounds, borane compounds, carboborane compounds, car-
bocyclic cage compounds, and cluster compounds to be
provide rings supporting ring currents. Such molecules pro-
vide a broader range of 2D and 3D topologies as well as
additional features and/or functionality of use in ring-current
molecular electronic systems. FIGS. 46a-46¢ and 47a-47¢
depict nitrogen-boron fused-ring compounds. FIGS. 48a-48¢
depict nitrogen-phosphorus fused-ring compounds. FIG. 49
depicts a cluster compound. All of these types of structures
have many examples supporting ring currents and which can
be linked to other types of molecules. Thus, these types of
structures simply provide the invention with a yet wider pallet
from which to design and construct molecular electyronics
circuits employing ring current electronics. Additionally
cages and clusters provide 2D and 3D structures that can be
used for spatially-orthognal signal input, ring current excita-
tion, etc. Accordingly, the invention provides for nitrogen-
boron fused-ring compounds, nitrogen-phosphorus fused-
ring compounds, borane compounds, carboborane
compounds, cage compounds, and cluster compounds to pro-
vide additional features and/or functionality of use in ring-
current molecular electronic systems. Additionally, sulfur
compounds such as circulene and sulflower, also provided for
by the invention, comprises a nested cyclic macroscopic
structure, geodesic polyarene structures, etc. that are useful
building blocks for ring-current molecular electronic sys-
tems. Further, in another aspect of the invention, a fused-ring
molecule comprises a helicene supporting ring currents. The
helicene molecular structure provides a framework for self-
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influencing effects in adjacent winds of the helix, as well as
recognized special spectral and optical properties of that can
be used to expand the input and output pallet of a ring-current
molecular electronic system. In another aspect of the inven-
tion, a fused-ring molecule comprises an propellane, for
example, as shown in FIG. 33.

6.1 Use of Ring Currents of Porphyrin and Related Structures

[0381] Porphyrin and related structures such as a phthalo-
cyanine structure, tetrapyrrole structure, cyclic polypyrrole
structures comprise a plurality of molecular rings in nested
ring arrangements and support ring currents. They are also
readily augmented with functional groups that influence their
ring current, catalytic, and photonic properties, and can be
readily incorporated into very large molecules. Such mol-
ecules are typically aromatic and provide a broad range of
additional topologies as well as additional features and/or
functionality of use in ring-current molecular electronic sys-
tems. FIGS. 50-52 depict some example porphyrins and
related compounds. As described in the next section, Porphy-
rins form complexes with metals and other ions, and many
have important photoreactive, photocatalytic, and photoelec-
tric properties. One type of very important porphyrin is chlo-
rophyll, the centerpiece of biological photosynthesis in
plants. FIG. 53 depict Chlorophyll a and Chlorophyll b; these
have notable differences in their photonic spectra, as depicted
in FIG. 54, resulting from the slight differences in functional
groups. Functional groups attached to porphyrins can be thus
be design so to provide for multiple channels of wavelength
multiplexed input signals into a fused-ring ring current envi-
ronment. Accordingly, the invention provides for a fused-ring
molecule to comprise a macrocyclic structure such as a phtha-
locyanine structure, porphyrin structure, tetrapyrrole struc-
ture, cyclic polypyrrole structure, etc. In that augmented/
enlarged porphyrins have many attractive properties [13]
useful for ring current molecular electronics as described thus
far, the invention provides for a fused-ring molecule to com-
prise an enlarged porphyrin.

6.2 Use of Porphyrin Complexes, Metallocenes, Sandwich
Compounds, and Other Complexes

[0382] Porphyrin, cyclopentadienyl anions, crown com-
pounds, cyclodextrens, other macrocyclic compounds, and
related structures form complexes comprising metal ions or
other materials. Here crown compounds comprise but not
limited to crown ethers, crown esters, aza-crowns, thia-
crowns, selena-crowns, organosilicon crowns, mixed amine-
ether crowns, etc. In another aspect of the invention, a fused-
ring molecule comprises a multidentate macrocyclic
structure. In another aspect of the invention, a fused-ring
molecule comprises a cyclophane.

[0383] Many of these support ring currents and many are
aromatic. Such complexes typically comprise rings as well as
additional features and/or functionality of use in ring-current
molecular electronic systems. Further, such complexes have
valuable electronic, photonic, and chemical properties that
can perform functions useful in ring-current molecular elec-
tronic systems. Transition metal complexes offer rich prop-
erties due the complexities of the d-shell orbital and associ-
ated processes. Other types of complexes relevant to the
invention include but are not limited to metallocenes and
other types of sandwich and half-sandwich molecular struc-
tures. Half-sandwich molecular structures are employed in
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charge-transfer complexes which are described later in the
detailed description. Metallocenes and other types of sand-
wich and half-sandwich molecular structures can also be used
to create polymer structures useful for the invention. Accord-
ingly, the invention provides for porphyrin complexes, mac-
rocyclic complexes, crown complexes, metallocenes, sand-
wich compounds, and other and related complexes and
structures to be used in ring-current molecular electronics.
[0384] FIGS. 55a-55¢ depict some example metallic por-
phyrin complexes. FIG. 554 depicts a metallic porphyrin
complex comprising a bridge that additionally provides field
influences on the complexifying metal ion. FIG. 55¢ depicts
polymers that can be created from planar metallic porphyrin
complexes. The invention provides for the use of porphyrin
and related structures and for use of metallic porphyrin com-
plexes to provide additional features and/or functionality of
use in ring-current molecular electronic systems.

[0385] Metallocenes can be used to create larger structures
as well as polymer chains. In an embodiment, metallocenes
are used to coupled fused-ring molecules. In an embodiment,
metallocenes are electrically coupled with other ring-mol-
ecules. In an embodiment, the metallocenes are magnetically
coupled with other ring-molecules. In an embodiment, the
metallocenes are optically coupled with other ring-mol-
ecules. Accordingly, the invention provides for metallocene
structures to be used in ring-current molecular electronics,
and to provide additional features and/or functionality of use
in ring-current molecular electronic systems. One type of
relevant metallocene structures are the ferrocenes. FIGS.
56a-56¢ depict example ferrocenes. FIG. 57 depicts an
example ferrocene polymer. FIG. 58 depicts an Ti-based met-
allocene polymer. Metallocenes of interest to the invention
include multi-metal composition; for example FIG. 59
depicts a ring Ni-based and Fe-based metallocene. Transition
metal metallocenes offer rich properties due the complexities
of'the d-shell orbital and associated processes.

[0386] Inanother aspect of the invention, a fused-ring mol-
ecule comprises a complex involving a calixarene. In arelated
aspect of the invention, a fused-ring molecule comprises an
cyclic chelate.

6.3 Use of Host-Guest Structures

[0387] The invention provides for the use of host-guest
structures and chemistry in fused-ring molecule ring current
electronics. Host molecules can be used to shield a guest
molecule to external stimuli. Variable-structure Host mol-
ecules can be used to selectively shield or expose a guest
molecule to external stimuli. Host molecules can be used to
process external stimuli and present to a guest molecule via
magnetic, electric field, and/or optical coupling.

[0388] In an aspect of the invention, a fused-ring molecule
comprises a cyclophane, calixarene, and/or a calixarene
structure.

7. Use of Polymer Structures

[0389] Polymer chains may be used to expand the physical
size and provide repeating structures. Polymer chains can
also be used as a fabricating substrate for fused-ruing ring
current molecular electronics. Accordingly, the invention
provides for a fused-ring macromolecule to comprise at least
one polymer, block polymer, coblock polymer, cross-linked
polymer etc. Additionally, the invention provides for a fused-
ring molecule to be used as a monomer or other element
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within a macromolecule comprising at least one polymer,
block polymer, coblock polymer, cross-linked polymer etc.

[0390] Attention is again directed FIGS. 55¢, 57, and 58,
each discussed earlier and which depicts polymers that can be
created from planar metallic complexes. The invention pro-
vides for planar metallic complex polymers to be used in
ring-current molecular electronics, and to provide additional
features and/or functionality of use in ring-current molecular
electronic systems. In an embodiment, the planar metallic
complexes are magnetically coupled in a chain. In an embodi-
ment, the planar metallic complexes are electrically coupled
by functional groups linking them. In an embodiment, the
planar metallic porphyrin complexes are coupled by electric
fields. In an embodiment, the planar metallic porphyrin com-
plexes are optically coupled.

[0391] The polymer chain provides a means of implement-
ing elements that behave in a manner similar to distributed
parameter passive and active electronics elements (lossy
transmission lines, distributed transistors, etc.). Accordingly,
the invention provides for metallic complex or fused-ring
molecule polymer chains to be used to approximate an ideal-
ized electronic distributed-parameter component.

8. Use of Functional Groups and Charge Transfer Complexes
to Influence a m-Cloud

[0392] Functional groups are known to lead to unexpected
acid-base properties of aromatic molecules. (see for example
http://209.85.173.132/search?g=cache:73HyNcTcgWEJ:
wiz2.pharm.wayne.edu/module/acidbase.html+functional+
groups+electron+cloud+
aromatic&hl=en&ct=clnk&cd=5&gl=us from which the
following material has been adapted) Related phenomena of
these processes can provide an avenue for functional group
affect on the m-cloud.

[0393] The nitrogen heteroatom in aniline is modeled as
having an sp> configuration which allows the lone pair of
electrons to interact with the m-cloud as shown in FIG. 60a.
This effect stabilizes the “B” form of aniline, shown in FIG.
60c, among other things leading it to be less basic than the
aliphatic counterpart, cyclohexylamine (pKa 10.6) shown in
FIG. 6054. This provides an avenue for functional group affect
on the n-cloud.

[0394] Similarly, the nitrogen heteroatom of pyridine is
modeled as having an sp” orientation, and the nitrogen orbit-
als are as a result planar. The lone pair is thus in the o-bond
plane of the ring and extends out of the ring making it avail-
able for bonding. Additionally, the lone pair is also pulled in
by n-cloud, allowing a more attenuated avenue for functional
group affect on the mt-cloud.

[0395] Imide functional groups comprise nitrogen flanked
by (alpha) carbonyls. The carbonyls stabilize the resonance
resulting in a negative charge being distributed over five
atoms. This allows imides to act as weak organic acids, and
also provides an avenue for functional group affect on the
w-cloud.

[0396] In charge transfer complexes, a lone pair of elec-
trons is “shared” with a neighboring group that has significant
enough m-cloud properties. (see for example http://209.85.
173.132/search?g=cache: 73HyNcTcgWEJ:wiz2.pharm.

wayne.edu/module/acidbase.html+functional+groups+elec-
tron+cloud+aromatic&hl=en&ct=clnk&cd=5&gl=us from
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which the following material has been adapted). FIG. 61
depicts and example charge transfer complex.

9. m-wt Interactions

[0397] The invention provides for electric field, magnetic
field, and/or optical interaction among m-clouds of ring and
fused-ring molecules that are stacked, staggered, etc. For
example, in an aspect of the invention, electric field, magnetic
field, and/or optical coupling is used in conjunction with a
cyclophane structure. In another aspect of the invention,
stacked-ring aromaticity is employed as a component in a
fused-ring ring current molecular electronics system. In
another aspect of the invention, mt-cloud interactions involv-
ing aromatic sections of fused-ring molecules are employed
as a component in a fused-ring ring current molecular elec-
tronics system.

10. Signal Output Aspects of the Invention

[0398] Inanembodiment, aring current within a fused-ring
molecule affects a photonic phenomena signal output pro-
cess.

[0399] Inanembodiment, aring current within a fused-ring
molecule affects an optical property which may be used as
part of a signal output process.

[0400] Inanembodiment, aring current within a fused-ring
molecule affects an electrical phenomena signal output pro-
cess.

[0401] Inanembodiment, aring current within a fused-ring
molecule affects an electrical property which may be used as
part of a signal output process.

[0402] Inanembodiment, aring current within a fused-ring
molecule affects a chemical phenomena signal output pro-
cess.

[0403] Inanembodiment, aring current within a fused-ring
molecule affects an chemical property which may be used as
part of a signal output process.

[0404] Inanembodiment, aring current within a fused-ring
molecule affects a magnetic phenomena signal output pro-
cess.

[0405] Inanembodiment, aring current within a fused-ring
molecule affects an magnetic property which may be used as
part of a signal output process.

11. Signal Processing Aspects of the Invention

[0406] Inanother aspect of the invention, a fused-ring mol-
ecule can perform a signal processing operation such as (but
not limited to) amplification, threshold detection, comparator
functions, nonlinear operations, hysteresis, etc.

[0407] In an embodiment, a polymer of fused-ring com-
pounds act together to approximate a distributed-parameter
component.

[0408] In an embodiment, a polymer of fused-ring com-
pounds act together to approximate a passive distributed-
parameter component.

[0409] In an embodiment, a polymer of fused-ring com-
pounds act together to approximate an active distributed-
parameter component.

[0410] In another aspect of the invention, quantum phe-
nomena associated with a fused-ring molecule may be uti-
lized as part of the signal processing operation performed by
a fused-ring molecule.

12. Logic Operation Aspects of the Invention

[0411] Inanother aspect of the invention, a fused-ring mol-
ecule can perform a Boolean logic-gate operation such as (but
not limited to) AND, OR, INVERT, NAND, NOR, etc.
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[0412] Inanother aspect of the invention, a fused-ring mol-
ecule can perform a memory function. [11] [14] [15]

[0413] In another aspect of the invention, quantum phe-
nomena associated with a fused-ring molecule may be uti-
lized as part of the digital logic operation performed by a
fused-ring molecule.

[0414] In another aspect of the invention, ring currents are
used to provide access to quantum phenomena that can be
used to access types of quantum logic processes.

[0415] In another aspect of the invention, traditional Bool-
ean logic is combined with quantum logic.

13. Memory Operation Aspects of the Invention

[0416] Inan aspect of the invention, a fused-ring molecule
can include a data memory function. This can be accom-
plished in a number of possible ways, including:

[0417] The use photochromic compounds as memory
elements within fused-ring molecular electronic sys-
tems that support or influence molecular ring currents,
for example using the changes in topological features
described earlier;

[0418] chemical induced molecular rearrangements that
influences ring-currents in a fused-ring molecule, for
example using the changes in topological features
described earlier

14. Chemical Reaction Aspects of the Invention

[0419] In an aspect of the invention, molecular electronics
is combined with one or more of photochemistry, molecular
rearrangement chemistry, chromophore chemistry, and/or
host-guest-chemistry.

15. Fabrication Aspects of the Invention

[0420] The fused ring-molecules and structures employing
them can be fabricated by chemical systems and/or molecular
assembly techniques. For example:

[0421] A desired arrangement of a plurality of fused-ring
molecules can fabricated by polymerization;

[0422] A desired arrangement of a plurality of fused-ring
molecules can fabricated through the use of self-as-
sembled monolayers. [16]

[0423] A desired arrangement of a plurality of fused-ring
molecules can be fabricated through the use of molecu-
lar recognition assembly.

[0424] A desired arrangement of a plurality of fused-ring
molecules can be fabricated through the use of DNA-
driven assembly.

[0425] While the invention has been described in detail
with reference to disclosed embodiments, various modifica-
tions within the scope of the invention will be apparent to
those of ordinary skill in this technological field. It is to be
appreciated that features described with respect to one
embodiment typically can be applied to other embodiments.
[0426] The invention can be embodied in other specific
forms without departing from the spirit or essential charac-
teristics thereof. The present embodiments are therefore to be
considered in all respects as illustrative and not restrictive, the
scope of the invention being indicated by the appended claims
rather than by the foregoing description, and all changes
which come within the meaning and range of equivalency of

May 10, 2012

the claims are therefore intended to be embraced therein.
Therefore, the invention properly is to be construed with
reference to the claims.
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I claim:

1. A system implementing molecular electronics, the sys-

tem comprising:

a molecule comprising a fused-ring cyclic structure and a
molecular orbital structure capable of supporting a plu-
rality of ring currents;

at least one topological feature of the molecule that can be
changed by an input stimulus;

at least one topological feature of the molecule that can be
changed by an associated input stimulus; and

at least one aspect of the ring currents that induces an
associated output effect responsive to changes in the ring
currents,

wherein at least one ring current is induced by at least one
time-varying magnetic field, and

wherein the mutual interaction among ring currents in a
fused ring molecule is used to create the electron flows
of'a mesh-topology electrical circuit.

2. The system of claim 1 wherein the molecule comprises

a photochromic component.
3. The system of claim 1 wherein the molecule comprises
a pH indicator component.

4. The system of claim 1 wherein the input stimulus com-

prises a photon.

5. The system of claim 4 wherein the absorbed photon

causes a photo-induced molecular rearrangement.
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6. The system of claim 4 wherein a ring current within the
molecule is turned on and off by photo-induced molecular
rearrangement.

7. The system of claim 1 wherein the input stimulus com-
prises a chemical stimulus.

8. The system of claim 1 wherein the input stimulus com-
prises a pH change.

9. The system of claim 1 wherein the molecule comprises
a pi-electron cloud.

10. The system of claim 1 wherein the molecule comprises
an extended pi-orbital.

11. The system of claim 1 wherein the molecule comprises
a conjugated pi-system.

12. The system of claim 1 wherein ring currents are
induced by a circularly polarized laser pulse.

13. The system of claim 1 wherein the molecule further
comprises a bridge.

14. The system of claim 1 wherein ring currents are
induced by at least two spatially-orthogonal time-varying
magnetic fields.

15. The system of claim 1 wherein at least one time-varying
magnetic field is employed as a power source to induce the
ring current.

16. The system of claim 1 wherein at least one ring current
flows within an essentially geometric plane essentially paral-
lel to an essentially geometric plane defined by the location of
the atom members of a ring of bonds.

17. The system of claim 1 wherein changes in one ring
current cause changes in another ring current.

18. The system of claim 16 wherein changes in one ring
current occurs in a plane differing from the plane of another
ring current.

19. The system of claim 1 wherein a ring current is exter-
nally measured.

20. The system of claim 1 wherein the molecule comprises
molecular strain.



