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ERNEST RUTHERFORD, THE “TRUE
DISCOVERER” OF RADON

James L. Marshall and Virginia R. Marshall, University of North Texas, Denton

The proper recognition of the “true
discoverer” of an element is not al-
ways straightforward. The recent
play Oxygenfor example, skillfully
demonstrates how claims of ele-
ment discoveries may be ambigu-
ous (1). To decide who receives the
recognition of discovery, many
guestions are involved (2-4):

(1) Who gets prior claim, the
person who first did the
work or the person who
first published? (2) For
example, Scheele recog-
nized oxygen before
Priestley, but Priestley
published first (1, 5, 6).

(2) What establishes “discov-
ery,” preparation as a com-
pound or preparation in its
elemental form?(4) For

example, the reactive rare

earths were “discovered”
as their earths; the elemen-

tal forms were prepared Friedrichs Universitat, Halle (Saale). (Portrait

decades later (3, 7).

(3) Must an element be “pure”

Figure 1. Friedrich Ernst Dorn (1848-1916),
Geheimer Regierungs-Rat Professor of

at the University of Halle; photograph by the
authors).

before recognition of its discovery is made?

(3) Chlorine was “discovered” by Scheele,
even though his preparation must have been
air mixed thinly with chlorine (3).

(4) Is it possible for a discov-
ery to be shared by individu-
als who perform various “por-
tions” of the work? For ex-
ample, element-91 was first
detected by Fajans (8) in 1913
(“brevium”), was later chemi-
cally separated and cataloged
correctly in the Periodic Table
in 1918 by Soddy and
Cranston (9), and was prepared
and named as protactinium in
1918 by Hahn and Meitner
(10). Some references list
these three groups as “co-dis-
coverers” g.g, Weeks (11)],
while others have limited lists
[e.g, IUPAC (4)].

(5) Is the mere suggestion (ac-
companied by preliminary
analysis) that a new material is
an element sufficient to attain
credit for the discovery?
Crawford and Cruikshank per-
formed a crude analysis of
“ponderous spar” (barium car-
bonate) from Strontian and
concluded that it must be a
“new earth” (12), but the care-

ful research was done by Charles Hope in
Edinburgh (13). IUPAC recognition goes to the
latter (4) although various references credit the

former (14) or both (15).
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(6) For discoveries since the end of the nineteenth Dorn, “Die von Radioaktiven Substanzen Ausgesandte
century, shall an atomic mass determination and Emanation,” published in the insular journal
spectral analysis be required before discovery Abhandlungen der Naturforschenden Gesellschaft
of an element be accepted? Although these cri- (Halle) (22), could not be procured. We wanted to cor-
teria have been unequivocally accepted (4), roborate the popular account that (24):

nevertheless for trace elements such as fran-
cium, technetium, or promethium, there may be
exceptions, or at the very least, an understand-
ing by the scientific world (4) that these experi-
ments may be delayed until substantial amounts

Like all radioactive elements, it [radium] undergoes
continuous, spontaneous disintegration into elements
of lower atomic weight. M. and Mme. Curie had
noticed that when air comes into contact with radium
compounds it, too, becomes radioactive. The correct

of material can be accumulated.

explanation was first given in 1900 by Friedrich Dorn.

The discovery of radon presents an interesting case g traveled to Halle (Saale) and located the journal in
In a recent report to the IUPAC (International Union e peytsche Akademie der Naturforscher Leopoldina,

and Pure and Applied Chemistry), it was stated (4):

Radon was discovered in 1900 by the German chem-
ist Friedrich Ernst Dorn. . . .
Similarly, theHandbook of Chemistry and Physsatates
(16):
The element [radon] was discovered in 1900 by
[Ernst] Dorn, who called itadium emanation

Repetitions of the claim in Dorn’s favor can be found
throughout the literature (17), although there are a few

isolated suggestions that Ernest
Rutherford (18) and even the

Emil-Abderhalden-Str. 37. The paper began with a ref-
erence to Rutherford’s original discovery of the emana-
tion (25) from thorium (22):

Rutherford noticed that a sweeping stream of air over
thorium or thorium compounds, even after being fil-
tered through cotton, has the property of discharging
an electroscope. . . . In a second work Rutherford
also investigated the ‘secondary activity’ of the ema-
nation [the solid material that coats the vessel walls
that is formed as radon continues along its decay se-
quence]. . .. Rutherford said that other
radioactive substances (such as ura-

Curies should at least share th
credit (19). Adifficulty in assign-

ing proper credit was recognized
by Partington (20), who identi-

fied an erroneous citation by
Hevesy (21). In Hevesy’s paper
an incorrect reference was given
to Dorn's original paper (22)

where radium was observed to
produce an emanation; this incor-
rect reference was copied into all
subsequent works of reference
until Partington corrected the er-
ror 44 years later (20). In the
meantime, Dorn’s paper appar-|#
ently was not widely read and its

nium) did not exhibit the same prop-

erties as thorium. . . . | have adopted
the approach of Rutherford and have
taken a second look at other radioac-
tive substances available locally at our
Institute. . .

Dorn’s paper continued with an elabo-
rate pastiche covering uranium, tho-
rium, radium (in the form of crude ra-

dioactive barium), and polonium

(crude radioactive bismuth). Dorn

repeated Rutherford’s procedure, us-
ing an electrometer to detect activity,
and found that indeed uranium and
polonium did not display the emana-
tion phenomenon of thorium, but that

exact contents were lost in time.

In our currentRediscovery
of the Elementproject (23), we
have frequently uncovered sur-
prising information when inves-
tigating original sites; and we
were eager to explore the story
of radon. However, we were frus-
trated that the original article of

Figure 2. Ernest Rutherford (1871-
1937), Macdonald Professor of McGill
University, Montreal, Canada,
collaborated with his colleague Frederick
Soddy to develop their “transformation
theory” which led to the Nobel Prize for e
Rutherford in 1908. (Portrait at the Dept. the activity. He concluded (22):
of Physics, McGill University;

photograph by the authors).

radium did. Dorn further explored the
‘secondary activity,’ just as Rutherford
had. In his study, Dorn examined prin-
cipally the influence of moisture and
heat on activity. He could not find any
obvious correlations, except that mois-
ture and heat appeared to accentuate

I have not found a simple universally
valid relation between the activity and
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the moisture content. . .
. It appears to me that
there is a strong depen-
dence between [both]
the emanation and the
secondary activity upon
the amount of moisture.

Dorn made no speculation
regarding the nature of the
emanation, except that the
phenomenon apparently
concerned ‘a physico-
chemical process.’

Dorn had stumbled
onto the isotope of radon

ecules of air (32).” Ru-
therford vigorously at-
tacked the problem,
considering explana-
tions that included not
only phosphorescence,
but also deposition of
gaseous ions, deposi-
tion of radioactive par-
ticles, and stray dust
(31). Eventually he and
his colleague Frederick
Soddy were able to
show that not only did
the emanation pass un-

(Rn-222) (26) that was the
easiest to investigate, with
its “long” half-life of 3.823
days (27). The isotope that
emanated from thorium
(Rn-220) (26) observed by Rutherford, with its half-life
of 54.5 seconds (27), was more difficult to study. [Ac-
tinium was observed by Debierne to have an analogous
emanation (28), but this isotope, Rn-219 had an even
shorter half-life of 3.92 second] (27). Although the na-
ture of the emanation was not contemplated by Dorn, it
certainly was by Rutherford and the Curies. By 1903
Mme. Curie stated, in the first edition of her thesis (29):

Mr. Rutherford suggests that radioactive bodies gen-
erate an emanation or gaseous material which car-
ries the radioactivity. In the opinion of M. Curie and
myself, the generation

Figure 3. Physikalisches Institut Building of Friedrichs
Universitét. Ernst Dorn conducted his “radium emanation”
studies on the steps of the basement of this building.
(Photograph by the authors).

scathed through a
physical barrier such as
cotton or water, but
also through chemical
barriers such as P,O,,
sulfuric acid, lead chromate, heated magnesium, and
even “platinum heated to incipient fusion (33);” that it
obeyed Boyle’s Law, could be condensed out, and thus
behaved just like a gas (34). By 1903 they could claim
that the emanation must be matter in the gaseous state
(35). By the next year Mme. Curie herself had been
persuaded by Rutherford’s contention that the radioac-
tive emanation was a gas present in such minute quanti-
ties that it could not be detected by ordinary spectro-
scopic or chemical means (32).

As early as 1902 Rutherford and Soddy believed
that they were dealing

of a gas by radium is a
supposition which is
not so far justified. We
consider the emanation
as radioactive energy
stored up in the gas in
a form hitherto un-
known (30).

In a private note to Ru-
therford, Mme. Curie
suggested the phenom-
enon might be a form of
phosphorescence (31).
This “radioactive en-
ergy” was baffling;
vague descriptions were

with a new element (36):

It will be noticed that the
only gases capable of
passing in unchanged
amount through all the
reagents employed are

the recently-discovered
members of the argon
family.

[Ramsay and Rutherford
had discovered argon, and
Ramsay had discovered
the inert gases neon, kryp-
ton, and xenon during the
previous decade] (37). All

offered, for example,
that they were “centers
of force attached to mol-

Figure 4. The Macdonald Physics Building, where Ernest
Rutherford performed his work. The building is now used
as a library. (Photograph by the authors).

this research was done on
the emanation from tho-
rium. Rutherford quickly
followed up with a similar
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study on the emanation from radium, preferred with its sertation reported only data and conclusions concern-
longer half-life and the larger quantities of emanation ing behavioral patterns. Tloalycomment made regard-
that could be procured. By the middle of the decade ing the nature of the phenomenon included these three

Rutherford and Soddy were able to conclude unequivo- sentences (42):

cally (32) that the emanation must be a new element in
the helium-argon family. In their studies they were able
to give a quantitative description, with half-lives, of the

decay behavior of both thorium emanation and radium
emanation. Additionally, they explained that the changes

From radium comes an emanation, that behaves as if
it holds a gas of high molecular weight. The emana-
tion creates an unstable material, that leads to further
changes. . . . We accept the view of Rutherford and
the Curies [regarding the nature of the emanation].

of activity with different moisture content and tempera- The second dissertation (43), 11 years later in 1914, dealt

tures, which had been
noted by both them
and Dorn in the early
articles of 1900, were
due to “variations in
the rate of escape of
the emanation into the
air (38).” They noted
that (32):
It is surprising how
tenaciously the
emanation is held by
the radium com-
pounds....

but correctly con-
cluded that the occlu-
sion was physical and
not chemical (38).
The characterization
was completed with a
molecular weight de-

with the diffusion of ra-

dium emanation in gela-
tins, again with no inter-
pretation (44).

By the 1920s the
literature was filled
with a mélange of
names for the radioac-
tive gaseous element,
including niton (Nt)
[niton was the “offi-
cial” entry inChemical
Abstract$, emanation
(Em), radon (Rn),
thoron (Tn), actinon
(At), and, of course,
“radium emanation.” A

Figure5. The original apparatus used by Rutherford in the reader of the literature
Macdonald Building to demonstrate the nature of the thorium ~ Was not sure whether
emanation: “Public demonstration of the Rutherford experiment on OnNe was dealing with

termination by the condensation of radium emanation when passed through a the general element or
copper spiral cooled in liquid air. Macdonald physics lecture room, with a specific isotope.
EZT;ZZ:;&S;Z”&?;% 6 Nov. 1902.” The copper spiral and ionization chambers are  In 1923 the Interna-

preserved in the Case “B” of the Rutherford Museum. (Courtesy, tional Committee on
Rutherford Museum, Department of Physics, McGill University). chemical Elements

noted that (26):

The Committee has found it necessary to modify the
nomenclature of several radioactive elements. . .
Radon replaces the namesdium emanationand
niton.

below xenon in the pe-
riodic table, and with
the acquisition of a spectrum (40) with “bright lines
analogous to the spectra of the inert gases (32).” With
the understanding that radium produced the gaseous
emanation by the expulsion of a helium nucleus (which
had been isolated and identified), the phenomenon of )
emanation and the nature of the emanation product weré3y then Rutherford was no longer conducting research
completely understood (32). Rutherford had always pre- ©n radon and certainly was not involved with the nam-
ferred to call the element “emanation,” but Ramsay did ing Of the element (45). He had moved on to other work
not hesitate to propose and to use the name “niton (41)."at Manchester University (1907-1918), where his famous
a-particle scattering research was performed (46), and

Meanwhile, what was Dorn’s activity regarding then on to Cambridge University (1919-1937) to study
emanation? His subsequent research on the subject prahe artificial disintegration of the elements (46). Unfor-
duced Only two graduate dissertations on the SUbjeCt.tunate|y, the name “radon” was accompanied with mis-
The first (42) in 1903 dealt with the determination of |eading connotations, and errors have passed into his-
diffusion constants of the “radium emanation” in salt- torical accounts. It is interesting to note, for example,
water solutions and toluene/water solutions. The dis-
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that in Dorn’s article on emanation (22) heverused chemically inert gas of high molecular weight, and prob-
the term “radium emanation” as stated in the literature ably belonged to the helium-argon family (32)—all be-
(47). He simply reiterated Rutherford’s term “emana- fore they performed the same studies on emanation from
tion,” referring to any radioactive species that exhibited radium (33).

the behavior. A careful
examination of the lit-
erature makes it clear
that Rutherford not only
proposed the name ema-
nation (25), but also was
the first to use and to
propose the term radium
emanation (48):

It is particularly fitting that
Rutherford be credited with the dis-
covery of the element that launched
him on his long and rewarding in-
vestigations of nuclear transforma-
tions. The only question is whether
Frederick Soddy, who accompa-
nied Ernest Rutherford in the re-
search at McGill University after
Rutherford’s original discovery of
thorium emanation, should also
share in the honors. Ramsay once
suggested (40) that Soddy’s rapid
change of posts might have pre-
nomenclature [radium vented his receiving due credit for
emanation], which is certain discoveries (50); he cer-
simple and elastic. tainly was invaluable to Ruther-

Figure 6. Case “B” of the Rutherford Museum, being ford at itical ti 51):
As another example, the presented by Dr. Montague Cohen, past curator of the ord at a critical time (51):

statement that “Profes- museum. The exhibits in the museum include . . . the Fates were kind to Ruth-
sor Dorn showed that  Rutherford’s apparatus in six different cabinets: A, ~erford. He was left in Canada to
one of the disintegration “Nature of theu-rays”; B, “Emanations from thorium  discover that his collaboration
products is a gas (24)” and radium”; C, “Excited radioactivity”; D, “lonization ~with a young Oxford chemist,

is incorrect. He had no  studies”; E, “Heating effects of radiation”; F, “The ~ Frederick Soddy, was to mean
inkling what he was radium decay series.” Also in the museum are more to him at that precious junc-
dealing with, which is documents on a center table and his desk. The museurture than any Chair in Europe.

clear from his record is in the E_rnes_t Rutherford Physics Building of McGill R therford also once stated in a
(22, 42, 43). It would University. (Photograph by the authors). letter that Soddy should share
therefore appear that, by all valid criteria (1)-(6) listed _ whatever credit existed for their
above, Rutherford should be given credit for the dis- Work at McGill University (52). After Rutherford's
covery of radon: he made a full characterization of the ©riginal observation of thorium emanation (25), both he
emanation—chemical, physical, and nuclear; he pro- and Soddy journeyed together down the fascinating path
posed it to be a new element and correctly placed it inthat Ie(_j them to their final understanding—to the ulti-
the appropriate family of the periodic table [although Mate discovery—that they had found a new element cre-
he utilized molecular mass and spectral data of othersated by a transmutation process, a theoretical idea dis-
to corroborate his conclusions] (49). carded since medieval times. Oliver Sacks gives an

absorbing account of this turning moment of chemical
Dorn, on the other hand, had no idea of—nor any hjstory in hisUncle Tungstert53):

curiosity about—the nature of emanation. ®héyclaim
that Dorn would have to discovery is that he first no-
ticed emanation from radium. But as is clear from the

The term emanation
X, which | previously
employed . . . is not
very suitable, and |
have discarded it in
favor of the present

The Curies (like Becquerel) were at first inclined to
attribute [radium’s] “induced radioactivity” [in ev-
erything around them] to something immaterial, or

literature, the first emanation—i.e., any isotope of ra- to see it as “resonance,” perhaps analogous to phos-
don—was actually observed by Rutherford, and thiswas  phorescence or fluorescence. But there were also in-
acknowledged by Dorn (22). Any claim that Ruther- dications of a material emission. They had found, as
ford and Soddy arrived at their conclusions by working early as 1897, that if thorium was kept in a tightly
with Dorn’s compound (emanation from radium) is ren- shut bottle its radioactivity increased, returning to its
dered moot by the fact that they had performed experi- previous level as soon as the bottle was opened. But

ments orthorium emanatiorfirst and showed it was a they did not follow up on this observation, and it was
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Ernest Rutherford who first realized the extraordi-

nary implication of this: that a new substance was
coming into being, being generated by the thorium;

a far more radioactive substance than its parent.
Rutherford enlisted the help of the young chemist
Frederick Soddy, and they were able to show that the 5.
“emanation” of thorium was in fact a material sub-
stance, a gas, which could be isolated. . . . Soddy 6.
[wrote later]. . . “| remember quite well standing there
transfixed as though stunned by the colossal impact

of the thing and blurting out. . . . ‘Rutherford, this is
transmutation.” Rutherford’s reply was, ‘For Mike’'s

sake, Soddy, don't calltansmutationThey’ll have 7.
our heads off as alchemists.” 8.
9.
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wasserhalitige Gelatine,” Inaugural Dissertation,
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dium emanation is a high-molecular gas. . . .that results
when a radium atom undergoes alpha decay” and a ref-
erence to Rutherford, 1913, who discussed emanation
and “Ra-A” [the decay product resulting from radon].
Abiography of Dorn (1848-1916)(0 Jahre Geb&aude
des Physikalischen Instituts in Halle—Die hallesche
Physik am Ausgang des 19. JahrhundeMsrtin-
Luther-Universitat Halle-Wittenberg Wissenschaftliche
Beitrdge 1990/33 (032), Halle (Saale), 1990, 22-32]
paints a picture of a “Renaissance Man” who dabbled in
various projects. His dissertation from Konigsberg in
1871 was concerned with theoretical transformations of
elliptical integrals (“Uber eine Transformation
2.0rdnung welche das elliptische Integral mit
imaginarem Modul auf ein ultraelliptisches mit reellem
Modul reducirt”). He measured the temperature at vari-
ous depths in the earth. He was involved in an Interna-
tional Congress on the precise determination of the value
of the ohm, the unit of electrical resistance (H.
Helmholtz, “Ober die elektrischen MaReinheiten nach
dem Beratungen des elektrischen Kongresses,
versammelt zu Paris 1881,” Vortrage und Reden,
Braunschweig, Bd. 2, 1903, 295). Upon the discovery



Bull. Hist. Chem.VOLUME 28, Number 2 (2003)

83

45.

46.
47.

of X-rays in 1895, he immediately initiated investiga-
tions of their physiological and physical effects (E. Dorn,

“Sichtbarkeit der Rontgenstrahlen fur Vollkommen 49,

FarbenblindeAnn. Phys.1898 66, 1171). Dorn worked

on liquid crystals with Daniel Vorlander, the well known 50,

pioneer in that science (D. VorlandeZhemische
Kristallographie der FlissigkeiterLeipzig, 1924). He
studied electrical effects of radioactive substances
(mainly radium) (E. Dorn, “Elektrisches Verhalten der
Radiumstrahlen im Elektrischen FeldBfiys. Z.190Q

1, 337), and various other electrical-mechanical studies
at the Physikalisch-Technische Reichsanstalt (Physico-
Technical Testing Office) of Berlin, where Werner Si-
emens had established a standard unit of resistance (W.
Siemens, “Vorschlag eines Reproduzierbaren
Widerstandsmaf3es&nn. Phys.186Q 110 1). [The
Reichsanstalt of Berlin was the same establishment

where the discoveries of rhenium and “masurium” were 51,

later announced by W. Noddack, |. Tacke, and O. Berg

(—, Nature 1925 116, 54-55.)] After intermediate ap- 52,

pointments at Greifswald as Privatdozent (1873),
Extraordinarius fir Physik at the Universitat Breslau
(1873-1880), and Professor ordinarius at the Technische
Hochschule Darmstadt (1881-1886), Dorn joined the
Direktorat des Physikalischen Laboratoriums of
Friedrichs Universitat in Halle in 1886 (“Friedrichs
Universitat” was changed to its modern name Martin-
Luther-Universitat Halle-Wittenberg in 1946). In 1895
he became Direktor of the Physikalisches Institut and
was well known for the rigorous curriculum he devel-

oped there. Upon his death a somber memorial was writ- 53,

ten (A. Wigand, “Ernst Dorn,Phys. Z,1916 17, 299).
Although he developed an impressive reputation at
Friedrichs Universitat, his name is not well known in
science in general, probably because his approach to
scientific research was mainly applied, rather than ba-
sic.
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“Mr. Soddy collaborated in the experiments preliminary
to the successful mapping of the spectrum; had he not
been obliged to leave England, he would, no doubt, have
shared whatever credit may attach to this work.” (Ref.
40, p 476). Before Soddy procured his permanent post
at the University of Glasgow in 1904, where he per-
formed his isotope research leading to his Nobel Prize,
in rapid succession he was an Oxford Fellow 1898-1900,
then a Demonstrator in the Chemistry Department at
McGill University 1900-1902, collaborating with Ruth-
erford, October, 1901-April, 1903, and finally moving
on to work with Ramsay on the spectrum of radon 1903-
1904 (Ref. 51, pp xv-xvi).

G. B. Kauffman, EdFrederick Soddy (1877-195d).
Reidel, Boston, MA, 1986, Xiv.

There is no evidence that Rutherford made a claim for
the discovery of radon; hence, there would be no appro-
priate moment for him to “share the honors” with Soddy.
Rutherforddid support Soddy throughout his career, rec-
ommending him for election to the Royal Society and
for the Nobel Prize (Ref. 18, p 240). Concerning the
collaborative work at McGill University, “Rutherford,

in writing a reference for Soddy who was applying for a
post in Glasgow, insisted that it had been a partnership
of equals from which any credit should be equally
shared.” (Ref. 18, p 164).

0. Sacksncle TungstemAlfred A. Knopf, New York,
2001, 282.
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