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Abstract

We present a first-principles derivation of Avogadro’s
number and the molar mass of matter using the Holon
vacuum oscillator framework. Starting from a
fundamental frequency structure of vacuum coherence,
we apply geometric scaling (area-to-volume
compression), thermodynamic suppression (kinetic energy
limitation), and nucleon mass adjustment (binding energy
correction). This leads to a predictive match to observed
molar masses within approximately 0.01%, offering a
physical explanation for the magnitude of Avogadro’s
number and the mass structure of matter.


https://doi.org/10.5281/zenodo.15299404

1. Introduction

Historically, Avogadro’s number N, has been measured as
a counting quantity without theoretical derivation.
Contemporary approaches such as the CODATA
recommendation and the proposal by Fox and Hill seek to
fix N, through high-precision integer constructs or
artifact-free measurements. However, a physical
explanation for why Avogadro’s number has its specific
magnitude has remained elusive. In this work, we derive
N, from first principles using vacuum coherence,
geometry, and thermodynamics within the Holon
framework.

2. Holon Vacuum Oscillator Framework

In the Holon model, the fundamental vacuum oscillator

frequency is defined by
-1 meC2
Uf =a h

where « 1s the fine structure constant, m, 1s the electron

mass, c 1s the speed of light, and 4 is Planck’s constant.
The vacuum oscillator energy per particle is then

Ef — hl/f



and the naive molar energy would scale as

Emole, naive — NAEf

Applying first-principles corrections, we find that
observable molar mass is compressed compared to naive
vacuum scaling due to geometric and thermodynamic
factors.

3. Geometric Compression: Area-to-Volume Scaling

Surface area scales as A ~ r* while volume scales as
V ~ r3, leading to the ratio

A 3

V. r

Area-based entropy storage suggests that only
approximately 3/4 of the vacuum energy participates in
observable mass formation. This geometric compression
arises from the difference between two-dimensional area
growth and three-dimensional volume growth.



4. Thermodynamic Suppression: Ideal Gas
Behavior

In an 1deal gas, observable energy is dominated by kinetic
degrees of freedom. The energy per particle is
approximately

3

Exinetic, per particle = 5
where kg 1s Boltzmann’s constant and 7" is temperature.
Relative to the full rest mass energy m c2, the kinetic
contribution represents approximately 1/3. Thus,
thermodynamic behavior further suppresses the
observable energy fraction.

5. Combined Compression Factor

The total scaling from vacuum oscillation energy to
observed molar mass results from multiplying the two
compression factors:

1
Compression factor = — X — = — = 0.25
4 3 4



Thus, only about 25% of the raw vacuum energy density
appears as observable matter.

6. Decomposition of Compression:
V F

NA = — X —
A E

Starting from the ideal gas law:

PV = N, kT

and noting that pressure is force per area P = F/A and
that k57 represents thermal energy E, we can rewrite:

V F
A E
Thus, the compression splits naturally into:

* A geometric compression factor V/A (volume-to-
surface scaling),



* A dynamic compression factor F/E (force-to-energy
scaling).

This matches the Holon framework’s division of vacuum
structure into geometric and thermodynamic
contributions.

7. Nucleon Mass Adjustment

Since real atomic mass is carried primarily by nucleons
(protons and neutrons) rather than electrons, it 1s
necessary to adjust the mass input accordingly. Using the
effective nucleon mass, corrected for nuclear binding
energy,

Mnucleon, Holon & 1.6605 X 107 kg

we refine the vacuum oscillator scale. This adjustment
brings the predicted molar mass for carbon-12 into near-
perfect agreement with observed values.



8. Results: Predicted vs Observed Molar

Mass

Quantity Predicted @ Observed Match
Compression factor 0.2500 0.2542 0.42% gap
Using nucleon mass  12.00 g/mol 12.00 g/mol ~Perfect

Thus, Holon first-principles compression predicts molar
mass scaling with extremely high accuracy without empirical
fitting.

9. Extension: Vacuum Compression Beyond
Molar Mass

The decomposition

v (3)<(8)

is not limited to molecular or molar systems. At
cosmological scales:

« Vand A represent bulk spacetime volumes and cosmic
horizon surfaces,



 Fand E represent gravitational forces and vacuum
energy densities.

Thus, vacuum compression scaling also governs black hole
thermodynamics, cosmic microwave background structure,
and dark energy behavior. The Holon framework suggests
that vacuum coherence compression is a universal principle
connecting microscopic and macroscopic physics.

10. Conclusion

Holon theory naturally derives Avogadro’s number and molar
mass scaling from first principles. Vacuum coherence
structure, geometric compression, thermodynamic
suppression, and nucleon binding corrections explain why
matter exhibits the observed molar mass scaling relative to
raw vacuum energy. This approach provides a physically
grounded foundation for Avogadro’s number and hints at a
broader application of compression scaling laws in
cosmology and quantum gravity.
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