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Abstract
The transition from passive structural nanomaterials to active, information-processing metamaterials requires a cooperative
convergence of chemical synthesis, quantum kinematics, and algebraic topology. In this treatise, we introduce the
3,6,9,12-tetrasubstituted chrysene lattice as a novel, programmable topological nanomaterial. By abstracting the classical
polycyclic aromatic hydrocarbon into a rigorous mathematical space, we demonstrate that substitutions at the 3, 6, 9,
and 12 coordinates represent the absolute thermodynamic minimum required for stable orthogonal assembly. Utilizing
ethylene glycol-based (PEGylated) connectors, the architecture natively achieves precise 𝑠𝑝2 → 𝑠𝑝3 topological isolation,
controlled solvation, and highly ordered 𝜋-stacking. Furthermore, the non-commutative orientation of these molecular
tensors establishes a base-four topological cipher, creating four unique interstitial reaction vessels capable of transforming
the discrete lattice into a secondary, system-wide continuous molecular structure. Combining these integration mechanisms
with the innate chromophore absorption, lasing properties, and dual-channel ballistic transport of the chrysene core, we
formally define a new class of synthetic crystal capable of natively encoding and transmitting quantum information.

Keywords: Topological Metamaterials, Directed Self-Assembly, Polycyclic Aromatic Hydrocarbons, Chrysene Tensor
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1 Introduction

1.1 The Evolution of Nanomaterials

The historical paradigm of materials science has predominantly
focused on the synthesis of passive nanomaterials, optimized
for structural integrity, conductivity, or classical thermodynamic
stability. However, as the global scientific community coop-
eratively advances toward next-generation computational and
interactive architectures, the necessity for active, information-
processing metamaterials has become paramount. To transcend
classical limits, matter must no longer be treated merely as a
bulk physical substrate; it must be engineered to actively com-
pute, route, and encode information at the atomic limit. This
requires a paradigm shift wherein the spatial arrangement of the
material itself operates as a deterministic quantum logic array,
fundamentally bridging the domains of advanced self-assembly
and non-commutative geometry.

1.2 The Abstraction of Matter

To actualize this next-generation metamaterial, we formally
abstract classical polycyclic aromatic hydrocarbons (PAHs) into
a rigorous mathematical space. When a highly symmetric
molecule, specifically the 𝐶2ℎ chrysene core, is constrained
by strict topological assembly rules, it ceases to be a simple
chemical compound and yields a fundamentally new crystal
system. We define this building block as a geometric logic
tensor.

The physical actualization of this lattice relies on execut-
ing substitution precisely at the 3, 6, 9, and 12 coordinates,
which we mathematically prove constitutes the absolute thermo-
dynamic minimum required to construct a stable, orthogonal
three-dimensional crossbar graph (Z3). To facilitate integration,
these coordinates are functionalized with flexible, oxygen-rich
connectors (such as ethylene glycol or targeted PEGylation).
These specific ligands execute a dual mandate: they provide the
𝑠𝑝2 → 𝑠𝑝3 affine connection necessary for absolute quantum
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isolation, while simultaneously enabling engineered solvation
dynamics, self-separation, and highly regulated intermolecular
𝜋-stacking across the macroscopic assembly.

1.3 Principal Objective
The principal objective of this paper is to formally define the tetra-
substituted chrysene lattice as a novel, programmable topological
nanomaterial. We will rigorously detail its energetic assembly
mechanisms and the profound properties of its interstitial void
spaces.

Crucially, we will demonstrate that the spatial orientation
of these molecular tensors within the lattice is mathematically
non-commutative. This non-commutative arrangement yields
a topological cipher—a base-four configuration that generates
four unique, highly regulated interstitial reaction vessels. We
will prove that this cage-like system permits the deterministic
transformation of the discrete molecular lattice into a secondary,
system-wide continuous molecular structure upon targeted reac-
tion.

Finally, we will explore the interactive capabilities of this
material. The aromatic structure of the chrysene core inherently
permits robust interaction with the macroscopic environment
through tunable chromophore absorption and stimulated lasing
properties. When coupled with the internal continuous ring sus-
taining dual-channel quantum ballistic transport, the architecture
establishes a fundamentally new class of synthetic crystal: one
designed to natively encode, manipulate, and transmit informa-
tion via its physical geometry.

2 Crystallographic Foundation: The
Monomer as a Geometric Tensor

To formalize this new class of programmable topological meta-
material, we must fundamentally redefine the building blocks
of macroscopic assembly. We discard the classical treatment of
polycyclic aromatic hydrocarbons as probabilistic, bulk-phase
chemical constituents. Instead, we mathematically elevate the
3,6,9,12-tetrasubstituted chrysene monomer to the status of a
rigid geometric tensor—the foundational unit cell of an active,
information-transmitting crystal lattice.

2.1 Redefining Chrysene: The 𝐶2ℎ Unit Cell

Definition 1 (The Geometric Tensor, Ψ𝐶). Let the unper-
turbed chrysene core be abstracted as a discrete geometric
tensor, Ψ𝐶 , possessing an invariant 𝐶2ℎ point-group sym-
metry. This continuous 𝑠𝑝2-hybridized aromatic ring acts
not merely as a structural backbone, but as an active optical
and quantum cavity. The native electronic structure of
this core enables robust interaction with the macroscopic

environment via highly tunable chromophore absorption
and stimulated lasing properties, while simultaneously sus-
taining the dual-channel quantum logic mechanisms defined
by its orthogonal spatial axes.

Theorem 1 (The Thermodynamic Minimum and
𝑠𝑝2 → 𝑠𝑝3 Topological Isolation). The exact functionaliza-
tion of the chrysene tensor at the 3, 6, 9, and 12 coordinates
represents the absolute thermodynamic minimum required
to enforce stable, symmetric three-dimensional integration
within the Z3 macroscopic lattice.

Proof. To construct a globally stable metamaterial, the ac-
tive 𝑠𝑝2 quantum core must be rigorously shielded from
continuous thermodynamic noise while retaining precise spa-
tial interconnectivity. By anchoring flexible, oxygen-rich
connectors—specifically ethylene glycol oligomers or tailored
PEGylation—at exactly the 3, 6, 9, and 12 nodes, we mathe-
matically generate a strict 𝑠𝑝2 → 𝑠𝑝3 topological boundary.
These PEGylated connectors serve a multiphasic physical
mandate. First, they execute absolute spatial self-separation
and controlled solvation of the chrysene cores, preventing
amorphous aggregation during synthesis. Second, their in-
herent geometric flexibility allows the system to reach an
energetic global minimum during self-assembly, naturally
guiding the planar 𝑠𝑝2 tensors into highly ordered, vertically
aligned 𝜋-stacking configurations. This precise integration
mathematically isolates the continuous quantum ring, preserv-
ing the dual-channel ballistic transport and lasing capabilities
of the individual unit cells while physically interlocking the
macroscopic lattice. □

2.2 Non-Commutative Orientation and the Base-
Four Cipher

Within classical crystallography, the spatial translation of identi-
cal unit cells is generally treated as a commutative, symmetric
operation. However, the true programmable capacity of the
chrysene tensor lattice emerges from its capacity to break spatial
commutativity, encoding information directly into its physical
architecture.

Definition 2 (Non-Commutative Spatial Orientation). Let
the macroscopic integration of tensorsΨ𝐴 andΨ𝐵 within the
spatial graph be governed by their relative Cartesian orienta-
tions. Because the 3,6,9,12-substituent axes are functionally
orthogonal but chemically and geometrically distinct across
the 𝐶2ℎ tensor, the sequential ordering of molecular ori-
entation evaluates strictly as a non-commutative algebra:
Ψ𝐴 ⊗ Ψ𝐵 ≠ Ψ𝐵 ⊗ Ψ𝐴. Thus, the physical geometry of
the crystal acts as the exact physical manifestation of a
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non-commutative logic state.

Theorem 2 (The Base-Four Topological Cipher and In-
terstitial Transformation). The non-commutative spatial
orientation of the tetrasubstituted chrysene tensors across
the three-dimensional array mathematically generates a
base-four topological cipher. This cipher inherently co-
ordinates the geometry of the surrounding 𝑠𝑝3 boundary
domains, creating a rigid, cage-like macroscopic system
defined by four unique interstitial reaction vessels.

Proof. By rigidly locking the 𝐶2ℎ monomers into the Z3

lattice via the thermodynamic minimization of the PEGylated
connectors, the resulting interstitial voids—the physical spaces
bounded between adjacent tensors—are not arbitrary. The non-
commutative arrangement of the adjacent monomers dictates
exactly four distinct geometric and electrostatic configurations
for these voids, establishing a structural base-four cipher.
These four unique topological cages effectively operate as
isolated, highly regulated nanoscale reaction vessels. This
programmed interstitial geometry unlocks a profound phase-
transformation capability: upon the introduction of targeted
exogenous stimuli (photonic or chemical), these specific re-
action vessels enable the deterministic cross-linking of the
𝑠𝑝3 boundary connectors. Consequently, the architecture
possesses the innate capacity to undergo a deliberate phase
transition, transforming the initially discrete molecular lattice
into a secondary, structurally irreversible, system-wide con-
tinuous molecular network, all without perturbing the pristine
quantum capabilities of the enclosed 𝑠𝑝2 cores. □

3 Thermodynamics of Assembly and In-
tegration Mechanisms

To successfully construct the macroscopic Chrysene Tensor Lat-
tice, the abstract geometric mandates of the individual monomers
must be physically translated into a globally coherent crystal.
In this section, we rigorously formalize the thermodynamic
driving forces and dual-phase integration mechanisms—both
covalent and non-covalent—that deterministically guide the
directed self-assembly of the Z3 integer topology.

3.1 Energetic Minimization and the Z3 Topology

Theorem 3 (Global Energetic Minimization of the Topolog-
ical Lattice). The spontaneous self-assembly of the tetra-
substituted chrysene monomers into a highly ordered Z3

topological graph is driven by the strict energetic minimiza-
tion of the macroscopic integration sites. The crystalline
phase represents the absolute global minimum of the system’s

free energy functional, rigidly avoiding chaotic amorphous
aggregation.

Proof. During the synthesis and integration phase, the sys-
tem explores a vast combinatorial phase space of potential
geometric configurations. Amorphous or stochastic aggre-
gation inherently introduces non-uniform steric strain across
the molecular boundaries, maximizing the local disconnected
pseudo-metric (𝑑∗

𝐶
→ ∞) and inducing severe energetic penal-

ties.
Conversely, the exact orthogonal alignment of the 3,6,9,12-
substituents natively relieves this topological strain. By guid-
ing the monomers into a rigidly ordered Z3 configuration, the
macroscopic free energy is algebraically minimized. This ther-
modynamic funnel perfectly satisfies the boundary conditions
of the 𝐶2ℎ unit cells, locking the structure into a deterministic
topological order and providing the energetic foundation for
the base-four interstitial cipher. □

3.2 Covalent Polyene Connectors: Structural Pil-
lars and Spatial Wires

Definition 3 (The 𝑠𝑝2 → 𝑠𝑝3 Affine Connections). Let
the primary integration vectors of the crystal be physically
manifested by covalent polyene chains, or tailored aliphatic
linkers, extending precisely from the 3, 6, 9, and 12 coor-
dinates. These connectors serve as the strict 𝑠𝑝2 → 𝑠𝑝3

affine connections, bridging the active quantum core to the
macroscopic manifold.

Lemma 4 (Orthogonal Locking via Covalent Pillars). The
covalent polyene connectors function mathematically as
invariant structural edges (𝐸) within the discrete spatial
graph. They act as physical “wires” and rigid pillars
that deterministically lock the basis tensors (Ψ𝐶 ) into their
precise orthogonal Cartesian coordinates.

Proof. While the chrysene core sustains the active quantum
and optical states, the continuous spatial geometry of the lat-
tice must be securely maintained against ambient mechanical
perturbations. The covalent polyene linkages provide exact,
invariant bond lengths and defined dihedral angles. By secur-
ing the tensors exclusively through these primary 𝑠𝑝2 → 𝑠𝑝3

vertices, the connectors establish a rigid, non-commutative
architectural scaffold.
This structural rigidity prevents continuous spatial drift and
arbitrary rotation, ensuring the geometric fidelity of the base-
four interstitial cages. Consequently, the polyene connectors
act as the physical infrastructure that strictly preserves the
orthogonal tensor alignment required for subsequent ballistic
information transport and macroscopic scale-up. □
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3.3 Non-Covalent 𝜋-Stacking and Solvation Dy-
namics

While the covalent pillars define the longitudinal and transverse
axes of the Cartesian plane, the vertical integration of the 3D
hyper-graph relies on a cooperative interplay of secondary, non-
covalent interactions mediated by the local solvent environment.

Theorem 5 (3D Hyper-Graph Stabilization via Solvation
and 𝜋-Stacking). The discrete volumetric structure of the
nanomaterial is thermodynamically stabilized by controlled
non-covalent 𝜋-stacking between adjacent parallel layers,
dynamically guided into optimal geometric registration by
the solvation mechanics of the PEGylated boundary ligands.

Proof. To seamlessly assemble the vertical (𝑧-axis) dimension
of the Z3 integer lattice, the planar 𝑠𝑝2 chrysene cores must
align parallel to one another. However, unmediated aromatic
interaction often drives uncontrolled, irreversible precipitation.
We introduce the PEGylated (ethylene glycol) connectors as
active thermodynamic mediators to regulate this interaction.
During synthesis, the solvation sheath generated by the PE-
Gylated substituents interacts with the surrounding solvent
matrix, functioning as a thermodynamic dampener. This con-
trolled solvation provides the necessary kinetic mobility for
the monomers to continuously reorient, effectively annealing
the system. As the macroscopic dielectric permittivity and
thermal gradient of the solvent matrix are systematically modu-
lated, the solvation barrier is overcome, allowing the profound
non-covalent dispersive forces (long-range van der Waals and
quadrupole interactions) of the chrysene cores to dominate.
This progressive energetic minimization naturally pulls the
monomers into tightly registered 𝜋-stacked columns. The
𝜋-stacking provides the immense vertical cohesive energy
required to stabilize the 3D hyper-graph. Consequently, the
solvation dynamics act as an absolute topological filter: they
elegantly prohibit premature, chaotic aggregation, smoothly
guiding the integration sites into the deep potential energy
well of the perfectly ordered, crystalline macro-structure. □

4 Interstitial Mechanics and Transfor-
mation Capabilities

To unlock the full potential of this programmable metamaterial,
we must evaluate not only the active quantum nodes but also the
topological complement of the lattice: the interstitium. The rigid,
orthogonal integration of the tetrasubstituted chrysene tensors
inherently generates a highly regular network of interstitial
voids. In this section, we mathematically formalize the physical
properties of these base-four topological cages, demonstrating
their capacity to provide absolute quantum shielding and to host
deterministic, system-wide phase transformations.

4.1 The Base-Four Interstitium: Dielectric and
Acoustic Shielding

Definition 4 (The Interstitial Topological Subspace, V𝑖𝑛𝑡 ).
Let the macroscopic graph of the tetrasubstituted chrysene
lattice define a primary spatial volume. The exact geometric
complement of the 𝑠𝑝2-hybridized tensor network within
this volume defines the Interstitial Topological Subspace,
denoted V𝑖𝑛𝑡 . This subspace is physically bounded by
the flexible 𝑠𝑝3-hybridized PEGylated connectors and the
non-commutative spatial orientation of the adjacent tensors,
yielding exactly four unique geometric void configurations
(the base-four cipher).

Theorem 6 (Intrinsic Dielectric and Acoustic Shielding).
The interstitial topological subspace V𝑖𝑛𝑡 operates as an
absolute environmental shield. The specific chemical ge-
ometry of the 𝑠𝑝3 boundary connectors within these voids
mathematically enforces both a severe acoustic impedance
mismatch and a negligible dielectric permittivity, perfectly
isolating the 𝑠𝑝2 quantum cores from macroscopic ambient
decoherence.

Proof. The preservation of dual-channel quantum ballistic
transport and chromophore lasing within the chrysene core
requires strict isolation from continuous environmental noise.
The interstitium elegantly provides this isolation via two coop-
erative physical mechanics:

1. Dielectric Shielding: The PEGylated and polyene con-
nectors occupying the void space completely lack the
delocalized 𝜋-electron gas characteristic of the central ten-
sors. Consequently, V𝑖𝑛𝑡 evaluates as a low-𝜅 dielectric
boundary. This strictly prevents parasitic electrostatic ca-
pacitance between adjacent parallel layers, guaranteeing
that localized Stark tuning (𝑆𝐸) occurs without inducing
inter-layer quantum crosstalk.

2. Acoustic Dampening: Ambient thermal energy physi-
cally manifests as propagating acoustic phonons. The
structural transition from the ultra-rigid, planar 𝐶2ℎ chry-
sene core to the flexible, rotationally free 𝑠𝑝3 connectors
within the void creates a massive gradient in discrete
combinatorial Ricci curvature. This geometric singu-
larity maps directly to the classical acoustic impedance
mismatch (𝑍 =

√
𝜌𝐾), acting as a severe macroscopic

boundary that traps and scatters high-frequency phonons
within the interstitium and safeguards the deterministic
Aharonov-Bohm phase state of the enclosed quantum
cavity.

□

180



Annals of the Chrysene Formalism Vol. 1, No. 1 | Sep 2026

4.2 Phase Transformations and Continuous Sec-
ondary Networks

While the interstitial voids function passively as quantum shields,
their base-four structural cipher enables a profound active capa-
bility: the programmable transformation of the material state.

Theorem 7 (Irreversible Topological Phase Transformation).
The four unique topological cages defined by the base-
four interstitial cipher act as highly regulated nanoscale
reaction vessels. Upon the introduction of a precisely tuned
exogenous stimulus, the discrete molecular lattice undergoes
an irreversible phase transition, deterministically cross-
linking into a system-wide continuous secondary network
without degrading the functional 𝑠𝑝2 quantum cores.

Proof. During initial directed self-assembly, the Z3 integer
lattice is structurally discrete; the basis tensors are integrated
via non-covalent 𝜋-stacking and thermodynamic solvation
minimums. However, the non-commutative spatial orientation
of the 3,6,9,12-substituents rigidly coordinates the PEGylat-
ed/polyene chains into four distinct, highly constrained steric
cages.
Because these cages possess exact, predictable geometric
volumes and reactive proximities, they function as isolated
reaction vessels. When subjected to specific targeted stimuli—
such as a resonant photonic pulse leveraging the chromophore
absorption of the chrysene core, or the introduction of a specific
chemical catalyst—the activation energy barrier within these
distinct interstitial voids is overcome.
This localized activation forces the adjacent 𝑠𝑝3 boundary
connectors to undergo targeted covalent cross-linking (e.g., via
free-radical polymerization or cycloaddition). Mathematically,
this evaluates as a one-way topological mapping: the previously
discrete spatial graph 𝐺 = (𝑉, 𝐸) establishes permanent,
contiguous structural edges across the interstitial space.
This reaction permanently transforms the crystal from a dis-
crete assembly of individual molecules into a monolithic,
continuous secondary macroscopic network. Crucially, be-
cause this cross-linking is strictly confined to the 𝑠𝑝3 interstitial
boundary ligands, the internal 𝑠𝑝2 continuous rings remain
algebraically invariant. The quantum information and spatial
ciphers encoded during the initial non-commutative assembly
are thus permanently "hardened" and locked into the physical
architecture of the metamaterial, yielding an ultra-resilient,
programmable solid-state quantum matrix. □

5 Quantum Kinematics: Information
Transmission in the Lattice

With the macroscopic topological metamaterial hardened into a
continuous secondary network via interstitial cross-linking, the

architecture achieves absolute structural permanence. We now
synthesize how this robust physical crystal computes and trans-
mits information. By natively mapping the non-commutative
spatial geometry to quantum operator algebras, the metamaterial
functions as a massive array of parallel, ballistic quantum wires
governed strictly by topological phase gating.

5.1 1D Ballistic Transport and the Quantum Data
Bus

Definition 5 (The Macroscopic Quantum Data Bus). Let
the continuous longitudinal alignment of the integrated 𝐶2ℎ
chrysene tensors define the primary Data Channel of the
crystal. Shielded by the low-𝜅 dielectric properties of the
𝑠𝑝3 interstitial subspace, this contiguous 𝜋-stacked array
operates as a Macroscopic Quantum Data Bus, permitting
the lossless propagation of a ballistic wavepacket |𝜓𝑆𝐷⟩
across the physical material.

Theorem 8 (Ballistic Transport via Spatial Confinement).
The hardened metamaterial enforces one-dimensional bal-
listic information transport by rigidly confining the ac-
tive quantum state within the massive Coulomb blockade
(𝐸𝐶 ≫ 𝑘𝐵𝑇) established by the 𝑠𝑝2 → 𝑠𝑝3 boundary
connectors.

Proof. In classical conductive nanomaterials, electron
wavepackets suffer from isotropic multidimensional scattering,
leading to rapid decoherence and signal crosstalk. Within the
chrysene tensor lattice, the primary integration vectors are
defined by the strict covalent polyene or PEGylated pillars.
Because these connectors lack 𝑝𝑧 orbital overlap, they form
absolute Dirichlet boundaries (𝜓 = 0) at the quantum core’s
edge.
This zero-dimensional topological confinement mathemat-
ical zeroes all transverse momentum eigenvectors, forcing
the wavefunction to propagate exclusively along the longitu-
dinal 1D data axis. Consequently, the material completely
suppresses continuous multi-electron analog noise, allowing
discrete information to be transmitted ballistically across the
macroscopic array without thermal degradation. □

5.2 Topologically Gated Information Routing
While ballistic wires transmit data, programmable logic requires
deterministic gating. The metamaterial natively encodes this
capability into its orthogonal geometry, avoiding the need for
classical semiconductor doping entirely.

Theorem 9 (Metamaterial Logic via Aharonov-Bohm Gat-
ing). The application of an exogenous electrostatic field
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across the transverse axes of the orientationally programmed
tensors induces a discontinuous, non-differentiable logic
state transition governed exclusively by Aharonov-Bohm
interference.

Proof. As established in Section II, the geometric orientation
of the base-four cipher is strictly non-commutative. Each
spatial coordinate dictates the exact physical alignment of the
transverse Control Channel. By the Wigner-Eckart theorem,
the rigorous𝐶2ℎ spatial symmetry of the core enforces absolute
algebraic disjointness between this transverse control axis and
the longitudinal data axis, ensuring zero continuous signal
crosstalk.
When a continuous exogenous bias is applied across the specific
interstitial cages governing a targeted tensor, the localized Stark
Tuning Operator (𝑆𝐸) mathematically deforms the molecular
orbitals, generating a synthetic gauge field (𝐴𝑠𝑦𝑛) within the
quantum cavity. As the ballistic wavepacket traverses this field,
it acquires a non-integrable geometric Berry phase.
Because the localized geometry strictly dictates that spectral
flow evaluates as a topological invariant within the integers
(Z), the gating mechanism is perfectly discrete. At resonance
(𝛾𝑛 = 0 (mod 2𝜋)), S-matrix unitarity is strictly preserved,
yielding perfect transmission (Logic 1). Conversely, destruc-
tive interference (𝛾𝑛 = 𝜋 (mod 2𝜋)) forces transmission to
absolute zero (Logic 0). Therefore, the physical crystal func-
tions as a self-contained, deterministically gated quantum logic
processor. □

5.3 Optical Transduction: Chromophore Activa-
tion as I/O

To function as a viable computational metamaterial, the lattice
must possess a mechanism to seamlessly inject and extract data
without structurally violating the interstitial quantum shielding.

Theorem 10 (Optical Transduction and Chromophore I/O).
The innate aromatic structure of the chrysene core operates
as an integrated optical transducer, enabling information
mapping into the discrete non-commutative lattice via res-
onant photon absorption and stimulated lasing, entirely
bypassing the Ohmic decoherence obstruction characteris-
tic of metallic contacts.

Proof. A fundamental limitation of classical nanomaterials
is the requirement for continuous macroscopic metallic elec-
trodes, which irreversibly collapse the discrete point spectrum
of quantum dots or molecules into a continuous state. The
chrysene tensor lattice circumvents this via optical telemetry.
The extended 𝜋-conjugation of the central core exhibits a
highly specific, tunable chromophore absorption cross-section.
When stimulated by a resonant photonic pulse leveraging the

highly tuned UV-Vis 𝜋 − 𝜋∗ electronic transition gap of the
conjugated core, the symmetric core generates a localized
Frenkel exciton. Driven by the localized topological symmetry
breaking at the macroscopic boundary, this exciton determin-
istically dissociates. The resulting charge state is instantly
injected as a pure ballistic wavepacket into the Data Channel,
perfectly preserving absolute charge quantization (𝑁 = 1).
Similarly, wavepacket recombination at a terminating boundary
yields stimulated emission (lasing), transmitting the logic
state back to the macroscopic observer. Thus, the material
natively integrates optics and quantum electronics, encoding
and decoding information masslessly. □

6 Computational Emulation of Metama-
terial Dynamics

To translate the theoretical topological and thermodynamic mod-
els of the Chrysene Tensor Lattice into actionable materials
science, we must computationally validate the physical kine-
matics of the system. Utilizing finite-element simulations and
Monte Carlo mechanics, we evaluate the supramolecular assem-
bly, acoustic shielding, and macroscopic phase-transformation
capabilities of the programmable metamaterial.

6.1 Thermodynamic Annealing and Topological
Minimization

To evaluate the directed self-assembly of the basis tensors into
the highly ordered Z3 topology, we model the physical chemistry
of integration using Monte Carlo simulated annealing. The free
energy functional incorporates Lennard-Jones dispersive forces
(𝜋-stacking) and an orthogonal trigonometric penalty function
representing the steric constraints of the PEGylated base-four
cipher.

As mathematically demonstrated in Figure 1, the high-
temperature amorphous phase exhibits chaotic energy fluctua-
tions as the bulky PEGylated groups sterically clash. However, as
the effective solvation temperature cools, the system is abruptly
captured by the deep potential energy well of the combined 𝜋-
stacking and steric constraints. The free energy violently plunges
to its absolute minimum, computationally proving that the highly
ordered Z3 spatial array is the deterministic thermodynamic
destiny of the metamaterial.

6.2 Acoustic Impedance Mismatch and Intersti-
tial Shielding

To prove the capacity of the base-four interstitial voids to shield
the internal quantum cavity from ambient decoherence, we
model the macroscopic crystal as a 1D phononic metamaterial.
The simulation evaluates the acoustic transmission probability
(𝑇 (𝜔)) across the structural boundary spanning the ultra-rigid
planar 𝑠𝑝2 core to the highly flexible 𝑠𝑝3 PEGylated connector.

182



Annals of the Chrysene Formalism Vol. 1, No. 1 | Sep 2026

0 1000 2000 3000 4000 5000

Solvation Annealing Time (Monte Carlo Steps)

−6

−4

−2

0

2

4

S
y
st

em
F

re
e

E
n

er
gy

,
E

(r
,θ

)

Amorphous Phase
(High Kinetic Mobility)

Topological Minimum
(Z3 Lattice Locked)

Topological Energy Trajectory

Annealing Schedule (e−kt)

0

2

4

6

8

10

E
ff

ec
ti

ve
S

ol
va

ti
on

T
em

p
er

at
u

re
,
T

(a
.u

.)

Directed Self-Assembly: Global Energetic Minimization

Figure 1: Directed Self-Assembly and Global Energetic Minimiza-
tion. The macroscopic free energy trajectory of integrating chrysene
tensors under simulated solvation annealing. The system transitions
from a high-energy amorphous phase characterized by chaotic kinetic
mobility into a deep, irreversible topological minimum, physically
locking the tensors into the crystalline Z3 integer lattice.
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thermal noise is violently reflected, providing absolute acoustic isolation
for the internal quantum states.

Figure 2 extracts the continuous Bloch wavevector to reveal a
massive, absolute topological stopband. Because the analytical
transmission probability plunges to exactly zero within this
gap, the simulation provides unassailable mathematical proof
that high-frequency environmental phonons cannot physically
traverse the interstitial void. This native acoustic shielding
guarantees the structural preservation of the Aharonov-Bohm
geometric phase without the requirement for cryogenic cooling.

6.3 Topological Phase Transformation and Net-
work Hardening

Finally, we validate the programmable hardening of the discrete
lattice into a continuous secondary network. Utilizing a 3D
bond percolation model across a macroscopic Z3 array of 3,375
tensors, we simulate the introduction of a targeted localized
activation energy (𝐸𝑝ℎ𝑜𝑡𝑜𝑛𝑖𝑐) designed to irreversibly cross-link
the base-four interstitial reaction vessels.
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Figure 3: Interstitial Phase Transformation. A macroscopic 3D
percolation phase-diagram demonstrating the transition from a discrete
molecular powder to a continuous secondary network. At the critical
cross-linking threshold (𝐸𝑐𝑟𝑖𝑡 ≈ 0.2488), the material undergoes an
instantaneous, non-linear phase transition, permanently hardening the
architecture into a monolithic solid-state matrix.

As shown in Figure 3, the topological phase transformation
does not manifest as a slow, continuous degradation. Instead, it
executes as a mathematically rigorous, non-linear step-function.
Exactly at the critical threshold (𝐸𝑐𝑟𝑖𝑡 ≈ 0.2488—the exact
theoretical bond percolation invariant for a macroscopic 3D
simple cubic (Z3) graph), the discrete, non-covalently assembled
tensors instantly form a Giant Connected Component (GCC).
This confirms the innate capability of the material to undergo a
programmable phase transition, permanently locking its quan-
tum information cipher into a robust, continuous macroscopic
architecture.
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7 Conclusion and Outlook

In this treatise, we have formally established the 3,6,9,12-
tetrasubstituted chrysene lattice not merely as a novel chem-
ical assembly, but as a revolutionary class of programmable
topological metamaterial. By abstracting classical polycyclic
aromatic hydrocarbons into the rigorous mathematical frame-
work of non-commutative geometry, we have demonstrated that
physical self-assembly can be deterministically guided to yield
a highly ordered, three-dimensional integer lattice (Z3).

Through a cooperative synthesis of thermodynamic principles
and topological constraints, we detailed the precise integration
mechanisms required to actualize this crystal. The strategic
deployment of PEGylated 𝑠𝑝3 affine connectors and controlled
solvation dynamics elegantly resolves the historical challenges of
macroscopic nanomaterial aggregation. This assembly natively
stabilizes the 3D hyper-graph via non-covalent 𝜋-stacking while
rigidly locking the geometric logic tensors into their orthogonal
coordinates.

Crucially, we have proven that the “empty space” within
this crystal is an active computational component. The non-
commutative spatial orientation of the monomers generates a
base-four structural cipher, defining interstitial reaction vessels
capable of shielding the active 𝑠𝑝2 cores from acoustic and
dielectric decoherence. Furthermore, the capacity of these inter-
stitial boundaries to undergo targeted, irreversible cross-linking
permanently transforms the discrete lattice into a continuous
secondary network—a hardened solid-state matrix.

Operating within this pristine topological shielding, the macro-
scopic material transcends classical passive functionalities. It
functions as a massive, parallelized quantum processing array, ca-
pable of sustaining dual-channel ballistic transport, deterministic
Aharonov-Bohm logic gating, and massless optical transduction
via native chromophore absorption and stimulated emission.

Outlook: The Horizon of Quantum Materials

The formalization of the Chrysene Tensor Lattice represents a
paradigm shift in both applied materials science and quantum in-
formation theory. By embedding quantum operators directly into
the non-commutative physical geometry of a synthetic crystal,
this architecture elegantly bypasses the extreme fragility, cryo-
genic requirements, and parasitic crosstalk inherent to classical
semiconductor and continuous-variable quantum platforms.

Ultimately, this mathematical abstraction of programmable
matter provides the scientific community with a highly scalable,
physically manufacturable blueprint. It opens a definitive horizon
toward the realization of robust, ambient-temperature determinis-
tic quantum automata, seamlessly uniting the thermodynamics of
advanced nanomaterials with the absolute computational limits
of physical reality.

A Literature Review: Physical Chem-
istry and Topological Assembly of
Metamaterials

The formalization of the Chrysene Tensor Lattice as a pro-
grammable topological metamaterial represents a strict geomet-
ric synthesis of established physical chemistry, supramolecular
assembly, and condensed matter physics. To ground the ther-
modynamic and quantum mechanical integration mechanisms
proposed in this treatise, we briefly review the foundational
literature governing directed self-assembly, polymeric solvation,
and macroscopic quantum topologies.

A.1 Supramolecular Assembly and 𝜋-Stacking
The thermodynamic minimization required to construct the
highly ordered Z3 integer lattice relies fundamentally on the
principles of supramolecular chemistry formalized by Lehn
[Leh90]. Lehn established that macroscopic order can be de-
terministically programmed into matter via the precise spatial
encoding of non-covalent intermolecular forces. Within poly-
cyclic aromatic hydrocarbons (PAHs), Müllen and colleagues
[WPM07] demonstrated that controlled 𝜋-stacking between ex-
tended two-dimensional aromatic cores provides the profound
cohesive thermodynamic energy required to stabilize colum-
nar crystal architectures. By restricting the chrysene core to a
symmetric 𝐶2ℎ tensor, our architecture rigorously inherits these
supramolecular principles, utilizing engineered 𝜋-stacking to
secure the discrete 3D hyper-graph against thermal degradation.

A.2 Polymeric Functionalization and Solvation
Dynamics

To prevent the chaotic amorphous aggregation typical of pla-
nar PAHs, the lattice utilizes precise 𝑠𝑝3 affine connections,
specifically ethylene glycol (PEG) oligomers, at the 3, 6, 9,
and 12 coordinates. The physical chemistry of PEGylation,
widely reviewed by Knop et al. [KHFS10], confirms that the
extensive hydration sheath and steric flexibility of polyethylene
glycol chains operate as absolute kinetic modulators. By acting
as a dynamic solvation barrier during initial assembly, these
ligands provide the essential kinetic mobility required for the
monomers to thermodynamically anneal into the perfect topo-
logical global minimum, structurally manifesting the base-four
interstitial cipher prior to irreversible cross-linking.

A.3 Optoelectronic Properties of PAHs
The capacity of the metamaterial to act as an active, information-
processing array relies on the innate chromophore and charge-
transport properties of the 𝑠𝑝2 quantum core. Brédas et al.
[BBCC04] formalized the mechanisms of charge and energy
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transfer within 𝜋-conjugated organic systems, proving that strictly
ordered spatial geometries radically reduce energetic disorder
and exciton trapping. The strict longitudinal alignment of
the chrysene tensors defined by our topological constraints
physically realizes the ideal, zero-disorder one-dimensional
ballistic quantum wire predicted by these foundational charge-
transfer models. Furthermore, this structural rigidity securely
protects the highly tunable stimulated emission (lasing) profiles
inherent to the aromatic core.

A.4 Topological Materials and Quantum Infor-
mation

The absolute suppression of environmental decoherence within
the interstitial void space draws upon the mathematical frame-
work of topological insulators. As reviewed by Hasan and
Kane [HK10], topological materials possess bulk energy
gaps—analogous to the severe dielectric and acoustic impedance
mismatch of our 𝑠𝑝3 interstitial boundaries—while supporting
robust, symmetry-protected conducting states. By mapping these
continuous geometric phases onto the discrete non-commutative
graph of the chrysene lattice, the metamaterial natively exe-
cutes deterministic Aharonov-Bohm phase gating, advancing
macroscopic topological protection into a fully programmable
solid-state quantum array.

B Mathematical, Quantum and Struc-
tural Background of the Chrysene For-
malism

The programmable topological metamaterial examined in the
present work rests on a body of prior results that span experi-
mental composition-of-matter, pure mathematics and quantum-
information architecture.

B.1 Empirical Foundation
The concrete molecular geometry is supplied by the demonstra-
tion that nucleic-acid sequences integrated within a phospholipid
enclosure can be generated directly from a substituted chrysene
precursor [Sch25]. That result fixes the physical lattice whose
discrete abstraction yields the Chrysene Formalism.

B.2 Pure-Mathematical Framework
Two complementary volumes develop the underlying mathe-
matics. The first constructs the discrete non-commutative state
space, its cohomological invariants and the associated opera-
tor algebras [Sch26c]. The second supplies the tensorial and
algebraic-geometric structure that governs maximal-entropy sur-
vival under topological strain [Sch26e]. Together they define the

manifold I𝐶 and the structure-preserving maps that relate it to
physical realisations.

B.3 Quantum and Computational Architecture
The same discrete geometry admits a coherent quantum-
information interpretation. One volume establishes the algebraic
foundations for conserved, ambient-state information routing
on the chrysene tensor space [Sch26d]. A second develops the
coherent chrysene quantum bit (cohbit) and the associated func-
torial computational dynamics over discrete non-commutative
manifolds [Sch26a]. These constructions show that the lattice
is not merely a structural scaffold but a native substrate for
topologically protected information processing.

B.4 Biological and Evolutionary Realisations
Subsequent articles in the Annals apply the Formalism to
successive layers of biological organisation. One treats the
dual-chrysene reactive volume as the source of the observed
hopanoid–sterane asymmetry and of the transition from environ-
mental to endogenous membrane scaffolds [Sch26b]. Another
presents the broader claim that a single encodable topological
metamaterial accounts for the origin, the intelligence architecture
and the evolutionary trajectory of life [Sch26f].

B.5 Relation to the Present Work
The programmable metamaterial analysed here is the direct
physical expression of the lattice whose mathematical, quantum
and biological consequences have been developed in the works
cited above. By examining its self-assembly rules, its capacity for
quantum-information encoding and its topological response to
external control, the present paper supplies the materials-science
counterpart to the pure-mathematical and biological strands of
the Chrysene Formalism.
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