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P R E F A C E

T H E term "rare elements" is conveniently applied to those
members of the Periodic Table* whose chemistry in lit fie known.
Home of these* elements are so scarce that their study has of
necessity been difficult; others are abundant in nature*, but
their development has been retarded by lack of sufficient interest;
still others have only recently been discovered, and sufficient
time has not yet elapsed for them to lose the interest inherent
in newness. The "rare elements1* then should be understood
to include? those elements which are little known either because
of scarcity, neglect, or ignorance. The chemistry of norm* of
these elements is developing rapidly, since* we are junt beginning
to appreciate something; of their interest and usefulness. Rapid
advancement, has followed such an awakening,, and the names
of Home Htich substances have become household word*. In
other cases interest has been less keen and advancement has
been slow.

The purpose of this work is to call attention both to the ad-
vances which have recently been made in our knowledge* of the
so-called " r a r e " elements and also to the need of further re-
search in the development of many of the lens familiar elements.
This book is the* outgrowth of it lecture course given for many
years at the University of Illinois, first by I>r, Clarence W,
Balke, and biter by the author. This course* has been enmi-
tially a stuely e>f the Periodic Table with special referemw to
the dements which are treated very briefly or entirely ignored
in most textbooks on Inorganic Chemistry. f*or the present
course a working knowledge of the roittfrion element** IM under-
stood, and they are mentioned briefly for the pur|K>Hi* of show-
ing the relationship between the rare elements ami their more*
familiar neighbors.

The ehemiistry of many of the nire* element** in still in a
decidedly chaotic! ntate. The literature contain* conflicting
Btatenient«r misleaeling di#eu.NMio!}H, ami downright errors In
such caaea the author hau attempted U) mUn*t those
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which seem to bear the greater weight of authority. Where
differences of opinion exist for the settling of which more in-
formation is needed, an at tempt has been made to present an
impartial summary. Care has been exercised to eliminate as
far as possible inaccurate, misleading, and untrue statements.
It is too much, however, to expect that a book of this sort can
be made free from errors either direct or implied. The author
will be glad to have his attention called to any undetected
errors, for which he alone must be held responsible. Sugges-
tions will also be gladly received.

In a course which has been developed by. a process of this sort
many of the original sources of information have been lost.
The writer would be glad to acknowledge his indebtedness to
every author from whom information has been received, but
this is manifestly impossible, since the material has been col-
lected from a very wide range of sources and over a period of
several years. Much material has been gleaned from such
standard works a s : Abegg, Handbuch der anorganischen Chemie;
Browning, Introduction to the Rarer Elements; Friend, Text-
book of Inorganic Chemistry; Gmelin-Kraut, Handbuch der
anorganischen Chemie; Johnstone, Rare Earth Industry; Levy,
Rare Earths; Mellor, Modern Inorganic Chemistry; Roscoe and
Schlorlemmer, Treatise on Chemistry; Schoeller and Powell,
Analysis of Minerals and Ores of the Rarer Elements; Spencer,
Metals of the Rare Earths; Stewart, Recent Advances in Inorganic
and Physical Chemistry; Venable, Zirconium; and many others.
Constant use has also been made of the current scientific jour-
nals. An attempt has been made to give sufficient references
to the literature to permit the student who is interested in any
particular phase of the discussion to pursue his investigation
farther. These references also serve the double purpose of
giving the authority upon which certain statements are made
and of acknowledging the author's indebtedness for the infor-
mation given.

The author is especially indebted to the following persons
who have read portions of the manuscript and offered many
helpful suggestions for its improvement, or have contributed in
various ways in the compilation of the material: C. W. Balke,
H. G. Deming, Saul Dushman, E. A. Engle, W. D . Engle, W. D.
Harkins, Maude C- Hopkins, H . C. Kremers, Victor Lenher,
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R B. Moore, W. A. Noyos, Rosalie M. Parr, (}. W. Bears,
Frederick Boddy, Marion 10. Sparks, Kdward Wichera, L. F.
Ynterna. The* students who have been enrolled in the eourHe,
enfMHtially during the* two yearn that the manu.seript, han been
iwcul in mimeograph form, have* contributed materially through
their interest in the subject matter and the inspiration whieh
they have furnished. To all of these, as well an to the* writern
whose works has been consulted, the? author wishes to express
his profound gratitude.

If this book serves to create grantor interest in those elements
whieh ares usually slighted in the study of Inorganic ChonuHtry,
the author will feel amply repaid for the* work whieh lias been
necessary in the assembling and editing of the material herewith
presented.

B. H. IIOPKIN8
URBAN A, IM,IN*(H8,

AugUHt I, iU2:f.
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CHAPTER I

THE PERIODIC SYSTEM

Historical. — Between 1S02 and 1808 occurred the
controversy between Proust, and Bcrthollet1 concerning th<»
Law of Fixed Ration. This discussion ended wfifh Proust con-
vincing chemists that chemical eomjHMindn jwssrHS a definite
comjKwition. In 1808 John Dal ton published- a connected
account of his Atomic Theory, u[>on which mo<lern chemistry
is ba.sed. In tins way the1 theory of elements came to he* ac-
cepted among scientific! men, and very quickly effortH were
made to find n fundamental relationship IK1! ween varioun eli»~
mental forms of matter.

In 1815 Prout called at tent ion 3 to the* fact that when the
atomic weights of the elements were* expressed ujxtn the* hydro-
gen basis, the values of the other elements were very e!«we to
whole numbers, arid expressed the* opinion that hydrogen wtw
the primary element from condensations of which resulted nil
of the* other so-called elements. Pront/s HyfRifheniH wim rtv
ceived cntliUHiaHfically by some and ridiculed by others. The
discUHHion concerning thin theory htm occupied the minds of
scientific men of all nations for it large part of the nineteenth
century and in a modified form lum continued down to the
present time.

ThcmuiH Thomson, in Knglaml, wits an witlumifiMtic follower
of Prout who tried to «how c*xpcrinif*tttnlly4 that the*
was true. Hh results were qucKtioruHl espi^cifiHy by
in Swcrlcm» whose* revinctd table of atomic; weights, publkhed in

1 Bw»! Mim FrtMind. Th*< Stwly »f ChtmirtU tfampmitum* f tamtflhklgo tliti-
v#r»ity Fritsw, HK>4, <'h»f»t*+r vf find HnriMg, Nalur^ 80 Htt CSHil4>.

*4 Nm» Hti*iem t»f ChrmmU f'hitwnphy. 2 vnU,< \H)7 |l>.
* Ann, PhU. 11 32! CiHjf,), mttl It III MSHlj,
*An Attempt UP Mt&atdvth lh* FkM I'rineipU* uf Cfmmktry by

b\ 182ft.
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1825, contained values which differed widely from Tl omson's.
Gmelin, in Germany, was inclined to accept the Hypothesis,
and Dumas, in France, was outspoken in its support, especially
after his work x upon the atomic weight of carbon showed that
the ratio between carbon and hydrogen was almost exactly
12 to 1. The accurate determination of the atomic weight of
chlorine 2 by Marignac, in France, showed its value to be almost
exactly 35.5. This led Marignac in 1844 to propose that the
Prout unit be half the atomic weight of hydrogen. Dumas
welcomed this suggestion, but his own work3 later led him to
suggest the adoption of -J- the hydrogen atom as the ultimate
unit. In 1860 the classic atomic weight work of Marignac
and Stas gave values showing variations altogether too large to
be accounted for by experimental error and made further sub-
divisions of the " u n i t " necessary. So the Hypothesis lost
standing owing to the necessity of frequent revision of the ulti-
mate unit.

In ,1880 interest in the idea was revived by Mallet4 whose
work upon the atomic weight of aluminium showed that it
belonged to the long list of elements whose equivalents are
approximately whole numbers. Mallet called attention to
the fact that 10 of the 18 elements whose atomic weights were
best known had atomic weights differing from whole numbers
by less than -fa of a unit. He suggested that possibly certain
constant errors might have influenced the accepted values of
certain elements. A more recent revival of interest in Prout's
Hypothesis was produced by Strutt, who called attention6 to
the fact that of the elements whose atomic weights are most
accurately known, 12 have values which are almost exactly
whole numbers. This is a far larger number than can be
accounted for by the law of probability, so that " we have
stronger reasons for believing in the truth of Prout's Law than
in that of many historical events which are universally accepted
as unquestionable." Along the same line Harkins has pointed
out6 that the atomic weights of 17 of the first 21 elements show
an average deviation from whole numbers of 0.05 and argues
that such a situation cannot be explained on the basis of chance.

1 Dumas and Stas, Ann. chim. phys. 3 (III) 5 (1841).2 Compt. rend. 14 570 (1842). 4 Am. Chem. Jour. 3 95 (1880).8 Ann. chim. phys. 3 55, 129 (1859). « Phil. Mag. 6 (i) 311 (1901).
6 Jour. Am. Chem. Soc. 37 1370 (1915).




