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1. RADIOACTIVITY AND TRANSMUTATION
OF ELEMENTS ()

It has been found that a number of chemical elements
give off peculiar radiations which have much the same
effect as the X-ray. In other words, they wil! penetrate such
materials as black paper, affect a photographic plate, discharge
an electroscope, and cause fluorescence in certain minerals.
These effects were first discovered in 1896 by Becquerel, a
French scientist, as he was examining a crystal of a salt of
the element uranium. The general phenomenon was called
radioactivity. Pierre Curie and his wife, starting with this
discovery, were able to isolate two or three other elements
which were much more radioactive than uranium. The first
of these to be obtained was polopium, named by Madame
Curie after her native land, Poland. But another radioactive
element, radium, was found by them in larger quantities
and is the most important of the three.

Radium is a metal which chemically closely resembles
barium and is in fact the next element below it in the
periodic table. A number of its salts and the free metal itself
have been prepared. As regards their purely chemical
properties, there is little to distinguish the element from the
rest of the calcium family.

Radium and all its salts are, however, extremely radio-
active. This property is quite independent of the nature of
the salts and is as apparent in radium bromide as in
the free metal. In fact, what is sometimes spoken of as
“radium” is in reality the salt radium bromide. It is the
common form in which the element is kept and  used.
Radioactivity thus seems to be a property of the radium
atom and to be independent of its chemical combination.
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The extreme radioactivity of radium and its salts can be
shown by the effect on a photographic plate, by the discharge
of an electroscope, or by a fluorescent screen.

It has been found that radium salts are actually giving
oft three kinds of radiation which differ widely in their
penetrating power and in the way in which they are affected
by an electric field. Those called the alpha (a) particles
have very little penetrating power and are found to be
positively charged particles, or atoms, of helium. The beta
(B) rays are much more penetrating and are, in fact, merely
a stream of electrons, exactly like those found in the vacuum
tube. The gamma (Y} rays are not affected by an electric
field and are nothing but very short X-rays which are
produced by the action of the beta rays on some of the
solid material through which they pass.! It is these gamma,
or X-rays which give to radium the extreme radioactivity
which was first noticed.

Another very surprising property of radium and its salts
is that the nature and amount of its radioactivity are
entirely independent of temperature and of any other known
conditions.

There is still another remarkable property of radium
salts: they are continuously producing heat and are generally
three to five degrees warmer than the surrounding atmos-
phere. The amount of heat evolved has been measured
and found to be such that one gram of radium salt gives
off 100 calories per hour. This constant evolution of heat
apparently goes on indefinitely. But, as a matter of fact,
we shall see later that this is not the case, that the known
quantity of radium is gradually disappearing, and that at
the end of about 1600 years it will be half gone.2 Radium
i1s thus not a source of perpetual energy as has sometimes
been stated.

We have seen that the beta rays are a stream of elec-



trons. The alpha particles have been shown to be positively
charged helium atoms.

Besides heliumn, we can obtain from radivm another gas
which was first known as radium emanation but is now
called radon.® This gas is continuously being given off by
radium compounds and can be pumped away from radium
salt and obtained quite pure. Radon is clearly a definite
element and finds a place in the periodic system as the last
member of the family of rare gases. It is chemically inert,
is monatomic, and has the molecular weight 222, exactly
four units less than the atomic weight of radium. We
thus see that from radium we have obtained two separate
elements. These are helium, which we already kunow,
and radon. The formation of helium and radon proceeds
continuously in all radium compounds. This must be due
to a disintegration of the radium atom itself. Hence we
have here the atom of one element actually being transformed
into the atoms of two other elements. The atomic weight
of radon is in this connection significant. It is exactly the
difference between the atomic weights of radium and helium.

The radiations given off by radium (in particular the
beta rays and their secondary product, the garnma rays) are
extremely active. With their aid it is possible to take
pictures in exactly the same way as with the X-rays
generated by an electric current in a vacuum tube. Radium
radiations, however, have a very powerful effect on all
living matter, and it has been thought that they might be
useful in curing varjous diseases.t The results have not been
so successful as was first hoped. But in treating certain kinds
of cancer and similar growths, radium seems to be very
beneficial.
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. The gamma (7) rays are not affected by an electric field and are
nothing but very short X-rays which are produced by the action of the
beta rays on some of the solid material through which they pass. %k
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2. But, as a matter of fact, we shall see later that this is not the case,

that the known quantity of radium is graduelly disappearing, and that
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3. Besides helium, we can obtain from radium another gas which was first
known as radium emanation but is now called radon. ¥EScigrh was
known as 72 to be known as fJ—fRiFENAHABE=ARIER. as B
RIEE, /FIRAH, to be known as ¥ “NHK" B F to be called j2fH X &
RFE, (BB 5B AERN-RHIER. e radium i radon #Z330#
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HEEHS, HRBEHR.”

4. Radium radiations, however, have a very powerful effect on all living
matter, and it has been thought that they might be useful ia curing
various diseascs. YEX & 44yrh Radium radiations have a very powerful
effect on all living matter J¢ it has been thought 2 F[fy. that they
might be useful in curing diseases 2% 3k M 4), & has been thought
T BN AR “TROERSEN F—UE SRR, A
A KSR (9SS T LR T8I A

2. RADIOACTIVITY AND TRANSMUTATION
OF ELEMENTS (II)

The beta rays which are given off by a sample of
radium salt are not a part of the decomposition of radium
into radium emanation but are the result of later changes.
Radium emanation itself changes into another element, a
solid called radium A, at the same time producing another
alpha particle (a charged helium atom). Radium A disinte-
grates and forms successively radium B, C, D, E, and F.
When radium F breaks up, it forms an element, radium G,
the atomic weight of which is 206. In each case the change
is attended by the production of an electron or of an alpha
particle. The electrons emitted in the later stages of the
disintegration of the radium atom are the beta rays which
are given off by the radium salt.

It will be noticed that the last product of the change
is radium G. This is no longer radioactive because it under-
goes no further changes and gives off no charged particles.
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This substance shows all the chemical properties of ordinary
lead and cannot be distinguished from the latter except that
it has a lower atomic weight and a different density. In
other words, radium G is an isotope of ordinary lead.

An examination of the lead formed in radioactive ores
(that is, ores which contain radium) shows that it has an
atomic weight and a density different from ordinary lead.
This lead (radium G) was probably formed in that particular
ore by the disintegration of the radium atoms. The ex-
perimental demonstration of the existence of two kinds of
lead, identical in chemical properties and X-ray spectra but
different in properties involving atomic mass, was the first
proof of the existence of isotopes.

Every expulsion of a helium atom in the form of
an alpha particle should lower the atomic weight of the
element by four units (the atomic weight of helium). There
are five such changes between radium and radium G, the
end point. Subtracting these twenty units (6 x 4) from the
atomic weight of radium (226) gives 206 for the atomic
weight of radium G. The experimentally determined atomic
weight of lead from pure radium ore is almost exactly 206
as compared with 207.2 for ordinary lead. That this ¢lead”
is really radium G seems established beyond doubt, and our
general picture of the radium disintegration is complete.

The accompanying diagram shows the position in the
periodic table of the various disintegration products of
radium. The position of these elements has been determined
by their X-ray spectra and is verified by their chemical
properties. It will be noted that in group 4 there are 3
elements which are isotopes of ordinary lead.! Two of these,
radium B and radium D, are radioactive; the other, radium
G, is inactive, as explained above. Similarly, in group b
we have two radioactive elements which are isotopes of
ordinary bismuth.
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There are other disintegration series besides the radium
series. Thorium seems to be the starting point of a series of

0 1 2 3 4 5 6
79 Au |80 Hg |81 TI* |8 Pb* |83 @}gi‘_/.sg,RaF'
RaG*"|,.«RaE’_ |_-RaC!
A _acT g7
RaD“"| -Rac”_|.-RaA
Ala="" 1
RaB*“ i
1
R () I S - (@-- -4~
i Y e
Ty ¥
86 Rn* { 87— | 88 Ra* | 89 Ac* | 90 Th* | 91 Pa* | 92 U*

Last two rows of jhe periodic table, showing the posi-
tion of the disintegration products of radium. A star
(*) marks the positions occupied by the given elements
and by the disintegration products of the thorium and
uranium series,

radioactive elements. Probably radium itself has been slowly
formed as a product of the radioactive disintegration of
uranium and is therefore really not the starting point but
the middle of a series. The elements formed in the thorium
and uranium series occupy positions in the periodic series
indicated by a star in the diagram.

The most probable explanation of radioactive disintegra-
tion is to be found in terms of the modern ideas concerning
the structure of matter. We have already seen that we can
picture an atom as made up of a positive nucleus surround-
ed by electrons. The disintegration of radioactive elements
appears to be a disintegration of the nucleus. Thus, when a
radioactive element disintegrates, either an electron (a beta
particle) is shot from within the nucleus or a doubly charged
helium atom (an alpha particle) from the same source; or
both changes may occur.®? The loss of one electron from
the nucleus increases the net positive charge (the atomic
number) by one; the newly formed element therefore belongs

9



in the next place to the right in the periodic table. On the
other hand, the loss of a doubly positively charged helium
atom decreases the net nuclear charge by two, and the new
element must be placed two groups to the left. If two eclec-
trons and one alpha particle are emitted, the new element
has the same nuclear charge and the same atomic number,
and is isotopic with its parent. The accompanying diagram
llustrates these changes. These have been studied by
physical measurements of the characteristic radiations
emitted by the elements during the disintegration. In many
cases the life of one of the elements is so short that it is
half disintegrated in a few minutes. In almost all cases the
amounts of the substances involved have been too small to
see or even to weigh. The results are nevertheless beyond
dispute, thanks to the accuracy of the physical methods
of measuring the characteristics of the electrons and alpha
particles shot off from these spontaneously exploding nuclei.®

This nuclear decomposition of the radioactive elements,
it must always be remembered, does not involve any of the
electrons outside the nucleus. These electrons merely re-
arrange themselves in the newly formed element to correspond
to the positive charge on the nucleus. The chemical proper-
ties of a certain element which depend on the arrangement
of these electrons (particularly the outer, or valence
electrons) are the same whether the element be formed as
a result of radioactive change or not.* This has already
been mentioned in the case of the leads, which, being end-
products of radioactive changes, are themselves inactive.
And their differences can be detected only by atomic weight
or density determinations.

(5] i
sample ['sarmpl] ». FEFL disintegrate [dis’intigreit] v. 732
later ['leits] a. A successively [sok'sesivli) adv. FE4kH)
charged [tfa:d3d] p.a. HHEM emit [i’'mit) v. SH, HH
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tegrates SLARETEM A, #Ef is shot, FHUARM. BN HEE, 7 or a doubly
charged helium atom (an zlpha particle) from the same source #gyillEE
B is shot DM, VIRTIN. RUFX: “Hih, S—HgHEtEos8nm
& REHART (B BN MEARSH, SEF—MERBRFTNEET (@
BUR) MEI—4bg s #4340 R A7

3. The results are nevertheless beyond dispute, thanks to the accuracy of
the physical methods of measuring the characteristics of the electrons
and alpha particles shot off from these spontaneously exploding nuclei.
A R—/NEA, HEFE L the results, §P5E R are beyond dispute, thanks
to A “MTF”. HIENES. thanks to the accuracy #EiifjFF are
beyond disputes, #HIBI; of the physical methods {##f§ accuracy; of
measuring (Hj4#]) the characteristics #£fff methods; of the electrons
and alpha particles {8 characteristics; shot off B L4 HMEEEIE,
f=f5 electrons K particles fy; from these spontaneously exploding nuclei
fEik3E, #5fii shot off. FITXIHF—RF| of Mh)FHRENEEN —BMNEEF
b ARG “BRTFRFEATEANHNETR o FANERERN
BEHE G HREm, RUAERELT SRR

4, The chemical properties of a certain element which depend on the ar-
rangement of these electrons (particularly the outer, or valence electrons)
are the same whether the element be formed as a result of radioactive
change or not. K&GEFME A4, E4WE The chemical properties of a
certain element are the same. which ZF these electrons ZEFEM R, E&
properties. %3 rhffy particularly the outer, or valence electrons fi§ig
BY elections. whether EK RiL$HIRFEND, EHTHE are the same #y; 1
XM AR SN EIETIR, K52 MR whether the element be formed as
a result of radioactive change or the element be formed not as a result
of radioactive change. 7£j%: be formed gy be HIMTF is, HALEXBEHE
BBk, FUAMBRALE be, WAM is. AMEX “%—7 FOWATF T
(BRASBER T, Wi F) BPEFI77 XL ER AR, TRELHREH
T Hc A 4R IR A"

3. RADIOACTIVITY AND TRANSMUTATION
OF ELEMENTS (III)

Radioactive changes establish the fact that certain atoms
can break down and form new elements, helium atoms, and
electrons. If the nucleus of the atom is involved in these
changes, the nucleus itself must be a complicated structure.
It is now believed that the nuclei of all atoms are built out
of protons and neutrons. In radjoactive changes one would

12

— N\t



