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THE BUILDING OF ATOMS AND THE 
NEW PERIODI'C SYSTEM1 

WHAT is usually known as the periodio 
system of the elements was developed largely 
in the decade from 1860 to 1870, during the 
period of our civil war, by de Chancourtois, 
Newlands, Mendelbff and Meyer. Mendelbeff, 
the third to develop the system, has been 
given almost all of the credit for it, but this 
is largely because he paid very much more 
attention to its details than any of the three 
others. I t  has now been found that the Men- 
deIBeff periodic relation is simply one method 
of expressing the arrangement in space of the 
electrons in the outer part of the various 
kinds of atoms. 

Five years ago I discovered a new periodic 
system o f  the elements, or more properly 
speaking, o f  the atoms. T h i s  second system 
i$not a t  all directly related to the arrange- 
ment  o f  the electrons in the outer part o f  the 
atom, but  has been found to indicate how the 
atoms are built up, that  is, it is related to  the 
structure o f  the nz~clei  o f  the different species 
o f  atoms. 

I n  order to understand the meaning of this 
new periodic system i t  is important to have a 
good idea of the present theory as to the gen- 
eral structure of the atom. According to 
Rutherford the atom is similar to the solar 
system in that it has a central sun called the 
nucleus of the atom, and a system of planets, 
each of which consists of one negative elec- 
tron. The atom as a whole is electrically 
neutral, and the electrons outside the nucleus, 
which we may call the planetary electrons, are 
held in the atom by a positive charge on the 
nucleus. This positive charge is equal numer- 
ically to the sum of the charges of all of the 
planetary electrons. This is often expressed 

, 1Abstract of a general address presented at the 
Philadelphia meeting of the American Chemical 
Society, September 3, 1919. 
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by the statement that the'number of positive 
charges on the nucleus is equal to the number 
of negative electrons, since it is known that 
the hydrogen ion carries a positive charge 
equal to the negative charge on the negative 
electron. 

The atom is similar to the solar system in 
a second sense, for the planetary electrons are, 
relative to their size, about as far from each 
other and from the nucleus, as the planets 
iand %he isun. Thus it need not be surprising 
from this point of view, that Rutherford has 
found that the very minute nucleus of a 
helium atom, often called the alpha particle, 
may be shot directly through many thousands 
of other atoms, without hitting a single 
nucleus or a single negative electron, just as 
a planet like the earth might be shot through 
thousands of solar systems like our own with- 
out hitting a single sun or planet. 

The atom is like the solar system too, in 
that the nucleus, like the sun, possesses nearly 
the entire mass of the system, since in general 
the nucleus is more than two thousand times 
heavier than all of the electrons which sur-
round it. While the atom is so small that a 
row of fXty million atoms would be only 
about one inch long, if they were put as 
closely together as they are in solids; and so 
small too, that there are 180 thousand billion 
billion atoms of carbon in one cubic centi- 
meter of diamond; the atom is so large com-
pared with the electron, that, if we take the 
dimensions usually accepted for the electron, 
there would be space in a single atom suffi- 
cient to contain ten million billion electrons, 
while the atom which contains the greatest 
number of planetary electrons, uranium, RC-
tually has only 92 of these. According to the 
work of Rutherford, Geiger, Darwin and 
Marsden, the nucleus of even the heaviest 
atom, is not very much larger than a nega- 
tive electron. Thus the atom may be said 
to be very sparsely populated with electrons. 

The atom is unlike the solar system in that 
the planetary electrons are arranged more 
or less symmetrically in space around the 
nucleus, at least that is the idea expressed 
in  gapers by the American chemists, Parsone, 
Harkins, Lewis and Langmuir, the last two 

having paid the most attention to the details 
of the arrangement. Also, while the solar 
system is held together by the gravitational 
attraction between the large mass in the sun 
and the smaller masses in the planets, the 
atoms are held together by the positive elec- 
trical charges in the nucleus and the negative 
charges of the electrons, together with what- 
ever magnetic effects are produced by the 
rotation of the electrons. 

THE BUILDING O F  ATOMS 

While chemists have not as yet synthesized 
any atoms, it is also true that they have only 
recently begun the study of their structure. 
Now, when a chemist wishes to build up even 
such a simple thing as an organic molecule, 
he first studies its structure, and often many 
years intervene between the working out of 
the structure of the molecule and its first 
synthesis. In  the synthesis of an organic dye 
there may be two steps which we may have to 
consider. Suppose for example that the first 
of these consists of a complex set of reactions 
which are very difficult to carry out, while the 
second step wi!l occur by itself if the inter- 
mediate product is only left standing in the 
air. I t  is evident that the practical chemist 
will need to put almost his whole attention on 
the first step of the synthesis. The building 
of atoms is similar in that the first step, the 
building of the nucleus of an atom, has not 
yet been accomplished~ while, if the nucleus 
were once built, it would of itself pick up the 
whole system of planetary electrons which 
would turn it into a complete atom. For ex- 
ample in the disintegration of the nuclei of 
certain radioactive atoms, alpha particles 
which are the nuclei of helium atoms, are 
shot out as rapidly as twenty thousand miles 
per second, so rapidly that they pass through 
as many as half a million other atoms before 
coming to comparative rest. Now Rutherford 
has proved that when these nuclei finally slow 
down, they give the ordinary spectrum of 
helium, which indicates that each alpha 
particle has picked up the two negative 
electrons which are essential to convert it 
into a complete helium atom. 
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THE BUILDING OF THE NUCLEI OF COMPLEX ATOMS 

Suppose that we consider the specific prob- 
lem of the building of a carbon atom. The 
characteristic chemical and physical behavior 
of carbon are due to its six planetary negative 
electrons, and these will arrange themselves 
around any nucleus which carries a positive 
charge of six, so our problem reduces to that 
of putting six positive charges of electricity 
into the extremely minute space occupi&i by 
the nucleus of an atom, with a diameter of 
the order of lo** cm., that is one millionth 
of a millionth of a centimeter. These six 
positive charges must not only be put into 
this ultra-ultra-microscopic space, but must 
unite to form an intra-nuclear compound of 
extreme stability. 

NOW, up to the present time, the smallest 
mass ever found associated with one positive 
electrical charge, is that of the hydrogen ion, 
which is associated primarily with the mass 
of the hydrogen nucleus, with a value of 
1.0078.2 If six of these hydrogen nuclei could 
be packed tightly enough together to form the 
nucleus of a new atom they would form the 
nucleus of a carbon atom, which would have a 
mass of approximately six. That no carbon 
atom of this mass exists, is not because such a 
nucleus if formed, would not give a true car- 
bon atom, but because six positive hydrogen 
nuclei undoubtedly repel each other, and can 
not be made to form a stable system. 

I n  order to make a complex nucleus stable 
it is necessary to include not only hydrogen 
nuclei, but also negative electrons. Since the 
mass of the ordinary carbon atom is 12.00, it 
could be built up from 12 hydrogen nuclei, 
bound together by six negative electrons. 
Such a nucleus would have a positive charge 
of 6, i t  would therefore take up six negative 
electrons, and would thus form a complete 
carbon atom. The only objection to this idea 
is that 12 times 1.0078 is 12.036, while the 
weight, and probably the mass, of the carbon 
atom is only 12.005, or the actual carbon atom 
is 0.76 per cent. lighter than i t  should be if 
built from 12 hydrogen nuclei without any 
resulting change of mass. Now Professor 

2 Equal to 1.66 X 10-24 g a s .  

A. C. Lunn has worked out the mathematical 
expression for this effect for the writer, and 
this shows that according to the electromag- 
netic theory, if such a nucleus is held together 
in a very small space by attractive forces there 
should be a loss of mass in its formation, and 
that in a simple atom the observed loss of 
mass would result if the center of the nega- -
tive electron! has a distance 400 times the 
radius of the positive electron. 

The alpha particle, or the nucleus of a 
helium atom, carries two positive charges, has 
a mass of four, and is probably made up of 
four positive hydrogen nuclei bound together 
by two negative electrons into what' is prob- 
ably by far the most stable nucleus of any 
known atom, except that of hydrogen itself. 

If we make the atomic number of the 
element equal to the positive charge on the 
nucleus, then the atomic number of hydrogen 
would be one, that of helium two, that of 
carbon six, of Iead eighty-two, and of 
uranium, ninety-two. Now the mass of the 
carbon atom (atomic number 6) is exactly 
what it should be if its nucleus consists of 
3 alpha particles. Also, 3 times the charge 
on the alpha particle is just the charge on 
the carbon nucleus. I t  is easily seen that 
there is a possibility that the carbon nucleus 
is simply a compound made up of 3 alpha 
particles, of a formula 3 a. Now it is obvious 
that if the nuclei of complex atoms were 
simply structures built up from alpha par- 
ticles, that, since the positive charge on the 
alpha particle is two, there would be no 
nuclei with an odd number of charges. The 
work of Mosely indicates, however, that the 
elements of odd atomic number also exist, 
,buk it i,s certain that the nuclei of such odd 
nurxibered atoms can not be mmpounds made 
of alpha particles alone. 

On the other hand, it is quite evident, as I 
announced four years ago, that the nuclei of 
the atoms of even atomic number are mostly 
intra-nuclear compounds of helium nuclei. 
For this there is much evidence which will 
be found in my printed papers in the Journal 
of the American Chemical Society and in 
Science. This evidence can only be hinted at 
here, since the time for the paper is short, 
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TABLE I 

The H e 1 i ~ m - H ~  =1.0078System of Atmic Strudure H 
Her= (4 H) =4.00 

At. No.. . 3 4 
Li Be 

Ser. 2 .. . Ile+II, 2IIe+H 
Theor.. .. ?.00 9.0 
Det.. ... . 6.94 9.1 

12 

Theor.. . . 
Det. . . . . .1 23.0 1 24.32 

At. No.. . 19 20 
K Ca 

Ser. 4 . . . 9He+Ii, IOI-Ie 
Theor.. .. 39.00 40.00 
Det.. .. . . 39.10 40.07 

Increment from Series 2 to Series 3 =4He. Increment from Series 3 to Series 4 =5 He (4 He for 
E and Ca). Increment from Series 4 bo Series 5 =6He. 

Note: The simple helium system begins with carbon (=3 He), and continues with oxygen (4 He), 
neon (5 He), magnesium (6 He), silicon (7 He), sulphur (8 He), argon (10 He), calcium (10 He), ti-
tanium (12 He), ch~omium (13 and iron (14 He). 

While both the argon and the calcium atom are built from 10 helium atome, the nucleus of the argon 
atom contains 10 alpha (a) particles alone, while the nucleus of the calclnm atom contains 10 alpha 
particles with two negative electrons which serve to bind an oneof the alpha particles. Thesa may be 
called 'binding electrons. 

The composition of the thorium nucleus is expressed by the formula a,,e2,, that of the nucleus of the 
uranium atom by a6,bem, and that of the ieotope of lead which comes from radium a8 a6*hZe,. 

and I wish to show just a little as to the way by the atomic weights and the nuclear charges 

in which these alpha particles are bound on the atoms of lorn atomic weight. 

together. Second, the atomic weights of the elements 

First, the atomic weights of the lighter of odd atomic number point to the idea that 

atoms of even atomic number beginning with their nuclei are compounds of a certain 

carbon are, 12, 16, 20, 24, 28, 32, 40, 40, number of alpha particles with three hydro- 
gen nuclei, so that their formula is nu +3h48, 52 and 56, the last being the atomic 

weight of iron, of atomic number 26. Thus I n  the excepti'onal cases of nitrogen the 
formula is 3a+  2h +c.the atomic weights of the atoms whose 

Four years ago I presented the following nuclear charge is expressed by an even 
number, are divisible by 4, the weight of the formula for the respective nuclei : 

helium nucleus. If we study the elements of Carbon nnclens =3a 
high atomic number, beginning with uranium, Nitrogen nucleue =3a + 2h + e 

which is number 92, we find that the even Oxygen nucleus =4a 

numbered atoms change into the atom of next where E represents a negative electron. 

lower even nwnber by the loss of a single It is of extreme interest in this connection 
alpha particle from the nucleus of the atom. to note that Sir Ernest Rutherford has just 
'J?hus we find just the same system of struc- ,announced that he bas been able to bom-
ture indicated by the actual disintegration bard these atoms with extremely rapid mov- 
of the radioactive atoms, as is made evident ,ing alpha particles, and that he has been 
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able to drive hydrogen out of nitrogen atoms, 
but not out of either carbon or oxygen. 

THE NEW PERIOD10 SYSTEM OF THE ATOM10 

NUOLEI 

The ordinary periodic system, when put in 
a grmhic form, as has been done by Crookes 
and more correctly by Soddy, and by Harkins 
and Hall, is a graphic expression of the ar- 
'€0 I 

2.9 

2 

/ 

ATOM(C NUMBERS 

Percentage by Atoms 
Atomic Number 

PIG.1. The Periodic Variation in the Abundance 
of the Elements as the result of Atomic Evolution. 
The data are given for 350 shone and 10 iron meteo- 
rites, but the relation8 are true for meteorites in 
general. Note that ten elements of even atomic 
number makes up 97.59 per cent. of the meteorites, 
and seven odd-numbered elements, 2.41 per cent., 
or 100 per cent. in all. Elements of atomic num- 
ber greater than 29 are present only in traces. 

rangement of the planetary electrons. The 
new periodic system of the atomic nuclei was 
discovered by me five years ago in the follow- 
ing way. I reasoned that if the nuclei of the 
even nulnbered atoms are built of helium 
nuclei alone, while those of odd atomic num- 
ber contain hydrogen nuclei in addition, that 
there should be a considerable difference in 

stability between the two clmes of nuclei. I 
also told my students, before making any 
further study, that the even numbsred atoms 
would prove to be more stable than the odd 
numbered. 

Now there is, unfortunately, no known 
method of testing directly the stability of the 
lighter atom, but i t  seemed a reasonable hy- 
pothesis that if the atomic nuclei had ever been 
built up, that in general the most stable nu- 
clei would be formed in the greatest abund-
ance. An investigation ;brought forth the fol- 
lowing facts : 

1. The atoms of the even numbered or 
helium series are 197 timss more abundant in 
the iron meteorites than the atoms of the 
helium-hydrogen or odd numbered series. 

2. I n  the stone meteorites they are 4'7 times 
more aibundant. 

3. In  the surface of the earth the even num- 
bered atoms are about 10 times more abundant 
than the odd numbered. 

4. The even numbered rare earth elements 
are much more abundant than the odd num- 
bered. 

5. I n  the meteorites every even numbered 
element is much more abundant than the two 
adjacent odd numbered elements. 

6. A11 of the seven most abundant elements 
in the meteorites are even numbered, and these 
seven elements alone make up 98.6 per cent. of 
all of the material of the meteorites. 

Thus the periodicity of this system is from 
even to odd, or the periods are two atomic spe- 
cies in length, while in the Mendelheff system 
the periods are 2, 8, 18, and 32 elements in 
length. Dr. Norris F. Hall, of Harvard Uni- 
versity, has pointed out that both the isotopic 
complexity and the number of predominant 
radiators in a pleiad, follow just this periodic 
variation. 

THE STABILITY OF THE NUOLEI O F  ATOMS 

The most stable nuclei seem to be those of 
oxygen, magnesium, silicon, iron, all of them 
even nwmkred elements of low atomic num- 
ber (except that as has been stated the helium 
nucleus is probably extremely more stable 
than any of these). 
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, The atoms whom nuclei carry 28 or less 
positive charges are much more stable 'than 
those of higher atomic number. This is illus- 
trated by the relative abundance of such ele- 
ments as represented by the following table: 

TABLE I1 

Proportion in Various Materials of the Elements 
of Low Atomb Numbe~s 

Percentage of Ele-
ments with Atom-

lo Numbers 
& 

Material 1-29 30-94 


Meteorites as a whole . . . . . . . . .  99.99 0.01 

Stone meteorites . . . . . . . . . . . . . .  99.98 0.01 

Iron meteorites . . . . . . . . . . . . . . .  100.00 0.0 

Igneous mekg . . . . . . . . . . . . . . . .  99.85 0.15 

Shde ........................ 99.95 0.05 

Pandsbone .................... 99.95 0.15 

Lithosphere . . . . . . . . . . . . . . . . . .  99.85 0.15 


When there are several varieties of atomic 
nuclei all carrying the game positive charge, 
as is the case with lead, wi,th 82 positive 
charges on the nucleus, the nuclei differ in  sta- 
bility, ibut the complete atoms do not differ in 
their chemical properties nor in  their wet-
$rum. This has ,been shown very beautifully 
by Soddy, by Merton, and by Richards and 
Baxter, but most accurately by Dr. Aronberg, 
who worked a t  my suggestion. Two isotopes 
may have practically the same atomic weights, 
and differ only in  the stability of their nuclei, 
as I pointed out four years ago. 

THE BUILDING OF ATOM NUCLEI AGAIN 

Let US now pay attention to the building of 
nuclei of 'even numbered charge, since the time 
is not su%icient to consider those of odd num- 
ber also. Three, four, five, six, seven, eight 
or ten alpha particles may unite to form 
$he nucleus of a comples atom, but two alpha 
particles alone, or more than ten alone, do not 
make a stable system. 
, I n  all heavier ,atoms there are some alpha 
particles which are bound on by two negative 
electrons. Thus the #sulphur nucleus is a com- 
pound of 8 alpha particlea alone, while the 
argon nucleus contains 10 alpha particles and 
two negative binding electrons. I t  is the pres- 
ence of an extra alpha particle in the argon 

nucleus which makes its atomic weight higher 
than that of pobassium. 

The number of binding electrons does not 
increase to 4 until element 32 (germanium) is 
reached, but rises to 26 in the thorium atom. 
I t  is these binding electrons whick are given 
off in the beta disintegrations of the radioac- 
tive elements, and if time permitted i t  could 
be shown that this disintegration is exactly in 
accord with the system of structure proposed 
for the nuclei of the lighter atoms. For ex-
emple a radioactive atom may lose five alpha 
particles in direct succession, but never more 
than two of the binding electrons. Further-
more, if i t  loses a single binding electron i t  
always loses a second one, but not more than 
two, which indicates that, corresponding to our 
theory, such binding electrons are associated 
i n  pairs. 

The principal difficulty to be encountered in  
the artificial disintegration of atoms, that is, 
i n  the disintegration of their nuclei, is that 
of getting sufficient energy into such a small 
volume as that of a nucleus. I n  the building 
of atoms there is the additional difliculty of 
securing the proper arrangement of the alpha 
particles to give ~tabili 'ty.~ 

THE DISRUPTION O F  ATOMS BY 
ALPHA RAYS 

RECENTLYunder the modest title "An 
Anomalous Effect in Nitrogen,"l Rutherford 
raported the remarkable discovery that when 
nitrogen molecules are bombarded by alpha 
rays, penetrating rays with a range of 28 cm. 
in air are produced which are certainly lighter 
than nitrogen atoms and which are probably 

3 The details of the system of atom building pre-
sented here may be found in the following refer- 
ences: Journal of the American Chemical Societg, 
37, 1367-1421,1915,38,1186-214,1916, 39,856479, 
1917; 41, 970-992, 1919. Phil. Mag., 30, 723-734, 
1915. SCIENCE,N. S., 46, 419-427, 443-448, 1917. 
Proc. National Academy of Sciences, 1,276, 1915; 
2, 216-224, 1916. 

1 Phil. Mag., 37, 581-87, June, 1919; cf. Sar-
ENCE, 50, 472, November 21, 1919. 


