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PREFACE.

This book is written with the main object in view of saving
preliminary study and labor to future investigators of beryllium
and to point out some of the peculiarities of this interesting ele-
ment which are apt to lead the novitiate toward erroneous con-
clusions. Especially is it desired to call attention to the fact that
a large proportion of its accredited compounds are in reality but
indefinite solid solutions. This condition of the literature of
beryllium is due to the abnormal extent to which its hydroxide
is soluble in solutions of its normal salts, giving rise to solids of
almost any degree of basicity or to solutions with decreased
osmotic effects. Accordingly, results of analysis, freezing points,
etc., give little evidence of the true nature of its compounds, un-
less accompanied by proved definiteness of composition, a proof
too often omitted throughout the whole field of inorganic chem-
istry, but nowhere more than in studying beryllium and its com-
pounds.

More labor has been expended upon the bibliography than its
limited extent may seem to indicate. It is believed that it will
be found to contain references to all or nearly all the original
articles on beryllium and that the references to abstracts will also
be found fairly complete through 1902. Since 1902 the original
articles and chief abstracts have alone been entered. It has been
deemed advisable to include a brief abstract, at times critical in
tone, of each article, but it is not claimed that these abstracts al-
ways cover the full subject matter of the original, although nothing
important is intentionally omitted.

The Journals examined are approximately the same as those
listed in James Lewis Howe's unexcelled Bibliography of the
Platinum Metals and the plan followed is in general the same
as outlined by him. The abbreviations used are familiar to all
chemists.

Grateful acknowledgments are due especially to the libraries
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of the Massachusetts Institute of Technology, the Library of
Harvard University, the Boston Public Library and to the Library
of the American Academy of Arts and Sciences. Also to the
Boston Atheneum and to the libraries of Columbia University,
N. Y., and the Surgeon General's Office and the Patent Office in
Washington. The author also desires to express his thanks and
appreciation of a grant allowed him by the American Asso-
ciation for the Advancenient of Science toward expenses inourrrd
in the preparation of the Bibliography.

CHARUvS L.
Durham, N. II., Oct. i, i<;o8.
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P A R T I .

C H A P T E R I.

INTRODUCTION.
Discovery.—In 1797 L. N. Vauquelin undertook to prove the

chemical identity of the emerald and beryl, which had already
been suspected by Haiiy, and in the course of his analytical
research, discovered that a portion of the precipitate which had
previously been supposed to be aluminium hydroxide, was thrown
out of its solution in potassium hydroxide on boiling. He also
found that this new hydroxide was soluble in ammonium car-
bonate, formed no alum and was in many ways different from
aluminum. These observations led him to announce in a paper
read before the Institute on Feb. 14, 1898 (1798; i ) , 1 the dis-
covery of a new "earth."

Name.—In his first articles on the subject (1798; I, 2 and 3) ,
Vauquelin refers to the newly discovered oxide as* "la terre du
Beril," which was translated into Germsui as- "Beryllerde," frotn
which the name Beryllium took its rise. At the end of Vauque-
lin's first article, the editors of the Annales de Chrimie suggested
the name "ghicine" for the new oxide, and Vauquelin in his
fourth publication (1798; 4) adopts the suggestion prefacing its
use with the remark "on a donne le nom de glucine." As early
as 1799, Link (1799; 3) had objected to the use of this term as
too closely resembling "glycine," already in use, and indeed,
Vauquelin, himself (1798; 3) seems to have accepted it with
reluctance. In 1800 Klaproth (1800; 1) objected to its use
because the salts of the yttrium earths were also sweet and
Ekeberg- (1802; 1) agrees with this idea. The name "Beryl-
lium" itself was used when, in 1828, Wohler, (1828; 2) for the
first time, separated the metal. For the sake of uniformity in
general usage which is overwhelmingly in favor of the name

1 References are to Bibliography, Part II.
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derived from beryl, and as "glucine" grew into use in French
literature without being proposed by the discoverer, much as
"beryllerde" in Germany, and for the reasons set forth in 1904,
11 and 1905, 2, it has been deemed advisable to adopt the name
"Beryllium/' already in use by far the majority of chemists.

History.—Following the discovery of the element, Vauquelin
studied and announced the properties of some of its chief com-
pounds. In 1828 the metal itself was produced in a very impure
form by both Wohler (1828; 2) and Bussy (1828; 3). Awdejew
(1842; 2) added materially to the literature of the subject and
made the first determinations *of the atomic weight that have any
claim to accuracy. Weeren (1854; 1) and Debray (1855; 1)
also carried on extensive investigations of the metal, its atomic
weight and chief compounds. Joy (1863; 1) undertook an ex-
tended research on the preparation of its compounds from beryl
and published a fairly complete bibliography of the subject to
his day. Atterberg and Nilson and Pettersson in the years be-
tween 1873 and 1885, made large additions to the chemistry of
beryllium, and during these years a long, earnest and interesting
discussion, which had begun as early as Awdejew's time, was
carried on by Nilson and Pettersson, Humpidge, Reynolds, Hart-
ley, Lothar Meyer, Brauner, and others regarding the valency
of beryllium and its place in the periodic system. The discus-
sion has continued up to the present day, but was in reality
settled when Nilson and Pettersson (1884; 7, 8) determined the
vapor density of the chloride, and Humpidge (1886; 1) showed
that at high temperatures the specific heat of beryllium ap-
proached very closely to normal. Kriiss and Moraht (.1890; 4
and 5) made a re-determination of the atomic weight in 1890, and
between the years' 1895 and 1899, Lebeau published an important
series of articles which are summed up by him (1899; 11) in
one of the very best articles on beryllium and its compounds.
Urbain and Lacombe (1901; 2) and Lacombe (1902; 3) dis-
covered the remarkable basic salts of the acetic acid series and
Parsons re-determined the atomic weight by new methods (1904,-
5» X9°5J 5) a n d studied many compounds, especially the so-callea
basic salts of some of the earlier writers (1904; 10, 1906; 1, 2,
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3, 4, 13, 1907; 3, 10, 11). Numerous other investigators as will
be seen from the bibliography, have also contributed to the
chemistry of beryllium.

Occurrence.—The chief form in which beryllium is found in
nature is the silicate, beryl, Be3Al2(SiO3)6, (BeO, 13.5 per
cent.) including its gem forms, emerald and aqua marine ami
from this mineral most of the beryllium investigators have de-
rived their material. Beryllium compounds have also been de-
rived from gadolinite, Be 2 F 3 (YO) 2 (SiOJ 2 , (BeO, 10 per cent.)
and leucophane, Na(BeF)Ca(SiO3)2 , (BeO, 10.3 per cen t ) .
Other important minerals containing this element are chryso-
beryl, Be(AlO2)2 , (BeO, 19.2 per cent.) ; phenacite, Be2SiO4,
(BeO, 45.5 per cent.) ; euclase, Be(AlOH)SiO4 , (BeO, 17.3 per
cent.) ;bertrandite,H2Be4Si2O9, (BeO,42.1 percent.) ;and eudidy-
mite, HNaBeSi3O8, (BeO, 10.2 per cent.). Helvite, danalite,
epididymate, crytolite, erdmanite, muromontite, alvite, foresite
arrhmite, siphlite, trimerite and meliphanite, are rare and complex
silicates', while beryllonite, NaBePO4, (BeO, 19.7 per cent.) ;
herderite, (CaF)BePO4 , (BeO, 15.4 per cent.) ; hambergite,
Be2(OH)BO3 , (BeO, 53.3 per cent.), are interesting merely from
a mineralagical standpoint as natural occurrence of the element.
Beryllium has also been noted in some natural waters, in mon-
azite sand, and in some aluminous schists. I t is quite probable
that it would have been found more frequently in rock analysis
if some simple method of separating it from aluminum had
been earlier known.

Preparation from Beryl.—Since beryl is not directly attacked by
any acid, except, perhaps, by hydrofluoric when ground to a dust,
it must first be fused with some flux or be heated in the electric
furnace to a temperature (Lebeau, 1895; 5) which volatilizes
some of the silica and leaves a residue easily attacked by hydro-
fluoric acid. For those having the facilities, this latter method
presents many advantages. Among the fluxes which, can be suc-
cessfully used are sodium and potassium carbonates, calcium flu-
oride, potassium fluoride, calcium oxide, and sodium and potas-
sium hydroxide. The fluorides possess the advantage in subse-
quent treatment, in the comparative ease of removal of the large
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excess of silica, but for other reasons have been seldom used.
Under average conditions the caustic alkalies, preferably potas-
sium hydroxide, give the most satisfactory results.

Beryl is readily attacked by about its own weight of potassium
hydroxide at a comparatively low heat in a silver or nickel cru-
cible, although a salamandar or carborundum crucible can be
used. Clay, graphite or iron crucibles are not available as they
are immediately attacked. The fused mass should be broken up,
just covered with water, strong sulphuric acid added until present
in slight excess and the now gelatinous mass heated and broken
up until fumes of sulphuric acid are given off and the whole has
the appearance of a fine white powder. The residue is1 next
treated with hot water when the sulphates of beryllium, alumi-
num, iron and potassium pass into solution and on evaporation
most of the aluminum separates out as alum and can be removed.
The mother liquors, containing all of the beryllium together with
impurities, should be oxidized by boiling with nitric acid to con-
vert the iron into the ferric condition, neutralized with ammonia
and enough sodium bicarbonate crystals added to saturate the so-
lution. The liquid should now be wanned and shaken frequent-
ly during a period of twenty-four hours, when most of t h e beryl-
lium will pass into solution almost perfectly free from aluminum
and also from iron unless other salts are present, which is some-
times the case. By again dissolving and re-treating the residue
left after filtration, practically all the beryllium will be found in
the bicarbonate solution. To this solution ammonium sulphide
is added to remove any dissolved iron and the whole diluted
to five times its original volume. By blowing steam through
this solution to the boiling point the beryllium will be precipitated
usually as a fine; granular basic carbonate easily filtered and
washed. The basic carbonate will be found to be quite pure (1906 ;
2) save for some two per cent, of occluded sodium salt, but its
CO2 content and the ease of filtration will vary great-
ly with the conditions of the hydrolysis and the length,
of the heating process. The method employed by Pollok
(1904; 1) possesses some advantages in that he uses sodium hy-
droxide, dissolves in hydrochloric acid and after filtering off
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the main part of the silica, without evaporation, passes hydro-
chloric acid gas through the nitrate, to the saturation point, where-
by most of the aluminum is removed as the tetrahydrated chlo-
ride together with the remainder of the silica, and in a form which
permits of easy washing. The beryllium may then be recovered,
after oxidation of the iron, by its solubility in boiling acid so-
dium carbonate, in which the impurities ordinarily present are
entirely insoluble, or it may be obtained in a less pure form by its
solubility in ammonium carbonate, which is the method up to
the present time almost universally employed.

The final separation by ammonium carbonate has the disadvan-
tage that notable quantities of aluminum and iron also dissolve
and the use, in large quantities, of a somewhat expensive reagent.
It has the advantage of yielding the basic carbonate in a form
which is easily washed from all impurities except ammonia.
As is the case when acid sodium carbonate is used, solution
takes place much more readily in the strongly saturated reagent,
and the subsequent partial hydrolysis is greatly hastened by large-
ly increasing the mass of the water present and is in both cases
practically complete on diluting to a two per cent, solution and
heating to the boiling point. Steam is much more preferable
than direct heating as the violent and almost explosive "bump-
ing" which is unavoidable in the latter case is thereby entirely
prevented. Although not noted until very recently, (1906; 4)
the basic carbonate produced in this manner contains about two
and one-half per cent, of ammonia which can be removed by long
boiling in pure water, which also gradually removes the carbon
dioxide and leaves the beryllium in the form of the hydroxide,
no more readily washed than if it had been precipitated as such.
In practice a much better method is to heat the basic carbonate
in contact with many times its weight of water, to momentary
boiling with steam, filter and repeat several times with fresh
water. This method is much more productive of results than
washing with hot water, and the carbon dioxide is for the most
part retained. The comparatively small amount of iron that dis-
solves in acid sodium or ammonium carbonate may be removed
by adding ammonium sulphide, shaking and filtering off the fer-




