





























Dish putting a Stop to its Dissipation by prohibiting
the farther Expansion of the Film.

What Franklin could not understand in
the eighteenth century is easy to pic-
ture today. Suppose you have a little
pile of oil molecules on top of water.
Oil and water molecules don’t want
to mix. S0 we imagine the pile of
oil molecules tumbling down and
spreading out, and continuing to
spread until it’s a monolayer.

Yet more must be said. Franklin
knew that oil and water don’t
mix, and even considered matter
to be composed of corpuscles.
That was Newton’s view in his
Opticks, which exemplified for
Franklin how to pursue experimen-
tal science. Why didn’t Franklin sup-
pose that oil corpuscles would spread =
out to form a cheek-by-jowl monolay- %
er? Tanford suggests it’s because the no- %
tion of corpuscles precluded recognizing a
key property of molecules.

When Newton spoke of corpuscles, he imag-
ined that they were the smallest indivisible
units of matter, like the atoms of the ancient
Greeks. But if corpuscles were indeed the
smallest unit, they would all have exactly the
same properties. That’s why Franklin, who
knew that like repels like, thought in terms of the mutual repul-
sion of oil corpuscles. The repulsion might spread them far
apart, so there need be no relation between the corpuscules’ size
and their spacing in the oil film. i
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Franklin could have obtained
the first fairly good estimates
of molecular size and mass,
had he not lacked
an elementary
molecular concept.

Molecules, as we now know, can have parts with very differ-
ent properties, especially if they are big molecules—just as in
human chemistry, large organizations often have antagonistic
parts. In this case, one end of the olive-oil molecule loves
water, but the other end hates it. This produces a monomolec-
ular film, since the oil spreads until the water-loving ends are
all submerged, while the water-hating hydrocarbon ends snug-
gle together, cheek-by-jowl.

If the molecules in the film form a cheek-by-jowl layer, one
molecule thick, Franklin’s experiment provides an extremely
simple way to determine the size of a molecule and even its
mass. He tossed on the pond a volume of one teaspoonful of

Agnes Pockels’s kitchen
science would have
delighted Franklin.

oil (about 2 cubic centimeters—eighteenth-centu-
ry teaspoons were smaller than ours) and esti-
mated it spread over an area of half an acre

(about 20,000,000 square centimeters).
The ratio of volume to area gives the
thickness of the film (roughly a hun-
dred billionths of a centimeter). How
small is that? I like Victor Weiss-
kopf’s favorite comparison: the

width of a typical molecule is

about one ten-thousandth of the
thickness of a human hair. Anoth-
er vivid answer was favored by

John Strutt, Lord Rayleigh: the

size of a molecule compares with

the width of your thumbnail
about as one-third of a second
compares to a year. From the
molecule’s size we can estimate its
volume; then the known density of
the oil allows us to determine approxi-
mately the molecular mass. Franklin
could have obtained the first fairly good
estimates of molecular size and mass more
than a century before anyone else, had he not
lacked an elementary molecular concept. Ele-
mentary it seems now, but not so in historical
context.

In fact, in 1890, Lord Rayleigh got the first
quantitative estimates of the size and mass of
a molecule from a scaled-down version of
Franklin’s experiment. The story is an illuminating one about
both the continuity and the personality of science honorably
conducted.

Rayleigh used a tub of water about 6 feet long (perhaps his
Victorian bathtub) and repeatedly added oil drops to find out
what sized individual drop would spread to cover the whote
tub surface. He used little bits of camphor to tell how much of
the surface the oil covered. On a clean water surface, bits of
camphor will scoot around because camphor molecules dis-
solve somewhat in water, thereby causing the camphor bits to
recoil much like the exhaust spewing from a mini-rocket.
When oil covers the water, the camphor doesn’t dissolve any-
more, so the mini-rocket sits still.

Among other intriguing episodes traced by Tanford, we come
now to the one I suspect would have pleased Franklin most.
Soon after Rayleigh’s paper about molecular size came out, he
received a letter from a lady in Braunschweig, Germany,
named Agnes Pockels. She was a housewife with no formal sci-
entific education. For the past 10 years, as a hobby, she had
been doing experiments in her kitchen to study surface ten-
sion and wetting phenomena. On reading Rayleigh’s paper, she
realized that her experimental technique was much better than
his, and her insight at least comparable. So she wrote to tell
him about her work.

Essentially, her apparatus was a rectangular baking dish, with
a glass ruler across it. The ruler could be slid along to scrape
the water surface clean. Franklin had said that his experiment
wouldn’t work on a small scale because he found a little
smudge of grease from his finger was enough to contaminate
the whole surface. The scraper employed by Pockels swept
away that crucial difficulty, making it easy to clean the surface
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