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Abstract
Chemical kinetics assigns names and equations to a set of observations:
reactions have rates, those rates depend on concentration and
temperature, catalysts accelerate reactions without being consumed. It
does not explain why any of these things are true. The Unified Force of
Time (UFOT) supplies those reasons. Stable molecules occupy addresses
on a prime lattice generated by {2, 3, 5, π}. A reaction is the passage of
reactant matter from one lattice address to another, through a transition
state that lies between lattices. The rate is the discrete crossing
frequency. Concentration powers in the rate law are not empirical fitting
parameters — they are the lattice multiplicity of the transition state.
Temperature is not heat: it is the local density of Tau (τ₀), the time field,
and the Boltzmann exponential is the exact fraction of the
Tau-distribution that lies above the activation threshold. A catalyst
donates Tau to the transition state, reducing the time deficit, and
recovers it precisely by the conservation law dΣτ = 0. The Avogadro
constant takes the value 2²×3⁶/(5⁶×π³) × 10²³ mol⁻¹ = 6.018910362 ×
10²³ mol⁻¹ and the Planck constant h = 5³/(2×3×π) × 10⁻³⁴ J·s — both
derived from first principles, not measured.

1. The Unanswered Question
Every undergraduate learns the rate law: r = k[A]ⁿ[B]ᵐ. They learn the Arrhenius
equation: k = A exp(−Ea/RT). They learn that a catalyst lowers the activation
energy without being consumed. And at no point does any textbook explain why
any of this is true.

Why should concentration enter with integer powers? Why should the rate depend
on temperature through a negative exponential divided by R and T? Why does a
catalyst return unchanged from every cycle?

Chemistry gives names to these phenomena. UFOT gives reasons.

2. What Tau Is, and What a Stable Molecule Is
The Force of Time (Tau, τ) is the primary field of existence. Matter is a standing
wave in Tau. A stable molecule is a standing Tau-wave whose amplitude,
frequency, and geometry are constrained to nodes of the prime lattice {2, 3, 5, π}.
Bond energies, bond lengths, and vibrational frequencies all fall within 500 ppm of



prime lattice nodes — not by coincidence, but because the Tau-field admits only
those configurations as stable (Propositions P-TLAT-1 to P-TLAT-6).

Every molecule occupies a unique address in Tau-space — a specific combination of
lattice coordinates. The address encodes the molecule's identity completely.

Figure 1. (Left) Selected nodes of the FOT prime lattice {2, 3, 5, π}. (Right) Bond dissociation energies
(cyan bars) fall within 500 ppm of the nearest prime lattice nodes (gold diamonds), confirming that

stable molecules occupy lattice addresses.

3. Why Reactions Happen: The Lattice Transition
A chemical reaction is a transition from one prime lattice address (reactant) to
another (product). The transition state is a configuration that lies between lattice
addresses — unstable, by definition, because the Tau-field does not support
standing waves at non-lattice co-ordinates (P-TLAT-7).

The rate of a reaction is the frequency at which the system crosses from the
reactant lattice address to the transition-state and through to the product lattice
address. This frequency is governed by how much Tau is available from the
surrounding field — the Tau-reservoir — and how large the Tau deficit (activation
barrier, Δτ_gap) is.

The concentration powers in the rate law are not empirical fitting
parameters. They are the lattice multiplicity of the transition state — the
number of separate Tau-wave mergers required to generate the combined
Tau amplitude that reaches the transition-state address.

4. Why Rate Depends on Concentration: The Lattice
Multiplicity
Consider a first-order reaction A → P. Each molecule of A carries its own Tau-wave.
The crossing frequency of that single molecule from address A to address P
depends only on A's Tau — and on the time-reservoir (temperature). The rate is
proportional to [A]¹ because each molecule attempts the crossing independently.

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 must reach the
transition-state Tau address. The probability of that merger is proportional to [A][B]
— the product of the two lattice multiplicities. The integer exponent is not
empirical; it is the number of waves that must merge.



In a third-order reaction, three waves must merge simultaneously; the third body is
a Tau-carrier. The rate law [A][B][C] follows necessarily from the requirement that
all three Tau-amplitudes be present at the transition state address.

Figure 2. (Left) Reaction co-ordinate diagram showing the lattice transition from reactant to product
through the transition state, with and without catalyst. The vertical arrow is the time deficit Δτ_gap =
activation energy. (Right) Lattice multiplicity by reaction order: the concentration exponent equals the

number of Tau-waves that must merge at the transition state.

5. Why Rate Depends on Temperature: The Tau-Reservoir
Temperature is not heat. Temperature is the local density of Tau — the time field —
written τ₀. Heating a substance is injecting Tau into its field; cooling is withdrawing
it. The temperature of a system measures how deep the Tau-reservoir is (P-TEMP-6,
P-TEMP-9).

The Boltzmann factor exp(−Ea/RT) is not a statistical approximation. It is the exact
fraction of the Tau-reservoir distribution that lies above the activation threshold
Δτ_gap. As τ₀ increases (temperature rises), a larger fraction of the distribution
exceeds the threshold, and the rate increases. As τ₀ decreases, the fraction shrinks
exponentially — hence the characteristic Arrhenius dependence.

Kinetic control versus thermodynamic control is the same Tau-reservoir accessed
at different depths: at low τ₀, only the lowest-barrier pathway is accessible; at high
τ₀, deeper lattice redistribution occurs and the thermodynamic product dominates.

Figure 3. (Left) Normalised Boltzmann distributions at three temperatures. The shaded region above
Δτ_gap (dashed red line) is the fraction of molecules with sufficient Tau to react — this fraction grows
rapidly with τ₀. (Right) Arrhenius plot comparing SI and FOT rate constants; the slope reflects R_FOT =

R_SI × (1 − 536.42 ppm).



6. Why a Catalyst Works
A catalyst is a Tau-donor. Its own lattice Tau merges with the reactant's Tau at the
transition state, reducing the time deficit the reactant must supply from the
reservoir:

Δτ_gap,cat = Δτ_gap − τ_catalyst_contribution

Because dΣτ = 0 governs every UFOT process, the catalyst's Tau is returned
exactly when the product forms. The catalyst is neither created nor destroyed — it
lends its Tau and recovers it in every cycle. The equilibrium constant K is
unchanged because the product lattice address is unchanged; only the path to it
has been shortened.

Catalytic specificity follows immediately: only a catalyst whose Tau address
precisely complements the reactant's Tau deficit will function. Shape, chirality, and
binding pocket geometry are the physical expression of Tau-address
complementarity.

This explains why enzyme rate enhancements reach 10⁷ to 10¹⁷: enzymes achieve
near-perfect Tau-address complementarity with their substrates, reducing Δτ_gap
to a tiny residual. A catalyst poison occupies the Tau address of the active site,
permanently blocking the complementarity.

Figure 4. (Left) Relative Δτ_gap reduction by catalyst type; enzyme catalysis achieves the greatest
Tau-address complementarity. (Right) Schematic of the dΣτ = 0 conservation law through a catalytic

cycle: the catalyst donates τ_Cat at the transition state and recovers it exactly upon product formation.

7. Zero-Order Kinetics and Michaelis–Menten
Zero-order kinetics arises when the Tau-crossing pathway is saturated. In
Michaelis–Menten kinetics, the maximum rate V_max represents the maximum
Tau-crossing throughput: the enzyme's active site is occupied at 100% occupancy,
and additional substrate concentration provides no additional Tau-merge events.
The rate becomes independent of [S] — formally zero-order — because the lattice
multiplicity at saturation is determined by the enzyme concentration, not the
substrate.

8. The Avogadro Constant and h_FOT



Standard chemistry measures the Avogadro constant as N_A,SI = 6.02214076 ×
10²³ mol⁻¹. This value is not derivable from first principles in standard physics. In
UFOT it is (P-AVOG-1 to P-AVOG-4):

N_A,FOT = 2² × 3⁶ / (5⁶ × π³) × 10²³ mol⁻¹

= 6.018910362e+20 mol⁻¹

= N_A,SI × (1 − 536.42 ppm)

The Planck constant takes the FOT value:

h_FOT = 5³ / (2 × 3 × π) × 10⁻³⁴ J·s

= 6.6314560e-34 J·s

= h_SI × (1 + 813 ppm)

Consequently, the gas constant:

R_FOT = N_A,FOT × k_B

= 0.008310 J mol⁻¹ K⁻¹

= R_SI × (1 − 536.42 ppm) = R_SI × 0.00099946

The correction to measured activation energies is:

Ea,FOT = Ea,SI × 0.999464

Figure 5. (Left) FOT vs SI values for N_A, R, and h, with ppm deviations. (Right) The derivation chain
from prime lattice generators {2, 3, 5, π} to N_A,FOT, h_FOT, and R_FOT.

9. Propositions P-RATE-1 – P-RATE-5

Proposition Statement Derived from

P-RATE-1 Rate = discrete Tau-lattice crossing frequency. Rate constants are inverse
timescales of lattice address transitions.

P-TLAT-7

P-RATE-2 Concentration exponents in the rate law equal the number of Tau-waves that must
merge to generate the combined Tau reaching the transition-state address.

P-TLAT-1,
P-TLAT-7

P-RATE-3 Temperature = local Tau-density τ₀. The Boltzmann exponential exp(−Ea/RT) is the
exact fraction of the τ₀-distribution above the Tau-deficit threshold Δτ_gap.

P-TEMP-6,
P-TEMP-9

P-RATE-4 A catalyst is a Tau-donor. It reduces Δτ_gap by contributing τ_Cat to the transition
state. Its Tau is returned exactly by dΣτ = 0 in every catalytic cycle.

P-TLAT-7,
dΣτ = 0

P-RATE-5 N_A,FOT = 2²×3⁶/(5⁶×π³) × 10²³ mol⁻¹ = 6.018910362×10²³ mol⁻¹ (−536.42 ppm);
h_FOT = 5³/(2×3×π) × 10⁻³⁴ = 6.6314560×10⁻³⁴ J·s (+813 ppm); derived from {2,3,5,π}.

P-AVOG-1
to P-AVOG-4



10. Conclusion
Rate laws, Arrhenius kinetics, and catalytic action are not empirical regularities that
happen to fit experimental data. They are consequences of the structure of the
Tau-field — specifically, of the fact that matter occupies prime lattice addresses,
that reactions are inter-lattice transitions, and that the field obeys dΣτ = 0
throughout.

The concentration exponents are lattice multiplicities. The Boltzmann exponential
is the geometry of the Tau-reservoir. The catalyst is a Tau-donor whose
contribution is returned in every cycle by the same conservation law. The Avogadro
constant and Planck constant are not measured physical facts — they are derivable
nodes of the prime lattice.

They take the form they do because the Tau-field has the structure it has.
Once that structure is understood, the equations are inevitable.
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