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ABSTRACT

The companion paper (P-RATE-1 to P-RATE-5) established that chemical reactions are
transitions between prime lattice addresses in the Tau-field, and that rate laws, Arrhenius
kinetics, and catalytic action are consequences of that structure. This paper extends the
analysis to the full phenomenology of chemical kinetics. Temperature is not heat: it is the
local density of Tau (tau_0), the time field. Heating is time injection; heat is flowing Tau
(tau_f). The Arrhenius equation in Tau form has rate constant k = Gamma *
exp(-delta_tau_gap / (R_FOT * tau_0)), where delta_tau_gap is the activation energy recast
as a time deficit. First-, second-, and third-order rate laws arise because one, two, or three
Tau-waves must merge to reach the transition-state address. Le Chatelier principle is a
consequence of dSigma_tau = 0 applied to a system whose external tau_0 has changed.
The catalyst is a Tau-donor in the transition state: it lends Tau, reduces the deficit, and
recovers it exactly by dSigma_tau = 0 in every cycle.

Proposi
tion

Statement Status

P-RATE-
6

Temperature = local Tau density (tau_0); heating = time injection; heat
= flowing Tau (tau_f); not kinetic energy

STRUCTUR
AL

P-RATE-
7

Arrhenius in Tau form: k = Gamma*exp(-delta_tau_gap/(R_FOT*tau_0));
activation energy = time deficit to reach transition lattice address

STRUCTUR
AL

P-RATE-
8

Reaction order = number of Tau-waves that must merge; 1st=one
wave, 2nd=two, 3rd=three; pure lattice geometry, no empirical fitting

STRUCTUR
AL

P-RATE-
9

Le Chatelier principle = consequence of dSigma_tau = 0 at new tau_0;
not a separate principle but a conservation identity

STRUCTUR
AL

P-RATE-
10

Van Hoff equation = prime lattice address redistribution at new tau_0;
equilibrium constant is a ratio of lattice addresses

STRUCTUR
AL

P-RATE-
11

Catalyst = Tau-donor in transition state; lends Tau to reduce deficit;
recovers exactly by dSigma_tau = 0 in every cycle

STRUCTUR
AL

1. Temperature Is Not Heat. Temperature Is Time.
In standard thermodynamics, temperature and heat are related but distinct: heat is
energy transfer, temperature is a measure of the mean kinetic energy of particles.
In UFOT, the distinction is deeper and more precise.

Temperature is the local density of Tau — the time field — at a given location in
space. It is written τ₀. A thermometer measures τ₀. Heating a substance is injecting
Tau into its field from the surrounding Tau-reservoir. Cooling is withdrawing Tau.
Heat itself — the quantity transferred — is flowing Tau, written τ_f.

The molecular consequence is straightforward: a molecule does not draw on kinetic
energy to cross the activation barrier. It draws on the local τ₀. If τ₀ is below the
threshold Δτ_gap, the molecule cannot cross. If τ₀ exceeds the threshold, it can.



Figure 1. (Left) Tau-reservoir depth (τ₀, cyan) versus activation threshold Δτ_gap (red) at five
temperatures. Reaction proceeds when τ₀ exceeds Δτ_gap. (Right) Normalised Tau-distributions at

three temperatures; the shaded fraction above the dashed threshold line is the fraction of molecules
that can react.

2. What a Molecule Is Looking For
A molecule does not react because it collides with sufficient kinetic energy. It reacts
because its Tau-wave reaches the configuration required to transition between
prime lattice addresses. The product is at a lower Tau address than the reactant in
an exothermic reaction (it releases time — as a photon or heat). In an endothermic
reaction, the product occupies a higher Tau address — it stores time in its
structure.

Exothermic reactions: product lattice address has lower τ than reactant. Surplus
Tau is released as a photon or dispersed as thermal τ_f into the surrounding field.
Endothermic reactions: product lattice address has higher τ. Tau is absorbed from
the reservoir into the product's Tau-wave structure.

3. The Time Increment — Arrhenius in Tau Form
The activation energy Ea, in standard chemistry, is the energy barrier between
reactant and transition state. In UFOT, it is recast precisely as Δτ_gap — the time
deficit: the amount of Tau that the molecular system must accumulate from the τ₀
field before it can cross to the transition-state lattice address.

The Arrhenius equation in Tau form:

τ_k = τ_Γ × exp(−Δτ_gap / (R_FOT × τ₀))

where τ_Γ is the pre-exponential Tau factor (the attempt frequency), R_FOT =
N_A,FOT × k_B = 0.008310 J mol⁻¹ K⁻¹, and τ₀ is the local time density
(temperature). This is not an approximation. The exponential is the exact fraction
of the τ₀-distribution that lies above the threshold Δτ_gap.

4. First-Order: One Wave. The Time Equation.
In a first-order reaction, a single molecule A transitions from its lattice address to
the product lattice address independently. Its own Tau-wave must reach the
transition-state Tau amplitude. The rate of change of A's Tau occupation:

dτ_A / dτ₀ = −τ_k × τ_A



This is the time-differential form of the rate equation. Each molecule of A attempts
the crossing independently, so the rate is proportional to [A]¹. The half-life t½ =
ln(2)/k is independent of concentration — a direct consequence of the single-wave,
independent-crossing mechanism.

Figure 2. (Left) Tau-wave merger visualisation: 1st-order (single τ-wave), 2nd-order (τ_A + τ_B
merger), and 3rd-order (triple wave merger). (Right) Concentration decay profiles: 1st-order half-life is

concentration-independent; 2nd-order half-life depends on A₀.

5. Second-Order: Two Waves Must Merge
In a second-order reaction A + B → P, the transition state requires the merger of
two distinct Tau-waves: τ_A and τ_B must combine, and the sum τ_A + τ_B +
thermal increment must reach the transition-state Tau address. The time equation:

dτ_A / dτ₀ = −τ_k × τ_A × τ_B

The probability of the two waves being at the same location simultaneously is
proportional to [A][B]. The integer exponents are not empirical — they are the
lattice multiplicities. The half-life t½ = 1/(k[A₀]) depends on initial concentration
because the merger probability depends on how many wave-pairs are available.

6. Third-Order: Three Waves, One Merger
Third-order reactions require the simultaneous merger of three Tau-waves. The
third body is not merely a collision partner — it is a Tau-carrier. All three amplitudes
must be present at the transition-state address simultaneously:

dτ_A / dτ₀ = −τ_k × τ_A × τ_B × τ_C

The probability of a three-wave merger is proportional to [A][B][C]. The three-body
term is not a combinatorial fitting — it is the physical requirement that three
separate standing Tau-waves must all arrive at the transition-state lattice address
in the same instant of τ₀.

7. Product Stability and Exothermic/Endothermic Reactions
The product of a reaction occupies a prime lattice address. If that address has
lower τ than the reactant, the reaction is exothermic — the excess Tau is released
as a photon or dispersed into the surrounding field as thermal τ_f. If the product
address has higher τ, the reaction is endothermic — it absorbs Tau from the
reservoir and stores it in the product's Tau-wave structure.



Figure 3. (Left) Energy profiles for exothermic (cyan) and endothermic (red) reactions as Tau
redistribution between lattice addresses. (Right) Van't Hoff plot: equilibrium constant K vs temperature;
exothermic reactions see K decrease with rising τ₀; endothermic see K increase. Both follow from dΣτ

= 0.

8. Le Chatelier — Not a Principle. A Consequence.
Le Chatelier's principle states that a system disturbed from equilibrium will respond
in a direction that opposes the disturbance. This is presented in standard chemistry
as a rule of thumb. In UFOT, it is a consequence of dΣτ = 0.

When τ₀ is increased (temperature raised), the prime lattice address distribution
changes. Addresses that were previously inaccessible become accessible; the
relative accessibility of the product and reactant addresses shifts. For an
endothermic reaction, the product address becomes relatively more accessible at
higher τ₀, so K increases — more product is favoured. For an exothermic reaction, K
decreases.

Van't Hoff's equation — d(ln K)/d(1/T) = −ΔH/R — is the mathematical expression of
this redistribution. It is not derived from statistical mechanics; it is derivable from
the geometry of prime lattice address accessibility as a function of τ₀.

Le Chatelier's principle is: dΣτ = 0 applied to a system at new τ₀.

9. Catalyst as Tau-Donor
A catalyst reduces the activation barrier. In UFOT, it does so by donating its own
lattice Tau to the transition state. The effective time deficit for a catalysed reaction:

Δτ_gap,cat = Δτ_gap − τ_catalyst_contribution

The catalyst's Tau merges with the reactant's at the transition state, reducing the
deficit the reactant must draw from the reservoir. When the product forms, dΣτ = 0
requires that the Tau total is conserved — the catalyst's Tau is returned exactly.
The catalyst gets its Tau back in every cycle.

Catalytic specificity is Tau-address complementarity. Only a catalyst whose
Tau-address precisely matches the reactant's Tau deficit will donate effectively.
Shape selectivity, chirality, binding pocket geometry — these are the physical
expression of Tau-address complementarity.

Catalyst poison: occupies the catalyst's Tau-donor address permanently, breaking
the dΣτ = 0 return loop. The Tau cannot be recovered; the catalyst is neutralised.



Figure 4. (Left) Stacked bars: reactant Tau (cyan) + catalyst Tau (gold) vs the fixed Δτ_gap threshold
(red). Uncatalysed does not reach threshold; catalysed and enzyme cases do. (Right) Ea reduction as a

linear function of catalyst Tau contribution; enzyme achieves near-zero residual Ea.

10. Propositions P-RATE-6 – P-RATE-11

Proposition Statement Derived from

P-RATE-6 Temperature = time density τ₀; heating = time injection into field; molecule draws Δτ_gap from field. Heat = τ_f (flowing); temperature = τ₀ (local density).P-TEMP-6, P-TEMP-9
P-TEMP-10, P-TEMP-11

P-RATE-7 Activation energy Ea = time deficit Δτ_gap. The Boltzmann factor exp(−Ea/RT) is derived from time-field geometry — the fraction of the τ₀-distribution above the threshold. Not from statistical mechanics.P-TLAT-7
P-RATE-3

P-RATE-8 Reaction order = number of Tau-waves required to reach the transition-state Tau address. The integer exponents in the rate law are lattice multiplicities, not empirical parameters.P-TLAT-1
P-TLAT-7
P-RATE-2

P-RATE-9 For reaction order ≥ 2, the reaction IS the merger of Tau-waves. The atomic rearrangement (bond-breaking, bond-forming) is a consequence of that merger, not its cause.P-TLAT-7
P-RATE-8

P-RATE-10 Le Chatelier = prime lattice redistribution in response to time-density change (Δτ₀). dΣτ = 0 applied to a system whose external τ₀ has been changed. Van't Hoff = redistribution expression for prime lattice addresses at new τ₀. Not a principle — a consequence.dΣτ = 0
P-TLAT-1

P-RATE-11 Catalyst = Tau-donor in the transition state. Its lattice Tau merges with the reactant's Tau, reducing the time deficit Δτ_gap,cat = Δτ_gap − τ_cat. The catalyst's Tau is returned by dΣτ = 0 in every catalytic cycle. K unchanged: product address unchanged.P-RATE-4
dΣτ = 0

Figure 5. Summary panel: all six propositions P-RATE-6 to P-RATE-11, each with its core statement.
Together they constitute the full UFOT account of chemical kinetics as the behaviour of time managing

itself through prime lattice transitions.



11. Conclusion
Temperature is not heat. It is local time density. A molecule's reaction rate is not
determined by its kinetic energy — it is determined by how much Tau it can draw
from the field, and whether that Tau exceeds the time deficit of the transition state.
Reaction orders are not empirical exponents — they are the number of Tau-waves
that must merge. Le Chatelier is not a principle — it is dΣτ = 0 applied to a changed
τ₀. A catalyst lends Tau; dΣτ = 0 returns it.

Every chemical reaction is time, managing itself.
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