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covered during the last sixty years are merely details included in the
general system developed between 1860 and 1870 by de Chancourtois,
Newlands, Mendeléeff, and Mayer. The periodic relationship between
the abundance of the elements (or their evolution) and the atomic numbers,
as presented in this paper, is entirely independent of the other system.

14. Since the theory here presented establishes to some extent a “‘nor-
mal” average composition for material it should have an important
bearing on the history of the differentiative processes which have taken
place on the earth. Its applications to geology will be considered in a
later paper.
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Beginning with Davy? and Berzelius, during the first part of the nine-
teenth century ‘chemists generally accepted the theory that chemical
combination is due to electrical forces but when Dumas discovered the
chloroacetic acids in which chlorine atoms, supposedly negative, replace
positive hydrogen atoms it was believed that the theory had been shown
to be false and it was practically abandoned. Following this, for fifty
years or more, a theory of valence which took no account of electrical
forces was developed and while occasional reference was made to positive
and negative atoms and groups, no definite meaning in an electrical sense
was attached to these expressions. Helmholtz in his Faraday lecture
in 1881°% drew the attention of chemists once more to the very close con-
nection between chemical forces and electrical phenomena and spoke
for the first time of ‘“‘atoms of electricity.”” He also pointed out that the
“sulfur of sulfuric acid must be charged with positive equivalents of elec-
tricity.” In 1887, Arrhenius proposed his theory of electrolytic dissocia-
tion and with the help of Ostwald and van’t Hoff the belief in a separation
of molecules into electrically charged parts in solutions was rapidly ac-
cepted. J. J. Thompson* gave precision to the atomic character of elec-
tricity in 1897 when he demonstrated the material character of cathode
rays and the very minute mass of the corpuscles carrying negative charges.
Van't Hoff® seems to have suggested for the first time that electrically
charged atoms may play a part in reactions not usually considered as
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ionic. The same idea was proposed by the author! and by Stieglitz,?
a little later. J. J. Thompson® seems to have been the first to suggest
that two atoms may be held together by the electrical forces resulting
from the transfer of an electron from one to the other. He assumed a
shell of electrically positive matter within which there was a static ar-
rangement of electrons. Abegg* in an entirely independent paper pub-
lished the same year, discussed the relation between electrons and ioniza-
tion and the connection with older theories of Helmholtz and others. He
also raises, I think for the first time, the question of polar and non-polar
valences but seems to have decided that the former are more probable.t
Rutherford® has advanced strong reasons for considering that atoms con-
tain a positive nucleus, around which electrons are rotating and this
hypothesis has been further developed by Bohr,” Nicholson,® Moseley?
and others.

Physicists in general have directed their attention to rotating or rapidly
moving electrons and to the relation between these and spectral lines,
the disintegration of atoms and other phenomena involving individual
atoms. Chemists, on the other hand, following the suggestion of J. J.
Thompson have considered chiefly the role which the valence electrons
probably. play in the combination of atoms. Sir William Ramsay!® in
his address on ‘“The Electron as an Element,” considered that the elec-
tron takes a position between the two atoms which are held in combina-
tion. In a very recent paper, probably the last which he wrote,!! he elab-
orates this thought further and describes models to illustrate the magnetic
attractions which would result from electrons rotating in contiguous
parts of two molecules. The magneton theory of the structure of the
atom has also been developed elaborately by Parson.!? It cannot account
for ionization, where, if we accept the electron theory at all, electrons must
be transferred completely from the positive atom or group to the negative.
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Falk and Nelson,! Fry,® L. W. Jones,® Stieglitz,* Bray and Branch,’
G. N. Lewis,® and others have discussed the phenomena connected with
the transfer of valence electrons from one atom to another but, with the
exception of the magneton theories referred to above, no one, so far as
I can discover, has suggested a possible connection between the motion
of the valence electrons and chemical combination between atoms.

In the hypothesis here proposed the following assumptions, now more
or less current among physicists and chemists, are made:

1. The atoms are of a complex structure made up of positive nuclei
and electrons, of which the latter, at least, are in very rapid motion. If
we assume that the electrons are 1/1800 the mass of hydrogen atoms and
that they obey the same laws of motion as other atoms, their average
velocity would be about 6o times the velocity of molecules of hydro-
gen (Hy). I will not attempt to discuss here the question whether the
law of equipartition of energy actually holds for electrons.

2. That the electrons are of two kinds in their relation to the structure
of the atom. Some of them are so involved in their orbits or motions
among the positive nuclei that they can never escape from the atom.
Others, called valence electrons, may be transferred to other atoms.

Let us suppose that two atoms, which have an affinity for each other
are brought close together. A valence electron which is rotating around
a positive nucleus in the first atom may find a positive nucleus in the
second atom sufficiently close so that it will include the latter in its orbit
and it may then continue to describe an orbit about the positive nuclei
of the two atoms. During that portion of the orbit within the second
atom that atom would become, on the whole, negative while the first atom
would be positive. During the other part of the orbit each atom would
be electrically neutral, and the atoms might fall apart. When we re-
member, however, the tremendous velocity of the electrons and the rela-
tively sluggish motions of the atoms it seems evident that the motion of
an electron in such an orbit might hold two atoms together. In ioniza-
tion the electron would, of course, revolve about the nucleus of the nega-
tive atom leaving the other atom positive. It seems impossible to explain
ionization otherwise than on the supposition of the complete transfer of
the electron. This complete transfer in ionization is one of the strongest
arguments against the magneton theory as the only explanation of chem-
ical combination.

An interesting feature of the hypothesis proposed is that it may be
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,,of\ used to account for that localization of
II P \‘ the affinities in particular parts of atoms
' \ which is indicated by many of the prop-
' ] erties of organic compounds. Thus if we
! / suppose that there are four (or eight) posi-

tive nuclei in a carbon atom, around which
valence electrons may rotate, an atom of
hydrogen may be held to the neighbor-
hood of one of these nuclei as indicated in
the figure.
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According to the current electron theory of metallic conduction as de-
veloped by Riecke, Drude, J. J. Thomson, Lorentz and others, the atoms
of the metal are dissociated into positive ions and free electrons. These
particles are supposed to be in disordered thermal motion. When an elec-
tromotive force is applied, a velocity of drift is superimposed upon the
thermal motion and it is this drift of electrons that constitutes the elec-
tric current. The positively charged ions are in general assumed not to
move, or at most to carry a negligible fraction of the current. In terms
of this theory, therefore, the resistance of a metal depends upon the con-
centration and mobility of the free electrons. The changes in resistance
of a metal under different conditions are variously ascribed by different
investigators to one or the other of these factors, since the conductivity
is the product of the two. A more precise conception of what is meant by
a free electron seems desirable, and it may be that a closer examination
will show that degree of ionization and mobility are two aspects of the
same physical process. Before any definite mechanistic concept of the
electric conduction can be obtained it will be necessary to study the phe-
nomena in the simpler cases more thoroughly. With this idea in view
the present investigation was undertaken. In a liquid conductor such as
mercury and the dilute amalgams there are none of the crystalline forces



