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families.”#?7 He placed these groups at the bottom of the table, the rare earths on
the left-hand side and the radio-elements on the right. Adams did not claim there
was a relationship between the rare earths and the radio-elements; they were
simply the elements that did not fit into the other families.

Because the radio-elements had similar atomic weights, the question of
placing more than one element in the same place in the periodic table was raised.
The table Alexander T. Cameron published in 1909 is an example of those that
moved away from what he referred to as the “restriction” of having only one
element in each space (Fig. 3).4°8 In his table, the radio-elements were not placed
strictly according to atomic weight. For example, radium, radium emanation, and
thorium emanation were all placed in the same space despite their differences in
atomic weight because “they resemble each other so closely that it is legitimate to

suppose that they occupy the same space.”4%?

Figure 4.3: Cameron's 1909 Table

497 Adams, “Modification,” 688.

498 A, T. Cameron, “The Position of the Radio-active Elements in the Periodic Table,”
Nature 82 (1909): 68, do0i:10.1038/082067c0.

499 Cameron, “Position,” 68.
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Another reason for not paying strict heed to atomic weight when placing the
radio-elements into the periodic table was the fact that it was not easy to determine
their atomic weights. It had been theorized that alpha particles, one of the types of
rays emitted by radioactive substances, were in essence helium atoms and
Rutherford was able to prove that experimentally “in a most complete manner.”>00
Once that was established, it became possible to calculate the atomic weight of all
radio-elements that were the result of an alpha particle emission. As helium has an
atomic weight of four, the emission of an alpha particle was simply the loss of four
units of atomic weight. For example, radium emits an alpha particle to decay into
radium emanation, 226.4 - 4 = 222 .4, thus the atomic weight of radium emanation
would be 222.4. Of course, this arithmetic could only be used in the case of alpha
particle emission, not beta or gamma emissions. There was still some guess work
involved, making Cameron’s decision to place radio-elements that closely resembled
each other in the same space, despite any differences in atomic weight, more
understandable.

Attempts to place the radio-elements in the periodic table and the discovery
that alpha particles were helium atoms, led to a generalization that guided the
placement of these elements into the table. This generalization became known as

the displacement laws, or group displacement laws. Between 1911 and 1913, five

500 Frederick Soddy, “Radioactivity,” Annual Reports on the Progress of Chemistry 6
(1909): 235, d0i:10.1039/AR9090600232. For an overview of the evidence for this,
see Soddy, “Radioactivity,” (1909): 232-238.
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chemists - Frederick Soddy, Kasimir Fajans,>%! George von Hevesy,>2 Alexander S.
Russell, and Alexander Fleck - contributed to the formation of the displacement
laws.503 As a radio-element emits a particle, its product moves either two places to
the left in the periodic table in the case of an alpha-particle emission or one place to
the right in the case of a beta-particle emission. Radium is located in Group II and
when it emits an alpha particle its product is radium emanation, which is located in
Group 0. Actinium, located in Group IlII, emits a beta particle resulting in radio-
actinium, which is located in Group IV.504

The group displacement laws situated all of the radio-elements in the
periodic table. And much as the periodic law had done, they also paved the way for
the discovery of new radio-elements. It had been theorized that there were some
gaps in the disintegration series. Almost immediately after publication of the
displacement laws, radioactivists used those laws to figure out what was missing
and to experimentally find the missing radio-elements. One of these predicted
radio-elements, a product of Uranium X, was quickly discovered by Fajans and Beer

and confirmed by Fleck; this predicted radio-element was called Uranium Xz and

501 Kasimir Fajans was a Polish chemist who spent time at Rutherford’s lab in
Manchester. Among other things, he co-discovered the element protactinium as
well as the group displacement laws.

502 George von Hevesy was a Hungarian chemist who also spent time at Rutherford’s
lab in Manchester. He co-discovered the element hafnium and won the Nobel Prize
in 1943 for his work on the application of radioactive isotopes as tracers in the
study of chemical and biological processes.

503 See Soddy, Chemistry, Part I1, 2-4; and K. Fajans, Radioactivity and the Latest
Developments in the Study of the Chemical Elements, trans. from the 4% German ed.
by T.S. Wheeler and W. G. King (London: Methuen & Co. Ltd., 1923), chapter 3,
particularly note 21.

504 Despite the many different forms of the periodic table that were in use, groups
and their numbers were generally consistent.
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was a child of Uranium X1.5%5 The displacement laws were also put to work to solve
the mystery of the parent element of actinium, which Soddy referred to as a
“question ... of very great interest.”>%¢ However, it would be several years before it
was discovered that Uranium X, was an isotope of the element 91, discovered in
1917, and more years before it was discovered to be the parent of actinium.>7 In
some ways the development and use of the displacement laws was the weathering
of another test, much like the accommodation of the inert gases within the table.
However, the displacement laws also created some doubts about the periodic
system and the very nature of the elements themselves. Soddy noted 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.”508
Furthermore, the atomic weight of an element was not “a real constant, but a mean
value, of much less fundamental interest than has been hitherto supposed.”>% If

atomic weight was no longer the identifying characteristic of an element, then

505 Frederick Soddy, “The Radio-Elements and the Periodic Law,” Report of the
Eighty-Third Meeting of the British Association for the Advancement of Science,
Birmingham: 1913 (London: John Murray, 1914): 447,
https://biodiversitylibrary.org/page/30382318.

506 Frederick Soddy, “The Origin of Actinium,” Nature 91 (1913): 634,
doi:10.1038/091634a0.

507 Element 91 was subsequently given the name protactinium in acknowledgement
of its relationship to actinium. Aristid V. Grosse, “Element 91,” Science, n.s., 80
(1934): 512-516, http://www.jstor.org/stable/1660876.

508 Frederick Soddy, “The Radio-Elements and the Periodic Law,” Chemical News 107
(1913): 99,

https://hdl.handle.net/2027 /mdp.39015073139282?urlappend=%3Bseq=103.

509 Soddy, “Radio-Elements,” BA Report, 447.
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something had to take its place. Chemists probably felt some foreboding when

Soddy announced, “The chemical analysis of matter is thus not an ultimate one.”>10
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Figure 4.4: Radioelements in the Periodic System

Several years before the discovery of the displacement laws, Soddy had
begun to realize that groups of radio-elements that possessed identical chemical
characteristics were something other than different elements, despite their differing
atomic weights. With the displacement laws, these groups of elements were now
placed in the same place in periodic table (Fig. 4).511 This suggested that these
radio-elements were in fact the same element. Systematic study of the known radio-
elements revealed that not only were the radio-elements which shared a space in

the periodic table chemically identical, they were also largely physically identical.

510 Soddy, “Radio-Elements,” BA Report, 447.
511 Soddy, Chemistry, Part I1, 3.
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Soddy called these nearly identical elements isotopes. Because these elements were
chemically indistinguishable, “the experimental means capable of distinguishing and
separating isotopes are very limited.”>12

The concept of isotopy, the group displacement laws, and the disintegration
theory may have alarmed some chemists. But for many these ideas weren’t too
radical. As Soddy had said, the facts of radioactivity were revolutionary, but the
laws behind it were not. Those chemists who subscribed to - or were at least
familiar with - late nineteenth century theories of the evolution of the elements
were well placed to accommodate radioactivity into their framework. These
theories, with their suggestions that elements were built from at least one if not
more usually light elements, had in many ways laid the groundwork for the idea that
elements disintegrate into other elements. The evolution of the elements had not
been experimentally proven, but radioactivity had been. And if elements were
proven to devolve, then it could perhaps be taken as evidence that elements
evolved.

Concepts of the evolution of the elements were tied to Prout’s hypothesis.
The electron and the rays emitted by radioactive atoms, especially the alpha particle
that Rutherford had shown to be the equivalent of a helium atom, made it clear that
atoms were not indivisible but made of smaller particles. Prout had theorized that
the elements were all composed of hydrogen atoms. If all atoms had electrons (it

was not yet clear if all atoms contained other particles), then couldn’t it be said that

512 Frederick Soddy, “Radioactivity,” Annual Reports on the Progress of Chemistry 10
(1913): 265, d0i:10.1039/AR9131000262. A summary of the experimental work
can be found on pages 262-265.
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there was a primary matter after all? It might not be hydrogen, as Prout had stated,
but rather an even smaller part, such as the electron.>13 In 1904, the chemist Ida
Freund wrote: “The primary matter ... has been shifted down the scale, and
hydrogen itself appears as a highly condensed form of matter with each of its atoms
containing about 1000 of the truly elemental corpuscles (or electrons) of which
there is one kind only.”514 More research into radioactivity and the structure of the
atom would be needed before this idea could be proven, or not proven, but it was an

idea that was easily acceptable to many.515

I m— .
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Figure 5.5: Emerson’s Helix Chemica

513 [n 1932, Soddy suggested that hydrogen could indeed be Prout’s primary matter
as “itis the only element ... in the nucleus of which there are no constituent
electrons.” See The Interpretation of the Atom (New York: G. P. Putnam’s Sons,
1932): 312.

514 [da Freund, The Study of Chemical Composition: An Account of its Method and
Historical Development (Cambridge: Cambridge University Press, 1904) [New York:
Dover Publications, Inc., 1968], 617.

515 See W. H. Brock, From Protyle to Proton: William Prout and the Nature of Matter,
1785-1985 (Bristol: Adam Hilger Ltd., 1985), chapter 8.
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An example of the easy acceptance of these ideas is Benjamin Kendall
Emerson, a professor of geology at Amherst College. He was well-versed in various
representations of the periodic law, knowing of the work of Chancourtois, Crookes,
Johnstone Stoney, and Thomas Carnelley, as well as that of Lothar Meyer and
Mendeleev.>1¢ He stated that he had “long used a modification” of Crookes’s figure-
of-eight in his geology course but he was led to devise a new form because of
imperfections in Crookes’s spiral.>l7 Emerson’s modification, the three-dimensional
Helix Chemica, also incorporated current research in radioactivity (Fig. 5).518 The
helix was a series of circles and curves hanging from a rod. “At the origin of the
curve,” Emerson wrote, “is ‘der Urstoff,” the ‘Protyle’ of Bacon, the Ether or Electron
E, with valence and density equal to zero.” He noted that while the evolution of the
elements might not have been observed, “the opposite devolution is exemplified in
the derivatives of radium.”>1° Emerson’s helix is notable as it combined earlier
notions of a primary matter and the evolution of the elements with current ideas

drawn from radioactivity.

516 B, K. Emerson, “Helix Chemica: A Study of the Periodic Relations of the Elements
and Their Graphic Representation,” American Chemical Journal 45 (1911): 160-210,
https://hdl.handle.net/2027 /uva.x004036289?urlappend=%3Bseq=232. An
“abstract” of this lengthy article was published as “Concerning a New Arrangement
of the Elements on a Helix, and the Relationships Which May Be Usefully Expressed
Thereon,” Science, n.s., 34 (1911): 640-652, http://www.jstor.org/stable/1638654.
Emerson “perfected” his model several years later; “The Helix Chemica,” Chemical
Reviews 5 (1928): 215-229, d0i:10.1021/cr60018a004.

517 Emerson, “Helix Chemica,” (1911): 160.

518 Emerson, “Helix Chemica,” (1911): Fig. Il between pages 162 and 163.

519 Emerson, “Helix Chemica,” (1911): 161.
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1913 and All That

The discovery of the group displacements laws and the development of the
concept of isotopy were just two of several discoveries in the year 1913 that would
fundamentally change the underpinnings of the periodic system, while at the same
time preserving it. Unlike these two discoveries, which were chemical in nature, the
other important discoveries were physical. Since the discoveries of the electron as
well as the numerous rays (e.g., x-rays, 3 rays) at the turn of the century, physicists
had been learning more about the insides of atoms. The electron was joined by
what Rutherford referred to as the nucleus of the atom.>20 In 1911, he proposed a
model of the atom composed of a positively charged nucleus and negatively charged
electrons. One unit of positive charge, Rutherford suggested, equaled two units of
mass. The electrons occupied a shell, or ring, around the nucleus. The ratio of
positively charged ions to negatively charged electrons determined the electrical
charge of an atom.

In early 1913, Neils Bohr wrote to Hevesy that he was working on a new
atomic model. The model would provide “a very suggestive indication of an
understanding of the periodic system of the elements” as well as “a theory of
chemical-combinations, a theory which permits to follow the process of combining

of atoms in detail.”>21 Bohr had spent time in Rutherford’s lab and was quite

520 E, Rutherford, “The Scattering of o and 3 Particles by Matter and the Structure of
the Atom,” Philosophical Magazine. 6% ser., 21 (1911): 669-688,
https://archive.org/details/londonedinburg6211911lond.

521 Niels Bohr to George von Hevesy, 7 February 1913, in Niels Bohr: Collected
Works, L. Rosenfeld, ed. (Amsterdam: North-Holland Publishing Company, 1981), 2:
530.
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familiar with Rutherford’s atomic model. Bohr expanded on this model and
explicitly tied it to the periodic system. Whereas Rutherford had proposed a single
ring of electrons surrounding the nucleus, Bohr postulated several rings. He
correlated the number of electrons in each ring with “the fact that the chemical
properties of the elements of low atomic weight vary with a period of 8.”
Furthermore, the number of electrons in the outer ring, odd or even, was related “to
the fact that the valency of an element of low atomic weight always is odd or even
according as the number of the element in the periodic series is odd or even.” Bohr
was also able to relate the arrangement of electrons in the outer ring to atomic
volume.522 Atomic weight had long been seen by chemists as the most important
characteristic of an element. For Bohr, however, nuclear charge was the most
important aspect of an atom, not atomic weight.

Bohr’s view was shared by some chemists, including Soddy. When Soddy
described atomic weight as not being as fundamentally important as previously
thought, he was referring in part to the nuclear charge of the atom. As far as the
placement of the elements in the periodic table was concerned, nuclear charge was
going to usurp the place of atomic weight. Much as chemists had done a century

before, physicists began to notice a mathematical relationship between the atomic

522 N. Bohr, “On the Constitution of Atoms and Molecules. Part II.- Systems
Containing Only a Single Nucleus,” Philosophical Magazine, 6t ser., 26 (1913): 495,
496, https://archive.org/details/londonedinburg6261913lond. This is the second
of a trilogy of papers Bohr published on the constitution of the atom in 1913; see
also Philosophical Magazine, 6% ser., 26 (1913): 1-25,857-875. For more on the
development of Bohr's atomic model, see Helge Kragh, Niels Bohr and the Quantum
Atom: The Bohr Model of Atomic Structure, 1913-1925 (Oxford: Oxford University
Press, 2012).
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weight of the elements and the nuclear charge of the atoms. In 1911, Antonius van
den Broek, an amateur physicist, noted that when the elements were arranged by
increasing atomic weight, their weights were equal to about twice their atomic
charge.523

As more was learned about the radio-elements and the structure of the atom,
van den Broek’s idea of a relationship between atomic weight and atomic charge
began to seem more likely. By 1913, van den Broek had concluded that an element’s
nuclear charge equaled its serial number within the periodic table; this serial
number became known as the atomic number.52¢ Soddy wrote that van den Broek’s
theory was “strongly supported by the recent generalisation [i.e., the group
displacement laws] as to the radio-elements and the periodic law.”>2> As far as
Soddy was concerned, van den Broek’s idea had been confirmed and was applicable
to all of the elements, with the exception of the ever-difficult rare earths.

The rare earths elements had long posed problems for chemists. They were
exceedingly difficult to separate and isolate and, as analytical techniques improved,
it was often found that what had been thought to be an element was in fact a
compound of two or more elements. They also were not easily accommodated into
the periodic system. Van den Broek’s theory showed great promise for ascertaining

the place of the elements in the periodic table, including those pairs such as iodine

523 A. van den Broek, “The Number of Possible Elements and Mendeléeff’s ‘Cubic’
Periodic System,” Nature 87 (1911): 78, doi:10.1038/087078b0.

524 A, van den Broek, “Die Radioelemente, das periodische System und die
Konstitution der Atome,” Physikalische Zeitschrift 14 (1913): 32-41,
https://hdl.handle.net/2027 /mdp.39015021268936?urlappend=%3Bseq=68.
525 Frederick Soddy, “Intra-atomic Charge,” Nature 92 (1913): 399,
doi:10.1038/092399¢0.
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and tellurium which had long seemed to be incorrectly ordered in Mendeleev’s
table. However, as Soddy had noted, van den Broek’s theory also did not
accommodate the rare earths. Bohr speculated that his atomic model would apply
to the heavy rare earth elements, though he cautioned that the theory “is not
sufficiently complete” to be sure.526 It would take another physical discovery to
make the rare earths somewhat easier to work with, if not to assist in placing them
within the periodic table.

Chemists were no strangers to spectroscopy, having used variations of the
technique for decades. In 1912, physicists discovered that when x-rays passed
through crystals, it was possible to determine the wavelength associated with
different substances due to the electric field produced by an atom’s nuclear charge.
This new form of spectroscopy was used by another Rutherford protégé, Henry
Moseley. He wanted to test the atomic number theory of van den Broek as well as
Bohr’s atomic model and decided to attempt to determine the wavelengths of the
elements. Moseley began with elements of lower atomic weight. He published the

first of these x-ray spectra in 1913,527 followed by the spectra of more elements in

526 Bohr, “On the Constitution,” 498. Bohr’s 1913 atomic model was generally
accurate only for very simple atoms, such as those of helium; the model was difficult
to apply to the more complex atoms of heavier elements. J. W. Nicholson discussed
some of the issues with Bohr’s model in relation to van den Broek's hypothesis and
Moseley’s spectra work in “The High-Frequency Spectra of the Elements, and the
Structure of the Atom,” Philosophical Magazine, 6" ser., 27 (1914): 541-564,
https://archive.org/details/londonedinburg6271914lond.

527 H. G. ]. Moseley, “The High-Frequency Spectra of the Elements,” Philosophical
Magazine, 6t ser., 26 (1913): 1024-1034,
https://archive.org/details/londonedinburg6261913lond.
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1914.528 By this point, Moseley was confident enough in his results to write, “There
is every reason to suppose that the integer which controls the X-ray spectrum is the
same as the number of electrical units in the nucleus.” Thus his “experiments give
the strongest possible support to the hypothesis of van den Broek.”>2°

Moseley then turned his attention to the rare earths. He was quite confident
that “it will be possible to put every rare-earth element into its right pigeon-hole, to
settle if any of them are really complex and where to look for them.”>30 Moseley also
hoped to “weed out the superfluous [rare earths], as the subject is still in terrible
confusion.”>31 However, the rare earths samples he had examined appeared to be
full of impurities and he wrote to acquaintances in hopes of obtaining purer
samples. Georges Urbain, a prominent French rare earths specialist, came to
England bearing samples for Moseley. Urbain was particularly interested to see if
Moseley could corroborate his claims for the discovery of a new element, celtium.>32

Although Moseley could not confirm his claim, Urbain was nonetheless

528 H, G. ]. Moseley, “The High-Frequency Spectra of the Elements. Part II,”
Philosophical Magazine, 6t ser., 27 (1914): 703-713,
https://archive.org/details/londonedinburg6271914lond.

529 Moseley, “High-Frequency. Part I1,” 712.

530 Henry Moseley to Georg von Hevesy, 18 January 1914, in H. G. J. Moseley, 225.
531 Henry Moseley to Ernest Rutherford, 4 March 1914, in H. G. J. Moseley, 229. As
often happened in the case of the rare earths, there were rival claims for new
elements. Georges Urbain and Carl Auer von Welsbach both claimed they had split
the element ytterbia; the International Committee on Atomic Weights accepted
Urbain’s claim over that of Auer von Welsbach. Each then went on to discover
another new element, although in this instance the International Committee
declined to accept Urbain’s celtium as a new element, largely because he had been
unable to determine its atomic weight. See H. G. J. Moseley, 93-95 for a brief
overview.

532 See P. M. Heimann, “Moseley and Celtium: The Search for a Missing Element,”
Annals of Science 23 (1967): 249-260.
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“flabbergasted”>33 by the ease of Moseley’s technique, particularly in comparison
with the many months, if not years, of tedious fractionations required to separate
the various substances in a rare earths sample.>34

Flabbergasted or not, Urbain was definitely impressed with Moseley and his
work on the x-ray spectra of the elements. After his return to France, he wrote to
Moseley regarding what he had dubbed Moseley’s law. This law, he said, provided a
basis for Mendeleev’s classification of the elements.535 If Moseley was correct, then
van den Broek’s atomic number replaced atomic weight as the basis of the periodic
law. In his textbook on radioactivity, Fajans wrote: “At first sight these conclusions
would appear to depreciate the value of the periodic table, but the real significance
of the table still remains, if, instead of the atomic weight, another property of the
element - the atomic number - is taken as the foundation.”>3¢ Chemists’ empirical
knowledge, gained from extensive and long-term experience, was being given

robust theoretical explanations by physicists.

533 “Flabbergasted” is the term used by historian John Heilbron; H. G. . Moseley, 101.
534 Moseley read a paper on his work with the rare earths at the 1914 British
Association meeting in Australia. He intended to write an abstract of this paper for
publication in the Philosophical Magazine “as to chemists the reality and order of the
rare earth elements is of much importance.” However, Moseley was killed during
World War I and the abstract was never written. H. G. ]. Moseley, “High-Frequency
Spectra,” Report of the Eighty-Fourth Meeting of the British Association for the
Advancement of Science, Australia, 1914 (London: John Murray, 1915), 305,
https://biodiversitylibrary.org/page/30399800; only the title is listed in the BA
Report. Henry Moseley to Ernest Rutherford, 4 April 1915, in H. G. J. Moseley, 267.
535 Georges Urbain to Henry Moseley, 29 June 1914, in H. G. J. Moseley, 242. Urbain
was quite enthusiastic about his visit to Moseley, at one point writing “Vive la loi de
Moseley!”

536 Fajans, Radioactivity, 67.
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The discoveries of 1913 were generally accepted, at least by radioactivists.
A. S. Eve, in a review of current atomic theories, concluded that, “All of these
[physical] results are in harmony with the wonderful advances in radio-chemistry
due to Soddy, Fajans, Von Hevesy and others.”>37 Urbain, of course, was
enthusiastic, at least about Moseley’s spectra work. A joint discussion held by the
physics and chemistry sections on the structure of atoms and molecules at the 1914
British Association meeting, however, revealed that not all chemists were
convinced.>3® Armstrong, who was predisposed to reject anything physicists had to
say about atoms and elements, voiced his thoughts on these new theories:

the arguments used are so novel and daring, the contentions so original, that

at present they [chemists] are not in a position to appreciate, still less to

criticise them effectively; in fact, the chemist’s office at the moment must be

mainly to point out the conditions that a theory must satisfy to meet his

requirements.>3?
Armstrong went on to express his doubts about Soddy’s concept of isotopy,
Moseley’s spectra work, Bohr’s atomic model, and even radioactivity itself. “Itis not
to be supposed,” he said, “that [the problems of atomic structure] are no longer
amenable to chemical treatment and that they are ripe for purely physical

treatment.”540 Further experiments of both a chemical as well as a physical nature,

however, would be slowed by the advent of World War I. Although some work

537 A. S. Eve, “Modern Views on the Constitution of the Atom,” Science, n.s., 40
(1914): 120, http://www.jstor.org/stable/1638909.

538 “Discussion on the Structure of Atoms and Molecules,” Report of the Eighty-
Fourth Meeting of the British Association for the Advancement of Science, Australia,
1914 (London: John Murray, 1915), 293-301,
https://biodiversitylibrary.org/page/30399786.

539 “Discussion on the Structure,” 294.

540 “Djscussion on the Structure,” 296.
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continued, the attention of many scientists in Europe and America turned toward
the war.
Not the Place for Variety: The Periodic System for Pedagogical Purposes

In an address before the American Chemical Society in 1911, Harry C. Jones
addressed a fundamental question in teaching: “Whenever any great advance has
been made in any branch of science, how early should this be incorporated in the
teaching of that science; in a word, how closely should teaching follow research.”54
Jones was of the opinion that “truth is even more important than simplicity.”>*? He
argued that students who are provided with simple explanations will only ask
questions requiring more complex, and more truthful, answers. Further, Jones
asked, “shall we have two chemistries or one?”>43 A research chemistry that
constantly advances and a teaching chemistry that ignores those advances was not
in the best interests of science.

Despite the advocacy of Jones, chemistry textbooks were slow to incorporate
radioactivity. Textbook authors generally choose to include new discoveries and
theories only after they have been tested and accepted by the scientific community.
It is also not too surprising given the fact that the scientific understanding of
radioactivity changed quickly and frequently due to the fast-paced nature of its
discoveries. As late as 1917, Francis P. Venable published A Brief Account of Radio-

Activity for the purpose of filling a gap left in most chemistry textbooks which only

541 Harry C. Jones, “The Introduction of Physical Chemical Conceptions in the Early
Stages of the Teaching of Chemistry,” Science, n.s., 35 (1912): 87-88,
http://www.jstor.org/stable/1637415.

542 Jones, “Introduction,” 92.

543 Jones, “Introduction,” 94.
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included a “page or two” about radioactivity that he felt were “too condensed in
their treatment to afford any intelligible grasp of the subject.”>44

A page or two on the subject of radioactivity was, in fact, the most common
treatment of the subject, when it was discussed at all. The new radioactive
elements, such as radium and polonium, were also rarely discussed. Often the only
mention of radioactivity was made in conjunction with the mention of
radioelements. Robert Hart Bradbury’s 1903 Elementary Chemistry, for example,
discussed radioactivity only in the section on the element uranium and did not use
the word “radioactivity” at all.>*> In the second English edition of Walter Nernst’s
Theoretical Chemistry, radioactivity, again without using the word itself, was a part
of the section on free electrons.5*¢ By the 1909 edition of his Descriptive Chemistry,
Lyman C. Newell had included a brief, almost one page, section on radium and
radioactivity.>47 Also by 1909, G. S. Newth’s A Text-book of Inorganic Chemistry
included an extensive discussion of radium and the radioelements, albeit in an

appendix.>48

544 Francis P. Venable, A Brief Account of Radio-activity (Boston: D. C. Heath & Co.,
Publishers, 1917), iii https://archive.org/details/ost-chemistry-
briefaccountofra0Ovenarich.

545 Robert Hart Bradbury, Elementary Chemistry (New York: D. Appleton and
Company, 1903), 232-233,
https://books.google.com/books?vid=HARVARD:32044097019558.

546 Walter Nernst, Theoretical Chemistry From the Standpoint of Avogadro’s Rule &
Thermodynamics, 2" English ed., revised in accordance with the 4th German ed.
(London: Macmillan and Co., Limited, 1904), 392-394,
https://hdl.handle.net/2027 /uc1.$b35677.

547 Lyman C. Newell, Descriptive Chemistry, revised ed. (Boston: D. C. Heath & Co.,
Publishers, 1909), 372,
https://books.google.com/books?vid=HARVARD:32044097019756.

548 (. S. Newth, A Text-book of Inorganic Chemistry, new ed. (London: Longmans,
Green and Co., 1909), 697-703, https://hdl.handle.net/2027 /uc1.b4059214.
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The inclusion of radioactivity in a chemistry textbook did not necessarily
accompany the inclusion of radium, or other newly discovered radioelements, on
any periodic tables used in the text. Even after radium was accepted by the
International Committee on Atomic Weights and included on their table from 1903,
radium rarely appeared on textbook periodic tables. Newth’s 1909 text, for
example, which included a lengthy discussion of radioactive elements did not
include radium on the periodic table.5* Ira Remsen did not include radium on the
periodic tables his textbooks until 1909; the only table in An Introduction to the
Study of Chemistry includes radium>>° while only one of the three tables in A College
Text-book of Chemistry contains radium.>!

Textbook authors could be slow to incorporate changes but some also
embraced new concepts, often at the same time. George Senter, who was praised for
having “one of the rarest and most precious gifts in a man of science - the gift of
lucid explanation,” was a physical chemist and the author of several well-known
textbooks.>52 There were five editions of his Text-Book of Inorganic Chemistry over
the course of the 1910s. Unlike many contemporary textbooks, the first edition,

published in 1911, included a chapter on radioactivity and included radium on the

549 Newth, Text-book, 118.

550 [ra Remsen, An Introduction to the Study of Chemistry, 8t ed., revised and
enlarged (New York: Henry Holt and Company, 1909), 263,
https://hdl.handle.net/2027 /mdp.39015064485876.

551 [ra Remsen, A College Text-book of Chemistry, 21d ed., revised (New York: Henry
Holt and Company, 1909), 188, 189, 191,
https://books.google.com/books?vid=HARVARD:HW3ERO.

552 W. Wardlaw, “Dr. George Senter,” Nature 149 (1942): 405,
doi:10.1038/149405a0.
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periodic table.>>3 In each succeeding edition, the chapter on radioactivity increased
to reflect the latest findings. However, by the time of the fifth edition, published in
1919, the periodic table included in the text was still arranged according to atomic
weight and there was no mention of the concept of atomic number.554

Although radium and atomic number may not have been included on the
periodic tables in all chemistry textbooks, the majority of textbooks did feature
periodic tables. This was a change from Venable’s lament in 1896 that “the old
alphabetical lists” of the elements “have been hard to displace.”>55 In fact, many
chemists regarded periodicity to be one of the most interesting things about their
science. In a posthumous paper published in 1907, James Monckman, who had
worked as an assistant to J. ]. Thomson, declared the periodic law to be “[o]ne of the
most interesting things in the whole course of chemistry.”s¢ A year later, George
Woodiwiss described periodicity as “one of the most interesting studies in

chemistry.”>57

553 George Senter, A Text-Book of Inorganic Chemistry, (London: Methuen & Co. Ltd.,
1911), https://hdl.handle.net/2027 /nyp.33433090731435.

554 George Senter, A Text-Book of Inorganic Chemistry, 5t ed. (London: Methuen &
Co. Ltd., 1919), https://hdlLhandle.net/2027 /uc1.$b277864.

555 F, P. Venable, The Development of the Periodic Law (Easton, Pa.: Chemical
Publishing Co., 1896), 124, https://books.google.com/books?id=tFOVvAQAAMAA].
556 James Monckman, “On a Natural System of Arranging the Chemical Elements, In
Which They Fall Into the Periodic Groups, Based Solely Upon the Atomic Volumes
and the Combining Weights,” Chemical News 95 (1907): 5,
https://hdl.handle.net/2027 /mdp.39015073138953?urlappend=%3Bseq=21.
Monckman died in 1905; a brief obituary can be found in “Notes,” Nature 73 (1905):
106, d0i:10.1038/073105b0.

557 Geo. Woodiwiss, “Some of the Non-metallic Elements in Connection with Valency
and Specific Gravity,” Chemical News 97 (1908): 265,

https://hdl.handle.net/2027 /njp.32101075379873?urlappend=%3Bseq=275.
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Despite this interest in periodicity, or perhaps because of it, there was no
consistency in the discussion of it in textbooks. Woodiwiss bemoaned the fact that
“[t]he average student ... fails to appreciate the full importance of periodicity, and
passes it by as a mere curiosity.” This occurred because of “different writers giving
different versions” of the order of the elements within the periods.>>®¢ Monckman
likewise noted that there was “so much confusion” as “it is easy to read half-a-dozen
arrangements of the elements in as many different books on the subject.” He
admonished: “Now while variety is pleasing in art and decoration, it cannot by any
means be considered so here, and therefore a method at once simple and effective,
that will get rid of this confusion, should be welcomed.”55° Of course, Monckman'’s
and Woodiwiss’s solution to ending the confusion was to submit proposals for their
own systems.

There was good reason for the confusion to be found in textbooks. As
Venable wrote in 1896, “The systematic arrangements of Mendeléeff or Meyer or
Bayley are all necessarily tentative because of the serious imperfections in our
knowledge.”>¢0 This view was echoed by Armstrong in 1900. “Even in the form in
which it was put forward by Mendeleeff,” he stated, “the periodic generalisation is
but a first approximation: and the great Russian has himself pointed out that it

needs improvement and development.”>6! In his annual report on inorganic

558 Woodiwiss, “Some of the Non-metallic,” 265.

559 Monckman, “On a Natural System,” 5.

560 F. P, Venable, “Some Difficulties in the Presentation of the Periodic Law,” Science,
n.s., 4 (1896): 160, http://www.jstor.org/stable/1622770.

561 Henry E. Armstrong, “The Classification of the Elements,” Proceedings of the
Royal Society of London 70 (1902): 86, http://www.jstor.org/stable/116601.
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chemistry for 1908, Hugh Marshall stated that “Mendeléeff's original arrangement is
not altogether a happy one; although the arrangement may occasionally serve for a
rough classification ... its use nowadays is hardly justifiable.”>62

Although Marshall may have considered the use of Mendeleev’s table to be
“hardly justifiable,” the basic periodic table forms used for pedagogical purposes
during the early years of the twentieth century changed little from those used in the
late nineteenth century. Versions of Mendeleev’s short-form table remained highly
popular. Lothar Meyer’s atomic volume curve was also popular, especially as it was
a form well-suited to illustrating relationships between atomic weight and other
properties. Many textbooks chose to include both of these forms rather than just
one of them. For example, ]. 1. D. Hinds>63 and R. M. Caven and G. D. Lander>%* used a
short-form table to illustrate the discussion of the classification of the elements and
an atomic volume curve in the discussion of atomic volume, while A. Reychler>6>
used both in discussing valency and periodicity.

Other textbooks contained multiple periodic tables. One notable example is
Joel H. Hildebrand'’s Principles of Chemistry, originally designed for use in his course

in General Chemistry and Qualitative Analysis at the University of California,

562 Hugh Marshall, “Inorganic Chemistry,” Annual Reports on the Progress of
Chemistry 5 (1908), 70-71, doi:10.1039/AR9080500031.

563 ], 1. D. Hinds, Inorganic Chemistry, with Elements of Physical and Theoretical
Chemistry, 15t ed. (New York: John Wiley & Sons, 1902), 66-71,
https://books.google.com/books?vid=HARVARD:32044091927608.

564 R. M. Caven and G. D. Lander, Systematic Inorganic Chemistry, From the
Standpoint of the Periodic Law: A Textbook for Advanced Students, New ed. (London:
Blackie and Son Limited, 1911), 28-34,

https://hdl.handle.net/2027 /nyp.33433090729660.

565 A, Reychler, Les théories physico-chimiques, 3™ ed. (Bruxelles: H. Lamertin, 1903),
43-51, https://books.google.com/books?id=k1wvAQAAMAA].
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Berkeley. Both the Preliminary edition of 1917 and the first edition of 1918
contained four versions of the periodic table: Lothar Meyer’s atomic volume curve,
a Mendeleev short-form table, Julius Thomsen’s table, and Soddy’s figure-of-eight.566
Hildebrand noted that “[t]he periodic classification of the elements is exceedingly
useful,” but that there were “certain defects in the Mendeléeff table.”567 The other
representations were given to illustrate how those defects could be better dealt with

in other forms.
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Figure 4.6: Werner’s 1905 Table

Marshall had noted that many of the difficulties of the short-form table “can

be avoided by the use of longer periods.”>®® He was referring, in particular, to a new

566 Joel H. Hildebrand, Principles of Chemistry, preliminary ed. (Berkeley: Lederer,
Street & Zeus Co., Publishers, 1917), 136-142,

https://hdl.handle.net/2027 /uc1.$b100552; Joel H. Hildebrand, Principles of
Chemistry (New York: The Macmillan Company, 1918), 251-259,
https://hdl.handle.net/2027 /uc1.$b277972.

567 Hildebrand, Principles of Chemistry (1918), 255.

568 Marshall, “Inorganic Chemistry,” 71.
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table published in 1905 by the Swiss chemist Alfred Werner (Fig. 6).56° In an effort
to better incorporate all of the rare earth elements, including those that had at the
time been recently discovered, Werner created a long-form table.>’® The rare earth
elements were moved into an area at the bottom of the table. This is similar to the
place occupied by the lanthanides and actinides in the modern table, although in
Werner’s table they were still a part of the table rather than separated from it.

Werner included this long-form table in his inorganic chemistry textbook.571
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Figure 4.7: Soddy’s Figure of Eight
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569 A, Werner, “Beitrag zum Ausbau des periodischen Systems,” Berichte der
deutschen chemischen Gesellschaft 38 (1905): 916,
https://hdl.handle.net/2027/iau.31858002459455?urlappend=%3Bseq=922.
570 Werner was far from the only chemist to create a new periodic table to better
incorporate the rare earths, even if it was by relegating them to a separate area of
the table, but he was the first to create a long-form table for the purpose. See, for
example, Heinrich Blitz, “Zur Kenntniss des Perioden-Systems der Elemente,”
Berichte der Deutschen Chemischen Gesellschaft 35 (1902): 562-568,
https://hdl.handle.net/2027/iau.31858002459349?urlappend=%3Bseq=566;
Armstrong, “Classification.”

571 A. Werner, Neuere Anschauugen auf dem Gebeite der anorganischen Chemie
(Braunschweig: F. Vieweg und Sohn, 1905); English translation, New Ideas on
Inorganic Chemistry, trans. from the 24 German ed. by Edgar Percy Hedley (New
York: Longmans, Green, and Co., 1911),
https://books.google.com/books?id=STe4AAAAIAA]. Subsequent editions
continued to include the long-form table.
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Figure 4.8: Bohr’s Table

The new discoveries about the elements that were derived from research
into radioactivity did little to change the forms of the periodic table which chemists
found useful.572 Alongside Mendeleev’s short-form table and Meyer’s atomic volume
curve, other previously used forms were adapted to incorporate new information
and new discoveries. Echoing a common complaint, Soddy referred to the short-
form table as “very convenient” but also “misleading, in that it does not properly
represent the continuity of arrangement” such as that shown by William Crookes’s
“figure of eight.”573 The table which Soddy created was an updated version of a

“figure of eight,” drawn in two dimensions but meant to be depicted in three

572 Bernadette Bensaude-Vincent stated, “Neither the re-interpretation of
periodicity in terms of atomic structure nor the discovery of radioelements implied
a preference for the long rectangular chart so familiar today.” See “Graphic
Representations of the Periodic System,” in Tools and Modes of Representation in the
Laboratory Sciences, ed. U. Klein (Dordrecht: Kluwer Academic Publishers, 2001),
144.

573 Soddy, Chemistry, Part I1, 9.
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dimensions>7#4 (Fig. 7).575 Bohr also found fault with the short-form table. In
discussing the structure of the atom and its relationship to the properties of the
elements, he chose to use an updated version of the Thomsen-Bayley table (Fig.
8).576 Bohr described this form as “more suited for comparison with theories of
atomic constitution” than “usual representations of the periodic system.”>77
Atomic number seemed to be one change that was very slow to be
incorporated into the periodic tables used in textbooks. Most textbooks still used
atomic weight at the organizing principle. Soddy’s “figure of eight” table had no
atomic weights or atomic numbers, while the standard short form table he included
had only atomic weights. The periodic table included in the 1914 edition of Harry
Jones’ Introduction to Physical Chemistry was also arranged by atomic weight.>78
Bohr’s table, on the other hand, was organized by atomic number and did not
include atomic weights at all. This reflected lingering disciplinary differences -

chemists, even those who embraced radioactivity, were still attuned to atomic

574 Soddy was not the only one to revise the figure-of-eight, while keeping more or
less the same shape. Frank Austin Gooch and Claude Frederic Anderson presented a
version of it in their textbook Outlines of Inorganic Chemistry (New York: The
Macmillan Company, 1905), table between pages 8 and 9 in Part I,
https://books.google.com/books?vid=HARVARD:32044091983031.

575 Soddy, Chemistry, Part 11, 11.

576 Niels Bohr, The Theory of Spectra and Atomic Constitution: Three Essays
(Cambridge: Cambridge University Press, 1922), 70. Bohr acknowledged Julius
Thomsen but not Thomas Bayley. It is likely that Bohr was unaware of Bayley’s
table as Venable pointed out that Thomsen had failed to acknowledge Bayley in his
own 1895 publication. See F. P. Venable, “New Grouping of the Elements,” Chemical
News 72 (1895): 126,

https://hdl.handle.net/2027/inu.30000088771047 ?urlappend=%3Bseq=464.

577 Bohr, The Theory, 69-70.

578 Harry C. Jones, Introduction to Physical Chemistry, 214 edition, revised (New York:
The Macmillan Company, 1914), 13,
https://hdl.handle.net/2027/iau.31858047931062.
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weight whereas physicists, who did not have the same history, were more likely to
make the switch to atomic number.
—

As this chapter has shown, the periodic system served as an important
research tool for those investigating radioactivity and the structure of the atom.
Physicists as well as chemists utilized the periodic system in their work. In
developing his model of the atom, Thomson used the periodicity elucidated by the
periodic law to recognize the effect of atomic structure upon the properties of
atoms. Similarly, Bohr correlated the number of electrons in each ring of his atomic
model with the periodicity of chemical properties. The relationship between atomic
weight and atomic charge led van den Broek to place the elements within the
periodic table according to their atomic number. And Moseley set out to test Bohr’s
atomic model and van den Broek’s atomic number theory, as well as his own new
technique of x-ray spectroscopy, by sequentially testing the elements in the periodic
table. The assistance of Mendeleev’s periodic law was essential to many of the
discoveries regarding the atom made at the turn of the century.

Perhaps taking Monckman’s admonishment that “variety is pleasing in art
and decoration” but not when it comes to the arrangement of the elements, the new
discoveries seemed to have little impact on chemical pedagogy. The continuity that
Soddy had seen was well-represented in the chemistry textbooks published before
World War I, both in the changes and the lack of changes that were made in content.
The inclusion of radioactivity and atomic structure in textbooks had little effect on

the representations of the periodic system. In spite of its many perceived and
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recognized deficiencies, Mendeleev’s short form table was still prominently used.
While there was an increase in the use of different forms of the table, many of these
forms were updated versions of a previously used design rather than radically new
forms. The periodic system may have been understood by researchers to be
organized by the physical principle of atomic number, but that had little effect on
the continued importance of atomic weight to the classification of the elements. Yet

however it was represented, the periodic system remained fundamental to chemical

pedagogy.
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