The Pressure Barrier is Broken:
A 1,000x Leap in Nanothread Production

How Resonant Two-Photon Absorption Unlocks Industrial-Scale
Synthesis of Crystalline Furan Nanothreads at 5 GPa.
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The Old Paradigm: Brute Force Synthesis in a Jeweler’s Anvil

Precursor: Benzene, a molecule with high
aromatic stabilization energy.

Method: Purely mechanical initiation using
Moissanite or Diamond Anvil Cells (DACs).

Requirement: Extreme pressures exceeding
15 Gigapascals (>15 GPa).

Fundamental Limitation: The process is
confined to microscopic volumes (mm?),
making it a lab-scale curiosity, not a viable
industrial process.
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We Replaced Brute Force with Photonic Precision

MECHANICAL INITIATION

Diamond Anvil
Cell (from the -}
previous slide)

Precursor: Benzene
Pressure: >15 GPa

Scale: mm?
Status: Lab Curiosity
IBM Plex Serif

1. 000x
—

PHOTONIC INITIATION

Piston-
Cylinder

~ Sapphire
window

Precursor: Hemp-Derived Furan
Pressure: 5 GPa

Scale: cm?®
Status: Industrial Feedstock
IBM Plex Serif
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The Breakthrough Begins with a Smarter
Precursor: The Furan Advantage

e Source: Furan (C,H,0) is sustainably derived O
from hemp cellulose via established furfural
pathways. i el \ /
» Chemical Superiority: Possesses lower

aromatic stabilization energy compared to
benzene, making it more receptive to
polymerization under lower pressure.

* The “Goldilocks Zone”: The 5 GPa target is

strategically chosen. It is high enough to / O
induce the necessary molecular pre- 2 %{ S = i\ /7
alignment (Phase III), yet low enough to be

compatible with durable, large-volume Hemp Plant Cellulose Furfural Furan
industrial Piston-Cylinder presses. Sustainable Bio-Source Pathway

Benzene Furan
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The Photonic Key: How Two-Photon Absorption
Unlocks the Reaction at 5 GPa

At 5 GPa, Furan’'s Excited State (S,) =5.5 eV (at 5 GPa)
critical S, energy state ——o°

shifts to 5.5 eV.

Coherent absorption provides the
exact 5.5 eV to bridge the energy gap
and initiate [4+2] cycloaddition.
A single 450 nm photon
hﬂS Unly 275 ev Df -------------------------------------------------- High'EHErgy

energy—not enough to Virtual State UV Photon
trigger the reaction.

450 nm Photon 450 nm Photon Cannot penetrate
(2.75 eV) (2.75 eV) dense sample.
Our method uses a O
femtosecond laser to
deliver two 450 nm
(2.75 eV) photons Ground State (S,)
simultaneously to the
same molecule. This acts as a precise, resonant trigger.
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The 5 GPa Threshold Enables a New Class of Industrial Hardware

Moissanite Anvil Cell (DAC) Tungsten Carbide (WC) Piston-Cylinder press

| I

A

>15 GPa / mm?3 Volume / Research Scale 5 GPa / cm? Volume / Production Scale

Reducing the pressure requirement from >15 GPa to 5 GPa is the critical enabler for moving beyond
fragile, research-grade anvils.

Piston-Cylinder apparatuses are robust, proven mechanical systems capable of sustained industrial
operation. This transition is the linchpin of our 1,000x scaling strategy.
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Achieving True Volumetric Synthesis:
From Surface Reactions to Bulk Polymerization

The Problem with UV _ The TPA Solution

Previous attempts using
broadband UV light (at 8 GPa)
suffered from poor penetration
depth, limiting the reaction to
the sample's surface.

The 450 nm blue laser light is
transparent to the furan inits
ground state, allowing it to
penetrate deep into the
cm?-scale sample.

The TPA reaction only occurs
at the laser's focal point,
enabling precise, 3D, volumetric

Poor penetration chemical changes.

depth limits reaction
to the surface.

Transparent ground state
allows deep penetration.
TPA enables precise,

3D volumetric reaction.

Broadband UV Initiation 450 nm TPA Initiation
IBM Plex Serif IBM Plex Serif
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Guaranteeing Structural Perfection:
How 5 GPa Creates the Crystalline Template

< 3 GPa

Disordered State

+ Pressure

S >

5 GPa: Phase lll

IH

_1

' The Blueprint for Perfection

+ Laser
Initiation

Final Product

« Phase III Control: At 5 GPa, furan molecules self-assemble into a highly ordered crystalline state (Phase III),
pre-aligning in a trans-planar configuration.

» The Blueprint for Perfection: This ordered lattice acts as a perfect template. The laser-initiated [4+2] cycloaddition
follows this template, ensuring the production of unbranched, structurally perfect, crystalline nanothreads.

* Rejected Alternatives: Thermal initiation was rejected as it leads to sample carbonization. Uncontrolled pressure or
initiation leads to useless, amorphous polymers.
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In-Situ Verification: Watching
Diamondoids Form in Real-Time

Methodology: We utilize in-situ Raman
spectroscopy to monitor the chemical

transformation inside the high-pressure cell.

The Evidence: The data provides two
unambiguous signatures of successful
synthesis:

® 1. The complete disappearance of the C=C
aromatic stretching peak, confirming the
consumption of the furan precursor.

® 2. The emergence of new, strong sp®
diamondoid signature peaks, confirming
the formation of the crystalline
nanothread structure.

Intensity (Arbitrary Units)

— Before Irradiation
— After Irradiation

{Stretching Peakj> :

C=C Aromatic

New sp?
Diamondoid

Signature Peak

Raman Shift (cm™1)
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The Result: A New Material that Renders
Carbon Fiber Obsolete

Product Name: Crystalline Furan Nanothreads

Key Properties:

e Unprecedented Strength-to-Weight Ratio:
Superior to all existing carbon fibers and
structural composites.

e Inherent Chemical Functionality: The
oxygen heteroatoms provide intrinsic
dipole alignment and superior bonding
compatibility within our Hempoxies
matrix.

e Structural Perfection: The crystalline,
unbranched structure translates to
predictable, reliable, and exceptional
mechanical performance.




The Strategic Impact of Three Orders of Magnitude

¢

A 1,000x increase in production yield
transforms furan nanothreads from a
theoretical possibility into a commercially
viable strategic asset.
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 From Grams to Kilograms
We are transitioning from producing milligrams
in a lab to manufacturing bulk quantities
suitable for industrial supply chains.
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 Economic Viability
Scalable production radically alters the cost
curve, making nanothread-based products
commercially competitive.
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* Supply Chain Control
In-house, scalable production of our core
structural material provides complete control
over quality and supply, de-risking our mm? / DAC
manufacturing roadmap.

W

cm?3 / Piston-Cylinder
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Unlocking the Vision: This Breakthrough Enables
the Post-Predatory Chassis

The Connection:

Furan nanothreads are the keystone
material for the Landricus vehicle
frames. Their combination of
low weight, extreme strength, Yy
and Hempoxies matrix W
compatibility was previously
unachievable at scale.

The Result:

Successful execution of this synthesis
method is the final enabling step for
producing the first truly post-predatory
vehicle chassis—a structure built from
sustainable, bio-sourced materials without
compromising on elite performance or safety.
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Powering the Organic Revolution 2030

This is more than a new material; it’s the blueprint for a new manufacturing paradigm.

From Petrochemicals to Plants From Brute Force to Precision Control From Incremental Gains to Paradigm

Shifting the feedstock for high-performance Using targeted energy (photons) instead of Shifts

materials from fossil fuels to sustainable massive, inefficient force to drive chemical Creating materials with properties that are

bio-sources like hemp. reactions. not just better, but fundamentally different,
enabling products that were previously
impossible.
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High-Confidence Path to Execution

Confidence Assessment: High

Mechanical System Initiation System

(LVP) (TPA Laser)
Proven: Well-understood Proprietary & Validated: The
englneering process (n underlying physics are sound.

materials science.

Immediate Next Step

This preprint serves as the final pre-experimental blueprint. We are now
proceeding with the construction and testing of the first industrial-scale
‘Cold High-Pressure Synthesis’ reactor.
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Foundational Scientific Pillars & Source Data

Furan Phase ll
Ordering at 5 GPa

Furan molecules pre-align in
a trans-planar configuration
at 3-5 GPa, providing the
necessary template for
nanothreads.

IBM Plex Serif
J. Chem. Phys.

Phys. Rev. B

ResearchGate: Solid State
Furan Phases

Pressure-Induced
Red-Shift

Organic aromatics exhibit a
linear energy decrease In

their S, electronic states

under GPa-scale

compression, enabling the TPA
resonance at 5 GPa.

APS Physics
J. Phys. Chem

Science: Photo-induced
reactions

TPA Scalability

TPA enables 3D, volumetric
chemical changes in
transparent media, far
exceeding the 2D surface
limitations of UV-based
methods.

Nature: 3D Laser
Micro-Nanofabrication

ACS Photonics
Rev. Sci. Instrum.

Scientific Appendix / Data Repository
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