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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-



6 CHEMISTRY OF BERYLLIUM

rous sulphide with special precaution as to its oxidation during
the filtration. The hydroxide or basic carbonate thus produced
is the best form to use as a starting point in the production of
other beryllium compounds.

Special purification from all other metallic elements can be
most readily secured by conversion into the basic acetate and re-
crystallization from hot glacial acetic acid (1906; 1) . On the
other hand, the material prepared by the sodium bicarbonate
method (1906; 2) is pure except for a small amount of sodium
which can not be washed out. This can be removed by re-solu-
tion in acid and precipitation with ammonia.

Other methods for the removal of iron, aluminum, etc., will
be noted under analysis.

SEPARATION AND DETERMINATION.
Except in the case of such pure salts as can be directly ig-

nited to the oxide, beryllium is precipitated as the hydroxide,
by ammonia or ammonium sulphide, washed with water to which
a little ammonium acetate or nitrate has been added (1906 ;
2) and ignited to the oxide. When alone, its determination
presents.no difficulty except the great tendency of the hydroxide
to pass through the filter in the colloidal state when washed with
pure water. This is, however, entirely overcome by the use of
ammonium acetate or nitrate as already noted.

Detection.—Follow the customary procedure of qualitative
analysis until the sulphides insoluble in HC1 have been removed.
Concentrate the filtrate so obtained to 25 cubic centimeters and
when cold add two grams solid N&jO ,̂ boil and filter. Acidify
the filtrate with H N 0 8 and add ammonia in excess. If no p re -
cipitate is obtained beryllium is absent. Wash any precipi-
tate formed and add it together with two to three grams solid
NaHCO3 to 20 cubic centimeters (10 per cent, solution) of
water in a test-tube or casserole and bring rapidly to boiling.
Boil for one-half minute only and filter to remove all aluminum.
Dilute the filtrate with 10 volumes of water (one per cent, so-
lution) and boil. Beryllium hydroxide containing a little car-
bonate will precipitate if present. Other elements do not in-
terfere.
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Separation.—In minerals and in admixture with other ele-
ments, the ordinary treatment—to separate aluminum and iron—
should be followed and the beryllium will be found together
with these two elements in their final separation. It is quite
probable that beryllium has been weighed and calculated as1 alu-
minum in many mineral and rock analyses.

Many methods of separation of beryllium from iron and from
aluminum, have been followed, although most reported analyses
depend on the solubility of beryllium hydroxide in ammonium
carbonate. Vauquelin (1798; 1) proposed the use of ammonium
carbonate, but his first separation depended upon the solubility
of beryllium hydroxide in potassium hydroxide and its precipi-
tation on boiling. Gmelin (1840; 1) and SchafTgotsch (1840;
2) both used this same method, but it is very far from being ac-
curate. Scheerer (1842; 3) first proposed the separation of
the last traces of iron from the ammonium carbonate solution
by means of ammonium sulphide. Berthier (1843; 2 ) suggested
the use of ammonium sulphite as a reagent, but the method was
shown to be valueless by Bottinger (1844; x ) - I n x85O, Ravot
(1850; 1) proposed the ignition of the mixed oxides in a current
of hydrogen, whereby the iron was reduced to metal and could
be dissolved out with dilute nitric acid, or its mass determined by
the loss in weight. Debray (1855; 1) developed a separation
dependent upon the action of zinc on the mixed sulphates, pre-
cipitating the aluminum as a basic sulphate, but the method was
never claimed to be quantitative. Joy (1863; 1) made a com-
parative study of all methods proposed to his time. Gibbs (1864;
3) first suggests the use of sodium fluoride, to quantitatively
separate aluminum from beryllium, and Pollok (1904; 1) shows
that the fluoride separation is exceedingly sharp. Cooke (1866;
1) after reducing the iron in hydrogen, volatilizes1 it in a current
of hydrochloric acid gas. Havens and Way (1899; 5) accomplished
the same result without previous reduction of the oxide. Ross-
ler (1878; 9) succeeded in separating beryllium from small
amounts of aluminum by precipitating with ammonium phosphate
in presence of citric acid. Vincent (1880; 2) uses dimethylamine
to precipitate beryllium salts and finds that the aluminum com-
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pound is soluble in excess of the reagent; iron acts like beryl-
lium. Renz (1903; 4) confirms this, states the same to be true
of methyl, ethyl, and diethylamine and claims the results to be
quantitatively accurate. Zimmermann (iHHj\ 5) return* to the
old potassium hydroxide method without any special addition.
Schleier (1892; 6), Atkinson and Smith ( 1895; 9) , and ihirgass
(1896; y) separate iron quantitatively from beryllium by nitroio-
beta-naphtfcioL JLebeau precipitates the iron in nitric acid solu-
tion with ferrocyanide, the excess of ferroeyani*!e with copper
nitrate and the copper an sulphide. Hart (i8<>5; (l) removes
the major part of both iron ami aluminum !>y careful precipita-
tion of the sulphates with sodium carbonate, the beryllium being
the last to precipitate, owing to the great solubility of its own
hydroxide in its own sulphate. Havens ( 1897; 41 separates
beryllium from aluminum quantitatively by the insolubility »»f
aluminum chloride tetrahydrate in a mixture «*f hydrochloric arid
and ether, which has been saturated with hy<lr<H-lil«*nr ,I»T«1 ga *»,
and JPoliok, (1904; 1) uses this same methyl for pr«?j»aration
purposes, omitting the ether, \Vyr*»ubuff Cio/u; JI j*recijniate\
beryllium as the double oxalate with i>otavsjnui fr«*m !iy*lr*.i<1ilu
ric acid solution, Classen (1881 ; 3} eliTlrolyzc* in preN^nct* «if
oxalate of ammonium, the ber>)Iiuni }>riiig *li*solm.l in the c*i.r-
bonatc of ammonium formed. ll-Jwr and Van Oonlt (1^14;
4) dissolve basic berylliunt acetatt* in chlorofr-»nii» leaving iron
and aluminum acetates behind, Myvts (^^14; 71 r«inove*i iron
clectrolytically from a slightly acid M'4uti*»n of tin* ^?l|»!i:iii%
using a mercury cathode. l%ar*soiijt mvl Robiri>o» i vf**\ 1 1 seji-
arate basic beryllium acetate in a j»itre su%u* itmn oilier arctai^ ,
by mctans of its ready solubility in hot glacial act*tic acul ami
comparative insolubility in the same reagent when r**14 |*ar*
sons and Barnes (1906; 2) %\mw the gullibility «f I»rryS)sitni hy-
droxide in a saturated solution of acir! %m\hnn carUonatf*. ;ind
the insolubility of the hydroxitle fif iron and aluitiiutuu ui the
same reagent. Glassmann (u^oG; 8) reili^rovers tin* Miljiliiff
separation of Berthier (1843; 2) , Hottingrr (1844; t ) an«l J w
(1863; I ) , and the fact that the method h M i% j^iiiilccl mti by
Friedheim ( igo^; **)» M«>y«s, iiniy and Sji«%ir (tr^i8; 2) give
accurate methods for its separation and detection,
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Determination.—In the opinion of the author, the ••
by means of acid sodium carbonate offers the quickest, most
direct and best method for estimating beryllium in admixture
with other elements. The method of Havens (1897; 4) is
equally accurate if care is taken to fully saturate with hydro-
chloric acid gas.

The first portion of the analysis will be the regular procedure,
followed to obtain the hydroxides of iron and aluminum if
present and the beryllium will be found also as an hydroxide in
this precipitate. The mixed hydroxides of which less than
one gram should be present, are dissolved in as little as possible
hydrochloric acid, oxidized by a little nitric acicl, ammonia added
to nearly neutralize and evaporated to about 25 cubic centimeters.
This solution is then heated to boiling and added with stirring
to 75 cubic centimeters of hot (75°) water, containing I2f to 15
grams of the pure crystallized acid sodium carbonate. The
beaker which contained the chloride is rinsed with a little hot
water and the whole brought immediately to boiling and held
there far one-half minute. Care must be taken not to confuse
the evolution of carbon dioxide with the actual boiling of the
liquid, which must take place. Under these conditions the beryl-
lium hydroxide passes into solution, and the aluminum and ferric
hydroxides are precipitated carrying with them a small amount
of beryllium.1 The liquid is allowed to cool and settle and is
filtered into a liter beaker and washed three times with a hot
(75°) solution of acid sodium carbonate containing 100 grams
to the liter. 'Hie precipitate is now redissolved in hydrochloric
acid and treated as before, allowing the filtrates and washings
to run into the same beaker as first used. The filtrate is now
carefully acidified with hydrochloric acid, the beaker being
covered to prevent loss by spattering, is boiled to remove all
carbon dioxide and the beryllium precipitated as hydroxide by
ammonia, avoiding any large excess. The precipitate is allowed
to settle, the supernatant liquid decanted through the filter and
the precipitate washed twice with hot water, redissolved in a lit-

1 Uranium may interfere as has been pointed out (1908; 2) but it is sel-
dom present with beryllium and may be easily detected by ferrocyanide
and its separation presents no difficulty.
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tie hydrochloric acid and again precipitated with ammonia
to remove sodium salts invariably occluded in the first
precipitation. The precipitate is now washed with hot water
containing two per cent, ammonium acetate or nitrate until the
washings give no chlorine reaction. The hydroxide is ignited
to the oxide in a platinum crucible without previous drying, aiul
weighed.



C H A P T E R II.

METALLIC BERYLLIUM.

Preparation.^Beryllium was first prepared in the elementary
state by Wohler (1828; 2) and by Bussy (1828; 3) , acting in-
dependently, by the action of potassium on the anhydrous chloride.
Davy (1809; 1) had previously attempted to reduce the oxide
without success and Stromeyer (1812; 1) claimed to have re-
duced the oxide by a mixture of carbon, iron and linseed oil in
1812. Wohler according to the records has priority over Bussy
and deserves further credit in that he made a careful study of
his product, which being very impure led him to announce
some properties since shown to be erroneous. Debray (1855; 1)
substituted sodium for potassium and passed his chloride, in
the sublimed state, over the melted metal. Menier (1867; 1)
exhibited a sample of metallic beryllium at the Paris Exposition,
which he had prepared by the action of sodium upon a mixture
of beryllium chloride and the double fluorides of beryllium and
potassium in a crucible of pure aluminum. Reynolds (1876; 3)
reduced the chloride by sodium, and Nilson and Pettersson
(1878; 3 and 4) used the same method and succeeded in obtain-
ing a metal of 87 per cent, purity by fusing under a salt cover
in a crucible of iron tightly closed. Again (1880; 6 and 7) the
same authors succeeded in procuring a metal of 94 per cent, purity
but it was not until Humpklgc (1885; 1, 1886; 1) made his
final specific heat determinations in 1885, that a metal of as
high a degree of purity as 99.2 per cent, was obtained. Wink-
ler (1890; 3) claimed to have reduced the oxide by magnesium
and Goldsmith (1898; 14) by aluminum, but both chemists were
undoubtedly mistaken. Kriiss and Moraht (1890; 4 and 5) re-
duced the double fluoride of beryllium and potassium with
sodium, obtaining their metal in hexagonal plates. Pollok (1904;
I and 9) again produced the metal by decomposition of the
chloride with sodium, and states that he was unable to fuse to-



1 2 CHEMISTRY OF BERYLLIUM

gcthcr t h e d a r k g r a y powder formed for the reason that it
probably volat i l izes a t ordinary temperatures without passing
through t h e l iquid condition.

It was left t o L e b e a u (1898; 3) to develop an apparently sim-
ple and easy m e t h o d for producing the metal almost free from
admixture, w h i c h h e did by electrolyzing the double fluoride of
beryllium a n d of potassium or of sodium in a nickel crucible. It
is true t h a t W a r r e n (1895; 10) had claimed to manufacture the
metal by t h e electrolysis of the bromide which does not conduct
electricity, a n d Borche r s (1895; 11) had proposed the prepara-
tion by m e a n s of electrolyzing the chloride, mixed with an alkali
chloride b u t apparen t ly without result. Lebeau proved that the
Imlides of bery l l ium did ljjot conduct electricity so he added
sodium fluoride to beryllium fluoride, melted the mass in a nickel
crucible w h i c h itself became the cathode, and using a carbon
anode, passed a cur ren t from a dynamo yielding normally 20
amperes a t 80 vol t s . Care was exercised to keep the heat but
little a b o v e tne me l t ing point and metal was obtained in hex-
agonal c rys ta l s .

S<*me p a t e n t s of Liebermann (1898; 15 and 16) and Kiihne
(1907; 2 ) for t he production of beryllium would appear to be
of very doubt fu l va lue .

Physical Properties.—Beryllium is a hard, dark steel gray
metal, w h i c h especially in its crystal form has a bright metallic
luster. T h e c rys ta l s produced by electrolysis (Lebeau, 1898;
3, 1899; I T ) a re hexagonal lamallae, placed one on the other
and according" to Brogger and Flink (1884; 4) occur in two
forms, p r i sma t i c a n d tabular, belonging to the holohedral division
of the h e x a g o n a l system and having an axis relation of a:c=i:

The specific gravity of the crystals is 1.73 at 150 (Lebeau, 1899;
l i ) f of t h e meta l produced by reduction with sodium 1.85 at
20* (Ut impidg-e , 1886 ; r ) . Other published figures were on im-
pure m a t e r i a l a n d need not be given.

The melting point is not known for at ordinary pressures and
in an i n e r t a tmosphe re it volatilizes without fusion, (Pollok;
1904; I ) . U n d e r pressure it can be fused (Nilson and Petters-



BERYLLIUM 13

son, 1878; 3) but no determinations of the temperature have
been made.

The specific heat at ordinary temperatures is abnormal as in
the case of boron, carbon and silicon, but Humpidge (1885; 1,
1886; 1) has shown that between 4000 and 5000 it remains
practically constant at about 0.62. The matter was one of long-
controversy and the low results obtained by Nilson and Petters-
son (1878; 3) and others was the chief cause of the belief in
the trivalency of beryllium. According to Humpidge (1885;
1 and 6, 1886; i)^ the relation between specific heat and tem-
peratures can be expressed by the empirical formula:

K/ = 0.3756 + 0.00106 t -*-. 0.00000114 /*.

According to Thalen (1869; 2) w^10 w a s ^ r s t t o study the
spectra of beryllium it is characterized by a line 4572.0 in the
blue and 4488.5 in the indigo of about equal intensity. Lockyer
(1878; 10) finds beryllium lines in the sun's spectra. Hartley
(1883; 5) makes a careful study of the arc spectra of the chlo-
ride and publishes a chart of the spectra of beryllium, which
besides the two lines in the visible spectra noted above by Thalen,
he finds the lines 3320.5, 3130.2, 2649.4, 2493.2, 2477.7 °f which
3130.2 is the strongest and most persistent. Rowland and Tat-
nall (1895; 4) in their exhaustive study of the arc spectra of
the elements, found the most prominent lines for beryllium be-
tween 2100 and 4600 to be

2348.697 2650.414 3321.218
2350.855 2651.042 3321.486
2494-532 3130-556 4572.869
2494.960 3131.200

These observations were made with a grating of 21 *4 feet
radius and 20,000 lines to the inch on a photographic plate 19
inches in length and are unsurpassed for accuracy. Formanek
(1900; 3) finds that the chloride treated with Alkanna tincture
presents a strong orange red fluorescence and yields three ab-
sorption bands. Soret (1878; 11) finds that solutions of the
chloride give no absorption spectra and only a feeble bluish
fluorescence. Crookes (1881; 4) found that beryllium oxide,
in high vacuo, gave a beautiful blue phosphorescence, but
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no spectral rays. Hartley (1901; 1) finds that the lines x 3130.3
and 2478.1 are still visible in solutions of berylliuni salts when
the concentration has fallen so low as 0.000001 per cent.

The atomic weight of berylliuni is very close to 9.1. The first
determination was made by Berzelius (1815; 1) early in the last
century and were little more than approximations. The cor-
rected results of other investigators with the ratio determined
are as follows:

Mean o i'»
Awdejew (1842 ; 2) BeO : BaSO, 9M
Weeren (1854 ; 1) BeO : BaSOl 927
Debray (1855 ; 1) BeO : 4CO, 9-M
Klatzo (1869 ; 1) BeO : BaSO« 9. »8
Nilson and Pettersson (1880 ; 6) BeSO^H/): Bt-O. 9. K*4
Kriiss and Moraht (1890 ; 5) BeSOl.4lI2O : IJeO - 9.0$

Parsons (I9O4; 5) lB*0<CiHi<WBcO ».«J
I* Algebraic combina-

Parsons (1905 ; 5) 1 tion of above. Be 9.11a
( and C unknown

Chemical Properties.—Chemically, berylliuni is a nxial slight-
ly less basic in. its nature than magnesium. According to Brati*
ner ( i88r ; 1) the chemical nature of beryllium may be .muittneJ
up by the three statements:

Si : Be = Be : B,
Si : Na = Be : Mg ^ B : Al,
Si : Mg = Be : Al B : Si.

Beryllium is not altered in dry air nor in oxygon at ordinary
temperatures but takes fire when highly heated and if finriy
divided yields bright sparks in the flame of a Hitmen btmu*r.
(Lebeau, 1899; 11). It combines directly and easily with fluorine,
chlorine and bromine (Lebeau, 1898; 3) and with iodine when
heated in its vapor (Wohler, 1828; 2) and (Ddiray, 1855; 1).
VVohler claimed to make a sulphide by heating in gulphur vapor
but Fremy, (1853; 1) and Debray, (1855; t) were unable to
get the two elements to combine directly and it ha* not ntnci?
been produced in this manner. Strong sulphuric acid attack*
beryllium, giving off sulphur dioxide. Hydrochloric acid and
dilute sulphuric acid as well as solutions of the caustic alkalies
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attack the metal with evolution of hydrogen. The gaseous hy-
•dracida attack it violently if passed over the heated metal.
Strong nitric acid has little effect upon the metal but weaker
.acid attacks it giving off nitric oxide. It is but little acted upon
by cold water, but is slowly converted into the hydroxide by
boiling water.

Beryllium acts upon methyl and ethyl iodides, (Cahours, i860;
1) replacing the iodine and forming beryllium ethyl and beryl-
lium methyl. It also replaces mercury in its analogous com-
pound and in mercury propyl, (Cahours, 1873; 1, Lawroff, 1884;

3 ) .
Wohler (1828 ;2) thoughthehad prepared the selenide, telluride,

arsenide and phosphide by fusing with the respective elements
but his observations1 have not been confirmed. Beryllium has
probably never been obtained in combination with hydrogen
.although Winkler, (1891; 3) thought he had produced a hydride.
Beryllium unites directly with carbon, boron and silicon at the
heat of the electric furnace (Lebeau, 1895; 2, 1898; 7, 1899; 11).
It reduces SiCl4 when heated, (Rauter, 1892; 2) .

Valency.—The valency of beryllium was long in doubt and
gave rise to an animated discussion extending over many years
and calling forth much research. The question was in reality
settled when Nilson and Pettersson, (1884; 7) and (1885; 3) ,
against all their previous contentions, found the vapor density
of beryllium chloride to be entirely in accord with the divalency
of the metal. Their determinations were made between 490 and
1520" C, and above 10000, their results are quite constant for
the formula BeCl2. The divalency was confirmed by Humpidge
by the specific heat at high temperatures and by the \iapor den-
sity of both chloride and bromide, (1886; 1), by Coombes,
(1894; 6) by the vapor density of the acetylacetonate, and by
Urbain and Lacombe, (1901; 2) by the vapor density of the
basic acetate. Rotsenheim and Woge (1897; 4) also found the
formula for the chloride to be BeCl2 by the rise of the boiling
point of its solution in pyridine.

Alloys of Beryllium.—Our knowledge of the alloys of beryl-
lium is confined solely to the work of Lebeau (1897; 8, li
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4, 1899; n ) and, although he produced alloys with the
metals an<l Cr, Mo and \V, he describes thos^ «»f cnpjvr only.
if is alloys were made either hv heating the mixed «*>cjdrs nf
beryllium and the metal to be allovrd with »in intinjatr jnixtur**
of carbon to a very high temjH*rature in tin* ehrtrit* inrn^rv, or
they are prrMluewl sirnultanrouslv with the eltrtroktir pr**!u«'..
tion of hc*ryllhimf by substituting a graphite inr thf nirkrl rrn
cible arul fusing in this the metal to b<* allovrd, while the d^ublr
fltioriclc of beryllium an<l sodium was being r!eetr<»!y/r<l in fb«*
same* crucible. Alloys of ahrmf to \HT rent. Hr I*' «/•> J>*T r^»t.
Cti are {>ale yellow, nearly white. Alloys of 5 per rrnf. |ir are
yellow, easily polished and malleable, mid nr h^t, Thry ;ir*» n< f
oxidized if 1 the air, but are tarnished hv hy«Ir"»i:rn NtiJjiJiid .̂.
They are dissolved by nitric arid with diftj**ulfy. ..\v HHI^ ;I%
0,5 \H*T rent, of beryllium change* wrv n^ttrr;*!ily tb«* ;*|*pr-rir-
anee nf the rojiptT ami make* it i!rri«le*lly *̂-»»i«4«»u«*. An M*w
confauiing i.$2 per rent, r*f JirryIlium !J;IS thr rrj^r r,f r̂*J*| ;nil
h very sonoroiK It is easily polished ntul ran l»r rradilv
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NORMAL COMPOUNDS OF BERYLLIUM.
All normal compounds of beryllium which are soluble in water

are strongly acid in reaction to litmus, dissolve notable quanti-
ties of their own hydroxide which increases in amount with the
concentration of the solution, set free carbon dioxide
from carbonates and attack certain metals. In short, they
act in many respects like the acids themselves would act from
which they are derived. In spite of these facts they show less
hydrolysis, and consequent smaller concentration of hydrogen
ions, at least in the case of the chloride, nitrate and sulphate,
(Leys, 1899; 10 and Brunner, 1900; 1) when treated by the
well-known method of sugar inversion, than the corresponding
salts of iron and aluminum. By the same method of determina-
tion, the hydrogen ions are thrown back into the undissociated
condition when but a small fraction of the beryllium hydroxide
has been dissolved which the normal salt is capable of holding
in solution, (Parsons, 1904; 10). The reasons for these phe-
nomena are not at present understood. The sulphate has been
recently studied with a view to a solution of this problem,
(1907; 10) and it has been shown that the addition of beryllium
hydroxide to a solution of the sulphate, raises the freezing point
and diminishes the conductivity; that no beryllium enters into
the formation of a complex anion and that while the hydroxide
can be partially removed by dialysis if dialyzed into pure water,
there is little evidence of a colloid being present. It has been
suggested that we may have here a new instance of solution,
wherein the solid, when once dissolved, acts as a true solvent
for its own oxide or hydroxide, and there are some analogies
which point strongly to this view, (1907; 11).

To this same cause, whatever it may be, is due the fact
that no normal carbonate or nitrite is known, and that the
chloride, bromide, iodide and nitrate lose their anioa so readily
when in contact with water that they cam only be prepared with
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special precaution against hydrolysis and solution of the hydrox-
ide formed.

BERYLLIUM HALIDES.

The halides of beryllium, with the exception of the
chloride, were little known until Lcbeau gave them most
careful study. They are, excepting- the fluoride, only pre-
pared pure in the absence of all water. liy careful evaporation
of the fluoride in the presence of ammonium fluoride or in an
atmosphere of hydrofluoric arid gas, it can apparently be kept
from hydrolytic action, (Lebeau, 1899; 11) but this is not true
of any of the other halides. On evaporating their solutions in
water they lose more or less of the gaseous hydracids, the
residue becoming more and more basic and remaining soluble
until a surprising degree of basicity is reached. This hydrolytic
action is comparatively small in the case of the fluoride, but is
practically complete in the case of the chloride, bromide ami io-
dide. By careful manipulation residues of almost any degree of
basicity can be obtained and these mixtures of base ami normal
salt have given rise to claims for numerous oxyfluoridcs and
cxychloridcs for the existence of which there is no other evi-
dence than the analysis of the variable residues obtained.

Beryllium Fluoride, BeFa. — The first experiments on the
relation of fluorine to beryllium were made by Gay
Lussac and Thenard in 18 n (18 n ; 1). l a te r in
1823, Berzelius (1823; 1) made the fluoride by din-
solving the oxide in hydrofluoric acid and described the proper-
ties of the solution so produced and the residue left on evapora-
tion, the basic nature of which he recognized. Klatzo (1869;
x) made a short study of the fluoride, but the pure salt wa* not
produced until Lebeau (1898; 8, 1899; 11) made it by heating
the double fluoride of ammonium and beryllium, which had pre-
viously been dried over phosphoric anhydride, in a current of
dry carbon dioxide and cooled in an atmosphere of the name gas.
He also prepared it by the action of hydrofluoric acid gas on
the carbide.

Properties.—According to Lebeau the pure fluoride k a glassy,
transparent mass having a specific gravity of 2.01 at '15*. It
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becomes fluid towards 8oo°, passing through a viscous condition,
b u t above 8oo° it begins to volatilize, yielding white and very
deliquescent crystals. It dissolves in all proportions in water,
is only slightly soluble in absolute alcohol, but dissolves read-
i ly in 90 per cent, alcohol. By cooling an alcoholic solution to
— 2 3 °, one obtains a white crystalline mass which, however, melts
easily on rise of temperature. It is also soluble in a mixture of
ether and alcohol. The majority of metalloids are without action
o n the fluoride. It is insoluble in anhydrous hydrofluoric acid
a n d is not altered by it, rendering the existence of an acid salt
quite improbable. It is readily attacked by sulphuric acid. The
alkali metals and magnesium reduce it, but the difficulty of fu-
sion and hydroscopicity renders the preparation of pure metal dif-
ficult. With potassium the reaction begins below 5000. Lith-
ium and magnesium act at about 6500. Aluminum fuses with-
ou t alteration.

Beryllium Chloride, BeCL.—Although Vauquelin (1798; 5)
obtained the chloride in solution, the pure salt was
no t made until Rose (1827; 1) prepared it in the
sublimed anhydrous state by passing chlorine gas over
a heated mixture of carbon and beryllium oxide. Wohler (1828;
2), Awdejew (1842; 2) , Debray (1855; x)> Klatzo (1869; 1),
Nilson and Pettersson (1880; 6, 7, and 8, 1885; 3) , Pollok (1904;
12) and others used the same method of preparation. Nilson
and Pettersson (1885; 3) prepared the chloride in very pure
form for the purpose of determining its vapor density by the
action of dry hydrochloric acid gas on the metal. Lebeau
(1895; 2, 1899; 11) utilized the carbide which is readily attacked
when heated by both chlorine and gaseous hydrochloric acid.
IvOthar Meyer (1887; 1) obtained the chloride by passing car-
bon tetrachloride vapor over heated beryllium oxide. Bourion
(1907; 7) prepares the chloride by the action of a stream of
mixed Cl and S2C12 on the oxide at a red heat. No matter
what method is used the materials must be absolutely dry if a
pure chloride is to be obtained. Awdejew (1842; 2) and Atter-
berg (1873; 7) thought they had produced a hydrous chloride.
BeCl2.4H2O, by evaporating" the chloride slowly over sulphuric
acid, but Parsons (1904; 5) shows that the procedure recom-
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mended invariably yields basic mixtures of varying degrees of
hydration. Atterberg's results are easily explained when one
considers that his formula depended solely on an analysis for
chlorine alone, and although Awdejew gives no details of his
analytical results, it is probable he was led to his undoubtedly
erroneous conclusion in the same way.

Properties.—-The anhydrous chloride is a white crystalline
solid having a melting point about 440° (Lebeaii, 1899; n .
Pollok, 1904; 12). Carnalley (1879; 1, 1880; 1, 1884; 9, 1884;
10) obtained much higher figures, but was certainly in error.
The boiling point is about 5200 as shown by Nilson and Fetters-
son and confirmed by Pollok (1904; 1). Its vapor density first
determined by Nilson and Pettcrsson (1884; 7, 1885; 3) between
4900 and 15200, is in entire accord with the formula RcCls. This
was confirmed by Hnmpidge (1886; 1). Rosenheim and Woge
(1897; 4) showed that the molecular weight as determined by
the raising of the boiling point of a solution of beryllium chlo-
ride in pyricline, was in agreement with the same formula.
Its molecular heat of solution is 44.5.K0 and its molecular heat
of formation is 155K0 (Pollok, 1904; 9) . Its magnetic suscept-
ibility was determined by Meyer (1899; 3) . The fused chloride
does not conduct the electric current, (Lebeau) but its alcoholic
solution is a conductor (Pollok, 1904; 1).

Beryllium chloride dissolves in water with great avidity and,
unless special precautions are taken, with loss of chlorine as
hydrochloric acid. On evaporation the solution loses hydrochlo-
ric acid more or less readily according to conditions, and the
residue left, which may be of almost any degree of basicity, has
been mistaken for an oxychloride by Atterberg (1873; 7, 1875;
4 ) . With ether it forms the compound BeCl r2f(C 3H s ) 8O],
(Atterberg, 1875; 4 ) . It also forms a white crystalline com-
pound containing the chloride with both hydrochloric acid and
ether (Parsons, 1904; 5), the exact composition of which has
not been determined.* It is also readily soluble in alcohol, and
yields a crystalline compound with it, but is almost insoluble in
benzene, chloroform, carbon tetrachloride and sulphur dichlo-

* Since this went to press a letter from H. Steinmetz inform* me that thene rryaUlK
are In reality BeClr4H9O. It 1H accordingly certain from the condition* that thi* com-
pound was never made by Atterberg. Its indent* firat ion belongs to StHnmet* My in-
correct observation was qualitative only and made In the course of another in v**tf gallon,

THK AVTHOU.
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ride (Ubeau, 1899; 11). It combines with ammonia gas and
with phosphine. Lebeau (1899; n ) claims that it forms many
crystalline compounds with the organic bases, but Renz (1903;
3) was only able to obtain the compound, BeCl2 .(C8H7N2)2+
H2O, with quinoline. By experiments on the chloride and sul-
phate, Hdber and Kieson (1898; 9) were able to show that their
taste was due to the cation. The chloride forms many double
salts (vidi, Double Salts). According to Brunner (1900; 1)
and Leys (1899; 10), beryllium chloride solutions are less hydro-
l>zed than those of aluminum and iron, although about two per
cent, of the molecules are so decomposed. Awdejew (1842; 2)
and Nilson and Pettersson (1884; 7, 1885 >* 3) claim that the sub-
limed chloride attacks glass, but Parsons (1904; 5) states that
this is probably incorrect.

Beryllium Bromide.—The bromide was first prepared by
Wohler (1828; 2) by the action of bromine vapor on the metal
and also upon a mixture of carbon and beryllium oxide. Ber-
themot (1831 ; 1) obtained it in solution by dissolving the oxide
in hydroforomic acid. Humpidge (1883; 7) also prepared it by
acting on a mixture of the oxide and carbon with dry bromine.
Ix'beau (1899; 11) prepared it by the action of bromine and
gaseous hydrobromic acid on the carbide.

Properties.—The anhydrous bromide is obtained always by
sublimation and in colorless white crystals1. Its vapor density
determined by Humpidge (1886; 1) is in accord with the for-
mula i>eBr2. Its melting point was determined by Carnalley
and Williams (1K79; 1, 1880; 1, 1884; 9 and 10) but the values
obtained were much too high, as shown by Lebeau (1899; 11),
who states that it fuses at about 4900 and begins to sublime some-
what below this temperature. The fused salt does not conduct
electricity, although Warren (1895; 10) claimed to make the
metal in some quantity by clectrolyzing it. For a knowledge
of its chemical properties we are indebted almost wholly to
Lebeau (1899; n ) who states that it acts much the same as
the chloride. It dissolves in water with avidity, losing hydro-
bromic acid on evaporation. It is soluble in absolute alcohol
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and forms a crystalline compound therewith. It combines with
ammonia and with the organic bases.

Beryllium Iodide, Be!2.—Wohler (1828; 2) and Dcbray (1855;
1) prepared the iodide by the action of iodine uj>on the metal,
but we are indebted almost solely to Lebeau (1898; f>, 1899; u ) ,
who prepared it in some quantity by the action of gaseous hydri-
odic acid, or a mixture of hydrogen and iodine vapor, on the
carbide at about ytxf, for a knowledge of its properties.

Properties.™According to Lebeau (1899; n ) , beryllium io-
dide, as obtained in the sublimed state, consists of colorless
crystals, which are quickly decomjx>sed in moist air. Their spe-
cific gravity at 150 is close to 4.20. They begin to sublime below
their melting point which is 51c/. The melted iodide boils be-
tween 585"" and 595". It is insoluble in benzene, toluene* spirits
of turpentine, and but slightly soluble in carbon disulphide.
'11 Hi slightest trace of water attacks it immediately, but it is not
quite MI sensitive after fusion, probably because less sur-
face is exposed. It can be distilled without alteration in dry hy-
drogen, nitrogen or carbon dioxide. Its iodine is readily re-
placed by chlorine or bromine. Fluorine forms fluorides of both
beryllium ami of iodine. Fluorine and chlorine l>oth attack it
tv**n when colcl, giving off heat and light. Cyanogen acts upon
it at about a red heat, producing a white material, less volatile
than the iodide, which with water gives a clear solution reacting
for cyanides. Heated in oxygen, it takes fire at about a red heat
and the vapor itself will burn even in air. Heated with sulphur
it yields a sulphide of beryllium, readily decomposed by water.
The vapor of phosphorus also attacks it, probably forming a
pliosphidt* of beryllium. Sodium, jjotasstum and lithium re-
duce it at about 350°. Magnesium reduces it at about 450°.
Aluminum, silver, copper and mercury are without ac-
tion below the temperature of the softening' of glass.
Hydrogen sulphide acts upon it, but only at elevated
tetnjjerattire* and yields a white sulphide. It absorbs large
amount* of ammonia gas and forms compounds which melt
easily and can be crystallized on cooling* It reacts with a large
number of organic compounds. It is soluble in alcohol and pro-
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duces a crystalline compound therewith. It also combines with
ether. It differs from the iodide of aluminum in not reacting
with cold tetrachloride of carbon. It also does not act upon C>C14,
Acetic anhydride and anhydrous chloral give energetic reactions
with beryllium iodide. Ammonium compounds and organic
bases, especially aniline and pyridine, produce crystalline com-
pounds with it.

BERYLLIUM OXIDE.
Preparation.—The oxide is prepared by heating the nitrate,

sulphate, oxalate, hydroxide, basic carbonate or other salt of
beryllium containing a volatile acid radical, and even the chlo-
ride, bromide and iodide yield practically all of their metal as
oxide when evaporated from solution and heated. By evaporat-
ing to dryness a mixed solution of beryllium chloride'and ammo-
nium chloride and heating in air, an oxide so light and feathery
is produced that it is difficult to retain it in the containing ves-
sel.

Properties.—The oxide is a white powder as ordinarily pro-
duced which can be volatilized and crystallized at high tempera-
ture. According to Levi-Malvano (1905; 7) a blue oxide is
obtained by igniting the hexahydrated sulphate (vidi sulphates).1

in the electric furnace, (Lebeau, 1896; 6, 1899; 11) it can be
fused and even volatilized and yields a crystalline mass slightly
harder than corundum. The crystals are hexagonal (Lebeau,
1899; 11). Mallard, (1887; 4) states that they are positive and
unaxial and he measured parameters a : / i= i :i.63O5- He fur-
ther states they are isomorphous with zinc oxide, and Ebelmen
(1851; 1) states that they are isomorphous with aluminum ox-
ide. The oxide is diamagnetic (Nilson and Pettersson, i8$o;
9) and its magnetic susceptibility has been determined by Meyer

(1899; 3) .
The specific gravity was first determined by Ekeberg (1802;

1) as 2.967. Rose (1848; 2) found 3.021 to 3.09, claiming the
lower figure was obtained by high heating. Ebelmen (1851; 1)
reported 3.058; Nilson and Pettersson (1880; 9, 1880; 10) ob-

1 Repeated attempts by the author of this book to reproduce this oxide
or even the hexahydrated sulphate have met -with failure.
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tained 3.016 and Grandeau (1886; 2) 3.18. Later results on
very pure material gave Kriiss and Moraht (1890; 7) 2.9644;
JLebcau (1896; 6, 1899; 11) at o°, 3.01-3.025 ; [Arsons (1904; 5)
at 4W, 2.9640. According1 to Lebeau, fusing the oxide had very
little effect on the specific gravity.

The specific heat of beryllium oxide is 0.247 between o • and
ioo° (Nikon and Pettersson, 1880; 9 and 10}. According to
Tanatar it is 0.2898 between 100-117".

Crystals of the oxide have been produced by melting in the
electric furnace (Lebeau, 1896; 0 ) , by fusing a mixture* of beryl-
lium silicate and potassium carbonate (ICbelmen, 1851; 1), by
fusing a mixture of sulphate of potassium and sulphate of beryl-
lium (f)ebray, 1855; I ) , by fusing a mixture of sulphate of JH>-
tassium and phosphate of beryllium (Grand/an, 188O; 21, by
dissolving the oxide in fused beryllium leueite {Hautefeuille
and IVrrey, 1890; 9) and by fusing the sulphate with silicic
acid (HautefeitiHe and fVrrey, 1890; 14).

HeryIlium oxide* is not reduced by hydrogen, magnesium, so-
dium, jK>tassium or aluminum (Lebeau, i8</»;6, i8<)t/; n ) . Ac-
cording to Franck (t8i>8; 20), aluminum <Ws form alloys at
high temperature t*y heating with beryllium oxidr. It is rv-
duced by carlxm at high tenipfratures in the* presence of other
mcrtal.s, such as copjicr, forming alloys therewith, or, when treat-
ed alcitu? at liigh tenipi'rature.s with erither carbon, hnron or sjlirrm
ii is reduced, forming the car!»idt% bonKarbidc «»r silie*ide (Li**
IHMIU 1^99; H ) , It i> firjt acted upon by water or rarhou di-
oxide. Mallard (1834; 1) states that bromine \vatrr. esjn*rially
under the influence of sunlight partly dissolves beryllium oxide.
but Leheau (1899• I ! ) finds that it in not afTected by brouiim.%
chlorine, iodinr or others of the non-metals cxecj'rt fluorine, which
attacks it directly with the formation of a fluoride. Mixed with
carbon and heated in a current of a halogen gas the correspond-
ing hahrh* is fanned and Meyer (1887; 1) found that the anhy-
drous chloride was formed if the oxide was heated in a current
of carbon trtmchloride vapor. Bourion {1907; 7) found that it
was &\m acted upon by S2CI3 at a red heat with the formation
of the chloride.
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The gaseous hydracids have no action on the oxide, even
at high temperatures. Strong hydrochloric and nitric acids dis-
solve the oxide slowly. Strong sulphuric acid attacks it readily
forming the anhydrous sulphate which dissolves only slowly on
dilution with water as hydration progresses. Rose (1848; 3,
1855» 2 ) states that beryllium oxide partially decomposes solu-
tions of NH4C1, but loses this property if heated. Atterberg
(l&73'> 7) states that the oxide is not soluble in fused potassium
hydroxide. According to Ebelmen (1851; 1), it is readily solu-
ble in potassium bisulphate.

Beryllium Sulphide.—Wohler (1828; 2) supposed he had made
a sulphide by heating the metal with sulphur, but Fremy (1853;
1) states that it was the only sulphide he could not produce by
passing the vapor of carbon disulphide over the hot oxide. De-
bray (1855; 1) and Nilson and Pettersson (1873; 3) s t a t e t n a t

beryllium and sulphur do not combine when heated together.
Berzelius (1826; 2) supposed he produced a double sulphide of
beryllium and tungsten, but his results lack confirmation. Lebeau
(1899; 11) at last made the sulphide by heating the anhydrous
chloride and iodide with sulphur or with hydrogen sulphide.
Also by the action of sulphur vapor on the carbide at a high
temperature. The sulphide is a white solid, immediately decom-
posed by water. No other details are given nor further study
of this compound been made.

Beryllium Selenide, Beryllium Telluride.—Preparation claimed
by Wohler (1828; 2) , but probably he was mistaken.

Beryllium Trinitride.—Attempts to make the trinitride (Curtius
and Rissom, 1898; 12) by the action of a solution of beryllium
sulphate on barium trinitride failed, as it immediately broke
down to beryllium hydroxide and hydronitric acid.

Beryllium Phosphide.—Claimed by Wohler (1828; 2), by the
action of phosphorus on the metal, but unconfirmed by this
method. Lebeau, however, (1899; n ) prepared a compound of
beryllium and phosphorus, which he did not analyze or describe,
by means of the action of phosphorus vapor on anhydrous beryl-
lium chloride and iodide.




