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Orr, Frims oy WATER
Irving Langmuir

It gives me great pleasure to be able, throvgh this radio
talk, to express to the Japanese people my appreciation of
their hospitality. The friendliness and sympathy with which
I have been received by all those [ have met in the few
days that I have been here, make me feel sure that I shall
carry home with me a lasting affection for the Japanese
people and an admiration for their remarkable attainments
and culture.

I shall gpeak to you of some simple scientific phenomena
that have interested me for years and which have contri-
buted to our knowledge of the chemical and physical pro-
perties of surfaces. ;

Everyone is familiar with the striking changes brought
about in the character of a surface of water by the presence
of a little soap in the water. The ease with which bubbles
can be formed is greatly increased. This can be seen by the
formation of soap suds, bnt particular y by the possibility
of blowing large soap-bubbles with their fine iridescent colors.

Let us try to analyze the reasons that such a profound
effect in altering the character of a water surface is produced
by soap and other substances. By so doing we shall arrive
at a better understanding of some of the most interesting
and puzzling phenomena of surface chemistry. We shall
see also that we may even devise a method of measuring
the sizes and shapes of molecules.

A very simple experiment will help to make us more
familiar with some of these effects produced by soap in
water. You can all perform these experiments with appara-
tus available in your homes. Take two ordinary glasses
such as you use for drinking water. Fill one with clean
water and fill the other with soapy water having enough
goap to make good suds. Dip a finger of one hand into
the clean water and a finger of the other hand into the
soapy water. Raise both fingers out of the glasses and
watch the drops of water that drip off of the wet fingers.

You will observe that from the finger that is wet with
clean water a few large drops fall, while from the finger
wet with soapy water there is a rapid succession of very
small drops.

Consider now one of the large drops that hangs from the
finger which has been dipped in clean water. Gravity
certainly exerts a downward force tending to pull the drop
off, and yet the drop can hang for a long time, in fact,
until it grows to a relatively large size by the water flowing
down from the sides of the wet finger. The force that
counterbalances the force of gravity in this case and
makes it possible for a drop to hang is a force which is
localized at the surface of the water. It is known as surface
tension. The water surface acts as a kind of skin under
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tension which holds the water inside of the drop just as if
the water were contained in a sack.

From the fact that only small drops can be formed with
soapy water, we must conclude that the surface tension of
soapy water is much less than that of pure water.

It was proved by Willard Gibbs many years ago that
the lowering of surface tension of a liquid by an addcd
substance, such as soap, is due to an accumulation of mole-
cules of the dissolved substance into the surface layer. In
our experiment the molecules of soap, by crowding into the
surface, push against one another and thus counteract the
surface tension.

We can learn much more about such phenomena by some
simple experiments in which we place upon a water suriace
known amounts of oily substances that do not discolve in
the water. This is most conveniently done by taking a
photographic tray filled with clean water. Dust on to the
surface of the water a trace of powdered talc or sulfur so
that motions of the water surface can be easily seen. Now
take a fine wire or splinter of wood and by touching the
tip of it to the surface of some olive oil we put onto the
wire a minute drop of oil of a size a good deal smaller than
the head of a pin. If this is then brought into contact
with the surface of the water in the tray, it will be seen
by the motions of the talc particles that the oil spreads
quite violently over the surface of the water. However, if
the amount of oil is sufficiently small, the oil only covers
a part of the water surface. By blowing gently against the
water in the tray, all the oil film can be blown towards
one end of the tray and it is seen to cover only a definite
area which can be easily measured. Since this oil film
doesn’t tend to spread over the uncovered part of the water,
it evidently has no effect in lowering the surface tension.
In other words, unless the amount of oil added to the sur-
face is enough to crowd the molecules of oil against one
another, the oil has no effect on the surface tension. I
shall show you that the oil film obtained by adding just
enough oil to cover the surface consists of a single layer of
0il molecules.

By making up a very dilute solution of oil of known
strength in some liquid which evaporates from the water
without leaving a residue, and by measuring out a definite
volume of this golution, it is possible to put on the water
surface a very small, but accurately known amount of oil.
We find thus that 1/100th of a milligram of olive oil will
cover about 100 square centimeters of water.

The volume of 1/100th of a milligram of oil is only
1/100,000th of a cubic centimeter. When this is spread out
over an area of 100 square centimeters, it forms a film
having a thickmess of only 1/10,000,000th of a centimeter.
This, then gives us a measure of the size of the molecules
of olive oil. In experiments of this kind, with different

1 mnd
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kinds of oil, we find that some oils give much thicker films
than others.

‘What is the cause of the spreading of an oil on water ?
Tt is a striking fact that some oils do not spread at all;
for example, when a drop of a highly refined mineral oil,
such as Nujol, is placed on the surface of water, it remains
as a globule and does not cause any movcment of the
particles of talc on the water’s surface,

The chemical composition of the oils is directly related
to their tendency to spread. A pure paraflin oil consists
of molecules that are built up wholly of hydregen and
carbon. Such hydrocarbon substances are insoluble in
water. Ordinary candles are made from a wax-like sub-
stance called stearic acid which is made from beef fat.
Chemists have long known that molecules of this substance
consist of a chain of 17 carbon atoms, each of which has
combined with the maximum number of hydrogen atoms
that it can hold. At the end of this hydrocarbon chain
there is a group of 4 atoms which is called a carboxyl
group and is represented by the formula COOH. where € O
and H stand for atoms of carbon, oxygen and hydrogen.

Acetic acid is the acid which makes vinegar sour. Tt
contains molecules having a very short hydrocarbon chain
and a carboxyl group. This acid is very soluble in water,
and this solubility must be attributed to the presence of
the carboxyl group. This means clearly that the carboxyl
group has an affinity for water, that is, it tends to surround
iteelf with water molecules as it does when it goes into
solution with water.

Now stearic acid is not soluble in water in spite of the
fact that its molecules contain the carboxyl group. Evi-
dently such a large hydrocarbon group as that containing
17 carbon atoms cannot be dragged into contact with water
by a single carboxyl group. If, however, a limited amount
of stearic acid is brought into contact with the surface of
the water, the tendency of the carboxyl gronp to surround
itself with the water can be satisfied if the molecules spread
as a single layer over the surface, each molecule being
oriented on the surface so that its active end, or head,
which contains the carboxyl group is turned down and
buried in the water, while the long hydrocarbon chains or
tails stand erect and in contact with one another so as to
form a film over the surface of the water. From this
point of view an oily substance spreads on water whenever
cne part of the surface of the molecule tends to dissolve
in water, while the larger part of the molecular surface is
insoluble in water. Examination of a large number of dif-
e rent substances shows that this is actually a criterion for
the spreading of substances on water.

Since the molecules of stearic acid in a surface film on water
stand erect on the surface, the thickness of the film measures
the length of the molecule. It is convenient to measure such
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small distances in terms of an appropriate unit. The chemist
has emwo%b the Angstrom unit which is 1/100,000,000 of a centi-
meter,

Experiments in which we find the area of the film produced
by a given amount of stearic acid show that the thickness of
the film and therefore the length of the stearic acid molecule
is 24 Angstrom units.

From the work of Millikan and others, it is known how
much every molecule weighs, so that when we place on a wa-
ter surface, say 1/100th of a milligram of stearic acid, we know
how many molecules we have added. If we measure the arca
covered by the monomolecular film and divide this by the
number of molecules, we get the area occupied by each mole-
cule and this gives us then the cross section of the hydrocar-
bon tails that stand erect on the surface. If we assume that
the molecule is roughly cylindrical in shape, the measure-
ments with stearic acid films show that diameter of this eylin-
der is about 5 Angstrom units. Thus the length of the mole-
cule is about 5 times its diameter.

Similar measurements with olive oil show that in this case
the length and diameter of the molecule are about equal. The
molecules of castor oil in a film on water have a length only
about 1/3 of their diameter, so that they are roughly of the
form of disks lying flat on the surface. All of these different
shapes are in full accord with the chemical composition «f
these oils. The castor oil molecules are pulled down flat on
the surface because each molecule has nine active groups
which attach themselves to the water.

Studies of other characteristics of these films on water
show that they behave like 2-dimensional liquids, solids or
even gases. The molecules can often move freely cver the
surface, but cannct move out of the surface.

Perhaps the chief significance of these studies of oil films
on water is that they make us familiar with mo ecular
architecture. By dipping a clean glass surface into water
covered by a monomolecular oil film and then withdrawing
the glass, the oil film may be transferred to the glass sur-
face. This monomolecular film is sufficient to have an enor-
mous effect on the slipperiness of the surface. In other
words, it acts as a lubricant. Much light has been thrown
on the nature of lubrication by study of these layers of
oriented molecules.

Films consisting of single layers of atoms and molecules
on solid bodies have been found to have a pr found effect
on the chemical and physical properties of these rurfaces.
In many cases this knowledge has helped to clear up the
puzzling chemical phenomena of catalysis. It has al o recei-
ved practical application in radio tubes by previding
electrcdes which emit an enormously imcreased :vpply of
electrons because of the presence of a single layer of
thorium atoms. (JOAK Broadcast on November ¥, 1934)
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