The Say of
Things "AND PIERRE LASZLO*

IN SEARCH of a chemical conversation, we are on a farm in Uniow,
a little Ukrainian village in Austro-Hungarian Galicia, just before
the onset of World War L. In the farm yard we see a big, steaming,
lead-lined iron pot. The men have mixed some potash in it (no,
not the pure chemical with composition KOH from a chemical
supply company, but the real ash from burning good poplar) and
quicklime, to a thickness that an egg—plenty of eggs here, judg-
ing from the roaming chickens—floats on it.

Elsewhere in the yard, women are straining kitchen grease,
suet, pig bones, rancid butter, the poor parts skimmed off the
goose fat (the best of which had been set to cool, cracklings and
all). This mix doesn’t smell good; they would rather toss the
kitchen leavings and bones into the great iron pot, but the fat
must be free of meat, bones, and solids for the process to work.

They are making soap. Not that we had to go that far, near
where one of us was born, for soap was prepared in this way on
farms since medieval times well into this century. Fat was boiled
up with lye (what the potash and quicklime made). The reaction
was slow—days of heating and stirring until the lye was used up,
and a chicken feather would no longer dissolve in the brew. One
learned not to get the lye on one’s hands. The product of a sim-
ple chemical reaction was then left in the sun for a week, stirred
until a paste formed. Then it was shaped into blocks and set out
on wood to dry.

* Pierre Laszlo js grateful to the Chemistry Department at Cornell University for a
visiting professorship conducive to the writing of this article. We appreciate the help of
William Ashworth in supplying a crucial illustration, and the Hoffmann research group
for its assistance in computer matters.
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And inside the steaming pot, deep inside, where the fat and the
lye are reacting? Thereis the conversation we are after, a hellishly
animated molecular conversation. The lye that formed was an
alkaline mixture of KOH, Ca(OH), and NaOH. In the vat one
had hydroxide (OH") ions, and K+, Ca2+, Nat all surrounded in
dynamic array and disarray by water molecules. Contaminants
aside, the fat molecules are compounds called esters, in which an
organic base, glycerol, combines with three long-chain hydrocar-

bon chains. A typical chain is stearate:
O\
stearate = -/c —— (CHy);s— CH,

0

If we call just this ion R™, then the formula for a fat is roughly

H, R
HC——R
H,C—R

The reason we say “roughly” is that animal and vegetable fats
are not just made of the esters of stearic acid, but also of other
long chains containing fourteen to eighteen carbon atoms and
associated hydrogens. Hardly anything in this world is simple
(only political advertisements and the aesthetic prejudices of peo-
ple who believe that beautiful equations must be true), least of all
the products of evolution, which include fats and the human
beings who invented the craft of making soap without waiting for
professional chemists to tell them how to do it.

And what is soap? A typical soap is sodium (or potassium)
stearate, NaR, where R is the stearate group. The reaction in the
pot is:
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HC——R + 3NaOH —— 3NaR + HC—OH
Hzl'—'_ R Hzc —OH
fat lye soap glycerol

It’s a mad dance floor inside the pot. Some 1025 molecules of
fat are jiggling around in the viscous solution, moving much
quicker (if tortuously) than we may imagine. The molecules col-
lide with each other very frequently, as well as with the OH™, Nat,
K+, Ca2+ ions and waters. Once in a while a hydroxide nears one
of the three central carbon atoms of a fat molecule, the knock is
just right (men and women are not that different from molecules
as they think) and a C—OH bond forms, while the C—R bond
loosens. An R~ ion slides into the murk, picks up some surround-
ing waters, and is off onto the dance floor, picking up a positive
ion partner.

One of the authors [RH] has a fond remembrance of the closest
model he has seen for molecular collisions and reaction kinetics. It
was outside of Havana, an immense crowd densely dancing as the
greatest Cuban band of them all, Los Van Van, played “Muevete.”

Lye and fat talk, the triglyceride and hydroxide ions sing this
wild riff, entangling, reacting . . . in the dark of the deep, except
that sunlight comes in, and other energy in the form of heat,
more energy to be released when nearby bonds are productively
broken. The conversation becomes more heated, old bonds are
loosened, new ones formed.! Eventually, the conversation quiets,
and we have . . . soap.

Is this an excess of anthropomorphism? Molecules, even
though they respond to energy and collisions, do not talk.
Human beings do. What business do we have, really, to talk of a
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molecular conversation? Indulge us for a while, and we shall see.
Or hear.

Spin to Spin Talk

Scientists have instruments for eavesdropping on conversations
of an ensemble of molecules at the microscopic level. These are
totally factual chats, as when we book an airline ticket over the
phone and supply the clerk with a credit card number. One par-
ticular example is provided by nuclei (or electrons) of atoms
informing each other of their spin state.

Hydrogen nuclei, for instance, are allowed by the rules of quan-
tum mechanics two spin states, which are often called “up” and
“down,” but which, for convenience here, we shall term the blue
and the red. Such nuclei can be induced to put up either a blue
flag or a red flag (so to say) to signal to us their spin state. The
inducement is application of one magnetic field and tickling by
another.

Now imagine two such nuclei (call them A and B) not too far
from each other. There are four combinations of spins possible
(flags they can wave): (red A, red B), (blue A, red B), (red A, blue
B), and (blue A, blue B). If those nuclei are ignorant of each oth-
er’s presence, the four sets would have equal energy. But the
nuclear spins do feel each other, just a little, and with the help of
a strong magnet we can translate that feeling into a difference in
energy between those four sets, and eventually into lines in a so-
called spectrum. These lines speak to us, they tell us that there are
two nuclei there, sensitive to each other. And not three or five, for
those would give rise to a different number of peaks and plateaus.
Precious knowledge, and we have gotten it by tapping in, nonde-
structively, on an atomic conversation.

A version of the technique we have just described is used for
noninvasive mapping of the inner parts of the body. Once called
nuclear magnetic resonance (NMR), it got rechristened in the
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age of fear and advertising, ours, as magnetic resonance imaging
(MRI).

Spins talking to each other is a productive metaphor within the
chemical community. But is it just a metaphor? Real talk is
sequential, even if frequently overlapping. At what speed does
spin communication take place—is it instantaneous, or transmit-
ted at the speed of light? We don’t want to get into the fascinat-
ing, active field of decoherence and quantum locality, the ways in
which contemporary physicists have made Schrodinger’s cat
meow (Mermin, 1992). The only way the limited human intellect
has of getting a handle on what actually happens in microscopic
interactions is to divide the process into sequential steps. In a
sense, Cartesian analysis forces a conversation between spins to
take place.

There is still another kind of conversation between spins: elec-
trons have spin, just as some nuclei do. If there is an electron on
one carbon atom in a molecule with a spin of one type (say, a red
flag), then the physics works out so that on the carbon next to it
the spin of the electron on the average must be of the other type
(a blue flag). Red and blue don’t matter—you could switch them
here (the first could be blue, its neighbor then red). Alterity,
being the other, does matter.

Electrons, detected through their spins, are talking all the time.
Imagine a molecule with two metal atoms, as the copper acetate
drawn below:

|
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On each copper there is an odd electron. Do these two solitary
electrons know of each other? If they do, will they line up with
both red (blue) flags aligned (in the trade we call this a high-spin
or triplet configuration) or one red, one blue (low spin, singlet)?
It turns out that the latter is preferred, by just a little.

Enzymes often do their catalytic magic by shuttling an electron
from one part of the protein to another—say from the outside of
the protein, where an electron donor docks, to a metal ion in a
cleft where the enzyme’s appointed action takes place. We think
of the conversation between the sites—its speed, for instance.
How do these pieces of a large molecule talk to each other?
How—through space, through bonds? We tweak the molecules in
various ways, through transient perturbations of colored lights, or
magnets, and listen, with those marvelous spectroscopies we've
invented, to the chatter (peaks, valleys, more peaks) that
emerges. We recognize a molecule by its speech in the conversa-
tion we have with it.

T PoN'T BELIEVE
WEVE MET MPE....

— STRoMog|=| —

FIGURE 1. A drawing by Rick Stromoski, reproduced with permission.
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Maya-Spectra

In the Popol Vuh, the Council Book of the Quiché Maya,
Hunahpu and Xbalanque are the conquering and playful twin
heroes. And they are players of the Mesoamerican ballgame, in
which a rubber ball is hit with a yoke that rides on the hips. The
twins are challenged to a lethal ballgame by the twelve lords of
Xibalba, the death-dealing rulers of the underworld, who can be
vanquished by the utterance of their real names. The twins are up
to extracting those secret names, by stimulating a conversation
between the foul gods (Popol Vuh, 1986). This scenario has much
to do with the way spectroscopy gives chemists a way to listen in to
the language of molecules. An as yet unpublished poem [by RH]
tells the story:

The bright beam, sent caroming
off four mirrors of the optical
bench, into the monochromator,

penetrates, invisible but intent; like
the mosquito off on his spying
errand for Hunahpu and Xbalanque,

sly heavenly twins of the Popol
Vuh. For that light means to sting
too, inciting the electron clouds’

harmony with a ball, a wave,
to a state-to-state dance; while
the mosquito flies—in dark rain,

the sun yet unformed—down the Black
Road to Xibalba, bites the false
wooden idols, registering their blank
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of an answer, on to the first, who,
god-flesh-bit, cries out, jumps
and the next dark lord calls

“One Death, what is it, One Death?”
which in turn the mosquito records;
from the light is drawn energy,

like blood, leaving on a plotter
a limp signature of H bonded to C;
sampling down the row of heart-

reeking gods: Pus Master, Seven Death,
Bone Scepter, Bloody Claws. The row,
stung, name each other, as do

carbonyl, methyl, aldehyde, amine
prodded by the beam, caught in the end,
like the ball in Xbalanque’s yoke.

The losers are sacrificed, the twins win
and life is made clear by signals from within.

Personalization of Nature

The anthropomorphic turn is so natural when we speak of mol-
ecules. Why? Personalization of nature is like falling in love: our
mind endows the Other with a set of imagined qualities that build
on the observed, existing features. Scientists do refer often to
nature affectionately. They see it as a good friend, a little bit of a
tease on occasion, as someone to respect and certainly not to try
and assault, as some fancy us doing routinely!

“As someone to respect,” we wrote: this requires a little more
elaboration. We respect nature for a number of reasons. We like






