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Vorwort

Neben einem kurzen Uberblick Gber die Geschichte des Radium, der an den Radium-Band
innerhalb der 8. Auflage'des Gmelin Fiandbuchs, erschienen 1928, anschlieBt, umfaBt der vorliegende
Band die Kosmochemié und die Geochemie des Radium. Unter -der Uberschrift ,Vorkommen®
wurden in dem 1928 erschienenen Radium-Band, dér Herkunft von Ra aus-U und Th entsprechend,
nur deren Mineralien zusammengestellt; seither haben vorlisgende Untersuchungen gezeigt, daB Ra
unabhéngig von diesen Elementen seine eigeng Gﬂochemie aufzuweisen hat. - .

Angaben fiir Radium in der Sonne und in Sternatmosphéren ‘liege'n nich{ vor und auch fiir
Gesteine vom Mond fehlen Angaben iiber Gehalte und Verhalten dieses Elements. Nur fiir Meteorite
und Tektite gibt es vereinzelte Bestimmungen ﬁbqr Ra-Gehalte;

Von den instabilen 4 Ra-isotopen der Uran-, Actinium- und Thorium-Reihe ist 22®Ra, das
Zerfallsprodukt vop..?”!l_J, das wichtigste, dessen Geochemie den wesentlichen Inhalt dieses Bandes
ausmacht. -

Tabellarische Zusammnstel!ungen’der Ra-Gehalte in Mineralien, Magmatiten, Sedimenten,
Metamorphiten und Wassern geben Auskunft iiber die Verteilung von Ra in der Erdkruste und auf
der Erdoberfliche und zeigen in Verbindung mit den Daten fir das Verhéltnis 226Ra/238U, die die
Abweichungen vom sdkularen Gleichgewicht zwischen Ra und U angeben, den eigenen geo-
chemischen Weg von Ra.

Bei der Trennung von Ra von seinem Mutterelement U spielen Auslaugungsvorgédnge eine
besondere Rolle. Durch sie gelangt Ra in zirkulierende Wésser, so da im Bereich der Hydrosphére
die Trennung von Ra tnd U besonders ausgeprdgt ist. Die Ursachen fir das daraus resultierende
Ungleichgewicht zwischen diesen beiden Elementen, das je nach Art der Wasser bald zugunsten
von Ra und bald zugunsten von U verschoben ist, werden im einzelnen aufgezeigt.

Vor allem fiir Tiefseesedimente spielen auch die Beziehungen von 226Ra zu 23°Th (lonium),
seinem Vorganger In der Uranzerfallsreihe, eine Rolle, da sie zur Kldrung der Frage nach der Herkunft
von Ra in diesen Sedimentén beitragen kénnen und unter bestimmten Voraussetzungen dazu dienen,
die‘Sedimentationsgeschwindigkeit der Sedimente zu bestimmen.

Die Herkunft von Ra in den natiirlichen Wéssern und seine Beziehung zum Chemismus dieser
Waisser und zu ihren Nebengesteinen sind vielfach untersucht und werden in eigenen Abschnitten
beschrieben.

SchiieBlich wird noch das Verhéltnis von Ra zu anderen Elementen, zu weiteren Radionukliden
der Uranreihe und zu den anderen Ra-Isotopen aufgezeigt.

Frankfurt, im Januar 1977
Isa Kubach
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Preface

The present volume covers the cosmochemistry and geochemistry of radium in addition to a
short review of the history of radium, which follows the radium volume in the 8th edition of the
Gmelin Handbuch, published in 1928. Under the heading “Occurrence’ the 1928 volume listed only
U and Th minerals in accordance with the origin of Ra from these elements. In the meantime newer
investigations have shown that radium has its own geochemistry, independent of U or Th.

No data for Ra in solar and stellar atmospheres have been reported, also, no data regarding content
and behavior of this element in lunar rocks have been given. Occasional determinations of the Ra
content are available only for meteorites and tektites.

Of the four instable Ra isotopes, derived from the uranium, actinium and thorium decay chain,
226Ra, the decay product of 238U, is the most important, whose geochemistry covers the major
portion of this volume.

Tables of the Ra content of minerals, magmatites, sediments, metamorphite's and waters inform
about the distribution of Ra in the earth’s crust and on its surface. In combination with data for the
226Ra/238| ratio they show deviations from the secular equilibrium between Ra and U and indicate
Ra’s own geochemical path.

During the separation of Ra from its parent element U, leaching processes play a significant role.
They transport Ra into circulating waters so that the separation of Ra from U is particularly evident
in the hydrosphere. The resulting non-equilibrium may sometimes favor Ra and sometimes U depend-
ing on the type of water. The reasons for this are discussed separately for each case.

The relationship between 226Ra and 23°Th (ionium), its predecessor in the uranium decay chain,
is of importance in deep-sea sediments, because it may contribute to clarify the question of the origin
of Ra in these sediments. Under certain conditions it may even serve to determine the rate of
sedimentation.

The origin of Ra in natural waters and its relation to the chemism of these waters and their country
rocks, have been frequently investigated and are treated in separate chapters.

Finally, the relation of Ra to other elements, to further radionuclides of the uranium series and to
other Ra isotopes is described.

Frankfurt, January 1977 Isa Kubach
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EIETY T e

Radium und Isotope

Allgemeine Literatur:

0. Hahn, Applied Radiochemistry, Cornell University Press, Ithaca, N.Y., 1936.

S. B. Schwind, F. E. Croxton, Radium: A Bibliography of Unclassified Literature, TID-363 [1950];
N.S.A.5 [1951] No. 2114; 745 References from the period 1898 through 1950. Henceforth
quoted as TID-363.

A. C. Wahl, N. Bonner, Radioactivity Applied to Chemistry, Jchn Wiley and Sons Inc., New York,
N.Y., Chapman and Hall Ltd., London 1951, p. 210ff., henceforth quoted as W-B.

G. Dupuy, Radium, Radioactivité, Energie Nucleaire, 3rd Ed., Presses Univ., Paris 1954, p. 128.

K. W. Bagnall, The Chemistry of the Rare Radioelements, Butterworth, London 1957, Academic Press,
New York, N.Y. 1957, p. 131/49, chapter 11.

S. E. Bresler, Die radioaktiven Elemente, VEB Verlag Technik, Berlin 1957, chapter V, p. 159.

H. W. Kirby, The Radiochembstry of Radium, NAS-NS-3057 [1964], henceforth quoted as H. W.
Kirby.

A. Trinkl, Die Kristallchemie des Radiums, Diss. Minchen 1967, henceforth quoted as A. Trirkl.

USAEC, Office of Information Services, Technical Information Center, Radium. A Bibliography,
TID-3345 [1974]; N.S.A. 30 [1974] No. 6105, henceforth quoted as TID-3345.

V. M. Vdovenko, |. Dubasov, The Analytical Chemistry of Radium, J. Wiley & Sons, New York —
Toronto — Jerusalem — London 1975.

Einfiihrung

Alle Nuklide des Elements 88 werden mit dem Namen Radium bezeichnet, der urspriinglich dem
Nuklid 226Ra vorbehalten war. Bezeichnungen wie Mesothorium | fiir 228Ra, Thorium X fir 224Ra
und Actinium X fir 223Ra werden gelegentlich noch gebraucht, haben aber nur geringe Bedeutung.
Von ihrem Gebrauch ist zugunsten der Nomenklatur der einzelnen Nuklide abzuraten.

In der 8. Auflage des Gmelin Handbuchs geht diesem Band die System-Nr. 31 ,,Radium" voraus,
erschienen 1928 im Verlag Chemie, Berlin.

Introduction

All nuclides of element 88 are referred to by the name of radium, which was originally reserved to
the nuclide 226Ra. Terms like mesothorium | for 228Ra, thorium X for 224Ra, and actinium X for 223Ra
are occasionally still used, but are of little importance at present. Their use therefore should be dis-
couraged in favor of the nomenclature for the respective nuclides.

The previous radium volume'in the 8th edition of the Gmelin Handbuch is System-No. 31, Radium,
published in 1928 by Verlag Chemie, Berlin.
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1 History

Fritz Weigel
Institut fiir Anorganische Chemie der Universitat Miinchen

On the history on the discovery of Radium cf Gmelin Handbuch *“Radium”, p. 3, on the dis-
covery of mesothorium (228Ra) cf Gmelin Handbuch “Radium”, p. 64.

Radium metal was first prepared by M. Curie and A. Debierne [1]. Some other attempts to prepare
the metal were made by E. Ebler [2], and H. Herchfinkel [3]. According to F. Weigel [4], neither
Ebler nor Herchfinkel have obtained metallic radium but prepared a nitride. F. Weigel and A. Trinkl
[5, 6] prepared radium metal on the microgram scale in 1967 inside an X-ray capillary. They succeeded
in determining the crystal structure and some solid state constants of the metal.

Preparative chemistry of radium and its compounds was done mainly in the early years of this
century, before World War [. After World War |, only very few papers were published, dealing with
the synthesis and characterization of well-defined radium compounds. The most prominent study
along this line was the determination of the atomic weight of radium by O. Hénigschmid and R.
Sachtleben [7]. In the course of this work, precision techniques for preparation and analysis of
RaCl, and RaBr, were developed. More recently (1967), F. Weigel and A. Trinkl [5, 8] resumed
preparative studies on radium and its compounds. They were able to identify and characterize 23
radium compounds by means of their X-ray powder patterns.

Accounts of the early history of radium are given by C. E. Iredell [9], E. Curie [10] and H. W.
Kirby [11], the report of Kirby being the most detailed study at present (1975).

In a review of his father’s work, B. Brauner Jr. made an attempt to give the priority to the dis-
covery of Ra to B. Brauner Sr. [12], this claim was rejected by F. B&houner [13], pointing out nume-
rous errors in Brauner's claim.
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