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History / Actinium / Emanium Curie and Willy Marckwald for the defense of their re-
spectively so-called “polonium” and “radiotellurium1]f

Summary. AndreDebierne, collaborator of Pierre and Marie

Curie, announced 1900 the discovery of actinium, a third .

radioelement in pitchblende with properties resembling thosez' The protagonists

of thorium. Four years later, Friedrich Giesel found asubstanc<=2 1 André Louis Debierne

with a strong emanating power following lanthanum and which ™" o .

he called emanium. It become progressively clear that actinium (1874, Paris— 1949, Paris)

and emanium were the same element. The arguments deveksiar concluding his term at the Ecole Municipale de Phy-

oped in the ensuing controversy are reviewed. Eventually Degjq e et Chimie Industrielles where he was a student and

bierne was recognized as the discoverer of actinium, elemenédmirer of Pierre Curie. Debierne became for a short time

89 in th iodic table. . - . ; .

n the periodic table assistant of Charles Friedel at the University of Paris before
joining the Curies in early1899. Most of his career was
) at the Ecole, first as Chef de Travaux (like Bent and

1. Introduction Curie), and later as Professor (after Curie’'s death) and Di-

rector. He also held a chair at the Sorbonne and succeeded

In their discoveries of polonium and radium in July and Marie Curie in1934 as Director of the Institut du Radium

December1 898, Pierre and Marie Curie were aided by Gu- ...
A B © Aft iod of collaborai f about 6 until his death.
stave benont. Aller a period of coliaboration of abou Debierne had an extremely shy and introverted charac-

months Benont left the team for obscure _reasom}s Marle ter, but he was a very gifted chemist and a hard worker. He
Curie was aware that the spectroscopic analysis of radi-

. . as the closest and most faithful friend of Pierre and Marie
ferous barium, that revealed several lines of a new eIemeng

.. . . urie, but otherwise quite unsociable. He could work for
was not sufficient for the qef|n|t|ve proof qf the_emstence many years without indicating his state of progress or even
of radlum_. The _determmatlon of the atomic weight Was &ine aim of his experiments, which became clear only after
prerequisite which required the treatment of tons of pltch—he obtained conclusive results
blende. Marie Curie could not achieve this formidable task In the Curie team Debiernelwas essentiallv in charae of
alone, inasmuch as she was primarily involved in pursuingch ! y 9

fundamental investigations on the new elements and thei emical research related to radioactivity and radioele-
radiation 9 hents together with the production of radium on an indus-

. . . L trial scale. Despite close collaboration he was co-author
The Curies had a unique chance in replacingBet by P

. . : . with Pierre in only four papers; they dealt mainly with the
André Debierne, who became famous for the discovery in ; . e : . ]
pitchblende of actinium, a third, thorium-like element that phenomenon of induced radioactivity. With Marie he pub

was announced at the Academy of Science on ApriEB0 lished two papers ir1910:_ the first concerned measurement

[2]. Four years later, on April 231904 the German radio- of the spectrum of polonium and the se,conql thg_preparatlon

chémist Giesel in tu,rn claimed the discovery of emanium of metallic rgdlum. Afte_r1914 Debler_nes SCI.entl.ﬂC career
‘appears quite mysterious, and his publications almost

a strongly rad_loactlve sgbstance, closely similar to Ialnthal'ceased. Alone and isolated from other research scientists he
num [3]. At this stage pitchblende contained two new ele-

ts besid loni d radi W tini ﬁyvorked, as he said himself, on very difficult experiments
ments besides polonium and radium. Yeré actinium an nvolving complex apparatus to verify ideas related to cur-
emanium distinct elements or were they in reality the sam

. ' : ent theories. In one of his rare publications during this
? . . . . .
SLrjigfittar']?C%elnctohrletr?)]:f/gr:s]atll\;es’te\:;’jh?O?Z%L\I)grgﬁvia?: :r?:trteo_penod he described new radioactive substances chemically
Ealledyt.he lenathy and ystubborn dispute bgtween Marid/ €Y similar to radium, but which were not isotopes thereof
gty P since they could be separated. He attributed these “neo-

* Dedicated to the memory of Professor Alfred P. Wolf. radioelements” to the fine structure of theays, whereby
* E-mail: jpadloff@cybercable.tm.fr. an excited neo-radium chemically slightly different from
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radium could be formed. In fact, the observed anomaly wa®ften contained in considerable amounts in uranium ores. In
due to isotopic impurities. Finally, Debierne gradually lost the extraction procedure actinium is always mixed with
interest in the progress of science and in the contemporarthese elements in which it can be concentrated by tedious
social and political events [4]. fractional precipitations.

The main obstacle is th&t’Ac can hardly be detected.
L . The very softf radiation (the end point of the spectrum is
2.2 Friedrich Oskar Giesel _ about 4% ke\t/"; was not ébserved IC)until the mid?30’s and a

(1852, Winzig, Silesia- 1927, Braunschweig) rare (1.2%) a branching was discovered only i939. In

Giesel was the leading pioneer of radiochemistry in Ger-the second edition1035) of Marie Curie’s treatise “Radio-
many. He studied in Berlin and became assistant and CoﬁCtiVité, it is still stated “actinium itself does not have an
laborator of the famous organic chemist Karl Liebermann,0bservable radiation” and the half-life is given as “about
who was reputed for the synthesis of alizarine. 1878 10 years”, much below the present value dt2years.
he was appointed chief chemist at the quinine factory in _Accordingly, actinium can only be measured by the radi-
Braunschweig (Brunswick), a position that he held until &tion emitted by the daughters. The first descendants are
the end of his life. Giesel had a wide interest in science,18.7 d**'Th (Radioactinium, RdAc, in the early terminol-
particularly for aspects that appeared promising for newody) and11.4 d **Ra (AcX) identified 6 or 7 years after
discoveries. In such cases he could not resist becomin§e discovery of the elemerft*Ra is the progenitor of the
involved. When he leared about the discoveries of thdadioactive emanation 3.96°6Rn (actinon) whose main
Curies in1898, he decided to produce radium in Germanydaughter in the active deposit is 36nin *'Pb (AcB). For
from pitchblende residues rather than from the costly min-quantitative determination, actiniferous samples had to be
eral itself. He had strong support from the de"hi@hemi-  Sealed into a tight cup to avoid loss of emanation and mea-
cal Company, which produced uranium for the glass indussured after radioactive equilibrium was attained, which re-
try. Using the procedure established by the Curies, he starfiuired about 3 months.

ed the production of radium within a few months and offer-

ed it at a nominal price. This was the beginning of his 4 First clue: a titanium-like radioactive

prolific “secondary” profession as a radiochemist. In over ¢\ ,pstance

30 publications he reported many important discoveries and )

first observations, for example, the scintillations producedPebierne started the processing of several hundred kg of
by o partides in zinc Su|ﬁde’ the magnetic deﬂectionﬂ)f Ura!’“um'-free p|tChb|ende- residues and S|mU|taneOUSIY, fol-
particles, the flame spectrum of radium, the radioactivity oflowing Pierre Curie’s advice, he searched for other radioac-
lead from pitchblende, the physiological effects of radiumtive substances which might be hidden in pitchblende.

(a sample held before a closed eye produced the sensation For this purpose, Debierne could only rely on the
of light). Giesel's last publication appeared 1910. His  Properties of polonium and radium. His reasoning was

scientific career ceased with the outbreak of the World Warstraightforward:  separate chemically the two already
and the difficult post-war period. But for years Giesel re- known radioelements and search for other radioactive sub-

For his achievements, Giesel received the title of Pro-did not precipitate with hydrogen sulfide but could be car-
fessor, a very seldom distinction for chemists outside offi€d down completely by ammonia. Since the radioactive
universities. However, he had little interest in honours andsubstances (measured with the ionization chamber coupled
in social life. He considered facts more important thanto @ quadrant electrometer set up by the Curies) were ex-
forms. He was a poor speaker and his timidity was a sever@ectedly present in very small amounts, a large quantity
obstacle to his official duties [5]. of the material was required- this was precisely what

Like many pioneers in the early history of radiochemis- Debierne had on hand. _ _ .
try, both Debierne and Giesel died from the pernicious ef- In the precipitate of hydroxides, the most active fraction
fects of radium and other radioelements [6]. contained titanium and analogous elements. Using a pro-
cedure which he never described in detail, Debierne eventu-
ally separated a substance whose solution exhibited the
main properties of titanium and a fraction of the material
had an activity100000 times (emphasized by Debierne)
The properties of the natural isotope of the element 89, i.e.greater than that of uranium. He stated that the new sub-
227Ac, were not conducive to its discovery and identifi- stance could not be radium or polonium.
cation. In1910, about ten years after the discovery, doubts The result was published on OctobEd, 1899 with the
and uncertainties were expressed by Frederick Soddy in thtitle “On a new radioactive matter” [7]. This announcement
following terms: atomic weight, unknown; half-life, un- did not produce the excitement that followed the discov-
known; radiation emitted, none; precursor, unknown. Thiseries of the Curies, possibly because no name was proposed
sombre description arose from several unfortunate circumfor the new element. However, the discovery was a land-
stances. First, the equilibrium ratio of actinium in uranium mark in the history of radiochemistry since it represented
is very small (0.2< 10~°). The amount of actinium in pitch- the first among the multitude of radioactive substances to
blende, the only source of the element at that time, ishe found during the following 20 years. It preceded by a
0.6Xx 102 that of radium. The chemical properties of actin- few months the discovery of thorium emanation by Owen
ium are closely similar to those of the rare earths, which areand Rutherford and of uranium X by Crookes [8].

3. The actinium puzzle
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5. Second clue: a thorium-like radioactive that actinium was the intermediate product between urani-
substance um and radium. Of course this was wrong and Boltwood
eventually identified ionium as the true progenitor of radi-
Although Debierne had indicated that he would report soorum. He felt extremely vexed by “Debierne’'s perfectly
on the new substance, it was only six months later thatotten statements in the matter” and added “I think that
a second paper contradicted the previous result: the neWebierne has probably had the stuff [ionium] in his hands
substance now followed thorium. In acidic solution it was for years and has not had the sense to identifyitf][He
precipitated by sodium thiosulfate and in neutral solutionalso took the opportunity to claim that his student Clifford
by hydrogen peroxide. In particular, it could be separated angley submitted in June899 a bachelor’s thesis with the
from titanium: the freshly precipitated active hydrate wasconclusion that pitchblende contained another radioelement
insoluble in potassium fluoride or hydrofluoric acid, con- differing from uranium, polonium and radium, which was
trarily to the case of titanium. Finally, the activity co- really ionium. Debierne, said Boltwood, had a mixture of
precipitated with barium sulfate and accompanied theionium and actinium but believed he had a single element.
rare earths upon precipitation with oxalic acid. However, Rutherford congratulated Boltwood for the discovery of
Debierne added cautiously (and, in a certain sense, in #nium: “You deserve to get the last of the radioactive fam-
premonitory manner) “I cannot guarantee that it [the newily [of uranium]. | never felt that Debierne deserved much
substance] will follow thorium in all its reactions”. This credit for actinium— he could’nt miss it. As a matter of
comment was later exploited in the dispute with Giesel. fact, if there had been a dozen elements with actinium, he
Spectroscopic analysis of the most active fraction perad not enough radioactive sense to find it out”. Acerbic
formed by Eugee Demayay (who had identified the new and ironic comments on colleagues were not exceptional in
lines pertaining to radium) confirmed that thorium was thethe history of radiochemistry1P].
major constituent, as expected from the reactions used in
the procedure, but no unknown lines could be detected.
Since the activity was definitely not due to radium or polo- 6
nium, Debierne assumed the presence of a new, very active,’
element which he decided to calttinium [2]. The name
from the Greelaktis aktinosmeaning “ray” was ill-found- At about the same time, early it900, Rutherford discov-
ed since, as seen, actinium scarcely emits any observabiged the thorium emanation and the phenomenon of in-
radiation. Since it was known that thorium salts are onlyduced activity, also observed by the Curies for radium. In
slightly radioactive and actinium seemed to be an element901 Ernst Dorn discovered radon, the emanation of radi-
close to thorium, Debierne added “it may be supposed thagim.
the radioactive property observed in thorium compounds |n a paper submitted in Octob#®01 and published dur-
does not belong to the element, but to a foreign substancing the first days of the following January, Giesel reported
... lintend to search whether it is possible to deprive tho-the discovery of a third emanation, released by a substance
rium compounds of the radio-active property, or to extractconcentrated with the rare earth fraction from pitchblende
from these compounds a substance similar to the actiniumi13]. In his investigation, Giesel was the first to use the
extracted from pitchblende.” Several years passed and thghosphorescence induced lyparticles impinging on a
intention was not carried out before Giesel's discovery ofscreen of zinc sulfide, also known as Sidot’s blende, which
emanium. happened to be very convenient for the detection of the
In the light of the present knowledge of the chemical emanations. Giesel calleEmanationskorper(emanating
and radioactive properties of the uranium daughters thesody) the strongly emanating substance carried with the
guestion has been raised whether Debierne actually discovare earths. The latter contained mainly elements of the ce-
ered the element actinium as it is now known. The statedium group and the activity could be concentrated by frac-
activity of the titanium preparation as bein@0000 times  tional crystallization of the oxalates. Since this procedure
that of uranium was incredibly high with respect to the had similarities with that described by Debierne in the dis-
strongest activities reported 898 by the Curies for polo- covery of actinium, Giesel commented that “it seemed a
nium and radium, i.e., 400 and 900 times that of uraniumgood opportunity to investigate Debierne’s actinium”. The
respectively. The first titanium preparation probably did notproposal was not innocuous, since Giesel’s radioactive sub-
contain any actinium and the activity reported in the secondstance behaved quite differently from that reported by
paper (without further indication on the strength) was veryDebierne for actinium: it contained very little thorium. The
likely a mixture of the naturally occurring isotopé¥Th  separation methods for thorium, in opposition to Debierne’s
(ionium) and*"Th (RdTh) in the**®J and>**U series. The observation, yielded not more, bigssactive precipitates.
absence of rare earths in the spectroscopic analysis indi- In Giesel's mind this was enough to raise doubts about
cates that actinium could not have been more than a verpebierne’s discovery of actinium. During the next two
minor constituent of Debierne’s “new radioactive element” years he pursued a meticulous investigation of the chemical
[9, 10]. behaviour of hisEmanationskorperwhich clearly showed
Several years later, it907, the debate resurged with the that it was a rare earth. The substance had been concen-
discovery of ionium by Bertram Borden Boltwood. The lat- trated and purified to a point where lanthanum was the
ter was searching for the parent of radium and, misled bychief impurity and thorium could no longer be detected.
Debierne’s statement that the chemistry of actinium wasNevertheless, in his Januat@03 publication Giesel was
similar to that of thorium, he assumed from his experimentsstill reluctant to state firmly that the emanating body was

Third clue: a rare earth-like radioactive
substance
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different from actinium {4]. It took him one more year to the beginning that the two products were identical. “In no
accumulate definitive proofs for the discovery of a newway can it be doubted that M. Giesel's active lanthanum
element: “l will try to isolate from the best lanthanum prep- contains the same radioactive substance as the active tho-
arations the new radioactive rare earth. From now on | willrium which | had prepared previously. Thus, only the name
nameemaniumthe strongly active element, probably close actinium should be used to designate this radioactive sub-
to lanthanum, contained in tHemanationskorpér3]. The stance and all work published on tRenanationskérpeand
name itself was chosen because the main characteristic @maniumrefer to the radioactive element actinium”.
the new substance was its exceptional property to illumi- It was no wonder that Giesel's violent reply followed
nate a screen of Sidot blende to an extent “visible through+apidly, on November 719]. He refuted most of Debierne’s
out a large auditorium”. However, it was as ill-named asarguments and assessed his own rights of priority for a
actinium, since emanium itself was not the direct cause ohumber of chemical and radioactive properties of “actin-
the emanation. ium”, in particular that the element followed lanthanum and
Giesel was probably incited to take this step becausé¢hat the intense action on the Sidot screen was still un-
Debierne had never responded to his publications nor anknown to Debierne at the time of the Paris experiment. He
swered his letters. He was confident in his own discoveryconcluded with the statement “l shall not permit a dispar-
because the behaviour of lanthanum could not be confusedgement of the discoveries that | made entirely on my
with that of Debierne’s thorium-like actinium. A further own”. [Eine Schmalerung meiner vollstandig unabhangig
strong argument was the release of the emanation which, tgemachten Entdeckungen werde ich nicht zulassen.]
Giesel's knowledge, was never reported by Debierne.
In this respect he was wrong, because he had misseg. Actinium or emanium?
Deblerne§ Papers pubhshgd during03 in Wh'c.h.the au- it was natural that Debierne did not doubt that actinium and
thor described the emanation produced by actinium and the

accompanying induced activityl, 16]. He had alread émanium were identical. In his first publications, Giesel
mpanying . Lo ; y sincerely pondered over a possible identity of the elements
mentioned (in the publication reporting the discovery) that

- . ; - before opting for emanium. This decision was both for sub-
actinium produces very weak induced radioactivity [2]. jective (Debierne’s contempt for his work) and scientific
reasons. The joint Paris experiment, that was merely quali-
tative, favoured Debierne’s standpoint, but an ultimate test
7. The confrontation would be clearly provided by the half-lives of the ema-

The onlv wav to settle the controversy was to compare thenation and of the excited activity (i.e., that of the active
ly way 10 S€ Versy . P teposit) for both elements. 11004 Debierne gave the val-
properties of actinium and emanium. After Giesel had re-

eatedly and vainly invited Debierne to orovide a small “€S of 3.7 s and ¥min for the two half-lives, respectively.
P y vainly ; pr The same year, Hariett Brooks carried out a similar deter-
sample of actinium, and sent to Marie Curie a sample of

his own product, he decided to take the initiative and brinZ{mhg]r?t:?rg n?S n? Ssae?f lﬁyog?eﬂgmgmﬂg e?]fgreds iwo&%aﬁg\;

his lanthanum preparation to Paris together with a Sido 20]. She obtained about the same values for the half-lives

screen for a S|de-by—3|de comparison with actinium. h and Rutherford commented that “there can be no doubt that
test was performed in June or Jul904. Debierne stated : . -
the emanating substance of Giesel and the actinium of

laconically: “We [together with the Curies] made a few Debierne contain the same radioactive constituent. The

comparative observations on the characteristic of phospho- me actinium will thus be used to denote the emanating

. a
rescence produced by the emanations of the two pmducgubstance of Giesel” [2. The following year, Sir William

and the results were identical”. For Giesel the experimeni .
amsay in London, aware of the controversy between

\évr?:m\ilsg frrLéSt;?:ilgsg ;:ntcﬁe nt(\)/v ;uglr;er;ecnc;;npcaglljslgnbgf tZ(re_Debierne and Giesel, asked for a sample from both authors.
prop . s . : . PEEor the first time, it was possible to measure actinium and
formed. In particular, Debierne’s previous thorium-like sub-

emanium under strictly similar conditions. The experiment

stance On.Wh'Ch he had founded the _dlscovgry Was N erformed by Otto Hahn and Otto Sackur showed that the
longer available; the later sample at Paris consisted of rar . . : oy
alf-lives of the emanation and of the induced activities

earths from the cerium group with a composition similar to . . . .
group P were so nearly identical that actinium and emanium were

that of Giesel's material. .
After his four-year long black-out on actinium, Debiemne Undoubtedly the same element [22]. At the same time,
Marckwald reported the opposite conclusion: actinium and

then hastened to set the issue in order in ptes manium were not identical but linked genetically: the lan-
Rendug17]. Interestingly enough, this paper was translated” . ) . g€l ally:
thanum-like emanium decayed into thorium-like, strongly

into German and received by the Editor of fAerichteon emanating, actinium [23]. Of course, Marckwald was
September 30,904, just a few days before the presentatlonwrong. The matter was finally settled after the elucidation

at the Aqademy (.)f Science in Pari3]. Debierne a_dmltted of the decay products of actinium and the discoveries of
that thorium carries a rather small part of the actinium con-,, o : .
. L . Th and**Ra, the latter being the true progenitorr&Rn,
tained in pitchblende, but the element was readily CONCeN - uo imiim” emanation
trated with the rare earths. He took care in pointing out that '
in the discovery paper he had warned that the activity .
would not necessarily follow thorium in all its reactions. conclusion
Debierne stated that, owing to the striking similarities The discovery of actinium by Debierne it00 was ac-

between emanium and actinium, he was convinced frontepted without criticism and, for a time, the element was
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not further mentioned, even by its presumed discoverer, ungraving “Entdecker des Aktiniums” on his tombstone in
til Giesel's first publication in1902. In fact, researchers Braunschweig.

were much more interested in radium, which became rap-

idly available free of charge from the Curies or could be AcknowledgmentsThe author thanks Professor Emeritus Masanobu

purchased from de Haeor Giesel at a reasonable price.

Sakanoue of Kanazawa University, Japan, for his invaluable help in
roviding documents and for enlightening discussions on the early his-

Thorium was also available commercially and became éjory of radiochemistry. Thanks are also due to Dr. John MacCordick

source of intensive research.

Debierne’s silence with respect to the Giedg&ina-
nationskorpemay be traced to his odd character and to his
involvement in more urgent work. Criticisms which are
now directed towards his first two actinium-related publi- -
cations should be mitigated when one considers the state o
radiochemistry at the beginning of the 20th century. Radio-
active decay and transformations were unknown, chemical3.
behaviour at the tracer level could not be imagined, and the
chemistry of rare earths and of the heaviest elements wa
still unfamiliar. Debierne commented that “the various reac- g
tions [described in the text] cannot yet be considered 6.
specific of the new radioactive substance ... | rather believe
they must be considered as resulting from carrier reac-’-
tions ...". As said, spectroscopic analysis of the most active
fraction isolated by Debierne showed the lines of thorium.
At least part of the activity belonged to thorium isotopes 9.
but the carrying of radionuclides homologues of other
elements such as rare earths present in non-detectabl@
amounts cannot be excluded. In any event, nobody can con_
tend that Debierne’s substandil notcontain actinium.

For his own part, Giesel can be credited with the first
preparation of a radiochemically pure product. He proved!2:
that emanium accompanied lanthanum rather than thorium
and thus he identified the element with atomic number 89,3,
the first actinide in the periodic table, and the homologue
of the first lanthanide. Giesel held a possessive sentiment?:
for “his” element and pursued for several years research on
emanium and its daughters, whereas Debierne left the topic.”

After the identity of actinium and emanium had been 16.
demonstrated, it was obvious that Debierne’s claim for pri-
ority should be accepted. The name emanium was dis!’:
carded, eventually by Giesel himself #1907, but before ;g
relinquishing he recalled “Debierne’s statement that actin-g.
ium is close to thorium must now be corrected. In a mixture
of the rare earths from pitchblende, actinium never pre-2!-
cipitates with thorium, but, as I have discovered, remains,,

for comments and revision of the manuscript.
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