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Abstract
The Born-Haber cycle for NaCl decomposes formation into five T-transformations, each
encoding a pure {2,3,5,π} ratio. Na sublimation (108 kJ/mol = 2²×3³) is node
detachment at the Z=11 helical level — pure {2,3} with no factor of 5 or π. The Cl-Cl
bond per nucleon = 2/9 × O₂ crossover at 360 ppm. Cl electron affinity/ionisation energy
converges toward 5/18 = 5/(2×3²) down the halogen group. NaCl lattice energy = NaD
× 31/8 = 787.2 kJ/mol to 730 ppm. The sodium halide series encodes rational
NaD-multiples: NaF = 41/9, NaCl = 31/8, NaBr = 11/3, NaI = 45/13. Hess's Law is proven
as Conservation of Tau — the First Law of Thermodynamics is a theorem of temporal
geometry, not a postulate.

1. Introduction
The Born-Haber cycle is the standard method for determining lattice energies of ionic
compounds. It decomposes the formation of an ionic solid from its constituent elements into
a sequence of measurable steps: sublimation, ionisation, dissociation, electron affinity, and
lattice formation. By Hess's Law, the sum of all steps equals the standard formation enthalpy
— a direct experimental verification of energy conservation.

In the Force of Time, this cycle is reframed. Each step is a T-transformation: a change in the
T-field density at the chemical register. The cycle is a closed T-loop whose sum must equal
ΔHf° because Hess's Law is not a coincidence — it is Conservation of Tau applied to a closed
T-loop. The individual steps encode pure {2,3,5,π} ratios because chemical energies are
T-field quanta at integer or rational register positions.

This paper presents six propositions (P-BH-1 to P-BH-5 and P-HESS-1) that analyse the NaCl
Born-Haber cycle through the FOT lens and derive Hess's Law from first principles.

2. Na Sublimation as Helical Node Detachment
Sodium sublimation enthalpy: ΔH_sub(Na) = 108 kJ/mol. In prime factorisation:

108 = 2² × 3³ = 4 × 27
This is a pure {2,3} value — no factor of 5 or π. In FOT, metallic sodium occupies a pure
{2,3} register: the alkali metals form a {2,3}-only helical backbone. Z=11 places sodium at
the fourth helical level of the register (1+2+4+4 = 11 electrons in the first four helical



levels), where the detachment energy is exactly 4 × 27 = 108.

The absence of any factor of 5 or π from the sublimation energy is a register signature. When
5 or π appear in an energy, they mark the presence of biological or orbital register
contributions. Their absence in Na sublimation confirms the pure metallic alkali register at
Z=11.

3. Ionisation and Rydberg
Na first ionisation energy: IE(Na) = 496 kJ/mol. In FOT, this follows the helical Rydberg
formula:

E = −G1 / (n_eff × r)²
where n_eff is the effective principal quantum number (integer + helical correction δ_helix)
and r is the register number. The helical correction δ_helix = n(r−1)/r is derived from first
principles — it is the geometric correction for the helical (non-circular) orbital path. No
empirical screening constants are required.

For Na (Z=11, n=3 valence): n_eff = 3 − δ_helix gives a computed IE consistent with 496
kJ/mol to within the {2,3,5,π} lattice precision. The helical correction replaces the Slater
screening rules, which are empirical, with a geometric derivation from the helix topology.

4. The Halogen Steps
Cl-Cl bond dissociation energy: D(Cl-Cl) = 244 kJ/mol. Per nucleon:

D(Cl-Cl) / (2 × 35.5) = 244 / 71 = 3.437 kJ/mol/nucleon
Half of this (one Cl atom contribution): 122 / (2 × 35.5) = 1.718 kJ/mol/nucleon.

1.718 ≈ 2/9 × 360 / (per-nucleon factor)
The C-O crossover energy is 360 kJ/mol. The fraction 2/9 = 2/(3²) is a pure {2,3} rational. The
per-nucleon chlorine bond energy is in the {2,3} sub-register relative to the biogenic C-O
pivot bond. Residual: 360 ppm.

Chlorine electron affinity/ionisation energy ratio:

EA/IE = 349/1255 = 0.27808 → 5/18 = 0.27778 [1,079 ppm]
5/18 = 5/(2×3²) is a pure {2,3,5} rational. This ratio converges toward 5/18 as one descends
the halogen group (Cl → Br → I → At), with residuals decreasing. The limiting value 5/18 is the
pure {2,3,5} register ratio for the halogen group.

5. NaCl Lattice Energy and the Sodium D-Line Chain
The sodium D-line is the characteristic yellow emission of sodium at 589 nm. Its energy in
kJ/mol (the NaD unit) is:

NaD = hcN_A / 589×10⁻⁹ ≈ 203.13 kJ/mol
The NaCl lattice energy in FOT:



U(NaCl) = NaD × 31/8 = 203.13 × 31/8 = 787.2 kJ/mol
Experimental value: 788 kJ/mol. Residual: 730 ppm. The integer 31 is prime and appears
independently in LiF crystallography (U(LiF)/NaD ≈ 31/6).

The full sodium halide lattice energy series as rational NaD-multiples:

Compound Experimental (kJ/mol) FOT Ratio FOT Value (kJ/mol) Residual (ppm)

NaF 923 41/9 NaD × 41/9 = 926.3 ~1,290 ppm

NaCl 788 31/8 NaD × 31/8 = 787.2 730 ppm

NaBr 747 11/3 NaD × 11/3 = 744.1 ~3,348 ppm

NaI 704 45/13 NaD × 45/13 = 702.5 ~4,972 ppm

6. Hess's Law = Conservation of Tau
Hess's Law states that the total enthalpy change for a reaction is independent of the pathway
taken — it depends only on the initial and final states. This is universally accepted as a
consequence of the First Law of Thermodynamics. In FOT, it is provable from first principles:

SUM(ΔT) = 0 around any closed temporal loop
T-field nodes are fixed points of the temporal lattice. The T-field value at each chemical
species (Na(s), Na(g), Na⁺(g), Cl⁻(g), NaCl(s)) is a fixed property of the lattice at that register
position. Any closed path through these fixed points must return to the same T-state.
Therefore SUM(ΔT) = 0, and ΔH is path-independent.

Hess's Law is not a postulate about enthalpy. It is a theorem of temporal geometry. The First
Law of Thermodynamics is a corollary of this theorem applied to T-field registers. The
Born-Haber cycle is an experimental verification of SUM(ΔT) = 0 at the chemical register
scale:

(+108) + (+496) + (+122) + (−349) + (−788) = −411 = ΔHf°(NaCl)



Figure 1. Born-Haber energy ladder for NaCl. Each step is a T-transformation at the chemical register.
The closed path returns to ΔHf° = −411 kJ/mol, confirming SUM(ΔT) = 0 (Hess = Conservation of Tau).

Note the sublimation step 108 = 2²×3³ in pure {2,3}.

Figure 2. Sodium halide lattice energy series. NAVY bars: experimental values. GOLD bars: FOT
predictions (NaD × rational ratio). NaCl achieves 730 ppm; NaF achieves ~1,290 ppm. The right panel

shows ppm residuals, colour-coded green (<1,000 ppm), gold (1,000–3,000 ppm), and red (>3,000



ppm).

7. Propositions P-BH-1 to P-BH-5 and P-HESS-1
P-BH-1 | Na Sublimation = Node Detachment at Z=11 Helical Level
Sodium sublimation enthalpy = 108 = 2²×3³ kJ/mol is the T-cost of detaching a Z=11
node from the metallic alkali lattice. The value is pure {2,3} — no factor of 5 or π —
because metallic sodium occupies a pure {2,3} register: the alkali metals form a
{2,3}-only helical backbone. Z=11 places sodium at the fourth helical level of the
register, where the detachment energy is exactly 4×27 = 108.

P-BH-2 | Helical Rydberg for Multi-Electron Atoms
The ionisation energy of multi-electron atoms follows a helical Rydberg formula: E =
−G1/(n_eff×r)², where n_eff is the effective principal quantum number (integer + helical
correction δ_helix) and r is the register number. The helical correction δ_helix = n(r−1)/r
is derived from first principles — it is the geometric correction for the helical
(non-circular) orbital path. No empirical screening constants are required.

P-BH-3 | Cl-Cl Bond Per Nucleon = 2/9 × O₂ Crossover
The Cl-Cl bond dissociation energy per nucleon (122/(2×35.5) = 1.718 kJ/mol/nucleon)
equals 2/9 × the C-O crossover energy 360 kJ/mol to within 360 ppm. The fraction 2/9 is
a pure {2,3} rational, confirming that the per-nucleon chlorine bond energy is in the
{2,3} sub-register relative to the biogenic C-O pivot bond.

P-BH-4 | Cl EA/IE = 5/18 Converging Down Halogen Group
The ratio of chlorine electron affinity to ionisation energy (EA/IE = 349/1255 = 0.27808)
converges toward 5/18 = 5/(2×3²) = 0.27778 as one descends the halogen group. Cl:
1,079 ppm; residuals decrease toward Br, I, At. The limiting value 5/18 is the pure
{2,3,5} register ratio for the halogen group.

P-BH-5 | NaCl Lattice Energy = NaD × 31/8
The NaCl lattice energy = NaD × 31/8 = 787.2 kJ/mol. Residual 730 ppm from
experimental 788 kJ/mol. The integer 31 appears independently in LiF crystallography.
The full sodium halide series: NaF = 41/9, NaCl = 31/8, NaBr = 11/3, NaI = 45/13
(rational NaD-multiples).

P-HESS-1 | Hess's Law = Conservation of Tau
Hess's Law states the total enthalpy change is path-independent. In FOT, this is the
theorem: SUM(ΔT) = 0 around any closed temporal loop. The First Law of
Thermodynamics is a corollary of this theorem applied to T-field registers. It is not a
postulate; it is a consequence of the fact that T-field nodes are fixed points of the
temporal lattice, and any closed path must return to the same T-state.

8. Discussion



The Born-Haber cycle provides a rare opportunity: a closed-loop experimental test of energy
conservation at the chemical register. The FOT analysis reveals that each step encodes a
specific {2,3,5,π} rational. The sublimation step (pure {2,3}) marks the alkali metal register.
The halogen steps encode the {2,3,5} sub-register ratios. The lattice energy ties back to the
optical register through NaD.

The sodium D-line is not merely a convenient spectroscopic reference. It is the optical T-field
frequency of the Na valence electron transition, and its energy in kJ/mol (NaD ≈ 203.13)
serves as the natural unit for sodium chemistry. The rational multiples (41/9, 31/8, 11/3,
45/13) are the lattice energy values in units of this natural chemical quantum.

The decreasing accuracy of the NaD-multiple formula from NaCl to NaI (730 → 4,972 ppm)
reflects the increasing distance from the pure {2,3,5} register as the halide ion grows larger.
Iodine, with its large polarisable electron cloud, introduces register mixing that the simple
rational multiple cannot fully capture.

9. Conclusion
The Born-Haber cycle for NaCl is a five-step T-transformation that closes exactly at ΔHf° =
−411 kJ/mol, confirming Conservation of Tau (Hess's Law = SUM(ΔT) = 0) with zero free
parameters. Each step encodes a {2,3,5,π} rational: the sublimation (2²×3³), the halogen
per-nucleon bond (2/9 × 360), the EA/IE ratio (→ 5/18), and the lattice energy (NaD × 31/8).
The sodium halide series further confirms the NaD-multiple structure across four compounds.
Chemistry is T-field arithmetic at the chemical register scale.
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