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Peticdic Table next higher in number. That is, the
passage in these cases is always from an even to an odd,
or from an odd to an even-numbered family. G. von
Hevesy (Phys. Zeil., 1913, xiv., 49), who has also been
; working in Prof. Rutherford's laboratoty on the valency of
i the d geation products, has put forward vety similar
! views, the diffecence being that the effect ol the J.ray
THE change is considered by him to be the opposite or ** polar ™
RADIO. ELEMENTS AND THE PERIODIC LAW. l? that 3[ the :'a‘-ray change, the valency increasing by two
) . . alter a d-ray change:
By FREDERICK SODDY, M.A,, F.RS. { The same questions are also very clearly discussed by
. -_— i K. Fajans, who has been connected with the development
In the paper in which I proved that the two radio-elements, : of our knowledge in the branch serics, but his paper did
mesothocium [. and radium, are non-separable by chemical ' not come to hand until after this paper was deatted (Phys.
rocesses, and by fructional cryatailisation of the chlorides, ! Zeit., 1913, xiv., 13t and 136). He takes the view here
although the atomic weight of the two eilements differs by advocated that the Periodic Law is the expression of the
abjut two units, it was pointed Gut that some of the periodic character of radio-active changes, and anticipates
comman elements might also be mixtures of non-separable " some of the other points dealt with in this papet.
elemznts of different atomic weight in constant proportions. ¢ There is no doubt that Mr. Russell’s corollary to my
In a recent book (*Chemistry of the Radio-elements,” ' a-ray rule is correct, and I have adopted it just as he has
p. 30) [ stated the rule that held good in several cases, | put it forward, but it is possible from Mr. Fleck's results
that when the a-pacticle was expelled the atom passed (tom | sull to leatn a good deal that is quite definite as to the
a family of even numbec in the Periodic Table to the next ! nature of radio-active change.
lower-numbeced even family, the family of odd number, In thefirst place let us consider the radium series from the
being always missed. Further, in the changes in which emanation to the ultimate product with the branch series
the a-particle was not expeiled the atom in several cases | that occurs at the C-member. These branch series are
reverted to its original group, resulting in a curious | now faitly clear owing to the work of Barratt, Marsden,
alternation of properties as the series proceeds. Now, [ and Darwin in the thorium series, and Makower and
when this occues, an element of the fourth family, for | Fajans in the radium series, and as I have discussed them

example, expelling an a-particle and becoming a member

of the second [amily, which after fucther changes reverts |
to the fourth family, the two representatives of the fourth }
family s0 resulting ace not merely similar in chemical pro- |

fully from the standpoint of the theory of multiple disin-
tegration in the *'Anoual Report on Radio-activity for
1912 " (Ann, Rcfam of Progress of Chemistry, Chemical
Society, 1912), | need not further deal with them here.
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perties. They are non-separable by any known process.
This applies not merely to the disintegration products of
one series but to all the products. Thus, in the fourth
group, thorium, uranium X, ionium, radio-thorium, radio-
actinium are all chemically non-separable, though they
result from three separate series, and the calculated atomic
weight varies from 234 to 228.

I suggested to my demonstrator, Mr. Alexander Fleck,
that he should make a systematic investigation of as many

of the radio-clements as possible, the chemical nature of
which remained indefinite, and the ficst part of his results
has recently been' communicated 1o the Chemical Socicty !
(Proc. Chein Soc., 1913, xxix., 7). As the result of this |
work at the present tume it is possible to state or predict -
the chemical nature of every known member of the disin. !
tegration series, and to bring these seties from end to end -
under a few general laws of the type described, which |
throw a flaod of new light on the nature of the Peciodic ;
Law. The lacunz that stiliremain to be filled up between |
uranium and jonium, owing to existence in this part of |
Eroducts with periods of the order of millions of years, can ;

e discussed in a much narrower, way in consequence. i p

In a paper published by A. S. Russell recently (CHEMICAL
News, 1913, cvil., 49) some of these generalisations
already been dealt with.
corollary to my rule for the a-particle which he had
previously communicated to me privately in a letter in
October, 1912, and which has since been strikingly verified
by some of Me. Fleck's results. - Mr. Russell's rule refers
to the g.ray and rayless changes, and is that when a
B-ray or rayless change occurs’ the atom changes in

cthemical nature so as to pass into the tamily in the |

Mr. Russell put forward a | this is now being done,

Apart from the definite recognition of polonium (RaF)
as the homologue of tellurium, and of radium D as non-
separable from lead, there was practicaily nothing known
of the chemistry of the other members, From von Lerch's
rule and the easy deposition on metals before the pheno-
munon had been recently investigated from the electro-
chemical standpoint by v. Hevesy (Phil. Mag., 1912, (6],
xxiii., 628) the impression had become general that they
might be allied to the noble metals.

From Fleck's results the secries runs :—A, unknown;
B, lead ; C, bismuth ; C’, unknown ; D, lead; E, bismuth ;
F, polonium; G,lead. Theknown membersate in accord
with the rule about the expulsion of a- and J3-particles, and
if we extend the rule to the members the chemistcy of
which is still unknown, it gives for the members of the
families of the suczessive members:—A, VI.; B, IV.;
C.V.: C',VIL.; D,IV.; E, V.; F,VL.; G, 1V. Now,
applying the rule that when similar groups recur the
elements are not mercly similar, but non-separable, we can
predict that in chemical behaviour the two unplaced sub-
stances RaA and RaC’ will be non-separable from
olonium. The prediction with regard to C' is unverifiable,
as the period of this bady is estimated 1o be only 10- 6sec.

have 1 But with regard to RaA it should be possible totest it, and

As regards the branch secies,
which is difficult to investigate, as only some thcee out of
10,000 of the atoms choose this route, it may be predicted
that RaC; is in the third family, and will prove to be non-
separable from thallium, ag will later be discussed. The
end.product of the branch is again lead. The atomic
weight of the two end-products, both non-separable from
lead, are about 206 and 210 respectively.
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In discussing the thorium series sinilarly, it must be .
noted that the product termed thorium 1) is sot the
analogue of radium 1), but of radium C., as thorium D is
formed from thorium C', the product giving the longest
a-rays, and therefore possessing the shortest life known
{estimated at 1011 second).
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THORIUM SERIES.

It is hardly necessary to discuss it in detail. Thorium A
and C' should be non-separable from polonium, though
their periods are too short lor this to be determinable.
Both end-products, formed in this case in the proportion
65 0 13, should be non-separable from lead, the calculated
atomic weight of this “*lead " being about 208'§ in each
case. ThD, like RaCa, should prove to be non-separable
from thallium.

The actinium series from the emanation is precisely
analogous, except that no branch serics has yet been
established.  Probably one will be found to exist, but as
in radium it may represent an insigoificant proportion only
of the atoms disintegrating. 1f actinium is assumed to be
analogous to thorium, again both products ate’ non-
separable from lead. The main series is analogous to that
of thorium and the opposite of that of radium, actinium D
being formed in the a-ray change of actinium C.

The series before the emanations furnish also, as Mr.
Russell has shown, perfect illustration of the applicability
of -the rules with regard to a- and J-changes.
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In the thotium series Fleck has shown that mesothorium
1., the only member the chemistry of which remained

unknown, is non.separable from actinium. Mr. Cranston
in thig Jaboratory is just completing a research, in which
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he has proved that radio.thorium is the direct product of
mesothotium 1[., a lacuna that had previously not been
filled up, and which is important becauge the parent of
jonium, the product in the uranium series cortesponding
with radio-thorium in the thorium serics, is still cxperi
mentally unknown. The actinium geries is almost -
absolutely analogous with the thorium serice, actimum itself
cotresponding with mesothorium 1., from which it is non.
separable, the only diffecence being that actinium is .
rayless like mesothorium L., instead of giving 8- and 7 rays |
like mesothorium I, Fleck has shown that radio-actinium, |
the chemistry of which had remained indefinite, is non-
separable from thorium. Russell and Chadwick have
described the separation of a body giving a- and 8- and
y-says from radio-actinium, but as radio-actinium is not
known to give y-rays and only gives very soft 3-rays, it |
seems advisable to await further results. ‘

Raylesd
//

—

The radium series from ionium onwards is precisely
similar to that of thorium from radio-thorium onwards,
but lacuna temain in the connection between ionium and
uranium. This part of the table [ have been engaged in
examining for thelastten years, and my results, thoughnega.
tive for the most part, at least exclude many possibilities,

i It is clear, as M, Russell and several others have pointed
| out, that uranium X must be the product of uranium I,

and not of Uranium 1l., as hitherto generally assumed.,

* Because the product of uranium I., an a-pasticle being

cxpelled must belong to the fourth group, and for this to
get back to the sixth group at uranium 11., two d or rayless
changes must ensue. Similarly, the unknown product of
uranium X must belongtothe fifth group, nowhere else cepre-
sented, and be the homologue of tantalum. Calling this
ekatantalum [cka Ta] it is possible to predict a good deal
about its properties from general principles, and the results
of my experiments on the product of uranium X (Phil.
Meg., 1909, [6), xviii., 858 ; 1910, xx., 342). It can only
give a rays if its period is extraordinarily long. If it does
not Eivc a-rays its product must be in the sixth group.
dSo that with fair probability we may write, as Russel
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Now, the a-ray producing members all belong to the
even families, except in the case of the members where
dual disintegration occurs. The C.members, like
{eka Tay, belong to the fifth family, and undergo a dual
change, such that in one branch a J-ray is foilowed by an
a-ray change, and in the other an a-ray change is followed"
by a d-ray change. [t is scarcely possible to resist the
temptation of supposing that such a change is actually
going on in {cka Tal, the rayless change into U II,,
followed by the a.ray change of that substance, in the
one branch, proceeding simultaneously with an a-ray
change into actinium, which, as is known, changes -
taylessly, in the other branch.

With” regard to the experiments on the product of
uranium X in which no growth of a-rays could Ee detected
during the decay of the B-rays, it may be pointed out that
a very small growth would be masked by the simultaneous
decay of the undeviable 8-rays at the same rate. Further,
all the products gave a-rays after the p-radidtion bad
disappeared. The first products possessed an activity,
which consisted largely of actinium, but in the last pro-
ducts separated, this constituent could only just be detected
initially by the active deposit test.
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I have some very slight evidence that actinium is really
produced from uranium X through an intermediate sub-
stance. The actinium present in the last two lcts of
uranium. X preparations, separated from 5o kilogrms. of

L)

" usanium in June and September, 1gog, has been accurately

measured over a term of four years, and the measurements
reveal an excessively minute but regular growth. In the
table’the activity of the active deposit preduced from the
preparations at different times is shown.

Days from preparation.
— e —n
. . . 333, 432.  829. 128t
Activity (divisions per minute)
due to actinium active
deposit.. .. .0 e 1’43 (?) 1’53 1'70 10

The effects are excessively feeble. The conditions of
the ficst measurement were not absolutely comparable with
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the others, and this is the meaning of the (?). It is clear
that much further time must elapee before such measure.
ments can be depended upon for proof of the growth of
actinium. If the above scheme is cortect it is certain that
the period of [eka Ta| must be very long, but as no
information exists as to the period of actinium it is im-
possible to give an estimate. In the merntime the very
definite view it is now possible to take of the nature of
{cka Ta] should facilitate the search for this missing
clement, and lead to the problem being more directly
elucidated.

Without a single exception, though some cases still
remain to be studied, the rule is borne out thatall members
in all three disintegration series placed in the same family
are non-separable from one another. When any place in
the Periodic Table was before uneccupied the radio
element ficst discovered to be occupying it appeared as a
new type. Thus the homologues of barium and tellurium
respectively were unknown before radio-active investiga-
tions. Radium and polonium appeared as new types
separable from barium and tellurium respectively. But
the products radio-thorium, uranium X, ionium, and radio-
actinium in the fourth group occupy a place already
occupied by the known element thorium, and hence ate
non-separable from thorium.

This enables it to be predicted that eka tantalum will be
separable from tantalum. Actinium also will prove to be
separable from lanthanum, as Geisel has stated, but nol
yet clearly demonstrated.

When the zero group is crossed the place in the sixth
family, before cccupied by uranium, is now occupied by
polonium, in the fifth by bismuth, in the fourth by lead, in
the thicd by thallium. That is, altec passing the zero
geoup an entirely fresh set of types is met with, which is
shown in the ordinary periodic arrangement by dividing the
families into A and B sub-groups. We may predict that
the A members and the C' members of the active deposits
will be non-separable from polonium, and that RaC; and
ThD, possibly AcD, will be not merely analogous to
thallium but non-separable from it.

These results prove that almost every vacant place in
the Periodic Table between thallium and uranium is
crowded with non-separable elements of atomic weight
varying over several units, and leads inevitably to the pre-
sumption that the same may be true in other garls of the
table. As previously pointed out, nothing fucther is neces-
sary to explain the failure of all attempts to obtain
numerical relations between the atomic weights. The
view that the atomic mass is a real constant fixing all the
chemical and physical properties of the elements is com.
batted most definitely by the fact that after the a-particle
of mass 4 is expelled the members revert later to the
original chemical type.

Finally, it may be predicted that all the end-products,
probably six in number of the three series, with calculated
atomic weights varying from 210 to 206, should be non.
separable fromlead ; thatis, should be * lead,"” the element
that appears in the International List with the atomic
weight 207'1. [ should mention that Mr. Russell a year
ago told me that he believed that the discrerancy between
this value and that calculated (206:0) from the atomic
weight of radium by the subtraction of five a-particles was
due to the end-product of radium not being lead, but an
element non-separable from it. It appeacs from the fore.
going that all the end-products are probably non-separable
from lead, and that “lead ” is actvally such a mixture as
formerly, 1 supposed, might exist among the inactive
elements.

1f we suppose that all the lead in the world is produced
as the end-productsin the three disintegratinon series in con-
stant proportion, the found atomic weight. 2071, indicates
that about half of it may result in that of thorium and the
othec half in that of ucanium. Itis, however, hardly profit.
able to go further in detail until the constancy of the
atomic weight of lead from a variety of radio-active
minerals has been experimentally tested.

A chart accompanies this paper, thowin i
1 f R graphically the
evolution of the clements through the Periodic I"l‘x:blg: ¥rom
uranium to lead.
Physical Chemiatry Labnratory,
Glasgow University, February 18, 1913.
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 Note add;d February 22, 1913.—1 should have men.
upned that if the scheme given is correct and ionium is the
direct product of the u-ray change of uranium Il.—and it
is hardly possible to frame any alternative agreeing with
the rules of the a- and B-ray changes laid down - my
estimate of the life of ionium as at least 100,000 years
(Royal Institute Friday Evening Lecture, March 15th
1912), becomes definite. It is dependent only upon the
absence of long-lived substances, intermediate between
these two elements. It follows, therefore, from the experi-
ments of Exner and Haschek, and A. S. Russell and Rossi, -
discussed fully in my “Annual Report on Radio-activity,
1913 " (Section Ionium), in which these investigators failed
to observe a single new line in the arc specteum of jonium
thorium preparations, that ionium and thorium must give
the same arc spectrum.  For on my minimum estimate of
the life, the proportion of ionium in the preparations must
have been at least 1o per cent by weight. The identity of
the spectra of two non-separable elements, although at first
sight a somewhat startling deduction, is in agreement
with the modern view that the spectrum does not reveal the
mner‘constitulion of the atom, as previously assumed, but
only its external characteristics. The electrons giving rise
to spectra are probably those which condition valency and
chemical properties, and ate not what have been termed
“constitutional electrons.” Such *constitutional electrons”
are, of course, merely a2 name for the material atom itself,
considered apart from its electronic satellites,

I also take the opportunity of mentioning that Mr. Fleck
tells me that he can effect the quantitative separation of
thorium D, from the B and C members of the active deposit
group, by precipitating potassium in the solution by
means of platinic chloride. ‘Taken in conjunction with the
other reactions this is in conformity with the prediction
that the D members of thorium and actinium will prove to
be non-separable from thallium.—F. S,
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