The Living Interface

A Nonequilibrium Framework for Exclusion-
Zone Phenomena, Interfacial Charge,
and Biological Organization.
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Water breaks its own rules at the boundary

Beside certain hydrated surfaces like Nafion, suspended particles and solutes are mysteriously depleted, creating a
massive, particle-free region extending hundreds of micrometers—far beyond conventional molecular hydration shells.
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The scientific deadlock over a macroscopic phenomenon

Independent verification of tracer depletion is indisputable. But the mechanism driving it
has fractured into a rigid binary between conventional physics and novel structural phases.

Model A: Transport-Dominant
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lon exchange, unequal ionic diffusion,
and diffusiophoresis generate fields
that repel tracers.

Model B: Structural-Phase
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Surface nucleation builds an extended,
highly ordered, charge-separated
fourth phase of water.
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Model C proposes a dynamic third path

Transport and structure are not mutually exclusive. The emergent nonequilibrium-interface model argues
that observation is not a static phase, nor just passive diffusion, but a dynamically maintained organization.
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The Engine of the Living Interface

Causal unity exists without invoking unknown forces. The interface is a network of materially
embodied constraints where each component restricts the possibilities of the others, while
depending on them to persist.
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The Observability Paradox

Why hasn't an emergent interface been definitively captured? Because standard scientific observation—
buffering, isolating, fixing, and dehydrating—destroys the very relations that bring the object into existence.

In-Vivo

Key Insight: Improved observation sometimes reveals not a previously nonexistent component,
but a previously collapsed relation. Composition is not organization.
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How experimental preparation destroys the object of inquiry

A relation-dependent state vanishes when its sustaining flows and gradients are removed.
We must preserve the relations first, perturb them second, and dissect them last.
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Seeing the whole system simultaneously

No single instrument establishes the ontology of a complex interface. We must capture
the causal architecture by synchronizing measurements across all domains before the

system collapses.
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Isolating causality through orthogonal perturbation

Covariance is not causality. To prove an emergent organization exists, we must clamp individual
variables—holding gradients flat or matching thermal footprints—and watch how the rest of the
interface reconstructs itself.
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Symmetrical rigor: The falsification matrix

A scientific model is only as strong as its capacity to be proven wrong. This matrix preregisters
the exact outcomes required to strengthen, restrict, or displace each competing model.
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Translating from synthetic physics to living function

Evidence cannot leap directly from a Nafion polymer to human physiology.
We must trace the relational architecture step-by-step, proving that the constraints

persist even as the chemistry changes.

Step 6:
Ecological interfaces

Step 5: (Biofilms, roots, soils)
Perfused tissues

(Fascia, interstitium,

= Step 41" mechanlcal load)
5tep 3: IVing celis

: (Intact metabolic <l
Biomolecules & ~ activity) // - ’ ""'\ - /

Model membranes

(Lipids, proteins, —_ w 4 . .
Step 2 nanoscopic water) - . - 3
Controlled surfaces s ] € p . : -
" (Varying charge ol - o N . e . i o .
Dzt and porosity) B B e
Nafion | x— - - . . / :
‘5""”52232 ;}ﬂ?etlcl . N O/ o : | :

&1 NotebookLM



The biological hardware is a coupled ensemble

Membranes and tissues are not dry walls separating bulk solutions. They are dynamic electrochemical %
interphases where lipids, proteins, confined water, and fields determine selectivity and work. |
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The Autopoietic Boundary

A living interface is not just a self-organizing material; it is produced by a network whose

continued existence depends upon its function. Work is generated when the interface
systematically constrains physical possibilities to preserve itself. |
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Systemic Fragility: When the boundary uncouples | :

Chemical stressors rarely attack just one molecule. Low-dose mixtures—like herbicide
formulations—converge on the coupled interfacial system, altering pH, surfactants, and
osmotic balance simultaneously. The result is a loss of reserve, not just a static injury.
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Resilience is not resting output; it is the
capacity to recover. A disrupted interface
may maintain baseline function while silently
losing its tolerance to a second challenge. .~




Toward a unified science of living organization

The goal is not to install a new water orthodoxy, but to build a common experimental |

ground where colloid science, biophysics, and thermodynamics converge to discover how =
matter, energy, and boundary coordinate life. o R
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The transition from controversy to science occurs when no reproducible
observation is discarded because its first interpretation was too strong.
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