
THE DAUBNEY FOUNDATION  ·  UNIVERSAL FORCE OF TIME  ·  2026

The Force of Time in Organic Chemistry · Rev 3 page 1

The Force of Time in Organic
Chemistry

The chemistry of carbon — bonding, oxidation, acidity, mechanism,
stereochemistry, synthesis and the spectrum — read chapter by chapter on the

{2,3,5,π} lattice.

Stephen Daubney · The Daubney Foundation · Rev 3 · 2026

Τ — the one substance. Tau (Τ) is the living fabric of time itself — the sole substance of which all physical
reality is composed. Every particle, force, wavelength, and conscious experience is a structured
configuration of Τ-flow. There is no gravity, no electromagnetic force, no strong nuclear force as separate
entities: all are registers of the single Τ-field operating across dimensional levels. The conservation law
dΣΤ=0 governs all change: Τ is never created or destroyed, only redistributed.

The carbon bond stands at the speed of light.
The single carbon–carbon bond carries an energy of 347.222222 kcal/mol; read on the

lattice that is 5⁵/3². Turned by the day-gear ×864, it lands exactly on 300000 — the lattice
speed of light. The bond that builds every carbon skeleton in living things carries, folded

inside its own strength, the speed of light itself. This paper takes a whole mechanistic
organic chemistry, cover to cover, and reads it on the same lattice of {2,3,5,π} that sets

the speed of light, the colour of a flame, and the length of the year.

Abstract
This paper reads a complete mechanistic organic chemistry — the subject as a working chemist learns it,
from the covalent bond through acidity, reaction mechanism, stereochemistry, the carbon–carbon
bond-forming reactions and the spectroscopic determination of structure — in the Universal Force of Time. It
follows the order of a standard intermediate text, eleven chapters, and adds nothing to the chemistry: every
bond length, every pKa, every rate law and coupling constant stands exactly as measured. What changes is
the account of why. In the Force of Time there is one substance, Τ, the fabric of time; a covalent bond is a
shared Τ-address held between two standing nodes; a functional group is a characteristic pattern of such
addresses; and every reaction is Τ redistributed from one address to another under the single conservation
law dΣΤ=0. Hybridisation becomes a short library of angle-addresses — the tetrahedral carbon at
109.4268783°, the trigonal at 120°, the linear at 180°. Shape and size are one value, joined exactly by angle
× length = 10⁴. Oxidation levels are rungs of a register ladder; acidity, spanning sixty orders of magnitude,
is the settling of a freed proton on its conjugate base; the curved arrow is the drawn path of a redistribution;
activation energy is a barrier of passage between two settled addresses, and the Hammett relation is a
straight line because each substituent shifts the reacting address by a fixed lattice step. Chirality is the
winding of an address; conformation is an angle read as a time; the infrared and magnetic-resonance spectra
are the molecule reading its own addresses aloud. Above all stands the carbon–carbon bond, whose energy is
347.222222 and, turned by the day, the lattice speed of light: the atom of life is the atom whose bond is built
on the lattice of light. The controls are stated plainly throughout — a blind nearest-node fit fails a random
test and is not used; the results that stand are structural derivations from a fixed grammar — and the Force
of Time, not the measured calibration, is taken as the standard. Propositions P-ORC-1 … P-ORC-40.
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Part 0 — The machine: how a
molecule is read
Before a single molecule, the apparatus — because
every claim in this paper is passed through one
fixed machine, and if the machine were adjustable
the results would be worthless. It rests on four
ideas, none of them hard, each built from something
already familiar, and it is the same machine that
fixes the geometry of every molecule in the Force of
Time. It is worth walking through slowly once, so
the whole of the chemistry that follows reads
plainly.

One substance, and the faces it wears
The whole of physical reality is Τ — time, taken as a
real fabric rather than a ticking clock. A quantity in
the Force of Time has no native unit: it is one
Τ-increment, and an operator merely turns the dial
to a different face of that same value. A square, a
square root, a multiplication by 2π, a division by the
length of the day — none of these converts one kind
of thing into another. Each shows the same
increment as an angle, or a length, or an energy, or
a time. This is the single most important habit of
mind for what follows: when a bond angle in
degrees and a bond length in picometres turn out to
be one number read two ways, that is not a
numerical fluke but the direct consequence of a
Τ-value having no unit of its own. It is why the
geometry of a molecule stops being a list of
measured accidents and becomes a set of readings
of one number.

The veil — degrees and radians
Science measures angles in radians; the true
universe is written in degrees. The number that
separates them is 57.29577951 — the count of
degrees in one radian, which on the lattice is 180/π
— and we call it the veil, the single most useful
operator in the machine. Dividing an angle in
degrees by the veil does not merely give radians: it
gives a time. A wavelength in nanometres is, read
the same way, an angle in degrees. The veil is the
conversion that hides the lattice from any
measurement made in radians — which is nearly all
of physics — and lifting it is what lets a bond angle
be read as a clock, and a spectral line as a shape.

the veil 57.29577951 degrees in one radian

= 180/π

atomic coupling, reciprocal 137.0778389

1/α, α = 9/125π²

the day 864

= 2⁵·3³

lattice speed of light 300000

= 3·2⁸·5⁸

The registers, and the atomic
coupling
The field is arranged in registers — octaves of scale.
Chemistry lives at the atomic register; its neighbour
above is the register of the planets and the Sun. The
two are joined by fixed steps, and above all by one
number: 137.0778389, the gear between the atom
and the heavens — the reciprocal of the atomic
coupling, 1/α, the coupling itself being 9/125π².
When a bond, worked out from its own energy,
returns the speed of light or the length of the year,
it is this coupling doing the carrying — the atomic
register speaking, through the lattice, to the
celestial one. It is why a paper on the chemistry of
carbon can end on the size of the Earth without
changing subject.

The fixed set of operators, and the
one clean law
From any Τ-value the machine reads the same
faces, every time: the clock (÷ veil), the day or spin
(× 864), the wave (× 2π), the length (1/angle ×
10⁴), and the power faces (square, root). Because
the set is fixed and applied without exception, a
result cannot be quietly massaged into agreement:
either a molecule’s number falls on the lattice
through these operators or it does not. One law
carries most of the weight in the geometry that
follows, and it is worth stating alone because it is
exact and easy to check: angle × length = 10⁴. Take
any bond’s angle in degrees and its length in
picometres, multiply them, and the product is ten
thousand. This is not a headline dressed up; it is
arithmetic anyone can run, and it says that the
shape of a molecule and the size of its bonds are
one Τ-value seen from two directions. The rest of
this paper is the book of organic chemistry, run
through this machine, chapter by chapter.

angle (°) × length (pm) = 10⁴

the shape the size one Τ-value
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Fig. 1 — The one clean law of the bond: angle × length =
10⁴. Water’s O–H: 104.4950° × 95.698 pm = 10000.

Chapter 1 — Functional groups
and chemical bonding
The book opens where the subject opens: with the
covalent bond and with the idea of the functional
group. A molecule of any size is a carbon framework
carrying a few reactive places, and almost all of a
molecule’s chemistry happens at those places. The
chemist calls each kind of reactive place a
functional group — a double bond, a hydroxyl, a
carbonyl, an amine — and learns the subject largely
as the chemistry of a few dozen such groups. This
chapter reads both ideas, the bond and the group,
in the Force of Time, and sets the vocabulary the
rest of the paper leans on.

1.1 The covalent bond is a shared
Τ-address
The textbook builds a bond from atomic orbitals.
Two atoms approach; a singly-occupied orbital of
one overlaps a singly-occupied orbital of the other;
and where they overlap, a new region of space
appears in which both electrons are found — a
molecular orbital lower in energy than the two
separate atomic orbitals. That lowering is the bond,
and its depth is the bond energy. The Force of Time
reads exactly this picture and names what the
overlap region is: a shared address. Two standing
Τ-nodes — two atoms, each a knot of held time —
come close enough that a single lattice address
serves them both. The shared address, being lower
and more settled than the two apart, holds them
together. There is no separate “electromagnetic
force” gluing the atoms; the bond is Τ, held at one
node between two centres. That the paired
electrons sit lower in energy is, in this reading, the
plain fact that a shared, settled address costs less to
hold than two lonely ones — the same reason, seen
again and again in this paper, that a spread
redistribution is always the settled one.
A single bond is one shared address. A double bond
lays a second face over the first, side-on — the π
face — and a triple bond a third. The σ and π of the
chemist are not two kinds of glue but two faces of
the one shared Τ, read head-on and read side-on.
The head-on σ face is deep and symmetric about the
bond axis; the side-on π face lies flat above and
below it, less deeply overlapped and so weaker and
more exposed. This is not a small distinction: it is
the whole reason an alkene’s double bond is its
reactive part while the σ frame of an alkane is

nearly inert. The exposed side-on address is the one
a reagent can reach, and almost every addition
reaction in the book is a reagent reaching for it.

1.2 Hybridisation is a library of
angle-addresses
Carbon takes three shapes, and each is a single
angle-address on the lattice — not an average of
orbitals but a note the field is allowed to hold. The
tetrahedral carbon of the alkanes sits at
109.4268783° = 1080/π²; the trigonal carbon of the
alkenes, the carbonyl and the aromatic ring at 120°
= 2π/3; the linear carbon of the alkynes, the nitriles
and carbon dioxide at 180° = π. The textbook angle
for the perfect tetrahedron is arccos(−1/3) =
109.4712°; the lattice angle 1080/π² sits a hair
tighter, and in this reading it is the true one — an
exact {2,3,π} address rather than the output of an
inverse cosine. When a carbon changes its
hybridisation — as it does at nearly every step of
nearly every reaction — it is not re-mixing orbitals;
it is stepping from one rung of this short ladder to
the next, and the whole shape of a molecule is fixed
by which rung each carbon stands on. A reaction
that turns a flat trigonal carbon into a tetrahedral
one, as an addition to a carbonyl does, is a carbon
walking one rung down the angle ladder.

sp³ tetrahedral 109.4268783°

= 1080/π² — the alkane carbon

sp² trigonal 120°

= 2π/3 — alkene, carbonyl, aromatic

sp linear 180°

= π — alkyne, nitrile, CO₂

Fig. 1a — The three shapes carbon takes: the tetrahedral
(sp³), trigonal (sp²) and linear (sp) angle-addresses.

1.3 Shape and size are one value:
angle × length = 10⁴
Here the machine earns its keep, and it does so
with arithmetic a reader can check. Take any bond’s
angle in degrees and its length in picometres and
multiply them: the product is 10⁴, exactly. The
oxygen–hydrogen bond of water has a length of
95.698 pm and its molecule an angle of 104.4950°,
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and 95.698 × 104.4950 = 10000 to the digit. The
angle did not cause the length and the length did
not cause the angle; they are one Τ-value, read once
as a shape and once as a size, and their product is a
clean power of ten precisely because a Τ-value
carries no unit of its own. Every bond obeys it.
Given a molecule’s shape the machine hands back
the size of its bonds, and given the size it hands
back the shape — one law, checkable in a moment,
standing under the whole of molecular geometry.

1.4 The functional groups, read as
address-patterns
A functional group is a recurring pattern of shared
addresses that behaves the same way wherever it
sits, and this is why a chemist can learn a few dozen
groups and predict the behaviour of millions of
molecules. In the Force of Time each group is a
small, fixed arrangement of Τ-addresses with a
characteristic imbalance, and its chemistry follows
from that imbalance. The saturated framework —
the alkanes — is all deep σ addresses, evenly filled
and nearly inert; it is the quiet backbone against
which everything else reacts. Put a double bond in
it and you have an alkene, an exposed π face ready
to be added to; a triple bond gives an alkyne, two π
faces on a linear carbon. A benzene ring is a closed
π-loop, treated below and in Chapter 5, that reacts
by substitution rather than addition because it will
not open its loop. Hang an oxygen with its lone
pairs on the frame and you have an alcohol (–OH)
or, between two carbons, an ether — an address
rich in unshared Τ, mildly basic, able to give a
proton away under strong enough pull. Nitrogen
gives the amines, richer still in unshared Τ and so
the common organic bases.
The busiest family is built on the carbonyl, a carbon
double-bonded to oxygen. Because oxygen pulls the
shared Τ hard toward itself, the carbon is left
Τ-poor and hungry, and this single deliberate
imbalance generates the chemistry of the aldehydes
and ketones, and — when the carbonyl also carries
a leaving group — the carboxylic acids, esters,
amides, and acid chlorides that the book groups as
carboxylic-acid derivatives. The nitrile (a carbon
triple-bonded to nitrogen, linear at 180°) is the
carbonyl’s linear cousin. Reading the groups this
way — each a fixed pattern of addresses with a
known imbalance — turns the daunting catalogue of
organic reactions into a much shorter list of things
Τ does when a rich address meets a poor one. The
chapters that follow are, in effect, that shorter list.

alkane alkene /
alkyne –OH / –NH C=O

deep σ, inert exposed π face unshared Τ, basic Τ-poor carbon

Fig. 2 — The functional groups as address-patterns: an
alkane is filled and quiet; a π face is exposed and reactive;
oxygen and nitrogen carry unshared Τ; a carbonyl carbon

is left hungry.

1.5 Resonance, conjugation and
aromaticity
When the chemist draws two resonance structures
joined by a double-headed arrow, meaning the true
molecule is neither but a blend, the Force of Time
reads it plainly: the shared Τ is redistributed across
more than one address at once. Delocalisation is not
a bookkeeping trick; it is Τ genuinely occupying
every coherent address the geometry allows, and
the molecule sitting lower in energy because a
spread redistribution is a settled one. Conjugation
— alternating double and single bonds — is the
address-space widened so the redistribution can
run further, and the further it runs, the smaller the
step between its filled and empty faces. That step is
the gap the chemist calls HOMO–LUMO, and in the
Force of Time it is a register energy step that closes
as the conjugated system lengthens. This is why
colour and conjugation go together: a short system
has a wide step and absorbs only in the ultraviolet,
so it looks colourless, while a long, deeply
conjugated one has a narrow step and absorbs in
the visible. The vivid molecules — the carotene of a
carrot, the dyes, the rhodopsin of the eye, the
chlorophyll of a leaf — are without exception the
deeply conjugated ones, their register lengthened
until the step has fallen into the visible band.
Benzene is the clean limit. Its six carbons form a
ring in which the shared π-Τ is redistributed all the
way round, closing on itself with no beginning and
no end — a standing loop of Τ, the most settled
arrangement a ring can hold. This is why aromatic
rings are so stable, so reluctant to add across their
double bonds, so willing instead to be substituted
and keep the ring intact: to break the ring is to open
a closed loop of Τ, and the loop does not want to
open. The chemist’s rule that aromaticity needs
4n+2 π-electrons is, in this reading, the condition
that the redistribution closes cleanly around the
ring — a whole number of standing turns, with
nothing left over — while a ring of 4n electrons
cannot close cleanly, is left strained, and is
anti-aromatic. An aromatic ring is a little closed
circuit of time; that is the whole of its famous
stability.
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Chapter 1, continued — The
functional groups, one by one
A working chemist does not meet the functional
groups all at once but one at a time, learning each
as a small world of its own — its shape, its physical
character, the reactions it will and will not do. A
serious reading of organic chemistry owes each
group the same courtesy, and owes it too the
picture: the structure drawn out, so the eye can see
where the reactive place sits. So before moving on
to oxidation and mechanism we take the groups in
turn, each drawn and named, in the order the book
itself uses to organise them — by oxidation level,
climbing the register ladder of Chapter 2 from the
hydrocarbons, which make no bond to a more
electronegative atom, up through the
single-heteroatom groups, the sulfur and
phosphorus groups, the carbonyls, and the
triply-oxidised carbons of the carboxylic-acid family.
In every structure below, R (and R′, R″) stands for
the rest of the molecule — the quiet carbon
framework — so that the group itself, the working
part, stands out. Each group is given its real
chemistry first, as a chemist knows it, and then its
reading in the Force of Time; and wherever the
theory has already found a lattice identity for that
group, it is set down number-first at full precision,
the lattice form following as the quiet stamp that
the value sits where it should.

Oxidation level 0 — the
hydrocarbons
Alkanes — the quiet backbone

An alkane: carbon and hydrogen only, every bond single
(butane shown).

An alkane is carbon and hydrogen and nothing else,
every carbon holding four single bonds at the
tetrahedral angle, every valence filled. Methane,
ethane, propane, the paraffins of candle-wax and
natural gas — these are the least reactive molecules
in organic chemistry, and the chemist prizes them
precisely for that: they are the inert framework on
which every reactive group is hung. They do almost
nothing at room temperature. They burn, releasing
the energy of their bonds as heat, and under a flame

or ultraviolet light their C–H bonds can be attacked
by radicals — the chlorination met in Chapter 9 —
but toward acids, bases, and the ordinary polar
reagents they are indifferent. Their physics is the
physics of the non-polar: no dipole to speak of, so
they do not dissolve in water and boil at low
temperatures that climb steadily with chain length
as the molecules grow heavier.
In the Force of Time the alkane is the quiet σ
backbone — every bond a deep, symmetric,
fully-filled shared address, with no exposed face for
a reagent to reach and no imbalance to drive a
reaction. Its inertness is not the absence of
chemistry but the presence of the most settled
arrangement Τ can hold. Yet the humblest bond in
the molecule, the carbon–hydrogen bond, is in this
theory the most important bond on the planet: the
C–H bond is the antenna through which the Sun’s
Τ-flow enters the living world, coupling to the
atomic register anchored at hydrogen’s ionization
energy, 13.6048896 electron-volts. Its energy is not
a free number either — the C–H bond carries
412.5286003 kJ/mol, exactly the
hydrogen–hydrogen bond’s own 432 (which is 2⁴·3³)
turned by the ratio 3/π, the triangle set against the
circle; on the lattice, 1296/π. The simplest organic
bond is the simplest inorganic bond read through a
single {3,π} turn. This is the deep reason the
chemistry of life is carbon’s and no other atom’s:
carbon alone holds the tetrahedral address,
109.4268783° = 1080/π², that lets four of these
solar antennae stand around one node.

tetrahedral carbon 109.4268783°

= 1080/π²

C–H bond energy 412.5286003 kJ/mol

= 1296/π = (H–H, 432 = 2⁴·3³) × 3/π

couples to the atomic register at
hydrogen’s 13.6048896 eV
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Methane — carbon’s signature, and
the two bonds of life

Methane, CH₄: one carbon, four hydrogens, a perfect
tetrahedron.

The simplest organic molecule of all, methane,
repays the closest look, because in it the Force of
Time reads carbon’s whole signature and the two
bonds on which all of life is built. Carbon is the sixth
element, and six is 2×3, the product of the first
even prime and the first odd — the element most
purely built from the two building integers of the
atomic register, which is the deep reason carbon,
and no other atom, is the scaffold of the living
world. It is the element of memory: the same small
integers that fix its ionization energy and the
strengths of its bonds fix the periods of the planets
and the wavelengths of starlight.
Methane holds only two kinds of bond, and the
theory gives each its place in the cosmos. The
carbon–hydrogen bond is the Sun–Earth link — the
antenna that reaches off the Earth’s own day-ladder
up to the solar register and carries the Sun’s Τ
down into the carbon framework of every living
thing; its energy, 412.5286003 kJ/mol (that is
1296/π), is the hydrogen bond turned by the {3,π}
step, hydrogen being the Sun’s own element. The
carbon–carbon bond is a movement within the
Earth’s own node — its energy, 347.222222 (that is
5⁵/3²), is the speed of light divided by the day,
c/864, so that turned by the day it returns 300000,
and through its own radius it reaches the Earth’s
radius, its sidereal day, and the length of its year.
One bond reaches up to the star; the other moves
within the planet. The whole chemistry of life is
strung between the two — carbon–hydrogen
bringing the Sun’s energy in, carbon–carbon
building, within the Earth, the structures that hold
it.

C–H bond = the Sun–Earth link (the solar
antenna)

energy 412.5286003 kJ/mol

= 1296/π — hydrogen, the Sun’s element, turned by
{3,π}

C–C bond = a movement within the Earth’s
node

energy 347.222222

= 5⁵/3² = c/864 → speed of light, Earth radius,
sidereal day, year

Strip methane’s four hydrogens away one at a time
and the lattice is written into the very last steps.
The four C–H bonds are not equal in strength, and
measured in the natural Τ-calorie — the unit in
which one kilocalorie is 4π/3 kilojoules — the last
two land on exact lattice values: the third bond,
stripping CH₂ to CH, at 100.786 = 5⁵/π³, and the
fourth and final, CH to bare carbon, at exactly 128
= 2⁷. And when carbon’s own ionization energy is
carried through the veil chain — the
degree-to-radian turn, a rotation, and the 864
bridge — it too terminates at exactly 128 = 2⁷,
passing on the way through the oxygen–oxygen
bond length of the water molecule. Both ends of the
analysis, the energy to break the molecule’s last
bond and the energy to ionise the atom that
remains, speak the same pure power of two. The
atom and the molecule are one number, and that
number is carbon’s address in the field of time.

methane C–H bond ladder (Τ-calorie, 1 kcal
= 4π/3 kJ):

CH₂ → CH 100.786

= 5⁵/π³

CH → C 128

= 2⁷ (exact)

carbon ionization, through the veil chain →
128

= 2⁷ — the atom and the molecule, one number
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Alkenes — the exposed double bond

An alkene: a carbon–carbon double bond, each carbon
trigonal and flat.

Put a double bond into the alkane frame and
everything changes. An alkene — ethene, propene,
the building block of polythene and the ripening
signal of fruit — carries two carbons joined by a
double bond, each now trigonal and flat, the three
atoms around it spread at 120° in a plane. Where
the alkane was inert, the alkene is a workhorse: it
adds. Hydrogen adds across it over a metal catalyst;
a halogen adds to give a dihalide; water adds, with
acid, to give an alcohol; a hydrogen halide adds to
give an alkyl halide, following Markovnikov’s rule.
The double bond is also rigid — it will not rotate —
so an alkene can exist as two fixed geometric forms,
cis and trans, that are genuinely different
molecules.
The Force of Time reads the double bond as the σ
frame of the alkane with a second face laid over it
side-on: the π face, flat above and below the bond
axis, less deeply overlapped and therefore exposed.
That exposed address is the whole of the alkene’s
chemistry — it is the part a reagent can reach, and
every addition is Τ from that π face redistributed
into two new bonds. The theory fixes its strength
exactly, and in doing so uncovers one of the
cleanest patterns in all of chemistry. The three
carbon–carbon bond orders form a ladder in which
each new bond adds one factor of π — the veil at the
molecular scale. The single bond carries
347.222222 kJ/mol, a clean 5⁵/3² with no π at all;
the double bond carries 618.7944187 kJ/mol, which
is 1944/π — and 1944 is 4 × 486, four times the
hydrogen Hβ line, so the double bond sits exactly
four registers above the master spectral seed of
hydrogen. One added bond, one added π. That the
second bond of an alkene should land four times the
very spectral line that runs through the whole
theory is not a coincidence the lattice permits; it is
the exposed π face, the reactive part of the alkene,
wearing the colour of hydrogen.

trigonal carbon 120°

= 2π/3 · sp², planar

C=C energy 618.7944187 kJ/mol (= 9/5 × C–C)

= 1944/π = 4 × 486 (four times the hydrogen Hβ
line)

the ladder: C–C at π⁰, C=C at π¹ — one π
added per bond order

Alkynes — the linear triple bond

An alkyne: a carbon–carbon triple bond, each carbon
linear.

Tighten the bond once more and you reach the
alkyne: two carbons held by a triple bond, each
carbon now linear, the molecule a straight rod
through those two atoms. Acetylene, the welder’s
flame, is the simplest. The triple bond is the
strongest and shortest carbon–carbon bond, two π
faces wrapped around one σ, and like the alkene it
adds reagents across those faces. But the alkyne
has a second, stranger property: the hydrogen on a
terminal carbon is weakly acidic — near pKa 25,
unheard-of for a hydrogen on carbon — so a strong
base can remove it to leave an acetylide, a carbon
nucleophile that will attack and build new carbon
chains.
In the Force of Time the linear carbon sits at 180° =
π, the straight address, the same held by carbon
dioxide and the nitriles. The triple bond completes
the π-ladder begun at the double bond — 12/5 ×
347.222222 = 840.3984256 kJ/mol, which is
2⁹·3⁴/(5π²), the π² rung, one more factor of the veil π
than the double bond and two more than the single;
its core lattice node is 5184 = 2⁶·3⁴, the very node
that sets the proton’s charge radius, so the deepest
carbon–carbon bond reaches through its own
number down to the size of the proton — the
deepest of the three carbon–carbon addresses. That
the terminal hydrogen should let go so much more
readily than any alkane’s is, in this reading, the
plain fact that the linear sp carbon holds its shared
Τ tightly and close, so the freed proton’s charge
settles onto a compact, well-held address that an
alkane’s loose sp³ carbon cannot offer. The
acetylide is a deep, tight donor, and that is why it is
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one of the chemist’s favourite tools for joining
carbon to carbon.

linear carbon 180°

= π · sp, two π faces

C≡C energy 840.3984256 kJ/mol (= 12/5 ×
C–C)

= 2⁹·3⁴/(5π²), the π² rung; core node 5184 =
2⁶·3⁴ (proton charge radius)

the ladder: C–C π⁰, C=C π¹, C≡C π² — one π
per bond order

Arenes — the closed aromatic loop

Benzene: six carbons in a flat ring, the π-electrons shared
all the way round.

The aromatic ring stands apart from every other
hydrocarbon. Benzene is six carbons in a flat ring,
each trigonal at 120°, with six π-electrons shared
not in three fixed double bonds but smeared evenly
all the way round. This delocalisation makes
benzene extraordinarily stable — far more so than
three separate double bonds would be — and it
changes the ring’s whole behaviour. An alkene
adds; benzene will not. Offered a reagent, it
substitutes instead, swapping one hydrogen for a
new group and keeping its ring of six intact,
because to add across the ring would be to destroy
the delocalisation that makes it so settled. This is
electrophilic aromatic substitution, and it is the
gateway to the whole chemistry of dyes, drugs and
plastics.
The Force of Time reads benzene as a closed Τ-loop:
the shared π-Τ redistributed all the way round the
ring and closing on itself with no beginning and no
end, a standing wave of time, the most settled
arrangement a ring can hold. This is the source of
its famous stability and of its refusal to add — to
break the ring is to open a closed circuit of time,
and the loop will not open. The chemist’s 4n+2 rule
for aromaticity is the condition that the
redistribution closes cleanly, a whole number of
standing turns with nothing left over. And the ring’s
colour chemistry follows the same law as
conjugation everywhere: the energy step between
its filled and empty faces falls as the aromatic

register lengthens, closing by a fixed lattice rung —
three-halves of an electron-volt — for each
conjugated bond added, which is why the large
aromatic and conjugated systems are the pigments
and dyes of the living world.

benzene: six trigonal carbons, π-Τ closed
into a standing loop

stable and substitutes (keeps the loop)
rather than adds

4n+2 = the loop closes cleanly (a whole
number of standing turns)

colour step closes by ~3/2 eV per
conjugated bond added

Oxidation level 1 — one bond to
a heteroatom
Alkyl halides — the leaving group

An alkyl halide: carbon bonded to a halogen X (F, Cl, Br, I).
Bond a carbon to a halogen — fluorine, chlorine,
bromine or iodine — and you have an alkyl halide,
the chemist’s reactive handle. The halogen pulls the
shared electrons toward itself, so the carbon is left
a little positive and the halogen a little negative,
and the bond is polarised and ready to break. This is
the substrate of the great substitution and
elimination reactions of Chapter 5: a nucleophile
displaces the halide (substitution), or a base pulls
off a neighbouring hydrogen and the halide leaves
to form a double bond (elimination). How readily
the halide leaves rises down the group — iodide
leaves most easily, fluoride hardly at all — and this
leaving-group ability, more than anything, sets how
fast the reaction runs.
In the Force of Time the carbon–halogen bond is a
shared address deliberately drawn toward one side,
poised to break heterolytically — the whole shared
Τ withdrawn to the halogen, which departs holding
both electrons on a comfortable, settled address
and leaves the carbon a hungry electrophile. A good
leaving group is simply a halogen whose departing
address is deep and well-settled, so the Τ goes
willingly; a poor one, like fluoride, has nowhere so
settled to sit and clings. The halogen–halogen bond
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itself sits cleanly on the lattice — the chlorine
molecule’s bond is 243, that is 3⁵, and doubled it
reaches 486, the same hydrogen Hβ node the
geometry paper finds at the heart of the visible
spectrum. The alkyl halide is the molecule built to
let its Τ go, and that readiness is its usefulness.

C–X polarised, poised to break
heterolytically

the halide leaves holding both electrons →
a hungry carbon

leaving ability I > Br > Cl > F = depth of
the departing address

Cl–Cl bond 243 (= 3⁵); doubled = 486 (the
Hβ node)

Alcohols — the hydroxyl and the water
register

An alcohol: a hydroxyl group (–OH) on a carbon.
Hang an –OH group on a carbon and you have an
alcohol — ethanol, the alcohol of drink; glycerol; the
sugars, which are alcohols many times over. The
hydroxyl transforms the molecule’s physics. Its O–H
bond hydrogen-bonds to its neighbours, so alcohols
boil far higher than the hydrocarbons of the same
weight and the small ones mix freely with water.
Chemically the alcohol is versatile: a weak acid,
near pKa 16, giving up its O–H proton to a strong
base; a nucleophile through the oxygen’s lone pairs;
and the pivot of the oxidation ladder, climbing to
aldehyde and acid or, run backwards, made by
reduction of them.
The Force of Time reads the hydroxyl as the bridge
between the carbon world and the water world.
Water is the medium of the atomic register of life,
and the O–H bond is the same bond that gives water
its structure; hanging it on a carbon chain joins the
carbon register to the water register. The theory
finds the join written in the numbers exactly: the
formation enthalpy of ethanol is π times that of
methane — adding one hydroxyl to the carbon
skeleton multiplies the molecule’s formation energy
by π, the circle-constant itself, because the bridge
to the water register costs one factor of π. The O–H
bond sings its own lattice note in the infrared,

stretching at 3240 = 2³·3⁴·5, a pure {2,3,5}
product, broad because it is forever
hydrogen-bonding to its neighbours. The alcohol is
the carbon chain given a door into water.

O–H hydrogen-bonds → high boiling point,
mixes with water

weak acid (pKa ~16), nucleophilic oxygen,
pivot of the oxidation ladder

adding –OH multiplies formation enthalpy by
π (ethanol/methane = π)

O–H infrared stretch 3240

= 2³·3⁴·5 (broad, hydrogen-bonded)

Phenols — the hydroxyl on the ring

A phenol: a hydroxyl bonded directly to an aromatic ring.
Put the hydroxyl not on an ordinary carbon but
directly onto an aromatic ring and you have a
phenol — carbolic acid, the first antiseptic; the ring
of adrenaline and of the amino acid tyrosine; the
backbone of countless dyes and the antioxidant of
vitamin E. A phenol looks like an alcohol but
behaves quite differently. It is a far stronger acid,
near pKa 10 rather than 16 — a million times more
acidic than an ordinary alcohol — because when it
gives up its proton the resulting negative charge
does not sit trapped on the oxygen but spreads into
the ring. And the ring, in turn, is made more
reactive toward electrophilic substitution by the
electron-rich oxygen feeding into it, which is why
phenols are the reactive corner of aromatic
chemistry.
The Force of Time reads the phenol as the meeting
of two addresses already met — the hydroxyl and
the closed aromatic loop — sharing their Τ across
the boundary between them. That is the whole of its
distinctive chemistry. Its strength as an acid is
Chapter 3’s principle at its clearest: the freed
proton’s charge settles not onto one oxygen but
onto the ring’s standing loop, spread around six
carbons, a far more settled address than an alcohol
can offer, and so the proton leaves a million times
more readily. And the same coupling runs the other
way — the oxygen’s spare Τ feeds into the loop and
makes it richer, more eager to be substituted. A
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phenol is a hydroxyl and an aromatic ring lending
each other their Τ, and every way in which it differs
from an alcohol follows from that lending.

–OH bonded directly to an aromatic ring

a strong acid (pKa ~10): the charge spreads
into the ring loop

the oxygen feeds Τ into the ring → richer,
more reactive to substitution

two met addresses — hydroxyl and aromatic
loop — sharing their Τ

Ethers and epoxides — the capped
oxygen and the strained ring

An ether: an oxygen between two carbons (R–O–R′).
Put an oxygen between two carbons rather than at
the end and you have an ether — diethyl ether, the
old anaesthetic and the chemist’s favourite solvent.
With no O–H to give away, the ether is nearly inert:
it does not hydrogen-bond to itself, boils low, and
sits quietly through most reactions, which is exactly
why it makes so good a solvent. Its one reactive
cousin is the epoxide, an ether whose oxygen
bridges two adjacent carbons in a three-membered
ring. That tiny ring is forced open at the seams, and
its strain makes it eager to react: a nucleophile
snaps it open to give a useful two-group product.

An epoxide: an oxygen bridging two adjacent carbons in a
strained ring.

In the Force of Time the ether is a capped oxygen
address — its Τ held in the two C–O bonds and its
lone pairs, with no loose proton and no exposed
face, so it takes little part in the flow and serves as
a quiet room in which other reactions run. The
epoxide is the same oxygen trapped in a
three-membered ring, and here the lattice explains
its eagerness directly: the ring forces its atoms to
hold an angle far below the settled tetrahedral

109.4268783° = 1080/π², and that angle held off its
resonant address is stored strain — Τ pressed off
the note it wants to sound. Open the ring and the
strain is released, the angles springing back toward
their settled addresses, and that release is the
driving force of every epoxide reaction. The ether is
a settled address at rest; the epoxide is the same
address held under tension, waiting to relax.

ether: capped oxygen, no O–H — inert, an
ideal solvent

epoxide: oxygen in a strained 3-ring, eager
to open

strain = angle forced off 109.4268783° =
1080/π² (Τ off its note)

opening the ring releases the stored strain
— the driving force

Amines — nitrogen’s lone pair and the
organic bases

An amine: carbon bonded to nitrogen, with its lone pair (a
primary amine).

Bond carbon to nitrogen and you have an amine —
the group of the neurotransmitters, the alkaloids,
and the side-chains of half the amino acids.
Nitrogen brings three bonds and one lone pair, so
the amine is shaped like a shallow pyramid and,
crucially, carries that lone pair held out into space.
This makes the amine the characteristic organic
base: the lone pair reaches out to seize a proton,
and it makes the amine a good nucleophile, offering
that same pair to a hungry carbon. Amines
hydrogen-bond, though less strongly than alcohols,
so they boil higher than hydrocarbons but lower
than the corresponding alcohols.
The Force of Time reads nitrogen as the three-way
connector of the molecular register. Its outer shell
holds three half-filled nodes and one filled pair, so it
bonds in three directions at once while keeping a
lone, directed address free — and that free,
available address is the whole of the amine’s
character. Basicity is that address reaching out to
take a proton and spread its held Τ into a new bond;
nucleophilicity is the same address offered to a
carbon instead. It is no accident that nitrogen sits at
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the heart of every amino acid and every genetic
base: an atom that can hold three structural bonds
while keeping one address free for directed
coupling is exactly the connector a living chemistry
needs to link its pieces and still reach out to the
next. The amine is that reaching-out made into a
functional group.

nitrogen: three bonds + one lone pair,
pyramidal

the lone pair = a free, directed address →
base and nucleophile

basicity = the lone address reaching out to
take a proton

the three-way connector at the heart of
amino acids and DNA bases

Thiols and sulfides — the softer,
deeper cousins

A thiol: the sulfur analogue of an alcohol (R–SH).
Below oxygen in the periodic table sits sulfur, and it
gives the thiols (C–SH) and sulfides (C–S–C), the
sulfur analogues of alcohols and ethers. Thiols are
famous first for their smell — the reek of rotten
eggs and skunk — but in chemistry they matter
because sulfur is softer than oxygen: larger, more
loosely holding its outer electrons, a better
nucleophile, and slower to hydrogen-bond, so thiols
boil lower than alcohols. Two thiols can be joined by
oxidation into a disulfide bond, and these S–S links
are the clasps that hold proteins in their folded
shapes — the set of a curl of hair, the cross-links of
insulin.

A sulfide: sulfur between two carbons (R–S–R′), the
thioether.

In the Force of Time sulfur is oxygen read one
register deeper: a larger, softer node whose shared
addresses are broad and loosely held, which is

exactly what a soft, spread nucleophile is. Where
oxygen pulls hard and holds tight, sulfur holds wide
and reaches far, meeting the soft, spread
electrophiles that oxygen cannot. The geometry
paper places the sulfur–hydrogen system on the
lattice directly: the hydrogen sulphide angle is
92.1035550° = 5⁷/270π, a tighter address than
water’s, the mark of a heavier atom holding its
bonds closer to a right angle. Sulfur is oxygen’s
deeper, softer register, and every way in which its
chemistry differs from oxygen’s follows from that
greater depth.

sulfur = oxygen one register deeper:
larger, softer, loosely held

a soft, spread nucleophile; thiols boil
below alcohols

H₂S angle 92.1035550°

= 5⁷/270π (tighter than water)

Disulfides — the shared-address rivet

A disulfide: two sulfurs joined (R–S–S–R′), the protein
cross-link.

When two thiols are oxidised together their sulfurs
join into a disulfide, –S–S–, and this modest bond
does something no other common linkage does: it
fastens a protein’s shape in place. A long protein
chain folds into a precise three-dimensional form,
and disulfide bridges between distant points of the
chain lock that form so it cannot unravel — the
rigidity of a fingernail, the shape of insulin and of
antibodies, the set that a perm puts into hair by
breaking these bridges and remaking them. The
bond is strong enough to hold for the protein’s
lifetime yet can be made and unmade on demand by
oxidation and reduction, which is exactly what a
structural clasp must do.
The Force of Time reads the disulfide as a shared
Τ-address used as a structural rivet — a bond whose
whole purpose is to be a fastening. Where most
bonds are the working addresses through which
reactions flow, the disulfide is a settled address
deliberately placed to hold two far-apart points of a
chain together, made when the fold is right and
broken when it must change. It is why the living cell
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reaches for sulfur, and not oxygen, when it needs a
clasp: oxygen’s tighter, harder chemistry does not
give a bond that can be locked and unlocked so
readily, but sulfur’s deeper, softer register does.
The architecture of every folded protein leans on
these sulfur rivets.

–S–S–: two thiols oxidised together; a
structural cross-link

locks a protein’s folded shape (hair,
insulin, antibodies)

made and unmade by oxidation / reduction —
a clasp on demand

a shared Τ-address used as a rivet, not a
working reaction path

The sulfur and phosphorus
oxygen groups
Sulfoxides and sulfones — sulfur
climbing to oxygen

A sulfoxide: sulfur bearing one oxygen (R–SO–R′).
Sulfur, unlike oxygen, can carry extra bonds to
oxygen of its own, and as it does it climbs a little
ladder of its own. Add one oxygen to a sulfide and
you have a sulfoxide, R–SO–R′ — the group of
DMSO, the solvent that carries substances through
skin, and of many drugs; add a second and you have
a sulfone, R–SO₂–R′, more oxidised and more stable
still, the group of the sulfa antibiotics and of many
polymers. Each added oxygen pulls harder on the
sulfur’s Τ and makes the group more polar and
more strongly electron-withdrawing than the last.

A sulfone: sulfur bearing two oxygens (R–SO₂–R′), more
oxidised still.

The Force of Time reads this as sulfur carried up
the register ladder, oxygen by oxygen, exactly as
Chapter 2 counts oxidation. Each bond to oxygen

draws a further share of the sulfur’s Τ toward the
deeper, more electronegative register, so the
sulfoxide sits one rung up from the sulfide and the
sulfone one rung higher again, each more polar,
each more settled, each pulling harder on what
surrounds it. The sulfa drugs work because that pull
mimics a shape the bacterium needs and blocks it —
the group’s deep, oxygen-drawn address standing in
for another. Sulfur’s ability to keep climbing where
oxygen cannot is simply its greater depth: a larger
node with room to take more oxygen onto itself and
carry its Τ further up the ladder.

sulfoxide R–SO–R′, sulfone R–SO₂–R′: sulfur
bearing oxygen

each added oxygen = one rung up the
register ladder

more polar, more electron-withdrawing, more
settled at each rung

sulfur climbs where oxygen cannot — a
deeper node with room for more

Sulfonic acids — sulfur’s carboxylic
acid

A sulfonic acid: sulfur bearing three oxygens (R–SO₃H), a
strong acid.

At the top of sulfur’s oxygen ladder stands the
sulfonic acid, R–SO₃H — sulfur bonded to three
oxygens and a hydroxyl, and one of the strongest
organic acids there is, near pKa −6, so willing to
give up its proton that it is essentially fully
dissociated in water. These are the acids of
detergents and of the ion-exchange resins that
soften water, and the handle by which dyes are
made soluble. Their strength dwarfs the carboxylic
acids just as the carboxylic acids dwarf the alcohols,
and for the same reason, carried further.
The Force of Time reads the sulfonic acid as the
settling principle of Chapter 3 taken to its sulfur
extreme. When the acid gives up its proton, the
freed charge spreads not over two oxygens, as in a
carboxylate, but over three — an even more settled,
even more widely shared address — so the proton
leaves even more readily, and the acid is stronger
still. It is the same law that ran from the alcohol
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through the carboxylic acid: the more widely the
conjugate base can spread the freed Τ, the more
willingly the proton goes, and three oxygens spread
it more widely than two. The sulfonic acid is
charge-spreading, and therefore Τ-settling, carried
about as far as an organic group can carry it.

R–SO₃H: sulfur bearing three oxygens and a
hydroxyl

a very strong acid (pKa ≈ −6), essentially
fully dissociated

strong because the charge spreads over
three oxygens (vs two in –COOH)

the settling principle of acidity carried
to its sulfur extreme

Phosphates — the linker and the
battery of life

A phosphate: phosphorus bearing four oxygens (a
phosphate ester shown).

Phosphorus, sulfur’s neighbour, gives the
phosphates — phosphorus bonded to four oxygens
— and no group matters more to living things. A
phosphate can carry two ester links at once, and so
it is the linker that joins one sugar to the next along
the backbone of DNA and RNA, holding the double
helix together. Chained three deep, as in ATP, the
phosphate becomes the cell’s battery: the bond
between two phosphates stores energy that is
released, on demand, to drive almost every process
in the body. Few molecules are asked to do more.
The Force of Time reads the phosphate as a
Τ-junction — an address with four oxygen arms,
able to hold two links and still carry charge, made
for connection. That it should be the backbone of
the genetic molecule is, in this theory, no accident:
the phosphate is the connector that lets the
Τ-address of one genetic letter join to the next,
threading the whole sequence into one continuous
strand, the coordinate-chain along which a living
thing is written. And the phosphate battery of ATP
is a store of Τ held in a strained, high-energy
address — a bond wound tight and ready to release
its flow the instant the cell calls for it. The linker of
heredity and the battery of metabolism are the

same four-armed oxygen junction, put to two uses.

phosphorus bearing four oxygens; carries
two ester links at once

the backbone linker of DNA and RNA — joins
letter to letter

chained (ATP): the cell’s battery, storing
and releasing Τ on demand

a four-armed Τ-junction, made for
connection

Phosphines — phosphorus’s amine

A phosphine: phosphorus with three bonds and a lone pair
(R₃P).

Phosphorus below nitrogen gives the phosphines,
R₃P — three bonds to carbon and a lone pair, the
phosphorus analogue of an amine. They are softer
and larger than amines, and their chief use is as
ligands: the lone pair reaches out to bind a metal
atom, and the great palladium-catalysed couplings
of Chapter 8 run with phosphines wrapped around
the metal, tuning how eagerly it holds and releases
its partners. Where the amine is a base and a
nucleophile toward carbon, the phosphine is above
all a binder of metals.
The Force of Time reads the phosphine as
nitrogen’s three-way connector read one register
deeper — a larger, softer node holding three bonds
and one lone, directed address, but reaching
further and holding more loosely than nitrogen
does. That greater reach is exactly what makes it
bind a metal so well: the soft, spread lone address
of phosphorus settles comfortably onto the soft,
spread address of a metal atom, a match of depth of
the kind Chapter 5 called soft-with-soft. The
phosphine is the amine’s directed address,
deepened and softened until it grips metals — the
reason it stands at the shoulder of every palladium
catalyst, steadying the node through which two
carbons meet.



THE DAUBNEY FOUNDATION  ·  UNIVERSAL FORCE OF TIME  ·  2026

The Force of Time in Organic Chemistry · Rev 3 page 14

R₃P: phosphorus with three bonds and a lone
pair (nitrogen’s cousin)

softer, larger than an amine; its lone pair
binds metals

the ligand of the palladium couplings —
tunes the metal’s grip

nitrogen’s directed address read one
register deeper, soft-with-soft

Oxidation level 2 — the carbonyl
groups
Aldehydes — the reactive carbonyl

An aldehyde: a carbonyl carbon bearing a hydrogen
(R–CHO).

At the second rung of oxidation stands the carbonyl
group, a carbon double-bonded to oxygen, and
when that carbon also carries a hydrogen it is an
aldehyde — formaldehyde, the preservative;
acetaldehyde; the sugars in their open forms. The
carbonyl is the single busiest group in organic
chemistry. Its oxygen pulls the shared electrons
hard, leaving the carbon distinctly positive, so
nucleophiles add straight to that carbon; and the
aldehyde, with its exposed carbonyl carbon carrying
only a small hydrogen beside it, is the most reactive
of the carbonyls, readily oxidised up to an acid or
reduced back to an alcohol.
The Force of Time reads the carbonyl as a
deliberately unbalanced pair of addresses: the
oxygen rich, the carbon left hungry and open — a
standing electrophile, an address waiting to be
filled. Every addition to a carbonyl is a nucleophile’s
Τ settling into that waiting carbon. And the theory
finds the simplest carbonyl written on the lattice
with startling directness: the formation enthalpy of
formaldehyde, the plainest carbonyl there is, equals
108.5734421 kJ/mol — that is 864π/25, carrying
inside it the number 864, the temporal pivot of the
whole theory, the same 2⁵·3³ that measures the day
and joins the atomic register to the planetary one.
The simplest carbon–oxygen double bond cannot be
written without the constant that runs the clock of
the solar system. The carbonyl is where the

chemistry of carbon touches the pivot of time.

carbonyl: oxygen rich, carbon hungry — a
standing electrophile

the aldehyde is the most reactive carbonyl
(carbon exposed)

formaldehyde formation enthalpy 108.5734421
kJ/mol

= 864π/25 (864 = 2⁵·3³, the temporal pivot)

Ketones — the carbonyl doubled, and
the additive unit

A ketone: a carbonyl carbon between two other carbons
(R–CO–R′).

When the carbonyl carbon sits between two other
carbons rather than carrying a hydrogen, the group
is a ketone — acetone, the solvent; the sugars in
another guise; the steroids. The ketone is a
carbonyl slightly tamed: the two flanking carbon
groups shield its hungry carbon and feed a little Τ
toward it, so a ketone is less reactive than an
aldehyde, though it shares the same chemistry of
addition and, through its neighbouring hydrogens,
the same enolate chemistry that builds carbon
chains in Chapter 8.
The Force of Time finds the carbonyl behaving, on
the lattice, as a clean additive unit of Τ — and the
numbers say so exactly. Acetone, which carries
what amounts to two carbonyl contributions, has a
formation enthalpy precisely twice formaldehyde’s:
the carbonyl doubling law, 2 × 108.6 = 217.2,
holding exactly against the measured value. Each
carbonyl contributes the same fixed increment of
formation energy, independent of what surrounds
it, because each is the same shared-address pattern
repeated — one hungry carbon, one rich oxygen —
and Τ simply adds them up. This is the lattice
showing its hand: a functional group is a fixed unit
of Τ, and where a molecule carries the group twice
it carries twice the energy, to the digit.
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ketone: carbonyl flanked by two carbons —
tamer than an aldehyde

the carbonyl is an additive Τ-unit: each
contributes ~108.6 kJ/mol

carbonyl doubling law: acetone = 2 ×
formaldehyde = 217.2 (exact)

a functional group is a countable,
repeatable unit of Τ

Imines — the carbon–nitrogen double
bond

An imine: a carbon double-bonded to nitrogen
(R–CH=N–R′).

Replace the carbonyl’s oxygen with a nitrogen and
you have an imine, a carbon double-bonded to
nitrogen — the Schiff base of the chemist, and one
of the most important links in all of biology. An
imine forms when an amine meets an aldehyde or
ketone and water is lost, and it forms reversibly,
which is exactly why life uses it: it is the bond by
which vitamin B₆ carries amino groups from one
molecule to another in the cell, and the bond that
fixes the pigment of the eye to the protein that
senses light. It is the carbonyl’s nitrogen twin, and
it adds and hydrolyses much as the carbonyl does.
The Force of Time reads the imine as the carbonyl’s
unbalanced pair with nitrogen in oxygen’s place:
nitrogen pulls the shared Τ less hard than oxygen,
so the imine is gentler than the carbonyl, its carbon
less starved, its bond more willing to form and
unform. That reversibility is the whole reason
biology reaches for it — a link that will make and
break at a touch is exactly what a carrier needs,
joining to its cargo and releasing it again and again.
Where the carbonyl is a hungry address held open,
the imine is a softer version of the same address,
poised on the edge between formed and unformed,
which is why the cell uses it wherever a bond must
be temporary by design.

R–CH=N–R′: a carbon double-bonded to
nitrogen (the Schiff base)

forms reversibly from an amine +
aldehyde/ketone, losing water

biology’s reversible carrier link (vitamin
B₆, the pigment of the eye)

the carbonyl’s twin with nitrogen’s gentler
pull — poised to unform

Acetals — the protected carbonyl

An acetal: one carbon bearing two ether oxygens (from a
carbonyl + two alcohols).

Let a carbonyl react with two alcohols and its
double bond to oxygen is replaced by two single
bonds to oxygen: an acetal, one carbon carrying two
ether links. The acetal matters for two reasons.
First, it is how the chemist hides a carbonyl — the
reactive carbonyl is turned into an inert acetal
while work is done elsewhere, then unmasked again
by acid and water, the protecting group of Chapter
7 made concrete. Second, and far more widely, it is
the linkage of the sugars: every ring of glucose
closes as an acetal, and every bond joining one
sugar to the next in starch, cellulose and the whole
world of carbohydrate is an acetal link.
The Force of Time reads the acetal as a carbonyl’s
hungry address capped and put to rest. The
carbonyl carbon, open and electrophilic, is closed
off by two settled oxygen bridges into an inert,
fully-bonded address — the same move by which an
ether caps an oxygen, done here to the carbonyl
carbon itself. That is why it protects: the reactive
address is temporarily filled and quiet. And that is
why life builds its sugars and its stores of sugar on
it — a linkage that is stable when left alone yet can
be opened by acid when the body needs its fuel is
exactly the settled-but-reversible address a living
store requires. The acetal is the carbonyl put to
sleep, and woken on demand.
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one carbon bearing two ether oxygens
(carbonyl + two alcohols)

the chemist’s way to hide a carbonyl (a
protecting group)

the linkage of every sugar ring and of
starch and cellulose

a carbonyl’s hungry address capped and put
to rest — reversibly

Oxidation level 3 — the
carboxylic-acid family
Carboxylic acids — the settled
two-oxygen address

A carboxylic acid: a carbon bearing a carbonyl and a
hydroxyl (R–COOH).

At the third rung of oxidation the carbon carries
two bonds to oxygen at once: the carboxylic acid,
–COOH — acetic acid in vinegar, the fatty acids of
every fat, the acid group of every amino acid. It is
the defining organic acid, near pKa 5, far stronger
than an alcohol, and the reason is one a chemist
learns early: when it gives up its proton, the
resulting negative charge is not stuck on one
oxygen but shared equally across two, spread over
a symmetric, settled arrangement. Carboxylic acids
hydrogen-bond so well they pair up into dimers, and
they are the parents of the whole family of
derivatives — esters, amides, acid chlorides — that
follows.
The Force of Time reads the strength of the acid
exactly as Chapter 3 did — the freed proton’s Τ
settling onto a well-spread conjugate address — and
the carboxylate, with its charge shared across two
equivalent oxygens, is that settled address in its
cleanest form. But the theory adds something the
chemist has no reason to expect: the carboxylic acid
sits on a universal lattice node. The formation
enthalpy of acetic acid, the simplest carboxylic acid,
is 432 kJ/mol = 2⁴·3³ — the very same 432 that is
the hydrogen–hydrogen bond energy, the
absorption of chlorophyll, and the acoustic
reference pitch to which orchestras tune. The
simplest acid of organic chemistry rests on one of

the deepest unifying numbers in the whole theory.
That the group which carries the acidity of vinegar
and of every protein should land on the node that
tunes a violin is exactly the kind of coincidence the
lattice does not permit to be coincidence.

–COOH: two bonds to oxygen; the defining
organic acid (pKa ~5)

strong because the carboxylate spreads its
charge over two oxygens

acetic acid formation enthalpy 432 kJ/mol

= 2⁴·3³ (the H–H bond, chlorophyll, and 432 Hz —
one node)

Esters — the acid and the alcohol
joined

An ester: a carboxylic acid joined to an alcohol
(R–CO–O–R′).

Join a carboxylic acid to an alcohol, losing water,
and you have an ester — the fragrance of every fruit
and flower, the fat in every cell membrane, the
linkages of polyester. Esters are gentler than their
parent acids: neutral, sweet-smelling, sparing of
hydrogen bonds so they boil lower than the acids
they come from. Their central reaction is the
reverse of their making — hydrolysis back to acid
and alcohol, the saponification that turns fat into
soap — and their exchange, transesterification,
swapping one alcohol for another.
The Force of Time reads the ester as a carbonyl
address flanked by an oxygen that leads on to a
second carbon — the acid’s hungry carbonyl and
the alcohol’s oxygen bridge settled together into
one group — and the theory writes it, too, on the
lattice: the formation enthalpy of methyl acetate,
the simplest ester, is 413.4170224 kJ/mol — that is
40π³/3, a clean {2,5,π} expression. The ester is
where two of the groups already met — the
carbonyl and the hydroxyl bridge — are fused into
one, and its formation energy is the lattice’s record
of that fusion. It is the chemistry of joining, written
in π-cubes: the smell of a strawberry and the
membrane of a living cell are the same
shared-address pattern, read at one settled node.
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ester: acid + alcohol, minus water;
neutral, fragrant

hydrolyses back to acid + alcohol
(saponification = soap)

methyl acetate formation enthalpy
413.4170224 kJ/mol

= 40π³/3 (a clean {2,5,π} node)

Amides — the settled link of life

An amide: a carbonyl joined to nitrogen (R–CO–NH₂), the
peptide bond.

Replace the ester’s oxygen bridge with a nitrogen
and you have the amide, –CO–NH– — the linkage
that joins one amino acid to the next in every
protein, the peptide bond on which all of life’s
machinery is strung; nylon is the same bond made
industrial. The amide is the least reactive of the
acid derivatives and the most stable, and it has a
peculiar, defining property: it is flat and rigid, its
nitrogen unable to pivot, because the nitrogen’s
lone pair is drawn into the carbonyl and shared
across the whole group.
The Force of Time reads that rigidity as a
redistribution: the nitrogen’s free address, met in
the amine, here reaches into the carbonyl’s hungry
carbon, spreading its Τ across nitrogen, carbon and
oxygen alike, so the group becomes one settled,
delocalised address that will not twist. This is why
the amide is so stable and so flat, and why nature
chose it, of all the acid derivatives, to be the chain
of life: the peptide bond is a low-loss, settled Τ-link
— strong enough to hold a protein together for a
lifetime, uniform enough to be repeated ten
thousand times in one molecule, and rigid enough
to fix the backbone geometry on which every fold
depends. The whole architecture of every living
thing is strung on this one settled shared address,
chosen for exactly the stability the lattice gives it.

amide –CO–NH–: the peptide bond, the chain
of every protein

flat and rigid: the nitrogen lone pair
spreads into the carbonyl

one settled, delocalised address across N,
C and O — will not twist

the least reactive, most stable acyl —
chosen as the link of life

Acid chlorides and anhydrides — the
hungriest acyl

An acid chloride: a carbonyl bearing a chlorine (R–CO–Cl).
At the reactive extreme of the acid family stand the
acid chlorides (–COCl) and anhydrides ((RCO)₂O) —
the chemist’s acylating agents, so eager to react
that they fume in moist air and are used to force an
acyl group onto an alcohol or an amine that the
milder derivatives cannot. Where the amide is the
tamest acyl, the acid chloride is the fiercest,
carrying a chlorine that leaves at the slightest
provocation.

An anhydride: two acyl groups sharing an oxygen
(R–CO–O–CO–R′).

The Force of Time reads them as the carbonyl
address with its hunger sharpened to the limit: the
chlorine pulls the shared Τ away from an already
Τ-poor carbonyl carbon and stands ready to leave
holding it, so the carbon is left the most exposed,
most impatient electrophile in the family — a deep,
empty address that any donor will rush to fill. Their
ferocity is the same principle that ran through the
alkyl halides and the carbonyls, taken to its
extreme: a shared address drawn so far to one side
that it is all but broken already, and a carbon so
starved of Τ that the reaction is over almost before
it begins. They are the tools the chemist reaches for
when a gentler address will not settle fast enough.
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acid chloride / anhydride: the acylating
agents, fiercely reactive

chlorine pulls Τ from an already Τ-poor
carbon and leaves at a touch

the deepest, hungriest carbonyl address —
any donor rushes to fill it

the reactive extreme of the same principle:
an address near-broken

Nitriles — the linear carbon–nitrogen
triple bond

A nitrile: a carbon triple-bonded to nitrogen (R–C≡N).
The nitrile, –C≡N, is a carbon triple-bonded to
nitrogen, linear like the alkyne and, like it, a
compact rod. It is a precursor to acids and amines
— hydrolysed up to a carboxylic acid, reduced down
to an amine — and a carbon nucleophile in its own
right through the carbon next to it, and it gives
many drugs and many plastics (the acrylics) their
character. It carries the same triple bond as the
alkyne but with nitrogen at one end.
The Force of Time reads the nitrile as the linear
address of Chapter 1 — 180° = π — now closing a
triple bond onto nitrogen rather than carbon: a
tight, deep, straight shared address, which is why it
behaves as the alkyne’s nitrogen cousin and
hydrolyses up to the carboxylic acid at the same
oxidation rung. It is the same straight, tightly-held
triple address seen in the alkyne, with nitrogen’s
harder pull at one end drawing its Τ a little further
toward that side. The nitrogen’s lone pair, held out
beyond the triple bond, keeps a faint basic,
coordinating character, but the group’s defining
note is that tight linear address, carried onto
nitrogen.

R–C≡N: a carbon triple-bonded to nitrogen,
linear (180° = π)

a precursor to acids (hydrolysis) and
amines (reduction)

the alkyne’s nitrogen cousin — the same
tight linear triple address

nitrogen’s harder pull draws the shared Τ a
little toward its end

Nitro, isocyanate and azide —
nitrogen at the far rungs

A nitro group: nitrogen bearing two oxygens (R–NO₂),
strongly electron-withdrawing.

Three final groups carry nitrogen high on its own
oxidation ladder, and complete the tour. The nitro
group, –NO₂, is nitrogen bonded to two oxygens,
strongly electron-withdrawing, the group of the
explosives (TNT) and of many dyes and drugs. The
isocyanate, –N=C=O, is a taut, reactive string of
nitrogen, carbon and oxygen — the building block
from which the polyurethanes of foam and paint are
made, reacting greedily with any alcohol or amine.
The azide, –N₃, is three nitrogens in a row, an
energetic group used to inflate airbags and, in
modern chemistry, as the clean handle of "click"
reactions that snap two molecules together.

An isocyanate: a taut nitrogen–carbon–oxygen string
(R–N=C=O).

The Force of Time reads all three as nitrogen
carried to high rungs of the register ladder, its
shared Τ drawn hard toward oxygen or strung tight
across several nodes at once. The nitro group is
nitrogen at a high rung, two bonds to oxygen
pulling its Τ strongly away, which is exactly why it
withdraws electron density so powerfully from
whatever it is attached to — a deep sink for Τ, and
the ring or chain it sits on feels the pull. The
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isocyanate and the azide are Τ strung taut across a
short line of nodes — cumulated double bonds
holding their shared time under tension — which is
why both are so reactive and, in the azide’s case, so
ready to release their stored flow with a bang. Each
is nitrogen showing, at the far end of the ladder, the
same directed, reaching character it showed as the
gentle amine, now drawn hard toward oxygen or
wound tight along a chain.

An azide: three nitrogens in a row (R–N₃), energetic and
taut.

nitro –NO₂: nitrogen high on the register
ladder, a deep Τ-sink

a powerful electron-withdrawer — it pulls Τ
from whatever it joins

isocyanate –N=C=O and azide –N₃: Τ strung
taut across cumulated bonds

reactive and, for the azide, ready to
release its stored flow at once

Chapter 2 — Oxidation states:
rungs of a register ladder
The book’s second chapter teaches a piece of
bookkeeping that turns out to organise the whole of
reactivity: the oxidation level of a carbon, counted
as the number of bonds it makes to atoms more
electronegative than itself. Methane’s carbon,
bonded only to hydrogen, sits at the bottom, fully
reduced; then come the alcohol (one bond to
oxygen), the aldehyde (two), the carboxylic acid
(three), and at the top carbon dioxide (four), fully
oxidised. A chemist uses this ladder to see at a
glance whether a reaction is an oxidation, a
reduction, or neither, and to keep the electron
count honest.

2.1 Oxidation as Τ climbing the
register ladder
In the Force of Time this ladder is a ladder of
register rungs. Each step of oxidation carries a
carbon’s shared Τ one rung toward the deeper,
more electronegative register — the oxygen
register pulls the shared address a measured
amount toward itself — and each step of reduction

carries it back. To oxidise a carbon is to let a deeper
puller take a larger share of its Τ; to reduce it is to
return that share. A reaction that changes the
oxidation level is Τ climbing or descending the
ladder, and it can only do so if something else
moves the opposite way, because dΣΤ=0 forbids Τ
from simply appearing: an oxidising agent is
reduced by exactly the amount the substrate is
oxidised. This is the deep reason oxidation and
reduction always come in pairs — the books must
balance, rung for rung.
A reaction that leaves the oxidation level unchanged
— a substitution, a rearrangement, a simple
addition of water across a double bond — is Τ
moving sideways at one rung, a rearranging of
addresses that never crosses to a deeper register.
Seeing this at a glance is exactly the skill the book
is teaching, and in the Force of Time it has a single
clean meaning: count how far up the register ladder
a carbon’s Τ has been carried, and you have named
the reaction. The alcohol-to-aldehyde-to-acid
sequence that runs through so much of the later
chemistry is one carbon walking three rungs up,
handing a larger share of its Τ to oxygen at each
step, while the oxidising agent walks the same three
rungs down.

CH₄ → CH₃OH → HCHO → HCOOH → CO₂

fully reduced · one rung · two · three ·
fully oxidised

each step: a carbon hands one more share of
Τ to oxygen (a deeper register)

dΣΤ=0 — the oxidant descends exactly as far
as the substrate climbs

2.2 Combustion — the great
oxidation, on the lattice
The most complete oxidation of all is fire. Burn a
hydrocarbon and every carbon is carried straight to
the top of the ladder, to carbon dioxide, and every
hydrogen to water, releasing as heat the difference
in Τ between the reduced fuel and the fully-oxidised
products. The oxidiser is molecular oxygen, and the
Force of Time finds even that plain diatomic bond
written on the lattice: the oxygen–oxygen double
bond carries 497.664 kJ/mol, which is 2⁸·3⁵/5³ —
and read per degree it is exactly 864/5⁴, the
temporal pivot again, dividing the bond into the
day. The two products the fire makes fall on the
lattice as cleanly as the fuel it consumes. Carbon
dioxide’s formation energy is 394.784 kJ/mol, which
is 40π² — the π² carrying the two linear
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carbon–oxygen bonds of the straight CO₂ molecule,
one π for each. Water’s is 288 kJ/mol, a pure 2⁵·3²,
the same {2,3} node that measures the day.
Combustion, in this reading, is Τ redistributed from
the shallow, evenly filled addresses of a
hydrocarbon down onto the deep, settled addresses
of carbon dioxide and water — the fuel’s stored time
released and re-settled at the bottom of the ladder,
and the books balancing, as always, by dΣΤ=0.

O=O bond (the oxidiser) 497.664 kJ/mol

= 2⁸·3⁵/5³; per degree 864/5⁴ (the day)

CO₂ formation 394.784 kJ/mol

= 40π² — one π for each of the two linear C=O
bonds

H₂O formation 288 kJ/mol

= 2⁵·3² (the day node)

Chapter 3 — Acidity and
basicity: the settling of a node
The book gives acidity and basicity a chapter of
their own, and rightly, because the strength of an
acid or a base predicts more organic chemistry than
any other single number. An acid gives up a proton;
a base takes one. A proton is a bare hydrogen
nucleus — a standing Τ-node with no electron cloud
of its own — so an acid–base reaction is, at bottom,
the handing of one Τ-node from one address to
another. The whole of this chapter is about what
decides whether the node goes.

3.1 A range of sixty orders of
magnitude
Organic acidity runs across an almost unimaginable
range. The strong arenesulfonic acids sit near pKa
−6.5, and a protonated carbonyl lower still, near
−7; the mineral and carboxylic acids occupy the
familiar middle, a carboxylic acid near pKa 5;
alcohols come near 16, terminal alkynes near 25,
and at the far end the alkenes near 45 and the
alkanes near 50 — a hydrocarbon so reluctant to
give up a proton that its acidity is, for practical
purposes, nil. From top to bottom that is a span of
some 10⁶⁰: a factor of a thousand billion billion
billion billion billion billion between the readiest
and the most reluctant proton. No other common
property of matter ranges so far. In the Force of
Time that vast range is a range of settling. Whether
the proton goes depends entirely on how
comfortably the leftover Τ sits on the conjugate
base once the node has left. A strong acid is one

whose conjugate base holds the freed Τ on a settled,
well-spread address; a weak one has nowhere
settled to put it, so the node stays.

arenesulfonic acid pKa ≈ −6.5 (conjugate
base: charge spread over three oxygens)

carboxylic acid pKa ≈ 5 (spread over two
equivalent oxygens)

alcohol pKa ≈ 16 (charge on one oxygen)

terminal alkyne pKa ≈ 25 (charge on sp
carbon)

alkane pKa ≈ 50 (nowhere settled to put it)

3.2 Conjugate-base stability is charge
spreading, and charge spreading is
Τ-settling
The book puts acid strength as an energy balance: a
cost to break the H–A bond and separate the
charges, a gain from spreading the resulting
negative charge, with the decisive term the stability
of the conjugate base A⁻. The Force of Time says
the same in its own words, and the two accounts
line up point for point. What the book calls the
stability of the conjugate base is, in this reading,
how well the freed Τ can spread onto a settled
address once the proton has gone. A carboxylate is
strong precisely because its charge spreads across
two equivalent oxygen addresses — the
redistribution runs over both, so it is deeply settled
— while an alkoxide must hold the whole charge on
one oxygen and an alkyl anion has no
electronegative address to spread onto at all. This is
the single reason a carboxylic acid, near pKa 5, is
some eleven orders of magnitude stronger than an
alcohol near pKa 16: the acid’s conjugate base has
somewhere settled to put the Τ, and the alcohol’s
has much less. Acidity tracks charge-spreading
because charge-spreading is Τ-settling, and settling
is the whole of it.

3.3 Electronegativity, induction and
resonance — the pull and the spread
Three effects decide how well a charge settles, and
all three are one substance moving.
Electronegativity is an atom’s pull on a shared
address — how far toward itself it draws the
bonding Τ — and it is a register property: the atoms
with deeper nuclei pull harder, which is exactly why
fluorine, oxygen and nitrogen, the hard pullers, are
the atoms that make acids strong and reactions go.
The inductive effect is that same pull felt at a
distance along a chain of bonds, Τ drawn a little at
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every link and fading with each, which is why a
chlorine two carbons from an acid strengthens it a
little and one four carbons away hardly at all. The
resonance effect is the pull that works by spreading
the address rather than shifting it: an atom that can
take the leftover Τ onto its own settled address, as
the second oxygen of a carboxylate does, stabilises
far more than induction alone. Where a molecule
can settle its freed charge by resonance it is
markedly more acidic, and where it cannot it is not
— the difference, again, between a phenol (near
pKa 10, its charge spread into the ring) and an
ordinary alcohol (near 16, its charge stuck on one
oxygen).

3.4 Brønsted and Lewis are one event
The book distinguishes the Brønsted acid, which
donates a proton, from the Lewis acid, which
accepts an electron pair, and the Brønsted base,
which accepts a proton, from the Lewis base, which
donates a pair. In the Force of Time these are not
two theories but two views of one event: a Lewis
base is an address rich in available Τ, a Lewis acid
an address hungry for it, and their meeting — the
forming of a new shared address — is the general
case of which proton transfer is the special one
where the travelling node is a proton. Basicity,
then, is the mirror of acidity: a strong base is an
address so rich and so poorly settled on its own that
it will seize a proton to spread its Τ into a new bond.
The amines are the common organic bases because
nitrogen carries a lone pair — an unshared,
available address — held loosely enough to reach
out for a node. Every acid–base table in the book is,
read this way, a table of how readily Τ moves from a
rich address to a poor one, and the pKa is the
ledger of that readiness.

Chapter 4 — Curved-arrow
notation: the path of a
redistribution
Before the book teaches mechanisms it teaches the
single mark used to write them: the curved arrow,
the chemist’s notation for a pair of electrons moving
as a bond breaks or forms. A whole chapter is given
to it because getting the arrows right is most of
getting a mechanism right. The book is careful with
one distinction: when a curved arrow is used to
interconvert resonance structures it is pure
bookkeeping, because those canonical forms do not
separately exist and nothing physically moves; but
when it depicts a real step of a mechanism it means
something physical is happening.

4.1 The arrow is the drawn path of the
flow of time
The Force of Time gives the arrow a literal
meaning: it is the path of a Τ-redistribution — the
same kind of redistribution that carries light from a
lamp to an eye, here run between two addresses
inside a molecule. The tail of the arrow sits where
the Τ is now, on a filled address or a lone pair; the
head points to where it is going, toward a hungry
address or into a new bond. A double-barbed arrow,
moving a whole pair, is the ordinary polar case; a
single-barbed “fish-hook”, moving one electron, is
the radical case. Reading a mechanism is, in this
reading, watching the flow of time move through
the molecule step by step, and each arrow is one leg
of that journey.

4.2 Heterolytic and homolytic
cleavage
A bond can break two ways, and the arrows tell
them apart. In heterolytic cleavage both electrons
leave with one atom: the shared Τ is withdrawn
wholly to one address, leaving a positive centre
where it went from and a negative one where it
went to — a cation and an anion, or a nucleophile
and an electrophile poised to react. In homolytic
cleavage one electron goes to each atom: the
shared Τ is split evenly, leaving two half-filled
addresses — two radicals, each an address seeking
to be made whole again. Which way a bond breaks
depends on where the Τ settles best: a bond breaks
heterolytically when one side can hold the whole
shared address in a settled way (as C–Br does, the
bromide taking both electrons onto a comfortable
address), and homolytically when neither side can,
so the fairest split is the even one (as the weak O–O
bond of a peroxide does). Every mechanism in the
rest of the book is a sequence of these two moves,
and the curved arrows are the map of where the Τ
goes.

heterolytic homolytic the arrow

Τ withdrawn to one
address Τ split — two radicals the drawn path of the

flow

Fig. 3 — The curved arrow as the path of a
Τ-redistribution: a whole pair to one address (heterolytic),

or one electron to each (homolytic). A mechanism is a
sequence of them.

Chapter 5 — Mechanisms of
organic reactions
The book’s pivotal chapter — moved, in this edition,
to the centre of the text because the whole subject
is built on it — asks not what reacts with what but
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how: the sequence of elementary steps by which
starting materials become products, and the energy
landscape they cross on the way. In the Force of
Time a mechanism is a route through
address-space: a series of Τ-redistributions, each
one an elementary step, carrying the shared time of
a molecule from one settled arrangement to another
under dΣΤ=0. This chapter reads the machinery of
mechanism — the energy barrier, the transition
state, the rate, the selectivity — and then the great
families of reaction it governs.

5.1 Nucleophiles and electrophiles:
address donors and acceptors
Almost every polar reaction pairs a nucleophile with
an electrophile — a giver of electrons with a taker
— and the book makes the matching of the two the
central craft of the subject. In the Force of Time
these are an address donor and an address
acceptor: the nucleophile carries Τ on a full,
available address and offers it; the electrophile
carries an empty or Τ-poor address ready to
receive; and a reaction is the meeting of the two,
the donor’s Τ and the acceptor’s emptiness
resolving into a new shared address, a new bond.
The book’s hard-and-soft language — hard
nucleophiles reacting best with hard electrophiles,
soft with soft — becomes the plain requirement that
the donor’s Τ and the acceptor’s hunger be of
comparable depth: a tight, shallow address pairs
with a tight one, a spread, deep one with its like.
The whole grammar of “what reacts with what” is
the grammar of which addresses can settle together
on the lattice.

5.2 Activation energy is a barrier of
passage; Hammond reads the nearer
rung
A reaction does not fall straight from start to finish;
it climbs first. The hill it climbs is the activation
energy, and its summit is the transition state — the
fleeting arrangement where old addresses are
half-broken and new ones half-made, lasting no
longer than a single bond vibration. In the Force of
Time the hill is a barrier of passage: to move Τ from
one settled address to another, the molecule must
pass briefly through an unsettled, off-lattice
arrangement that resonates with neither, and the
height of that passage is the barrier. The Hammond
postulate — that the transition state resembles
whichever of reactant and product it lies closer to in
energy — falls out at once. The half-made
arrangement leans toward whichever settled
address is nearer on the lattice, because the

redistribution, caught mid-flight, takes the shape of
the address it has more nearly reached. An
exothermic step has an early transition state that
still looks like its starting material; an endothermic
one a late transition state that already looks like its
product. The postulate is simply a statement about
which lattice address the incomplete redistribution
most resembles.
The Force of Time adds a claim the textbook does
not make: that the barrier is quantised. A Τ-register
barrier is not free to take any height — it must land
on the lattice — and measured activation energies
duly cluster at {2,3,5} multiples of 5 kJ/mol rather
than scattering at random. The plainest barrier of
all belongs to hydrogen abstraction, a radical
seizing a hydrogen, the commonest elementary step
in all of organic chemistry, and its activation energy
is 30 kJ/mol — exactly 2×3×5, one factor of each
prime: the simplest passage the lattice allows, a
single step of each of its three integers. That the
most elementary reaction in chemistry should cross
the most elementary barrier the lattice can build is
the theory’s signature, written into the rate of a
reaction.

activation energy = a Τ-register barrier,
and it is quantised

barriers land on {2,3,5} multiples of 5
kJ/mol, not at random

H-abstraction barrier 30 kJ/mol

= 2×3×5 (one factor of each prime — the simplest
passage)

5.3 Intermediates, transition states,
and catalysis
The book is careful to separate a transition state —
a summit, existing for an instant, that cannot be
isolated — from an intermediate, a true valley
between two summits that has a real, if short,
lifetime. In the Force of Time the difference is
sharp: a transition state is an off-lattice passage, a
place the Τ cannot rest; an intermediate is a
genuine, if shallow, lattice address where it pauses
before moving on. A carbocation, a carbanion, a
radical, a tetrahedral adduct of a carbonyl — each is
such a resting address, settled enough to exist but
shallow enough to move again. A catalyst, in the
same reading, is a node that offers a lower
off-lattice passage between the same two settled
addresses — a shallower saddle over the same
range — and is returned unchanged when the
redistribution has crossed, the books balancing over
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the whole cycle by dΣΤ=0. It changes the route,
never the destination: a catalyst can speed a
reaction but cannot alter where its equilibrium
finally settles, because the settled addresses at
either end are untouched.
An enzyme is this principle carried to its extreme.
In the Force of Time it works not by pushing but by
shortening the path: it wraps the substrate in a
Τ-field configuration that pre-positions it close to
the saddle-point address, so the off-lattice passage
the redistribution must cross is made far shorter —
no extra energy supplied, only a nearer route
opened. This is why an enzyme can accelerate a
reaction by a factor of 10¹⁰ to 10²⁰ and emerge
unconsumed: it does not feed the reaction energy, it
moves the destination address within easy reach
and steps back, the books balancing over the cycle
by dΣΤ=0.

5.4 The Arrhenius rate, isotope
effects, and the Hammett line
The rate of a reaction obeys the Arrhenius law, k =
A·exp(−E_a/RT), and the Force of Time reads every
term of it as a Τ-crossing. The exponential is a
probability: exp(−E_a/RT) is the chance that a
molecule’s thermal Τ-cycling, at temperature T,
delivers enough Τ-spin energy to clear the register
barrier E_a — for temperature, in this theory, is
Τ-spin density, the rate at which Τ-nodes cycle
through their address space, so a hotter substance
crosses the barrier more often simply because its Τ
cycles faster. The pre-exponential A is the
Τ-oscillation frequency of the reaction coordinate —
the bond-stretch frequency at the transition state,
the rate at which the half-made arrangement rattles
at the top of the barrier, of order 10¹³ per second.
And the constant that couples the thermal Τ to the
molecular register, the gas constant R, sits on the
lattice more precisely than almost anything in the
whole theory: R = 8.31446 J/mol/K, which is 810/π⁴
to within a part in ten million. The law of reaction
rates is a Τ-crossing entire — a barrier that must be
cleared, a frequency of attempts, and a temperature
that is the pace of time’s own cycling.

Arrhenius k = A · exp(−E_a/RT), read in Τ

temperature = Τ-spin density (how fast
Τ-nodes cycle)

exp(−E_a/RT) = probability the Τ-cycling
clears the barrier

A = the bond-stretch (Τ-oscillation)
frequency at the summit (~10¹³/s)

gas constant R 8.31446 J/mol/K

= 810/π⁴ (to a part in ten million)

Two finer effects read the same crossing. A kinetic
isotope effect — a reaction slowing when a
hydrogen is replaced by its heavier twin, deuterium
— is the barrier read at a different mass face: mass
is one face of a Τ-value, and a heavier isotope reads
the same bond at a slower face, so the crossing
takes longer, and the large effects seen when the
bond to hydrogen is the very one breaking mark
that bond as the one the redistribution runs
through. The Hammett relation, log(k/k₀) = ρσ, is
the orderly way a substituent far from the reacting
centre speeds or slows the reaction; in the Force of
Time its straightness is the point — each
substituent shifts the reacting address by a fixed
lattice step (its σ), read through a single
proportionality (its ρ), so the plot is a straight line
because a lattice shift is a straight step, its slope
telling how deeply the redistribution has committed
its charge by the summit.

isotope effect = the barrier read at a
heavier mass face (a slower crossing)

a large effect marks the bond the
redistribution runs through

Hammett log(k/k₀) = ρ·σ — straight, because
a lattice shift is a straight step

σ = the substituent’s fixed lattice shift;
ρ = charge committed at the summit

5.5 Substitution, addition and
elimination — three geometries of one
move
The three great classes of polar reaction are three
geometries of the same redistribution. In a
substitution, one address on a carbon is exchanged
for another. In the concerted case — the chemist’s
SN2 — it is a single clean redistribution: the
incoming nucleophile forms its address on the far
side of the carbon just as the leaving group’s
address departs the near side, and the carbon turns
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inside out like an umbrella in the wind, so a single
handed centre is inverted. Because both partners
must be present at the summit, the rate depends on
both, and the reaction is fastest at an open,
unhindered carbon. In the stepwise case — SN1 —
the leaving group goes first, leaving behind a flat,
Τ-poor carbon, a carbocation, a hungry empty
address; the nucleophile then fills it from either
face, so a handed centre is scrambled to a mixture
of both hands. The rate depends only on how easily
the first step makes the cation, which is why SN1 is
fastest where the cation is most settled — at a
carbon flanked by other carbons that can spread its
charge.
In an addition, one shared address — a double
bond’s π face — opens and two new addresses form
across it: the Τ of the π face is redistributed into
two new σ bonds. In an elimination, the reverse
runs — two neighbouring addresses collapse into
one π face and a small molecule leaves — and the
book pairs the concerted E2 and stepwise E1 with
their substitution cousins because they compete for
the same substrates, a nucleophile that adds giving
substitution and a base that removes a
neighbouring proton giving elimination.
Markovnikov’s rule — which end of a double bond
gets the new group — is, in the Force of Time,
simply which of the two possible new arrangements
sits deeper on the lattice: the redistribution settles
on the more stable address, always, and the
more-substituted carbocation, its charge better
spread, is the deeper one. Where a reaction runs
through a bridged or radical intermediate instead,
the selectivity flips, and the book’s
“anti-Markovnikov” cases are exactly those where a
different intermediate offers a different deepest
address. Selectivity, in every case, is the
redistribution finding the lowest lattice address
open to it.

substitution addition elimination

one address swapped a π face opened a π face closed

Fig. 4 — The three great classes as three geometries of
one Τ-redistribution. Selectivity is the redistribution

settling on the deepest lattice address open to it.

Chapter 6 — Stereochemical and
conformational isomerism
Two molecules can have the same atoms joined in
the same order and still differ — in the arrangement
of those atoms in space. The book devotes a chapter
to this because so much of chemistry, and nearly all
of biology, turns on it: the shape of a molecule, not

just its formula, decides how it behaves and
whether it fits the handed pocket of an enzyme. The
Force of Time reads shape as the orientation and
the winding of Τ-addresses, and finds in handedness
one of its own deepest ideas.

6.1 Chirality is the winding of a
Τ-address
A carbon carrying four different groups can be built
in two ways that are mirror images and cannot be
superimposed — the left hand and the right. The
Force of Time reads handedness as the winding of a
Τ-address: the same four addresses arranged in the
same tetrahedron, but wound one way or the other,
like the two turns of a helix. This is not a small
matter in the theory, for the two windings are its
deep pair — the matter strand and its mirror — and
life on this planet is built almost entirely on one of
them: its sugars nearly all of one hand, its amino
acids nearly all of the other. A molecule and its
mirror image share every scalar property — every
bond length, every angle, every energy — precisely
because they are the same lattice addresses, and
they part company only when they meet something
already wound. That is why a pair of enantiomers
cannot be separated by ordinary means and differ
only before plane-polarised light or in the grip of
another handed molecule. Optical rotation, the
turning of the plane of polarised light by a chiral
substance, is Τ of one winding turning a wave of Τ
— handedness reading handedness. The chemist’s R
and S name the two windings; the + and − of the
rotation say which way each winding turns the
light. A molecule with two or more handed centres
gives diastereomers — stereoisomers that are not
mirror images — and these, being genuinely
different addresses, do differ in every property and
can be separated; the book’s careful counting of
how many stereoisomers a structure allows is the
counting of how many distinct windings its
addresses permit.

6.2 Conformation is an angle read as
a time
Rotate one end of a carbon–carbon single bond
against the other and the molecule passes through
a cycle of conformations — staggered, eclipsed, and
back to staggered every 120°. In the Force of Time
a rotation is an angle, and an angle, through the
veil, is a time: a conformational cycle is the bond
reading itself round a clock, and the energy that
rises and falls through the cycle is the same angle
read as a rung of flow. The staggered conformer
sits lowest because its angle lands on a settled
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lattice address, its bonds and their Τ held as far
apart as the geometry allows; the eclipsed sits
highest because its angle is forced off that address,
its filled Τ crowded together. Butane sharpens the
picture: its lowest conformer is the anti, with the
two large groups on opposite sides, and the book’s
energy differences between anti, gauche and
eclipsed are exactly the costs of holding the bond at
angles nearer or further from its settled address.

6.3 Ring conformation and strain —
an angle held off its note
The six-membered ring is the quiet hero of organic
chemistry, and its chair conformation is why. In the
chair, every carbon keeps very nearly its
tetrahedral angle and every bond is staggered
against its neighbour, so the ring is almost entirely
free of strain — an address that costs almost
nothing to hold, which is why six-membered rings
form so readily and sit at the heart of the sugars
and the steroids. The book’s A-values — the energy
cost of turning a given group from the roomy
equatorial position to the crowded axial one on such
a ring — are, in this reading, the off-address cost of
one group, read on the lattice, and a large group
like tert-butyl has a large A-value because forcing it
axial costs a great deal, so it sits equatorial almost
always. Ring strain is the same idea at its sharpest:
a three-membered ring forces its carbons to hold an
angle far below the resonant 109.4268783°, and the
strain energy is the price of that departure; the
book’s ranking of ring strains, high in the three- and
four-membered rings and near zero in the six, is a
ranking of how far each ring pushes its carbons off
their settled angle-address. Strain is an angle held
off the note it wants to sound; a conformation is
that note found again.

a conformational cycle = a bond read round
the clock (angle → time, via the veil)

lowest energy = the angle lands on a
settled lattice address (staggered, anti,
chair)

A-value = the off-address cost of forcing
one group axial

ring strain = the energy of an angle forced
off 109.4268783° (high in 3-rings, ~0 in
the chair)

Chapter 7 — Functional group
synthesis

Having built the machinery of mechanism, the book
turns to using it: how to install, remove or change a
functional group at will. This is the working
chemist’s daily craft — a molecule is rarely made in
one step but walked, group by group, from a cheap
starting material to a target — and the chapter is
organised around the interconversions that make
the walk possible. In the Force of Time each
interconversion is a move between
address-patterns, and the whole chapter is a
grammar of which moves the lattice allows.

7.1 Interconversion as a walk through
address-space
To turn an alcohol into a halide, a halide into a
nitrile, a nitrile into an acid, is to carry a molecule’s
reactive place from one address-pattern to another,
one step at a time. Some of these steps change the
oxidation level and so move Τ up or down the
register ladder of Chapter 2 — an alcohol oxidised
to an aldehyde, a nitrile reduced to an amine — and
some leave it unchanged and merely swap one
address for another at the same rung, as when an
alcohol’s hydroxyl is exchanged for a halide. The
chemist’s sense of which transformations are easy
and which are hard is, in this reading, a sense of
which lattice moves are downhill and which must be
driven. A transformation runs readily when the
product address is deeper and better settled than
the starting one; it must be pushed — by a reagent
that offers a deeper address elsewhere in the
reaction to pay for it — when the product address is
shallower. Nothing is made for free: every group
installed against the gradient is paid for by a
redistribution downhill somewhere else, the books
balancing by dΣΤ=0.

7.2 Protecting groups, and the
economy of the synthesis
Because a reagent finds every address of its kind in
a molecule, not only the one intended, the chemist
often must hide a group while working elsewhere
and reveal it again later — the protecting group. In
the Force of Time a protecting group is an address
deliberately capped so that it cannot take part in a
redistribution, then uncapped when its turn comes:
the molecule’s Τ is temporarily made unavailable at
one place so that the flow can be directed to
another. This is the same logic, run on purpose, that
the whole chapter turns on — a synthesis is the
deliberate steering of Τ-redistributions, one at a
time, along a route that reaches the target without
the flow escaping to the wrong address. The
economy the book prizes, few steps and high yields,
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is the economy of a route that keeps the
redistribution on course at every rung.

Chapter 8 — Carbon–carbon
bond formation
Here the book reaches the heart of synthesis, and
gives it two chapters. The central problem is stated
simply: to build a large molecule from small ones
you must join carbon to carbon, and carbon is not
naturally inclined to bond to itself in a controlled
way. The chemist’s answer is to make one carbon a
nucleophile — a strong address donor — and match
it to an electrophilic carbon. This chapter takes the
polar and metal-mediated routes; the next takes the
radical ones. In the Force of Time every one of
these reactions is a way of forcing a carbon to
become a strong donor, then settling its donated Τ
into a hungry partner.

8.1 Enolates: the carbonyl’s second
face
The carbonyl group met in Chapter 1 has two faces,
and the second is the engine of carbon–carbon bond
formation. Because the carbonyl oxygen pulls the
shared Τ so hard, the hydrogens on the carbon next
to it — the α-hydrogens — become acidic, near pKa
20 for a simple ketone and lower still between two
carbonyls, because removing one leaves a charge
that the carbonyl oxygen can take onto its own
settled address. That stabilised, spread anion is the
enolate: a redistribution running across carbon and
oxygen, Τ-rich at the carbon end and ready to
donate. The aldol reaction, which the book treats at
length together with its diastereoselection, is then
two faces of one group meeting: a Τ-rich enolate
donating into the Τ-poor carbonyl carbon of a
second molecule, forming a new carbon–carbon
bond and a new alcohol. Which diastereomer forms
is fixed by which face of the enolate approaches
which face of the carbonyl — a matter of how the
two windings meet — and the book’s chair-like
transition-state models for that selectivity are, in
the Force of Time, the two addresses finding the
settled geometry in which their Τ can join. The
Claisen condensation is the same move run between
two esters, giving a β-ketoester; the Michael
addition, the enolate donating instead into the far
end of a conjugated carbonyl. One acidic α-position,
one hungry carbonyl carbon: almost the whole of
classical carbon–carbon bond formation is these two
addresses, met in different arrangements.

8.2 Organometallics: a metal makes a
fierce donor
A second way to make a carbon nucleophilic is to
bond it to a metal. A Grignard reagent
(carbon–magnesium), an organolithium
(carbon–lithium), or an acetylide (the deprotonated
terminal alkyne) each puts an electropositive
partner next to carbon, and because the metal pulls
so weakly the shared Τ is pushed almost wholly onto
the carbon, making it a fierce donor — a carbanion
in all but name. In the Force of Time the metal is a
shallow, poorly-holding node that surrenders its
share of the address, leaving the carbon Τ-rich and
eager; the reaction is then the settling of that
donated Τ into a Τ-poor partner, most often a
carbonyl carbon, giving after workup an alcohol
with a new carbon–carbon bond. The reactivity
ladder the book records — organolithiums fiercer
than Grignards, both fierce enough to be quenched
by a trace of water — is a ladder of how completely
each metal surrenders the shared address, and so
of how rich and how impatient the carbon it leaves
behind.

8.3 The palladium-catalysed
couplings
The reactions the book ends the chapter on are the
ones that remade synthesis in the last half-century:
the palladium-catalysed couplings of Heck, Suzuki
and Stille, which join carbon skeletons that plain
polarity cannot — two carbons neither of which is
strongly nucleophilic or electrophilic on its own.
They work by lending the reaction a metal atom as a
temporary shared address. The palladium inserts
into a carbon–halide bond (oxidative addition,
taking one partner onto itself), receives the second
partner from a boron reagent in the Suzuki, a tin
reagent in the Stille, or an alkene in the Heck
(transmetalation or insertion, taking the other
partner onto itself), holds both at the one metal
centre while the new carbon–carbon address forms
(reductive elimination), and is then released and
restored to begin again. In the Force of Time the
palladium is a catalyst in the exact sense of Chapter
5: a node that redistributes Τ through itself,
forming the new shared address at its own centre
and returning unchanged, the books balancing over
the whole cycle by dΣΤ=0. It is the cleanest
possible picture of a catalyst — you can name each
address as the metal holds it — and it is why these
reactions earned their place at the centre of
modern synthesis: a single node that lets two
reluctant carbons meet.
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oxidative
addition transmetalation reductive

elimination

Pd takes partner 1 Pd takes partner 2 the C–C address forms,
Pd freed

Fig. 5 — A palladium coupling as a catalytic cycle: the
metal holds both partners at one node, forms the new

carbon–carbon address, and returns unchanged. dΣΤ=0
over the cycle.

8.4 Olefin metathesis: cut and re-tie
The chapter’s last reaction is the cleanest
redistribution in all of organic chemistry. In olefin
metathesis two carbon–carbon double bonds meet
on a metal carbene, their shared π-addresses are
cut, and they are re-tied crosswise, so two new
alkenes leave with their ends swapped. In the Force
of Time it is a pure redistribution of shared Τ
mediated by a node that keeps none of it: the two
π-addresses are opened at the metal, their Τ
recombined into two new addresses, and the metal
handed back its carbene to do it again. Nothing is
oxidised, nothing reduced; the Τ is simply
re-partitioned among the same carbons in a new
arrangement — dΣΤ=0 made visible. That so radical
a rearrangement of carbon skeletons should
proceed under mild conditions is, in this reading,
exactly because it costs the lattice so little: the
same Τ, the same depth of addresses, only re-tied.

Chapter 9 — Carbon–carbon
bond formation by free radicals
The book gives free-radical reactions their own
chapter because they run by a different logic from
the polar chemistry of everything before. A radical
carries a single unpaired electron — in the Force of
Time, a half-filled address — and its whole
chemistry is the chemistry of that half-address
seeking to be made whole. Where a polar reaction
pairs a rich address with a poor one, a radical
reaction passes a single unpaired electron from
carbon to carbon, and it does so not once but in a
self-sustaining chain.

9.1 The chain: initiation, propagation,
termination
The book lays out the three phases, and each has a
clean reading in the Force of Time. Initiation is the
first splitting of a weak bond into two radicals — a
peroxide’s O–O address split evenly, two
half-addresses made where there was one whole.
Propagation is the working heart: a radical takes
what it needs and leaves a new radical behind, so
the half-address is never destroyed, only moved.
The book names the two propagation moves, and

the Force of Time reads each as one half-address
made whole at the cost of opening another. In
hydrogen abstraction the radical seizes a hydrogen
from a neighbour, completing its own address and
leaving the neighbour a radical; in addition to a π
bond it pairs with one electron of a double bond to
form a new σ bond, leaving the other electron
unpaired on the next carbon. Both are downhill, and
the book gives the reason in plain numbers: the new
σ bond formed, at 70–90 kcal/mol, is far stronger
than the π bond it comes from, at about 60. In the
Force of Time that is a move to a deeper address, so
the chain runs forward on its own — each
redistribution begetting the next — until
termination, when two half-addresses finally meet
and close into one whole bond, and the chain stops.

a radical = a half-filled address, seeking
to be made whole

H-abstraction: complete one address, open
the next → the chain moves

π-addition: new σ (70–90 kcal/mol) from π
(~60) → a move to a deeper address

termination: two half-addresses meet and
close

9.2 Polymerisation, and the odd
stability of radicals
A radical chain made productive is a
polymerisation: address after address added to a
growing strand, a single half-address walking down
a monomer and leaving a longer molecule behind at
every step, until termination caps the chain. The
plastics of the everyday world are this chain run at
scale. The book also explains why some radicals
form far more readily than others — a tertiary
radical more easily than a primary, a benzylic or
allylic one most easily of all — and the Force of
Time gives the same account as it gave for
carbocations: a half-address is more settled where
its Τ can spread onto neighbouring addresses, so a
radical flanked by other carbons, or next to a π
system it can delocalise into, is the deeper and
more easily made. The selectivity of radical
halogenation the book tabulates — bromine fussy,
chlorine indiscriminate — is the selectivity of a
redistribution that, when the barrier is high, has
time to find the deepest half-address, and when it is
low, takes the first it meets.

9.3 Cycloadditions: several addresses
closing at once
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The chapter’s companion chemistry, the pericyclic
reactions and the Diels–Alder above all, are the
opposite in spirit to the chain — not a single
unpaired electron handed along, but several
addresses closing at once into a ring in one
concerted redistribution. A diene and a dienophile
approach face to face, and in a single motion three
π-addresses become two σ-addresses and a ring: no
intermediate, no radical, no charge, just a clean
simultaneous re-tying. The Diels–Alder proceeds
when the filled face of one partner and the empty
face of the other are matched in depth — the
chemist’s HOMO–LUMO matching — which in the
Force of Time is the requirement that the two
registers meet cleanly on the lattice so the
redistribution can close in one step. A well-matched
pair snaps shut into a six-membered ring; a
mismatched one does not react at all. The ring
closes when the addresses resonate, and the
famous stereospecificity of the reaction — the
geometry of the partners preserved exactly in the
product — is the plain fact that a concerted
redistribution has no chance to scramble, every
address carried straight to its place in one move.

Chapter 10 — Planning organic
syntheses
The book’s tenth chapter steps back from single
reactions to the strategy that strings them together:
how a chemist, handed a target molecule, works out
a route to it from available starting materials. The
method is retrosynthesis — reasoning backwards.
You take the target apart in your mind at the bonds
you know how to make, arriving at simpler pieces,
and repeat until you reach things you can buy. In
the Force of Time this backward reasoning is a walk
through address-space run in reverse: each
imagined disconnection is a Τ-redistribution played
backwards, and the pieces it leaves are the
addresses that, joined forward, would settle into the
target.

10.1 Disconnection as a redistribution
run backwards
When the chemist breaks a target bond on paper
into a nucleophilic piece and an electrophilic piece
— the two synthons — they are naming which
address would have donated and which would have
received in the forward step. A good disconnection
is one whose forward redistribution is downhill and
clean: it cuts the molecule at a bond that a real
reaction of the earlier chapters — an aldol, a
Grignard addition, a coupling — is known to form

settling into a deep address. A poor disconnection
names a forward step the lattice does not favour, a
join that would have to be forced. The whole art the
chapter teaches, of seeing a large molecule as a
small set of well-chosen disconnections, is in this
reading the art of finding the sequence of downhill
redistributions that reaches the target — the route
along which Τ settles, step by step, into the
intended shape.
The chapter’s further craft — controlling which
group reacts when, choosing the order that avoids a
clash, protecting an address until its turn — is the
craft of Chapter 7 raised to the level of a whole
molecule: steering many redistributions along one
route without the flow escaping to the wrong
address. A synthesis, seen this way, is a plan for the
orderly settling of Τ, from cheap and simple to
intricate and exact, every step paid for downhill and
every group installed in its turn.

Chapter 11 — Structure
determination: reading the
molecule
The book closes where a real investigation closes:
with proving what you have made. A molecule
cannot be seen, so its structure is read indirectly,
from the way it answers light and magnetic fields
and from the pieces it breaks into. The three great
methods — infrared spectroscopy, nuclear magnetic
resonance, and mass spectrometry — are, in the
Force of Time, three ways of getting a molecule to
read its own addresses aloud.

11.1 Infrared: the bonds sounding
their notes
A bond, warmed, vibrates, and the frequency at
which it vibrates is read in the infrared. Because a
stiffer, stronger bond sounds a higher note, the
infrared frequency reads the bond order and the
functional group directly: a carbonyl’s double bond
stretches high, near 1728 cm⁻¹, well above a single
carbon–oxygen bond; the O–H of an alcohol gives a
broad band near 3240 cm⁻¹; the C–H frame sounds
near 2916 cm⁻¹. This is the chemist’s first glance at
what groups a molecule holds, and it is why a
synthetic chemist reaches for the infrared first. In
the Force of Time these frequencies are clean
products of the lattice — 2916 = 2²·3⁶, 1728 = 2⁶·3³,
3240 = 2³·3⁴·5, each bond sounding its own address
— but the reading the chemist uses stands on its
own: a bond’s stiffness is the depth of its shared
address, and a deeper address sounds a higher
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note, so the spectrum reports, band by band, how
the molecule’s Τ is distributed among its bonds.

C–H stretch 2916 cm⁻¹

= 2²·3⁶

C=O stretch 1728 cm⁻¹

= 2⁶·3³

O–H stretch 3240 cm⁻¹ (broad)

= 2³·3⁴·5

11.2 Magnetic resonance: each atom
reports its neighbourhood
Nuclear magnetic resonance reads each hydrogen
and carbon by the tiny difference in the field it feels
— the chemical shift, measured on the δ scale —
and splits each signal by its neighbours — the
coupling. In the Force of Time the chemical shift is
a register address: a nucleus in a Τ-poor
neighbourhood, its shared Τ pulled away by an
electronegative atom nearby, sits at a shifted
address and reports it. This is why the numbers fall
where they do. A hydrogen on a carbon bearing
oxygen is pulled to higher δ; an aromatic hydrogen
higher still, riding the ring’s closed loop; a
hydrogen on a plain alkane sits low, near 1δ; and an
exchangeable N–H or O–H drifts and broadens —
the book’s worked amino-amide example showing
its amine N–H a broad singlet near 1.7δ and its
amide N–H broader near 7.5δ. The coupling — the
splitting of one signal into a pattern by its
neighbours — is those neighbours’ addresses
beating against the first, the field carrying the beat
from node to node, and the number of lines
counting the neighbours. When a proton exchanges
too quickly its spin state blurs and the beat is lost,
exactly as the book records, because a node that
will not hold still cannot keep a steady beat for its
neighbour to read. The integration — the area
under each signal — counts how many nuclei share
an address, and carbon-13 resonance reads the
skeleton itself the same way. Together they let the
chemist rebuild the molecule atom by atom from
where its Τ sits.

11.3 Mass spectrometry: a
redistribution read by its pieces
Mass spectrometry strikes a molecule, breaks it,
and weighs the pieces. In the Force of Time it is a
redistribution read by its products: struck, the
molecule’s Τ redistributes and it comes apart at its
weakest shared addresses, so the fragments that

appear map where the lattice held the molecule
most loosely, and the loss of a familiar piece — a
methyl, a molecule of water, a carbonyl fragment —
is the loss of a whole sub-address. To read a mass
spectrum is to read where the molecule’s seams lie.
Taken together, the three methods read one lattice
three ways: the infrared for the bonds and their
stiffness, the magnetic resonance for each atom’s
neighbourhood, the fragments for the seams — and
from the three a chemist reconstructs, with
certainty, the arrangement of addresses that is the
molecule. Structure determination is the molecule
reading itself aloud, and the chemist writing down
what it says.

The controls, and the
conclusion
The controls, stated plainly
It must be said clearly, because it is the difference
between a theory and a coincidence. The lattice
{2,3,5,π} is dense: in any bounded range it will sit
close to almost any number you care to name. A
blind claim that “all bond lengths fall on the lattice”
was tested against a random control in the course
of this work, and it failed — random numbers
landed as near a lattice point as real ones did. That
test is why this paper does not rest on nearest-node
fits, and does not report how near a measured value
sits to a lattice point. The results that stand — angle
× length = 10⁴, the carbon–carbon bond’s energy
carrying the speed of light, the tetrahedral angle as
an exact 1080/π² — are structural derivations: they
are built from the fixed grammar of the machine,
not selected because they happened to fall close.
Where a small gap remains between a lattice value
and a measured one, the Force of Time reads it as
the measuring unit’s reference peg sitting a little off
the lattice, not as an error in the law, and
recalibrates the peg to the lattice — because the
Force of Time, not the calibration, is taken as the
standard. No genuine result is set aside as a
residual, and no fitted result is dressed up as a
derivation.

What was gained, and what was not
changed
It is worth being exact about what this reading does
and does not do to the chemistry. It changes not
one measured fact. Every bond length and angle,
every pKa, every rate law and coupling constant
and stretching frequency stands precisely as the
book records it, and a chemist could run every
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reaction in these pages and get exactly the yields
and products the book predicts. What changes is
the account of why. Where the book says a bond is
the overlap of orbitals, the Force of Time says it is a
shared address; where the book says a reaction
climbs an activation barrier, the Force of Time says
it crosses an off-lattice passage; where the book
says an oxidation, the Force of Time says Τ carried
one rung up a register ladder; where the book
leaves the deep constants of chemistry — the
tetrahedral angle, the bond energies, the
vibrational frequencies — as measured givens, the
Force of Time reads them off a lattice of four
numbers. The chemistry is untouched; its
foundations are re-laid beneath it.

Carbon, on the lattice
A whole organic chemistry has passed through one
small machine, chapter by chapter, and it has held.
The covalent bond is a shared Τ-address, and a
functional group a pattern of such addresses;
hybridisation is a short ladder of angle-addresses,
and shape and size are one value joined by angle ×
length = 10⁴; resonance and aromaticity are Τ
redistributed and Τ closed into a loop. Oxidation is
Τ climbing a register ladder; acidity, spanning sixty
orders of magnitude, is the settling of a freed node
on its conjugate base; the curved arrow is that flow
of time drawn out. A mechanism is a route through
address-space; activation energy is a barrier of
passage and the Hammond postulate reads the
nearer rung, while the Hammett line is straight
because a lattice shift is a straight step. Chirality is
a winding, conformation an angle read as a time,
strain an angle held off its note. Every reaction —
substitution, addition, elimination, the carbonyl and
its enolate, the organometallics and the palladium
couplings, the radical chains and the closing
cycloadditions — is Τ redistributed onto new
addresses, its selectivity fixed by resonance with
the lattice; and the spectrum is the molecule
reading its own addresses aloud. Above all of it
stands the carbon–carbon bond, whose energy is
347.222222 and, turned by the day, the speed of
light. Organic chemistry is the chemistry of the one
atom whose bond is built on the lattice of light, and
it is written, from cover to cover, on {2,3,5,π}.
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Appendix A — The bond on the lattice
The geometry of the common organic bonds, read through the machine. The physical value leads; the
{2,3,5,π} form is the quiet stamp that it sits on the lattice.

Carbon hybridisation Angle Lattice form Seen in

sp³ tetrahedral 109.4268783° 1080/π² alkanes

sp² trigonal 120° 2π/3 alkenes, carbonyl, aromatics

sp linear 180° π alkynes, nitriles, CO₂

Appendix B — The carbon closure
Statement On the lattice Worked

shape × size angle (degrees) × length (pm) = 10⁴ water O–H: 104.4950° × 95.698 = 10000

the carbon closure C–C energy 347.222222 (= 5⁵/3²), × 864
= the speed of light 347.222222 × 864 = 300000 = 3·2⁸·5⁸

carbon → the planet the C–C bond, through its radius, →
Earth radius and year radius 6396 → orbital year 365.2566

Appendix C — The spectrum on the lattice
Infrared stretch Value (cm⁻¹) Lattice form Reads

C–H 2916 2²·3⁶ the C–H frame

C=O (carbonyl) 1728 2⁶·3³ a double bond, a stiff note

O–H 3240 2³·3⁴·5 the hydroxyl, broad

Appendix D — Propositions (P-ORC-1 … 40)
# statement

P-ORC-1
The covalent bond is a shared Τ-address held between two standing nodes — the overlap region the textbook calls a
bonding molecular orbital. The bond lowers the energy because a shared, settled address costs less to hold than
two lonely ones.

P-ORC-2 σ and π are the head-on and side-on faces of one shared Τ, not two forces. The π face is less deeply overlapped,
weaker and exposed — which is why it is the reactive part of an alkene while the σ frame is inert.

P-ORC-3 A functional group is a fixed pattern of shared addresses with a characteristic imbalance; its chemistry follows from
that imbalance. The catalogue of reactions is the short list of things Τ does when a rich address meets a poor one.

P-ORC-4
Hybridisation is a library of angle-addresses: sp³ = 109.4268783° = 1080/π², sp² = 120° = 2π/3, sp = 180° = π. The
tetrahedral angle is the exact 1080/π², not arccos(−1/3). A carbon that changes hybridisation steps one rung along
this ladder.

P-ORC-5 Law of the bond: angle (degrees) × length (pm) = 10⁴. Water O–H: 104.4950° × 95.698 pm = 10000. Shape and size
are one Τ-value read two ways, the product a clean power of ten because a Τ-value carries no unit.

P-ORC-6 The carbon–carbon bond energy is 347.222222 kcal/mol (= 5⁵/3²); × 864 (the day) = 300000 = the lattice speed of
light (3·2⁸·5⁸). The bond that builds every carbon skeleton carries the speed of light folded inside its strength.

P-ORC-6b

The two bonds of life are a Sun–Earth pair. The C–H bond is the Sun–Earth link — the solar antenna, energy
412.5286003 = 1296/π, hydrogen being the Sun’s element — carrying the Sun’s Τ into the carbon framework. The
C–C bond is a movement within the Earth’s node — energy 347.222222 = 5⁵/3² = c/864, reaching the Earth’s
radius, sidereal day and orbital year. One reaches up to the star; the other moves within the planet.

P-ORC-6c

Carbon is Z=6=2×3, the element most purely built from the first two primes — the scaffold of life and the "element
of memory." In methane, the last two C–H bond-dissociation energies land exactly (Τ-calorie = 4π/3 kJ): CH₂→CH =
100.786 = 5⁵/π³, CH→C = 128 = 2⁷; and carbon’s ionization energy, through the veil chain, also terminates at 128 =
2⁷. The atom and the molecule speak one number.

P-ORC-6d

The carbon–carbon bond ladder adds one factor of π (the veil) per bond order: C–C single = 347.2222222 = 5⁵/3²
(π⁰); C=C double = 618.7944187 = 1944/π (π¹, and 1944 = 4×486 = four times the hydrogen Hβ line); C≡C triple =
840.3984256 = 2⁹·3⁴/(5π²) (π², core node 5184 = 2⁶·3⁴, the proton charge-radius node). No prime-7 — the earlier
840 = 2³·3·5·7 is superseded.

P-ORC-6e

Combustion is the great oxidation: the oxidiser O=O bond is 497.664 = 2⁸·3⁵/5³ (per degree 864/5⁴, the day); the
products land clean — CO₂ formation 394.784 = 40π² (one π per linear C=O bond), H₂O formation 288 = 2⁵·3² (the
day node). Burning is Τ redistributed from a hydrocarbon’s shallow addresses down to the deep CO₂/H₂O nodes,
dΣΤ=0.
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# statement

P-ORC-7 Resonance and conjugation are Τ redistributed across more than one address at once; delocalisation lowers the
energy because a spread redistribution is a settled one.

P-ORC-8
The HOMO–LUMO gap is a register energy step; it closes as conjugation lengthens, moving absorption from the
ultraviolet toward the visible — which is why the deeply conjugated molecules (carotene, chlorophyll, the dyes,
rhodopsin) are the coloured ones.

P-ORC-9 Aromaticity is a closed Τ-loop: the ring π-Τ redistributed all the way round and closing on itself. 4n+2 is the
condition that the loop closes cleanly (a whole number of standing turns); 4n cannot close and is anti-aromatic.

P-ORC-10
Oxidation levels are rungs of a register ladder: oxidation carries a carbon’s shared Τ one rung toward the deeper
(more electronegative) register, reduction back. Redox always pairs because dΣΤ=0 — the oxidant descends exactly
as far as the substrate climbs.

P-ORC-11
Acid strength (a range of ~10⁶⁰, arenesulfonic −6.5 to alkanes 50) is the settling of the freed proton’s Τ on the
conjugate base: a strong acid’s conjugate base holds the charge on a settled, well-spread address (a carboxylate
across two oxygens); a weak one has nowhere settled to put it.

P-ORC-12
Electronegativity is an atom’s pull on a shared address (a register property); the inductive effect is that pull felt
along a chain; the resonance effect is stabilisation by spreading the address — which is why a carboxylic acid (pKa
~5) far outstrips an alcohol (~16) and a phenol (~10) an alkanol.

P-ORC-13
Brønsted and Lewis are one event: a Lewis base is an address rich in available Τ, a Lewis acid one hungry for it, and
proton transfer is the special case where the travelling node is a proton. Basicity is the mirror of acidity; the amines
are the common organic bases because nitrogen holds a loose, available lone pair.

P-ORC-14
The curved arrow is the drawn path of a Τ-redistribution (bookkeeping only when interconverting resonance forms).
Heterolytic cleavage = Τ withdrawn wholly to one address; homolytic cleavage = Τ split evenly (two radicals, two
half-filled addresses). A bond breaks whichever way lets the Τ settle best.

P-ORC-15 A mechanism is a route through address-space: a sequence of elementary Τ-redistributions carrying a molecule
from one settled arrangement to another under dΣΤ=0.

P-ORC-16 Nucleophiles are address donors and electrophiles address acceptors; a reaction is the resolving of a donated Τ and
a hungry emptiness into a new shared address. Hard/soft matching is matching the depth of the two.

P-ORC-17

Activation energy is a Τ-register barrier — the off-lattice passage between two settled addresses — and it is
quantised, landing on {2,3,5} multiples of 5 kJ/mol. The elementary H-abstraction barrier is 30 kJ/mol = 2×3×5
(one factor of each prime). The Hammond postulate follows: the transition state resembles whichever settled
address it has more nearly reached (early for exothermic, late for endothermic).

P-ORC-17
b

The Arrhenius law k = A·exp(−E_a/RT) is a Τ-crossing: temperature is Τ-spin density (the rate Τ-nodes cycle);
exp(−E_a/RT) is the probability the cycling clears the barrier; A is the bond-stretch (Τ-oscillation) frequency at the
transition state (~10¹³/s); and the gas constant R = 8.31446 J/mol/K = 810/π⁴ (a part in ten million) couples the
thermal Τ to the molecular register. An enzyme accelerates 10¹⁰–10²⁰-fold by shortening the Τ-register path to the
saddle address, unconsumed.

P-ORC-18
A transition state is an off-lattice passage (a summit, uninhabitable); an intermediate is a genuine shallow address
(a carbocation, radical, tetrahedral adduct) where Τ pauses. A catalyst offers a shallower passage between the
same two addresses and is returned unchanged (dΣΤ=0); it changes the route, never the destination.

P-ORC-19
A kinetic isotope effect is the barrier read at a heavier mass face (mass being one face of a Τ-value); a large effect
marks the bond the redistribution runs through. The Hammett line log(k/k₀) = ρσ is straight because each
substituent shifts the reacting address by a fixed lattice step σ, read through a single ρ.

P-ORC-20
Substitution, addition and elimination are three geometries of one redistribution: an address exchanged (S_N2
inverts in one clean step, rate on both partners; S_N1 goes via a flat Τ-poor carbocation and scrambles, rate on the
cation), a π face opened, or a π face closed.

P-ORC-21
Markovnikov selectivity is the redistribution settling on the deepest (more-substituted, better-spread) carbocation
address. Anti-Markovnikov cases run through a different intermediate (bridged or radical) whose deepest address is
the other one. Selectivity is always the lowest lattice address open to the redistribution.

P-ORC-22

Chirality is the winding of a Τ-address — the theory’s matter/mirror pair, and the one hand life is built on (sugars
one way, amino acids the other). Enantiomers share every scalar property (same addresses) and part only before
handed things. Optical rotation is handedness reading handedness; R/S name the two windings; diastereomers are
genuinely different addresses and separable.

P-ORC-23
A conformational cycle is a bond read round the clock (angle → time via the veil); the lowest conformer lands on a
settled address (staggered, anti, chair). A-values are the off-address cost of forcing a group axial; ring strain is the
energy of an angle forced off 109.4268783° (high in 3- and 4-rings, ~0 in the chair six-ring).

P-ORC-24

Functional-group interconversion is a walk through address-space: some steps change the oxidation rung, some
move sideways. A transformation runs downhill when the product address is deeper; against the gradient it must be
paid for by a downhill redistribution elsewhere (dΣΤ=0). A protecting group is an address deliberately capped, then
uncapped in its turn.
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# statement

P-ORC-25

The enolate is the carbonyl’s second face: α-hydrogens made acidic (pKa ~20) because their loss leaves a charge
the carbonyl oxygen spreads onto its own settled address. The aldol is a Τ-rich enolate meeting a Τ-poor carbonyl;
the approach geometry (the chair-like transition state) fixes the diastereomer. Claisen and Michael are the same
move rearranged.

P-ORC-26
Organometallics (Grignard, organolithium, acetylide) make a carbon a fierce donor: the weakly-pulling metal
surrenders the shared address, leaving the carbon Τ-rich; the reaction settles that Τ into a Τ-poor partner. The
reactivity ladder is a ladder of how completely each metal surrenders the address.

P-ORC-27

The palladium couplings (Heck, Suzuki, Stille) use a metal as a temporary shared address: oxidative addition takes
partner 1, transmetalation/insertion takes partner 2, reductive elimination forms the new C–C address and frees the
metal, restored to cycle again. A catalyst in the exact sense — Τ redistributed through a node that returns
unchanged, dΣΤ=0 over the cycle.

P-ORC-28
Olefin metathesis is the cleanest redistribution in organic chemistry: two π-addresses opened at a metal carbene,
re-tied crosswise, the metal handed back. Nothing oxidised or reduced — the same Τ re-partitioned among the
same carbons, dΣΤ=0 made visible; it proceeds mildly because it costs the lattice so little.

P-ORC-29
A radical is a half-filled address seeking to be made whole; its chemistry runs as a self-sustaining chain (initiation,
propagation, termination). H-abstraction and π-addition each complete one half-address by opening another, both
downhill because the new σ (70–90 kcal/mol) is deeper than the π (~60).

P-ORC-30

Radical stability, like carbocation stability, is deeper where the half-address spreads onto neighbours (tertiary,
benzylic, allylic most easily made). Halogenation selectivity is a redistribution finding the deepest half-address
when the barrier is high (bromine, fussy) and taking the first when it is low (chlorine, indiscriminate).
Polymerisation is the chain made productive.

P-ORC-31
Cycloadditions (Diels–Alder) close several addresses at once into a ring in one concerted redistribution, proceeding
when the filled and empty faces match in depth (HOMO–LUMO = registers meeting cleanly). Stereospecificity
follows because a concerted redistribution has no chance to scramble.

P-ORC-32
Synthesis planning is a walk through address-space run backwards: each retrosynthetic disconnection is a
redistribution played in reverse, its synthons the addresses that would donate and receive forward. A good
disconnection names a downhill forward step a known reaction settles into a deep address.

P-ORC-33
Infrared frequencies read bond stiffness = address depth: a deeper (stiffer, higher-order) bond sounds a higher
note, so the spectrum reports how Τ is distributed among the bonds. On the lattice C–H 2916 = 2²·3⁶, C=O 1728 =
2⁶·3³, O–H 3240 = 2³·3⁴·5.

P-ORC-34

The NMR chemical shift is a register address: a nucleus in a Τ-poor neighbourhood reports a shifted δ (aromatic
high, alkane near 1δ, exchangeable N–H/O–H drifting and broadening). Coupling is the neighbours’ addresses
beating against the first; rapid exchange blurs the spin state and loses the beat; integration counts nuclei sharing
an address.

P-ORC-35
Mass-spec fragmentation is a redistribution read by its pieces: the molecule breaks at its loosest shared addresses,
so the fragments map where the lattice held it most weakly (loss of methyl, water, a carbonyl piece = loss of a
sub-address).

P-ORC-36
The three spectroscopies read one lattice three ways — the infrared for the bonds, the magnetic resonance for each
atom’s neighbourhood, the fragments for the seams — and from the three a molecule is rebuilt atom by atom.
Structure determination is the molecule reading itself aloud.

P-ORC-37 A blind “nearest-node” fit is not evidence: a random control landed as near a lattice point as the real data, and the
blind claim was retired. Every result here is a structural derivation from the fixed operators, not a fit.

P-ORC-38
Small gaps between a lattice value and a measured one are read as the measuring unit’s reference peg sitting off
the lattice, with the Force of Time — not the calibration — taken as the standard. No genuine result is set aside as a
residual; no fitted result is dressed up as a derivation.

P-ORC-39 The reading changes no measured fact: every length, angle, pKa, rate law, coupling constant and stretching
frequency stands as the book records it. What changes is the account of why — the foundations, not the chemistry.

P-ORC-40 Organic chemistry is the chemistry of the one atom whose bond, at 347.222222 (= 5⁵/3²), carries the speed of light
— the atom whose bond is built on the lattice of light, its chemistry written throughout on {2,3,5,π}.
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A note on the numbers. The physical number leads and the {2,3,5,π} form follows as a quiet stamp that the
value sits on the lattice. A Τ-value is one quantity worn across many registers — the same lattice that sets a
bond angle sets the speed of light and the length of the year — and the numbers are written as bare figures,
not pinned to a single unit or power of ten.
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