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in the hydrogen molecule was fol-
lowed by London’s suggestion that
the same method applied to two
approaching molecules would lead
to an activation energy which might
well explain at least some of the ob-
served activation energies. It is, per-
haps, well to consider what is meant by
an activation energy. A reaction be-
tween two molecules can only occur dut-
ing the rare cataclysmically violent en-
counters in which a particular atom be-
ing so near a new one is as apt to de-
part with the new partner as to return
to the old one. This unusual situation is
called the activated state and the energy
with which they must collide is the
activation energy. To calculate the
activation energy involves a knowledge
of the energy with which pairs of atoms
are held together. The suggestion that
the spectra of diatomic molecules would
suffice for the evaluation of these quan-
tities was embodied in a paper by Eyring
and Polanyi. In this paper the activa-
tion energy calculated for the conver-
sion of para-hydrogen to the equilibrium
mixture was found to approximate close-
ly the experimental findings. Calcula-
tions of a later paper indicated correctly
the particular mechanism by which the
various halogens react with hydrogen.
The reaction of hydrogen and fluorine
is particularly interesting because of the
frequent statements in the literature that
the reaction proceeds even at very low
temperatures. The calculations indicate
it is really the least reactive of the
halogens and is only able to react at or-
dinary temperatures after a chain has
been started by a catalyst or some dis-
sociating agent. The large amount of
heat released by the reaction of even a
few atoms, however, makes an explosion
extremely probable. The method also
enables us to eliminate as extremely im-
probable certain proposed mechanisms in
the hydrogen, chlorine photochemical
reaction. A satisfactory picture of the
catalytic conversion of ortho- to para-
hydrogen at a surface has been obtained.
The concentration of the heavy hy-
drogen isotope in water by electrolysis is
a necessary corollary from this point of
view arising from the lower zero point
energy of the adsorbed heavy isotope.
We thus bring to a new problem a rea-
sonable certainty of the essential cor-
rectness of a method which in view of
the approximations might otherwise be
open to rather serious doubts. It is to
be emphasized that all of these results

and those to follow involve no assump-
tions not introduced in the original
paper of the series, and that qualitatively
the conclusions are even largely in-
dependent of these assumptions.

The question as to why bromine adds
to the first and fourth carbon atoms of
butadiene (with the consequent disap-
pearance of the two end double bonds
and the appearance of a double bond be-
tween carbon atoms two and three) has
long been a question for speculation.
Our calculations show that 1,4 addition
should proceed with an activation
energy roughly 10 kilo calories less than
1,2 addition and that the former com-
pound even when formed is more stable
than the latter by almost as many calos-
ies. Thus 1,2 dibrombutadiene even if
formed would rearrange at moderate
temperatures to the 1,4 compound. The
same calculations for hydrogen instead
of bromine indicate that homogeneous
hydrogenation can only proceed at a
very much higher temperature than
bromination so that the results will prob-
ably be impossible of experimental
verification because of alternative poly-
merization reactions. Similar calcula-
tions indicate that so far as we may
judge by energy considerations a satis-
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factory picture of the benzene ring is
obtained by regarding six of the twenty-
four valence electrons on the carbon
atoms as paired with the six electrons of
the hydrogen atoms. Twelve more form
six single bonds between carbon atoms
and the additional six electrons by rapid-
ly oscillating between all the possible
-ways of forming bonds between them
provide approximately the additional
binding energy observed. The activa-
tion energy for the hydrogenation of
such a benzene molecule is then cal-

culated in the manner previously out-
lined.

There is thus accumulating an em-
pirical foundation for the method more
compelling than that which may at pres-
ent be adduced from strictly theoretical
considerations. The qualitative correct-
ness in all cases of the calculations in-
dicate that it is a surprisingly powerful
tool with which to attack the almost end-
less variety of problems of chemical
mechanism.
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Manufacturers of incandescent lamps
turn out approximately 3,000 kinds, in-
cluding many unusual designs made only
on special order.

Economic Revolution Seen
As Atom Releases Energy

HE BEGINNING of an economic

tevolution is seen by Prof. Bergen
Davis, Columbia University physicist, in
the successful extraction of energy from
the heart of the atom that has been ac-
complished within the past year.

When Dr. J. D. Cockcoft and E. T.
S. Walton at Britain’s Cavendish Lab-
oratory this spring smashed the lithium
atom and obtained 16,000,000 electron-
volts energy for an input of only a few
hundred thousand electron-volts, this
was a landmark in the conquests of
physical science, in Prof. Davis’ opin-
jon.

In delivering the vice-presidential ad-
dress in physics before the American
Association for the Advancement of Sci-
ence, Prof. Davis predicted that the
younger physicists listening to him may
see and take part in a remarkable revo-
lution in physical science and in industry.

“Enormous stores of energy will be
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made available and mankind will be
largely relieved from physical toil,” he
declared.

“The methods of using this nuclear
energy are not yet developed, but new
discoveries will be made,” Prof. Davis
said. “The difficulties will be rapidly
overcome. One might imagine the fol-
lowing hypothetical process. The bom-
bardment of aluminium by alpha-parti-
cles gives high energy protons. The
bombardment of lithium by protons
gives high energy alpha-particles. By
bombarding a mixture of aluminium and
lithium with protons the future physicist
may start a process similar to but much
more intense than the more familiar
thermite reaction. The mixture in a cer-
tain sense is an explosive mixture. It
contains within itself the possibility of
maintaining the action if it is once
started.”
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