From the Fourth Phase to the Living Interface

A Nonequilibrium Framework for Exclusion-Zone Phenomena
and Biological Organization

Based on the Academic White Paper by Dr. Bichara Sahely
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The Operational Phenomenon

Hydrated Bulk Suspension

Exclusion :
Polymer with Depleted
Surface Zone (EZ) Particles
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Schematic of Active Particle Exclusion

The Observation: Regions adjacent to
specific hydrated surfaces (e.g., Nafion)
become depleted of suspended particles
and dissolved tracers.

The Scale: Operational exclusion zones
extend tens to hundreds of micrometers—
far beyond conventional molecular
hydration shells.

The Associated Variables: Co-occurs with
measurable electrical potential, proton-
enriched outer regions, force generation,
and radiant-energy responsiveness.

Key Takeaway: Observing a particle-depleted region is an operational fact. Identifying the
force that moved the tracer, the molecular state of the water, or its biological function requires

completely different evidentiary achievements.
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A Premature Scientific Binary

"? MODELA: MODEL B:
= :
'=p Iransport-Dominant Structural-Phase
Mechanism: lon exchange + gradients Mechanism: Surface nucleation ->

+ electrophoresis + diffusiophoresis = extended differentiated water phase ->
tracer depletion. charge separation & exclusion.

Verdict: Favored only if unique,
persistent macroscopic molecular-order
parameters are proven.

Verdict: Sufficient if transport equations
predict the complete observable set.

Structure and transport are not mutually exclusive.

What if they are reciprocally coupled? ‘
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Synthesis: The Emergent Nonequilibrium Interface (Model C)

surfacocioiy

Model C proposes a dynamic organization where surface-conditioned water dynamics, electrochemical gradients,
and transport are not isolated effects, but reciprocally constrained aspects of a maintained nonequilibrium regime.
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The Ontological Matrix

Primary
Causal Object

Surface-driven Extended Coupled
gradients aqueous phase | organization
Local parameter | Generative basis of One reciprocally
effect charge/exclusion coupled variable

Role of Water
Structure

Expected Nested gradient | Coherent structural Coordinated but

Boundaries

Persistence
after Clamping

Note: Model C is advanced as a highly falsifiable hypothesis, not an established fact.

Model A Model B Model C
(Transport) (Phase) (Emergent Interface)

profiles domain nonidentical domains

Collapses Persists Differential
instantly independently relaxation/hysteresis
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The Observability Trap: Destructive Measurement
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1. Living / 2. Isolation or 3. Buffering and 4. Fixation or 5. Apparent absence
hydrated interface exclusion equilibration dehydration of organization

The Interstitium Lesson: Fluid-supported
architectures can exist in vivo but collapse
completely during conventional fixation.
Composition is not organization.

Methodological Rule: Preserve

the relations first; perturb them
second; dissect them last.
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The Adversarial Experimental Architecture

Convert controversy into a preregistered adversarial collaboration. Proponents, critics, and neutral
labs jointly state their strongest models and shared falsification criteria before data is collected.

Reference
materials and
shared protocols

Simultaneous
Multimodal Core

Water-sensitive spectra,
lons and pH,
Electrical potential,
Surface morphology;,
Force and flow,
Tracer distribution,
Time and recovery

Orthogonal
perturbations

Prospective

predictions

Models A, B, and C

Blinded analysis

and cross-validation

Replication, open
data, shared

falsification criteria

The 5-Phase

Roadmap

1. Phase I:
Physical
Benchmark

2. Phase Il
Simultaneous
Measurement

3. Phase Il
Orthogonal
Perturbation

4, Phase |V;
Biological
Translation

5. Phase V:
Functional
Coupling
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Phases I & II: Physical Benchmarks & Simultaneous Measurement

The Benchmark: A deliberately
simplified Nafion-water
preparation to ensure cross-
laboratory reproducibility

of the long-range tracer
displacement.

Water-sensitive
spectra
(Raman/SREF)

lons and pH
mapping

Electrical
a)) potential

Force and
flow tracking

The Common Clock:
Separate experiments can unkno-
) Time and wingly compare different states.
8/ recovery metrics True covariance requires

- simultaneous mapping.
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Phase III: Orthogonal Perturbations

Gradient Neutralization
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Gradient Clamping: Direct suppression of
proton/ionic gradients via ion-selective
membranes or microfluidics. Does the long-
range force vanish (Model A), or does a
residual internal state persist and dictate
reconstruction (Model C)?

Matched Illumination

Matched Thermal Controls: Wavelength
labels alone don't prove nonthermal
action. Requires equal-absorbed-energy
controls and 3D temperature mapping to
isolate state-specific photochemistry
from localized heat.
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The Falsification Matrix

Test

Gradient
Neutralization

Matched
lllumination

Tracer
Substitution

Favors Model A

Immediate loss
of force

Responses
reproduced entirely
by thermal field

Boundary scales
exactly with probe
charge/size

Favors Model B

Favors Model C

Persistent
macroscopic state

Wavelength-selective

structural change

Staged decay &
hysteresis

State-dependent
electrical response
with partial
nonthermal specificity |

Common boundary
across all probes

Boundary varies, but
Inner-state variables
remain predictive

S
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Phase IV: Controlled Translation to Biology
oo

s Ecological
Deried interfaces
o tissues
| i gﬁb Model
i membranes
A ‘Biomolecules
QQQM Controlled § |
o surfaces \~g
Nafion p
The Rule of Translation: Scale Discipline: Evidence for At every step: Retain
Translation must proceed by causal nanoscopic hydration cannot be treated conventional controls and require
correspondence, not visual analogy. as proof of macroscopic exclusion zones. incremental predictive value.

&1 NotebookLM



Phase V: Coupling State to Living Function

Mitochondrial
Transduction

Does an interfacial
hydration-charge state
predict proton leak or ATP
production efficiency beyond
standard membrane potential
and substrate availability?

The Glycocalyx
Boundary

In perfused endothelial
constructs, does the coupled
interfacial state predict shear
response and barrier integrity

better than morphology

alone?

‘Toxicant Testing
(Glyphosate)

Chemical stress alters multiple
variables (pH, surfactants).
Model C demands analytical
decomposition. A decline in
tracer exclusion cannot
automatically be assigned to
the loss of a special water
structure,
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Deacon & Maturana: The Autopoiesis Bridge

Environmental Coupling R

Deacon's Constraint Living Boundary Boundary Production

The interface performs
work not by adding a
new force, but by
restricting trajectories <
(geometry, fixed
charge, hydration) so
gradients become
productive.

A self-organizing
interface is not alive. It
becomes a living
interface only when the

Boundary
Production =

Eg%ﬁﬂ%lly regulates,
repairs, repairs, and
reproduces the
relations that sustain it.

Core Takeaway: Model C is a bridge hypothesis. It provides a physical layer
through which autopoietic organization becomes materially effective.

v
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Governance for Symmetrical Skepticism

Eliminating
Paradigm Protection

Novel interpretations must
not receive relaxed standards,
but conventional mecha-
nisms cannot be deemed
established merely because
they could produce an effect.

Open
Provenance

Machine-readable raw
data, spatial registration of
multimodal clocks, and
versioned protocols
deposited with persistent
identifiers.

Two-Stage
Registered Reports

Hypotheses, baseline MO
models, and statistical
plans are peer-reviewed
before data collection.
Null results are
scientifically legible.
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Toward an Interfacial Science of Living Organization
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The long-term product of this roadmap is an
Atlas of Hydrated Interfaces—mapping
geometry, composition, water dynamics,
ion distributions, and energy throughput
across scales.

The goal is not to install a new water
orthodoxy, but to discover how matter,
energy, boundary, and function become
coordinated at biological interfaces.

“The transition from controversy to science occurs
when no model is protected from measurement, and
no reproducible phenomenon is discarded merely
because its first interpretation was too strong.”
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