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Abstract 
This is the sixth paper in a series exploring the utility of hypercomplex mathematics 

in modeling levels of biological complexity. We examine the non-linear laws that 
integrate millions of discrete biomolecules into the unified, functional whole of a living 
cell, using the E. coli bacterium as a canonical biochemical model. Within this system, a 
coordinated suite of nucleic acids organizes a vast network of catalytic proteins to 
execute cellular metabolism and replication. The foundational thesis of this series states 
that a monophyletic quantum jump in evolutionary complexity necessitates a 
corresponding leap in the mathematical framework used to describe its underlying 
organizational laws.

1. Introduction: The Necessity of a 
16-Dimensional Unified Framework 

While individual macromolecular structures (such as standalone proteins or isolated 
nucleic acid strands) can be modeled using the 8-dimensional octonion framework 
( ), an entire living organism requires an overarching 16-dimensional sedenionic 
manifold ( ) to coordinate their collective, simultaneous interactions.

In transitioning from octonions ( ) to sedenions ( ), we forfeit the property of 
alternativity, meaning multiplication is no longer guaranteed to satisfy . 
Rather than representing a breakdown in algebraic utility, this loss of alternative 
symmetry yields unique mathematical properties necessary for modeling macroscopic 
biological systems

1.1. Zero Divisors as the Agent of Structural Genesis 
The primary algebraic consequence of this non-alternative transition is the emergence 

of zero divisors. Formally, there exist non-zero sedenionic elements  and  such that:

$𝕆$
$𝕊$

$𝕆$ $𝕊$
x(x y) = (x x)y

A B
A ≠ 0, B ≠ 0 ⟹ A ⋅ B = 0
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In philosophy, the reverse process ( ) represents creation ex nihilo: where a 
unified, featureless vacuum (zero) unfolds into a structured pair of non-zero realities (A 
and B).

In traditional physics, zero divisors are typically treated as mathematical anomalies 
because they prevent the definition of a unique division algebra. In prebiotic and early 
cellular architecture, however, zero divisors serve as the primary algebraic mechanisms 
driving structural genesis, compartmentalization, and spatial filtering.

1.2. Mathematical Definition of the Sedenionic Zero Divisor Space 
Let  be represented via the Cayley-Dickson construction as a pair of octonions, 

. For any two sedenions , where , 
their product is defined as:

A zero divisor pair occurs when this product vanishes despite neither $A$ nor $B$ 
being the null element (i.e., ).

A canonical example of a sedenionic zero divisor pair involves the basis vectors :

The space of zero divisors in  forms a highly structured compact manifold. If we 
isolate a unit sedenion  ( ), the set of all unit sedenions   that satisfy  
forms an 11-dimensional subspace. This algebraic property maps directly to the 
foundational mechanisms of early cellular life: boundary isolation, selective 
permeability, and informational gating.

1.3. Rejection of Stochastic Origin Paradigms 
This thesis explicitly rejects stochastic origin-of-life models. While Darwin did an 

excellent job, considering the primitive science of his times. Probably unwittingly, his 
concept of chance-and-accident as a creative force has excused biologists from 
mathematical formalism of physics and chemistry that insist that its laws and principles 
be expressed in the utter precision of the mathematical language.

If we are correct, biologists, or at least some of them, are going to have to become 
hypercomplex experts!

The structural and functional integration observed in the Last Universal Common 
Ancestor (LUCA) is not the result of fortunate, accidental collisions in a primordial 
soup. Instead, cellular architecture represents a geometric mandate dictated by the 
hypercomplex algebraic laws governing the background vacuum state.

This thesis explicitly rejects stochastic origin-of-life models. While Charles Darwin 
provided a brilliant foundational framework given the primitive, descriptive science of 

0 = A ⋅ B

$𝕊$
𝕊 = 𝕆 × 𝕆 $A = (a, b)$and$B = (c, d )$ a, b, c, d ∈ 𝕆

(a, b)(c, d ) = (ac − db̄, ād + cb)

$A ≠ 0$and$B ≠ 0$
ei
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𝕊
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his era, his reliance on chance-and-accident inadvertently excused generations of 
biologists from pursuing strict mathematical formalisms. 

During the 19th century, mathematics itself had only recently formalized complex 
numbers; consequently, treating octonions or sedenions as biological blueprints would 
have seemed like science fiction. However, to progress past reductionist limits, modern 
biologists must now transition into hypercomplex experts.

2. Cellular Isolation and Boundary Formation 
In lower-dimensional physical modeling, boundaries must be introduced artificially 

as external constraints on a set of differential equations. Within a sedenionic framework, 
the physical boundary emerges natively from the algebra.

If  represents the state vector of the internal metabolic machinery (LUCA) and 
 represents the chaotic environmental background, the condition  

defines a topological boundary of absolute isolation. The zero divisor space carves out 
distinct internal and external spaces, providing the formal mathematical signature for a 
closed lipid bilayer envelope.

2.1. Selective Permeability and Projective Filtering 
Because , the operator  acts as a non-trivial kernel (null space) when 

multiplied against the field of environmental inputs. This relationship allows a prebiotic 
system to completely annihilate disruptive external thermodynamic forces while 
remaining receptive to necessary energetic inputs. 

This relationship provides a formal mathematical model for membrane permeability, 
demonstrating how a protocell filters a chaotic external environment to maintain a 
highly ordered internal state.

3. Information Gating in Macromolecular Complexes 
As macromolecules integrated to form the first true cellular organisms, the density of 

concurrent chemical reactions required a coordination mechanism to prevent metabolic 
cross-talk. 

Sedenionic zero divisors function as logical gates within this framework. By encoding 
enzymatic and structural states into distinct sedenionic dimensions, a cell ensures that 
independent pathways remain completely decoupled  even when 
occupying the same physical, three-dimensional volume.

Modeling LUCA: The Last Universal Common Ancestor wasn't a neat, modern cell; it 
was a leaky, geochemically bound system driven by basic thermodynamic gradients. In 
our framework, LUCA is the base manifold. It is the zero-point energy state where 
geometry and chemistry are still the exact same thing.

$A$
$B$ $A ⋅ B = 0$

$A ⋅ B = 0$ A

($A ⋅ B = 0$)
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3.1. Divergence of Evolutionary Domains. 
When Archaea and Bacteria diverged, life developed specialized, distinct cellular 

membranes. Mathematically, this is a bifurcation event. A single hypercomplex space 
splits into two distinct topological domains, each breaking symmetry in its own way to 
process energy.

The Eukaryotic Love Affair: The endosymbiotic event—where an archaeon hosted a 
bacterium to create the mitochondria—is the ultimate evolutionary marriage. In our 
engine, this is a complex coupling mechanism. It is two independent mathematical 
fields folding into one another, creating a brand new, highly stable, high-dimensional 
state (Eukaryote).

4. The Sedenion Vector-Space Matrix 
4.1. Basis Elements and Non-Alternative Breakdown 

The 16 sedenionic basis units ( ) define the complete vector space. 
Because the alternative property is lost at this level, nested multiplications depend 
strictly on the order of operations. This requires an explicit parameter framework to 
prevent chaotic metric drift during multi-layered algebraic transformations.

4.2. The Digital-Analog Split (Subspace Factoring) 
The 16-dimensional sedenionic space is modeled as a split-manifold composed of two 

complementary 8-dimensional octonionic subspaces:

This factoring establishes an absolute division of labor within the cell: one subspace 
governs static, digital information storage, while the complementary subspace manages 
dynamic, analog metabolic operations. This elegant algebraic separation directly 
mirrors life's evolutionary milestone during the quantum jump from 
uncompartmentalized bacteria to complex eukaryotes, where a physical nuclear 
membrane was assembled to isolate the delicate RNA transcription machinery from 
cytoplasmic metabolic traffic.

4.3. Defining the DNA Informational Hard Drive 
The double-stranded DNA helix maps directly inside the static

 

subspace. Evolutionarily, the elimination of the reactive 2'-hydroxyl group to form 
deoxyribose acts as a geometric clamp.  This structural modification locks the DNA 
molecule into an invariant, non-reactive conformation, preserving it as a stable digital 
code repository. The baseline stability of this vault is safely altered only during 

$(e0, e1, …, e15)$

𝕊16 ≅ 𝕆8
Information ⊕ 𝕆8

Operations

$𝕆8
Information$
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programmatic replication cycles, where cellular enzymes interface with the genome 
based on real-time epigenetic feedback regarding environmental utility.

5. DNA-to-RNA Transcription: 
Sedenionic Projection Operators 

5.1. Zero Divisors as Field Filters 
Sedenionic zero divisors model the mechanics of transcription, where an active RNA 

polymerase enzyme reads a closed DNA template. The enzyme functions as a localized 
operator that interacts with the static, off-shell code state of DNA, projecting it into an 
open, active operational pathway.

It is mRNA that carries intangible information from the nucleus to the cytoplasmic 
Ribosomes where it is converted into a specially shaped protein to do a very specific job 
manipulating molecules into other useful molecules.

A foundational insight emerging from modern structural biology is that while the 
underlying digital DNA code can vary drastically due to genetic drift, the overall three-
dimensional shape of the expressed protein is strictly conserved. Whether an enzyme is 
optimized to operate in extreme hydrothermal vents or sub-zero environments, its 
functional geometry remains invariant. It is the spatial configuration, not the isolated 
digital sequence, that dictates biological utility. 

5.2. RNA and the Non-Associative Fluid Matrix 
The flexible, single-stranded architectures of RNA map to the dynamic  

subspace. Because this space retains fluid, history-dependent geometric properties, 
RNA can fluctuate between roles. 

This accommodates its dual function as an informational template (mRNA) and a 
physical, non-associative catalyst (rRNA and tRNA). The historic relation of DNA and 
RNA is rapidly changing. Indeed, the heretofore useless introns snipped out and 
discarded, in the old view, now seem to be  members of the cloud of microRNAs that 
govern the form and activity of the nucleus itself.

5.3. Translation Parity Invariants 
Translating genetic data across the digital-analog subspace boundary introduces 

geometric parity constraints. The triplet codon logic of modern biology is derived as a 
necessary geometric stabilization requirement to maintain structural information parity 
when crossing from  leaving the blueprint realm 

for the workshop realm.

𝕆8
Operations

𝕊16 ≅ 𝕆8
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6. The ATP Synthase Turbine: Cross-Dimensional Torque 
One of the most important patterns that LUCA uncovered, and passed on to every 

living entity in the world and history, is the genius concept of using the natural acid 
gradient to drive the formation of the most important molecules in life, that of ATP, 
which basically is as important as electricity is to modern life.

Using LUCA’s brilliant mechanism, an active human processes an equivalent mass of 
approximately 150 lbs of ATP daily. Because it is consumed instantly, its steady-state 
concentration remains low. From an engineering perspective, this molecular feat is as 
elegant as a massive hydroelectric generator operating continuously on raw water 
pressure.

6.1. Topology of the  Molecular Motor 
The physical architecture of the  ATP synthase complex—consisting of a static 

outer stator and a spinning central rotor—is modeled as a multi-axial mechanical 
system operating across the sedenionic manifold. See Fig. 6.1

6.2. Sedenionic Translation of the Proton-Motive Force 
Seawater provides an abundant external pool of H+ ions, establishing a continuous 

proton gradient across the membrane boundary into the alkaline zone. This gradient 
drives the ATP Synthase turbine, translating an abstract environmental thermodynamic 
gradient directly into mechanical torque for the synthesis of ATP.

where

This equation formalizes the exact translation of an abstract thermodynamic gradient 
into physical, mechanical torque used to synthesize ATP.

F0F1
F0F1

TTurbine ⋅ ΨGradient = τMechanical

TTurbine = tgeome0 +
3

∑
i=1

ti
statorei +

6

∑
j=4

t j
rotorej +

15

∑
k=7

tk
frictionalek
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To encapsulate this system mathematically, we assign the physical properties to 
elements within the sedenionic algebra :

The Proton Gradient ( ) is represented as a sedenion field containing both 
the spatial electrochemical potential gradient (vector parts) and the thermal/chemical 
potentials (scalar and pseudoscalar parts). 

To explicitly realize this field within the 16-dimensional sedenionic algebra  
spanned by basis elements , we partition the space into distinct 
functional sub-modules: To explicitly realize this field within the 16-dimensional 
sedenionic algebra  spanned by basis elements , we partition the space 
into distinct functional sub-modules:

Where:
 (Real Scalar): Captures the ambient, non-directional hydrostatic or bulk thermal 

baseline potential.
 (Vector Space): Maps the 3D directional electrostatic gradient driving ions 

through the membrane.
 (Imaginary Space): Encapsulates the chemical concentration gradient 

( ) across the hydrothermal boundary.
 (Hypercomplex Subspace): Accounts for multi-variant environmental 

noise and non-equilibrium fluctuations

6.3. The Turbine Operator ( ):  
To mathematically articulate the geometric and mechanical constraints of the protein 

channels within the -ATP Synthase complex, the operator   is constructed 
as a 16-dimensional transformation matrix or sedenionic structural operator:

Where:
 (Structural Scalar): Represents the intrinsic structural scaling factor and symmetry 

configuration of the turbine.
 (Stator Subspace): Encodes the rigid spatial coordinates and electrostatic 

configuration of the stationary \(a\)-subunit channels.
 (Rotor Subspace): Maps the dynamic rotational degrees of freedom and 

binding site configurations of the moving \(c\)-ring.
(Dissipative Channels): Captures internal mechanical shear, 

conformational flexibility, and non-ideal structural drag within the membrane matrix.

𝕊
ΨGradient

𝕊
{e0, e1, …, e15}

𝕊 {e0, e1, …, e15}

{e0, e1, …, e15}

e0

{e1, e2, e3}

{e4, e5, e6}
ΔpH

{e7, …, e15}

TTurbine

FoF1 TTurbine

TTurbine = tgeome0 + ∑3
i=1 ti

statorei + ∑6
j=4 t j

rotorej + ∑15
k=7 tk

frictionalek
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6.4 The Mechanical Torque ( ):  
The resulting sedenion containing the localized physical angular momentum and 

torque vectors driving the mechanical rotation of the -subunit.
Because sedenions are non-associative and contain zero divisors, this formulation can 

uniquely capture non-equilibrium thermodynamic losses, feedback loops, and localized 
quantum-classical transitions across the hydrothermal vent boundary.

To formally express the output vector resulting from the non-associative sedenionic 
composition of the gradient field and turbine operator, we define the mechanical torque 

 across the active basis subspaces:

Where:
 (Net Useful Work): Represents the net scalar mechanical energy successfully 

transferred toward ATP synthesis.
(Angular Vector Subspace): Maps the physical rotational torque vector 

driving the asymmetric γ-subunit within the α₃β₃ catalytic head.
 (Axial/Conformational Subspace): Encodes the structural elastic strain 

and linear axial thrust forces acting along the central stalk.
 (Entropy/Dissipation Pool): Directs uncoupled mechanical strain, slip 

errors, and heat generation away from the primary mechanical pathway.

7. The Unified Architectural Blueprint of LUCA 
It is customary in the east to be very grateful to your ancestors. As this is the ancestor 

of us all, with all due respect, we intend to encapsulate it in a mathematical form.

7.1. The Interdependent Paradox of Life 
Classical biochemical reductionism faces a fundamental paradox: DNA replication 

requires functional protein enzymes, yet those protein enzymes cannot be assembled 
without the sequence data stored in DNA. Neither subsystem could have emerged 
sequentially through independent, random interactions.

To many thinkers, this implies intelligent planning, but we can avoid philosophical 
implications by using pure mathematics.

7.1.1 Algebraic Resolution of Autocatalytic Interdependency
To formalize this co-dependence without relying on linear sequential causality, we 

map the genetic information space  and the metabolic catalytic space  
as coupled operators acting within a non-associative topological ring.

τMechanical

γ

τMechanical
τMechanical = τworke0 + ∑3

i=1 τi
angularei + ∑6

j=4 τ j
axialej + ∑15

k=7 τk
lossek

e0

{e1, e2, e3}

{e4, e5, e6}

{e7, …, e15}

ℐDNA 𝒞Protein
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Instead of an evolutionary step-function, their emergence is modeled as a 
simultaneous eigenvalue solution to a self-referential operator feedback equation:

Where:
: The enzymatic expression operator that maps the structural code array 

onto the active functional protein geometries.
: The metabolic replication operator, powered directly by the 

sedenionic proton-motive force , that stabilizes and duplicates the 
information substrate.

By composing these operators, we demonstrate that life’s origin does not require 
sequential probability selection. Instead, it represents the physical instantiation of a 
fixed-point attractor in non-equilibrium thermodynamics, where the joint operator 
system satisfies the following fixed-point condition:

 The metabolic replication operator, powered directly by the sedenionic 
proton-motive force. 

 

7.2. LUCA as a Coherent Sedenionic Singularity 
We model the Last Universal Common Ancestor (LUCA) not as a primitive proto-

bacterium, but as a fully integrated, hypercomplex system. From its inception, the 
informational subspace and operational subspace were coupled by the topological laws 
of the background vacuum, resolving that sequential paradox.

While the historical primordial environment is colloquially characterized as an 
unstructured organic matrix, it represents the precise geometric landscape wherein 
prebiotic laws crystallized. Rather than a stochastic chemical soup, this baseline state 
provides the definitive topological foundation for universal common ancestry.

7.2.1. Hypercomplex Singularity and Vacuum Coupling
To mathematically characterize this absolute phase coherence, we define LUCA as a 

local topological defect, or singularity, within the 16-dimensional sedenionic state space: 
. where the informational manifold:

and the operational manifold:

ℰ̂Translation(ℐDNA) = 𝒞Protein
ℳ̂Replication(𝒞Protein, ΨGradient) = ℐDNA

ℰ̂Translation

ℳ̂Replication
ΨGradient

̂T (ℐDNA) = ℐDNA
ℳ̂Replication

[ΨGradient, TTurbine, τMechanical]Λ̂ = 0

𝕊
ℳInfo
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intersect seamlessly without any spatial or chronological delay. This intersection is 
structurally locked by a vacuum coupling operator:

which guarantees that any translation of information triggers a simultaneous 
mechanical or metabolic reaction. We express this continuous coherence condition via 
the vanishing of the non-associative commutator over the active sedenionic fields:

This absolute topological constraint changes how we view life's beginnings. It means 
that LUCA did not slowly assemble piece by piece through random collisions. Instead, 
it emerged as a unified, coherent state that crystallized all at once across the 
environmental gradient. This sudden transition marks the true birth of universal 
biological order.

7.3. The Invariant Structural Envelope 
The cellular membrane serves as the definitive physical boundary condition for this 

integrated biochemical system. Mathematically, this boundary maps precisely to the 
outer metric horizon of a 16-dimensional sedenionic space, effectively enclosing the core 
metabolic singularity within a stable, invariant structural envelope. By modeling the 
membrane as a sedenionic horizon, we can formalize the energetic and informational 
constraints that prevent the dissipation of internal metabolic processes into the ambient 
environment.

Empirically, the precise evolutionary origin of this structural envelope remains one of 
the foundational mysteries of early life. Current phylogenetic and geochemical data 
offer limited direct insight into the exact nature of the boundary enclosing the Last 
Universal Common Ancestor (LUCA). 

This primordial envelope was required to isolate and sustain the earliest proto-
metabolic learning networks. Within this protected topological space, primordial 
systems managed the energetic synthesis of ATP, localized the formation of functional 
RNAs and their DNA counterparts, and stabilized the foundational metabolic pathways 
that characterize all extant terrestrial biology.

8. LUCA’s Bequests 
The ATP Turbine, as we just discussed mathematically, is just one of the amazing 

abilities, learnt 4 billion years ago, that all Life today has inherited. The list, so far, 
includes RNAs, DNA, ribosomes, the Universal Triplet Code, the common set of 20 
amino-acids, and more.

ℳOper

Λ̂Vacuum

[ΨGradient, TTurbine, τMechanical]Λ̂
= 0
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While we are confident that these aspects of LUCA will be modeled successfully by 
our Hypercomplex Engine, this page has no room for it, so we will delegate that task to 
others. 

9. Discussion: Biology as an 
Exact Mathematical Science 

Everything in Biology  is about entities built out of atoms and molecules. These 
entities have a well-defined mathematical description of their non-local mind 
(wavefunction/orbital) and the local body (particle) aspects. So the foundations of 
Biochemistry are totally lawful and mathematical. 

The Life that emerges in the transition to Biology is, however, an accident that is not  
ruled by law at all,  according to Darwin and most current philosophers (scientists are 
having their doubts). 

So along the way law is dropped and accidents predominate; but of course nobody 
ever tells you where the actual line is as it is never discussed by any academic.

With all due respect, we disagree. Where standard reductionism drops physical laws 
in favor of astronomical luck, the sedenionic framework establishes that life's functional 
emergence is structurally mandated by the background geometry.

9.1. The Ultimate Failure of Reductionist Materialism 
Reductionist materialism fails to distinguish between complex, self-assembling, self-

replicating biological organisms and inert, human-engineered mechanical devices. A 
bacterium possesses an intrinsic, high-dimensional geometric unity that cannot be 
understood by merely cataloging its isolated molecular components.

9.2. Transitioning from Metaphor to Math-Speak 
Modern biology must move past vague, descriptive linguistic metaphors like 

"cellular machinery" or "genetic blueprints". To progress as an exact science, biology 
must adopt the rigorous language of high-dimensional, hypercomplex geometric laws 
that govern physical and organic reality alike.

In our next paper, we will apply our mechanism to LUCA’s ‘birthing’ of outside–
loving bacteria and their interior–loving cousins, the archaea.

With this accomplished, we hope to end our series of papers with a brief discussion 
of the evolutionary endosymbiotic alignment., 2 billion years later, between two of 
LUCA’s sophisticated descendants—or more prosaically, how an archaeon hosted and 
domesticated a family of bacteria. 

This represents a delightful cross-fertilizing of algebraic domains that mirrors the 
contemporary in vitro and in silico dynamic currently in vogue on Earth, modeling 
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endosymbiosis as a complex coupling mechanism where independent mathematical 
fields fold into a single, highly stable, high-dimensional state.

10. Conclusion 
This paper has demonstrated the utility of a hypercomplex algebraic framework in 

modeling the thermodynamic and topological constraints surrounding the origin of 
terrestrial life. By applying our hypercomplex engine to the foundational structures of 
the Last Universal Common Ancestor (LUCA), we provide a novel mathematical basis 
for early cellular boundary conditions. 

Current biochemical and phylogenetic estimates date the emergence of LUCA to 
approximately 4.2 billion years ago. This timeline places the emergence of our most 
ancient common ancestor roughly 300 to 400 million years post-Earth formation, 
implying that prebiotic-to-biotic transitions can occur rapidly under favorable planetary 
conditions. Consequently, if the localized hypercomplex architectures detailed in this 
work represent universal physical constraints on metabolic isolation, similar biogenesis 
pathways may manifest across analog planetary environments throughout the galaxy.

The structural evolution of LUCA was highly dynamic, likely characterized by spatial 
divergence across distinct geochemical micro-environments within a deep-sea 
hydrothermal vent complex. Toward the end of the primordial evolutionary epoch, this 
divergence manifested as two phylogenetically distinct cellular encapsulations. This 
divergence event represents the fundamental evolutionary bifurcation into the domains 
Bacteria and Archaea. The algebraic modeling of this split, alongside the topological 
transformations governing early membrane bifurcation, will form the core focus of our 
forthcoming research.
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