
BERYLLIUM 



DEPOSITED 

K Y T H E C O M M I T T E E O X 

(Bratmate Stu&ics. 

Tb 

ACC. No. ̂ o \ \ n ^e-<- \=>V,.DATE 





THESIS. 

"BERYLLIUM". 

by 

C .G-r eaves. 

Thesis presented in part fulfillment of the requirement 

for the degree of Ph. D. 

McG-ill University, 

May 1923. 



"FOREWORD." 

This work was carried out under 

the direction of Dr.F.II.G.Johnson, who 

was untiring in devising new methods for 

the preparation of pure beryllium. The 

writer takes thjs: opportunity of thanking 

him for his very many suggestions and 

his keen interest in the work. 



"BERYLLIUM". 

GENERAL INTRODUCTION. 

Preliminary Remarks. Beryllium offers a vast ^ield for 

research. Though not generally recognized to be such, it is 

a common metal, as later remarks will show. Its position in 

the periodic table, which for a time was a matter of doubt, 

ensures that it will possess properties of great interest, 

since it lies on the border line of the non-metals. As the 

first element of a group its properties are peculiar to 

itself. Of these properties very little is- known. It has been 

the object of this work to add at least a little to the already 

small store of information which we have concerning this 
. (I) 

important metal. To quote Dr.J.W.Richards:- "Beryllium is a 

metal whichfwill well repay extended metallurgical research 

and minute physical and chemical study of its many unique 

properties". 
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History. Beryllium was discovered in 1787 by L.N. 

Vauquelin. xhere is no doubt that the discovery was delayed 

due to the great similarity of the chemical properties of 

beryllium and aluminium, and more especially to the fact1that 

in the ordinary course of analysis beryllium hydroxide is 

precipitated with aluminium hydroxide from which it is separated 

with difficulty. Vauquelin undertook to prove the identity of 

emerald and beryl. He found that a portion of the aluminium 

hydroxide precipitate was thrown out of solution in potassium 

hydroxide on broiling. This led to his reporting in "Annales de 

Chimie" the discovery of a new "earth".Vauquelin did not give 

it a name but referred to it as "la terre du Beryl" which was 

translated in German as "Beryllerde", from which was derived 

the name "beryllium". The editors of "Annales de Chimie" suggested, 

on account of the sweet tastec of solutions of salts of,. 

beryllium, the name "glucine" for the oxide, from which was 

derived the name "glucinum". Vauquelin in a subsequent paper 

adopted the term "glucine", but apparently with no very great 
(3l 

enthusiasm. .Link, a contemporary of Vauquelin, from the very 

beginning objected to the name "glucine" because of its 

similarity to "glycine" already in general use; several other 

writers of this period also objected to the term "glucinelT 

Both of the names beryllium and glucinum are still in 

general use. American, English, and German journals for the most 

part have adopted the name beryllium, but the International 

Congress of Chemists has selected the name glucinum. rarsons, 
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who has given much attention to this diversity of opinion 

concerning the name, says:- "General usage is overwhelmingly in 

favour of the name beryllium". 
(4) 

Occurrence. It has been estimated that from one tenth to 
• — • - i 1 1 . . - -

one hundredth of one per cent, of the earth's crust is beryllium. 

Comparing this with F.W.Clarke1s estimate (1908) of the percentage 

composition by weight of the earth's crust- which is given below • 

we see that beryllium is relatively a common element, the 

percentage being between that of sulphur and bromine, and yet to 

the average person it is practically unknown. 

F.W.Clarke's Estimate, 

Oxygen 

Silicon 

Aluminium 

Iron 

Calcium 

Sodium 

Potassium 

Magnesium 

Hydrogen 

Titanium 

Ohlori-ie 

49.78 

26.08 

7.34 

4.II 

3.19 

2.33 

2.28 

2.24 

.95 

.37 

r; y 

Carbon 

Phosphorus 

Sulphur 

Barium 

Manganese 

Strontium 

Nitrogen 

Fluorine 

-bromine 

All other elements 

.19 

.11 

.11 

.09 

.07 

.03 

.02 

.02 

.08 

.48 

(Considering the earth1s crust one. half mile deep and including 

the ocean and atmosphere,) 

One would expect from its place in the periodic table that 

beryllium would be a very reactive element; and so it is always 
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found in nature in combination with other elements, most common

ly as silicates, sometimes as phosphates, and occasionally as 

borates and fluorides. It occurs in such common minerals as beryl 

(3Be0.Al 0_.6SiO?) and chrysoberyl (BeO.Al 0 ), it is also found 
2 S " (5) 2 3 

in many comparatively rare minerals. It is likely that the per

centage of alumina reported in mineral^analyses - before the dis

covery of beryllium - contain in many cases beryllia, indeed 

this is probably true of later analyses. 

The only pure beryllium compound on the market today is 

beryllium nitrate which contains water of crystallization. This 

is -prepared from monazite sand, the preparation being carried 

out in conjunction with the extraction of oxides of cerium and 

thorium- The nitrate is easily converted to the oxide which is 

used in small amounts in the manufacture of gas mantles. 

Preparation of Metallic Beryllium. Two steps are involved, 
(6) 

firstly the separation of beryllium oxide from the mineral, and 

secondly the preparation of the metal from beryllium oxide. As 

a starting material for the preparation of beryllium oxide most 

investigators have used beryl, since it can be readily obtained 

in most localities. Beryl is unattacked by any acid so it must 
(7) 

first be treated with a flux, or heated in an electric furnace 

to a high temperature to volatilize most of the silica. Beryllium 

compounds are usually separated from those of aluminium by mak

ing use of the fact that beryllium hydroxide is soluble in hnt 

ten per cent, sodium bicarbonate solution whereas aluminium hyd-
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roxide is not. A basic carbonate o.f beryllium is finally obtained 

which can be easily converted if necessary to the oxide. 
(8) 

The metal was first prepared by "Y/ohler", he reduced bery

llium chloride with potassium, his product was not very pure. 

Several other investigators have since prepared it by the same 

general method, namely the reduction of a halide using either 
(9) Pir;r 

potassium or sodium. Nilson and Pettersson first obtained 
(10) 

87 per cent, and later 94 per cent. Humpidge in 1885 obtained 
a metal of 99.2 per cent, purity. However it remained for 

(II) 
Lebeau in 1898 to develop another and simpler method for the 

preparation of the metal, he electrolysed the fused double fluo

ride BeF .NaF and obtained a metal 99.8 per cent. pure. Later 
d (12) 

Fichter and Jabloczynski used a modified method of Lebeau1s 

but it would seem that they did not obtain a product as pure as 

Lebeau1s since they mention the necessity of separating beryllium 

oxide from the metallic beryllium. The two above methods -

Wohler's and Lebeau1s - are the only ones that have had any suc

cess. A third method, the reduction of beryllium oxide by mag-
(13) 

nesium is reported by Parsons as being very doubtful. A fourth 
(14) 

method has quite recently been patented by two Germans who 
claim to have discovered a method for the production of compact 

metallic beryllium by electrolysing a fused mass containing a 

mixture of barium fluoride, sodium fluoride and beryllium fluoride 

at a temperature of 1300 degrees C. Very meagre, and probably 

inacurate, details are given in the patent. 
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As far as can be deduced from the literature on the subject, 

metallic beryllium has never been prepared in sufficiently large 

quantities, and in a pure enough state, to allow of any exact 

details of its physical properties being given. Indeed the pre

paration of the pure metal would seem to be an exceedingly diff

icult matter. 

Physical Properties. Beryllium is said to be a steel grey 

metal, malleable, easily cold rolled, and capable of taking a 
(15)' 

high polish; its specific gravity, according to the best results, 

which are not in very good accord, is about 1.7; it will scratch 

glass, the hardness being between 6 and 7; there is no* definite 

information concering its electrical conductivity, but it is said 

to be the same as that of silver and therefore greater than that 

of copper. Nothing is known of its tensile strength or rigidity, 

or how it might be strengthened by the addition of other metals. 

The melting point is considered to be about 1100 degrees C. but 

it has never been determined, as under atmospheric pressure the 

metal is said to vapourize before the melting point is reached. 
(16) 

This may be concluded from the work of Pollok who observed 

that when heated in an electric arc in an atmosphere of hydrogen, 

beryllium vapourizes without fusion and condenses to a grey 

metallic mirror. 

One of the most interesting physical properties is the 
iI7) 

specific heat which has been thoroughly investigated by Humpidge 

as a result of an attempt to clear up the question of the atomic 
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weight, and - as can be seen from the curve below - the specific 

heat, just as in the case of carbon, boron and silicon, at ordin

ary temperature has a low value but increases to a maxiraum steady 

value above 450 degrees C. 
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OtfOO 

b' 
i 
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Assuming the specific heat to be o.62, the atomic heat ~ 9.1 

by o.62 ^ 5.64. This is in good agreement with Dulong and Petitfs 

Law which states that the atomic heat of an element in the solid 

state is a constant. It is also interesting to note that the spe-
(18) 

cific heat is the greatest of all metals. The latent heat of 

fusion is abnormal, the value being thought to be somewhere about 

300 calories which is an exceedingly high figure. 

The spectrum of beryllium has been investigated by several 

workers, Most worthy of mention are the observations of Rowland 
(19) 

and Tatnall which are of extreme accuracy. 

The atomic weight of beryllium has been determined by many 

investigators and there seems to be little doubt that the value 
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(20) 
as obtained by Parsons of very nearly 9.1, is highly accurate. 

Berzelius in 1815 was the first to determine the atomic weight 
(21) 

and up to the present day many other determinations have been 

carried out. Parsons used either the basic acetate, £©4^(CgH Og)^, 

or the acetylaeetonate, Be(CgH^O^lg, both of which are very stable 

and can be obtained in a high degree of purity. 

According to the latest views on atomic structure, all atoms-

with the exception of hydrogen - should possess whole number at-
weights 

omic weights. That many atomic are not whole numbers is explained 

by the fact that elements are often mixtures of isotopes, each 

isotope having a whole number atomic weight. Now the atomic weight 

of beryllium had been very definitely fixedat 9.1. Hence it was 

to be expected that beryllium consisted of two or more isotopes. 
(22) 

But contrary to expectations G.P.Thomson has found evidence 

of only one atom of beryllium of atomic weight 9.0. v̂ery recently 
(23) 

O.Honigsch^id and L.Birckenback have obtained the value 9.01, 

a difference of one per cent, from the accepted value. Jhis is 

certainly remarkable considering the extreme care taken by previous 

workers. It seems therefore that this value is still a doubtful 

quantity, the preponderance of the evidence being still in favour 

of the value 9.1. 

It is worthy of remark that those properties of which we 

have exact information,e.g. atomic weight and spectrum, do not 

necessitate the preparation of the pure metal; concerning all 

other physical properties - with the possible exception of the 
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specific heat - i'he information is far from definite. 

Chemical Properties. Beryllium is chemically a metal slight

ly less basic than magnesium and more basic than aluminium. 
(24) 

According to Brauner its chemical nature can be summed up as 

follows:-

Li: Be--- Be:B, 

Li: Na ^ Be:Mg -~ B: Al, 

Li: Mg = Be:Al -» B: Si, 

From its place in the periodic table, between lithium and 

boron, beryllium belongs to the first period, and experience 

teaches us that the elements of the first period are not typical 

of the group to which they belong but rather seem to enjoy char

acteristic properties of their own. So we expect beryllium to 

have peculiar properties, and perhaps its most characteristic 

property might be termed its "elusiveness"; Dr. J.ltoierson Reynolds 
(25) 

speaks of it as the "chameleon element", and LrC.L.Parsons in 

a paper entitled "The Vagaries of Beryllium" states:- "The liter

ature of Inorganic Chemistry is overburdened with compounds 

which have no existence and no branch needs more supervision 

than the chemistry of beryllium. Its literatureis full of errors.-

It is recorded that it does and it does not combine with 

hydrogen, sulphur, selenium and phosphorus; that it is and it is 

not reduced from its oxide by aluminium and magnesium; that it 

has been produced (even manufactured) by the electrolysis of its 

bromide and that its bromide is not a conductor of electricity. 
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In each case the negative is probably true." 

Beryllium is unattacked by air or oxygen at ordinary tem

peratures, but - if in a finely divided state - it combines 
(26) 

with oxygen at high temperatures. It is slightly - or not at 

all - acted upon by water or steam. It combines directly and 
(27) 

easily with fluorine, chlorine and bromine, and with iodine 
(28) 

when heated in iodine vapour. At the temperature of the elee--
(29) 

trie furnace it combines with carbon, boron and silicon. It 
is attacked by dilute hydrochloric acid and dilute sulphuric 
acid yielding hydrogen, and by concentrated sulphuric acid yield

ing sulphur dioxide, but it is not attacked by dilute or concen~ 

trated nitric acid when cold. It is only slightly acted upon bv 
by 

hot concentrated nitric acid. It is not attacked^ammonia, but jit 

readily dissolves in a caustic potash solution. Its salts are 

mostly soluble in water and are colourless. These aqueous salt 

solutions have a characteristic sweet taste. 
(30) 

Beryllium acts upon methyl and ethyl iodides replacing 

the iodine and forming beryllium methyl and beryllium ethyl, 

beryllium als;0 replaces mercury from mercury methyl and similar 
(31J 

compounds. 

The Valence. Previous to 1879 some authorities held thev 

view that beryllium was divalent whilst others thought that it 
(32) 

was trivalent, but after Mendeleef pointed out that the only 

place for beryllium was between lithium and boron, research was 

immediately stimulated and we find at this period many researches 
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carried out with the main object of determining its valence. 

The first values on the specific heat corresponded to an at

omic weight of about 13.6. Considerable light was thrown upon 
: (33) 

the question by Nilson and Pettersson who conducted a mag

nificent t'piece of research on the density of beryllium chlo

ride vapour proving that the formula for the chloride was BeCI , 

thereby supporting the divalency of beryllium. The divalency 

of beryllium was soon after./.confirmed by the specific heat de-
(34) 

terminations of Humpidge, and also from the vapour densities 

found for the bromide, basic acetate and acetylacetonate. Soiit 

might be concluded that the divalency has been unquestionably 

established, but of recent years the question has been again 
(35) 

raised by Wvrouboff who argues in favour of trivalency, and 
(36 f 

Tanatar who claims that the basic acetate can only be ex
plained by assuming the tetravalency of beryllium. 

Compounds. In this short introduction it is impossible to 

give anything like a complete description of the compounds of 

beryllium. Only such points as seem to be o^ special interest are 

included. 

The oxide, carbide and halides are the only binary com

pounds that have any real standing in the literature. The most 

striking property of the halides (except the fluoride) is that 

they can only exist in the complete absence of water, as water 

causes them to lose part of their anion as hydracid. If an 

aqueous solution is evapoArated it loses more and more of the 
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hydracid becoming more and more basic but no precipitation occurs 
(37) 

until a very high degree of basicity is reached. Parsons says:-

"Probably the fact which has the greatest bearing on the chem

istry- of beryllium and has caused more failures of researches 

undertaken upon the element than any other one thing, is the 

great influence which water hap upon all of its salts, acting 

to many of them as if it were itself a strong hydroxide and in 

a manner that is hard to understand from ordinary conceptions 

of solution and hydrolysis". 

Beryllium hydroxide is v;ell known and is very similar to 

aluminium hydroxide. 

Only the normal salts of the non-volatile acids, e.g. sul

phate, selenate and oxalate have been prepared from aqueous 

solutions. Normal salts of more volatile acids, such as nitrite, 

carbonate, etc., have never been prepared, or if so only in the 

absence of water, e.g. the sulphite has been prepared from abso

lute alcohol, and the halides f̂ orn the direct combination of the 

elements. Solutions of these normal salts act like acids, they 

attack metals, liberate C02, and redden litmus even after sever

al eauivalents of beryllium oxide have been added. Notwithstand-
(38) (39) 

ing it has been shown by Ley and also Brunner - using the 

inversion method - that the sulphate, chloride and nitrateoof 

beryllium are less hydrolysed than the corresponding salts of 

aluminium and iron. These so-called "basic solutions" of n&rmal 
(40) 

salts exhibit many other peculiar properties andtC.L.Parsons 
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has put forward the possible explanation that we have a case of 

the simple solution of a substance (beryllium hydroxide) in a 

mixed solvent (water and normal salt) in one of which alone 

(water) it is insoluble. 

Solutions of acids can hold in solution abnormally large* 

quantities of beryllium hydroxide (or oxide), thus acetic acid 

can take up 6 equivalents of beryllium hydroxide, hydrochloric 

acid 4 equivalents, etc., and still the solutions exhibit acid 

properties, turn litmus red etc. These solutions when diluted 

with water throw down basic precipitates and the filtrate on 

evaporation gives a gummy basic mass. These facts have caused 

the presence in the literature of beryllium of a large number of 

so-called basic compounds which have no real existence. 

The action of water is very much modified in the case of 

the double salts of beryllium - as is also the case with the 

salts of aluminium and magnesium - and some of these salt? e.g. 

the carbonates, chlorides, iodide§,nitrites and sulphites are 

readily obtainable in definite, crystalline, forms from aqueous 

solutions. Very little work has been done on the double salts. 

Lastly mention must be made of the truly basic beryllium 
(41) 

compounds, discovered in Urbain's laboratory by Lacorabe. They 

are produced only in contact with anhydrous acids. These very 

interesting volatile basic compounds have only been produced from 

acids of the fatty series. Among those described are the formate, 

acetate, propionate and several others. Of this unique series 
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of beryllium compounds the one that has been most studied by 

Lacombe and Urbain and others is the basic berĵ llium acetate, 

Be 0 (CoH_0o).. The chemical and physical properties have been 
4 2 p ^ o JT ^ 

throughly examined and it has proved to be a most important com-
(42) 

pound. Parsons used it as a means of determining the atomic 
weight, and Parsons and others have found in it an easy means 

for the separation and purification of beryllium compounds due 

to its solubility in either chloroform or glacial acetic acid. 
o o 

It melts at 283 and boils at 330, sublimes without (idecomposit-

ion, is almost insoluble in water, and is easily soluble in 

nearly all organic solvents. 

Object of the Research. The chemistry of beryllium is at 

present in its infancy. On reviewing the work of previous invest

igators it is evident that very little is known about the pure 

metal, although numerous2 attempts have been made to prepare it. 

The very unreliable data, concerning the physical properties that 

previous workers attribute to the metal, seem to indicate that 

the metal beryllium would have considerable commercial value if 

it could be prepared cheaply. It has been the intention of this 

research to add to the chemical knowledge of this important element 
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EXPERIMENTAL. 

Raw Material. There were two raw materials used, the mine-

eral beryl and beryllium nitrate. The former was obtained from 

the Foote Mineral Co. and was powdered to 100 mesh. The beryllium 

nitrate was obtained from the Welsbach Light Co. and the National 

Drug and Chemical Co. of Montreal which donated 4 lbs of this mat

erial for this work, for which the author wishes to express his 

appreciation. 

Experiments on Beryl. 

Analysis. Analyses were made by the method of Parsons and 

IT) 
Barnes which is very similar to an ordinary rock analysis. The 
following is a brief outline of the method. The sample is fused 

with sodium carbonate and the silica determined.. Aluminium, iron 

and beryllium hydroxides are precipitated by means of ammonia. 

The beryllium hydroxide is separated by treatment with hot, ten 

per cent., sodium bicarbonate solution in which it is soluble. 

The results were in good agreement, the mean of several analyses 

gave:-

Si J , 67.60$ 

Al 0 (containing a trace of iron) 17,84/0 
2 3 
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BeO, 10.74$ 

Other Material:, 5.82$ _ 
100700$""" 

Preparation of Beryllium Oxide from Beryl._ The use of 

beryl as a raw-material necessitated as a first step the pre

paration of beryllium oxide. The most convenient method seemed 
(2) 

to be that of Parsons and Barnes. The difficulty however of 

removing the contents of the nickel crucible was so great that 

it had to be abandoned. A modification of this method was there

fore used of which the following is an outline. Beryl is mixed 

with sodium carbonate in a platinum crucible and fused. The 

silica is removed in the usual way by treatment of the fused mass 

with hydrochloric acid and evapoWating to dryness. The aluminium, 

beryllium and iron are precipitated as hydroxides, filtered 

off and the precipitate dissolved in hydrochloric acid. The so

lution, which contains only salts of aluminium, beryllium and 

iron, is neutralized with ammonia and enough sodium bicarbonate 

(solid) added to make a ten per cent, solution. The solution is 

heated to about 55" degrees C. and kept stirred at this temperature 

for 24 hours, and then filtered. The filtrate contains almost all 

O-P the beryllium and no aluminium or iron. The beryllium is ob

tained in the form of a basic carbonate by diluting with water 

and then passing live steam Into the solution. This basic carbonate 

can then be easily filtered off and washed. If it is desired to 

remove any adhering salts the basic beryllium carbonate is diss

olved in hydrochloric acid and precipitated as beryllium hydrox

ide by ammonium hydroxide. This process is repeated until the de-
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sired degree of purity is reached. On heating either the basic 

carbonate or the hydroxide the oxide is produced. 

ny this method a 60 per cent, yield of beryllium oxide was 

obtained, the process however is long and tedious. 

Miscellaneous Experiments with Beryl. With the idea of ob

taining a simpler method for the preparation of beryllium oxide 

the following experiments with beryl were undertaken. 

I. Beryl was fused with sodium chloride. There was no evid

ence of any action even after long treatment. 

2. Powdered beryl was treated in a silver dish wit'na 50 per 

cent, solution of sodium hydroxide for from 24 to 48 hours at a 

temperature just short of boiling. (Glass could not be used due 

to the ease with which it is attacked under these conditions.) 

It was hoped that there might be a selective action on the bery

llium, several analyses proved that this did not occur though 20 

to 30 per cent, of the beryl was dissolved. The method was there

fore abandoned. It may be remarked that the attack of beryl by a 

solution of sodium hydroxide is not mentioned previously in the 

literature. 

3. It is known that beryllium chloride is produced when a 

mixture of beryllium oxide and carbon is heated in a stream of 

chlorine. It was thought that possibly beryllium chloricia might 

be prepared in a similar way when beryl is substituted for the 

oxide. This was tried. An intimate mixture of beryl and sugar char

coal was placed in a hard glass tube. The tube was heated until 
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red hot and a stream of dry chlorine passed over the mixture. 

The beryl lost only 7 per cent, in weight after 4 huurs treat

ment, and no indication of the formation of beryllium chloride 

was observed. 

Preparation of Metallic Beryllium . 

She methods used in the attempts to prepare the metal may 

be divided into the two usual classes chemical and electrolytic, 

as follows:-

A. Chemical Methods:-

I. The reduction of beryllium oxide with carbon in a vacuum. 

2. The reduction of beryllium chloride vapour by heated 

tungsten filament. 

3. The reduction of the double flouride 2BeF .NaF with 

metallic sodium. 

4. The reduction of beryllium nitrate with metallic sodium 

in liquid ammonia. 

B. Electrolytic Methods;-

I. Electrolysis of solutions of beryllium nitrate in lixjuid 

ammonia. 

2. Electrolysis of molten double fluorides of sodium and 

beryllium. 

A.I. Reduction of Beryllium Oxide with Carbon. 

It was hoped that at a high temperature the following re

action would occur, 

BeO -+ C =Be + CO. 
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It seemed probable that equilibrium would be reached in the 

presence of a very small amount of carbon monoxidee. By work

ing in a high vacuum, and thus removing- the CO as formed, bery

llium metal would be obtained. 

The vacuum furnace employed is shown in figure I. It con

sists of two alundum crucibles fitting one within the other, 

the.inner one being wound with michrome wire and the interven

ing space between the two crucibles lagged with powdered magnesia. 

The mixture to be heated is placed in the inner crucible. The 

crucibles are encased in a large inverted tube, sealed at one end, 

and closed at the other end by a three-holed rubber stopper. The 

stoppered end is immersed in a trough of mercury in order to ob

tain a mercury seal. Through two holes of the rubber stopper glass 

tubes pass containing silver wires which close the electric cir

cuit, these two glass tubes are closed with sealing wax. Through 

the third hole of the rubber stopper passes a third glass tube 

which connects with a Toepler vacuum pump. A continuous stream 

of cold water flows over the outer large tube into the trough of 

mercury from which it overflows. The water keeps the tube cool 

thus preventing it from being cracked by the heat. A maximuia,tem

perature of about 1000 degrees C. is obtainable. 

The carbon used was prepared from sugar. The sugar was heated 

at a not very high temperature until it was charred. Then the re

sidual charcoal was placed in a crucible with a cover (to prevent 

too free contact with the air) and heated in a muffle furnace at 
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a bright red heat. This treatment was found necessary in order 

to remove hydrocarbons absorbed by the charcoal. The beryllium 

oxide was prepared by heating hydrated beryllium nitrate. 

Four experiments were carried out, the'proportion of carbon 

to beryllium oxide being varied. The required quantities of sugar 

charcoal and beryllium oxide were weighed and mixed by grinding 

together in an agate mortar, then placed in the vacuum furnace. 

,The temperature was kept just short of the fusing point of the 

nichrome wire, which would be about 1200 degrees. C. In one case 

in order to get a very intimate mixture the beryllium oxide was 

added to the sugar before the charring took place. In no'case was 

there any indication of a reduction of the beryllium oxide. The 

reaction might proceed at higher temperature, but this is not 
(3) 

likely as Lebeau has shown that under such conditions only the 

carbide of beryllium is formed from a mixture of beryllium oxide 

and sugar charcoal. 

A. 2. Reduction Q-" Beryllium Chloride. 
(4) 

R.Edson and D.Mc-Intosh have shown that pure vanadium 

can be deposited from the vapour of vanadyl chloride on a hot 

platinum wire in an atmosphere of hydrogen. It seemed probable 

that beryllium could be obtained by a similar method. 

A volatile salt Is necessary and the chloride seemed most 

suitable for this purpose. Nilson and Pettersson found the boil

ing point to be about 520 degrees C. The chloride was prepared 

by passing chlorine through a mixture of BeO and sugar charcoal 
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heated in a pyrextube, care being taken to exclude moisture 
(5) 

This method was essentially that of Pollock. The apparatus 

used is shown in figure 2. The mixture of beryllium oxide and 

charcoal is placed in the pyrex glass tube FG. The asbestos 

plugs £9 h keep the mixture Miin position. F and G are rubber 

stoppers. The tube is placed in an electric furnace PQ and 

heated to about 800 degrees C. Tap C is closed and a stream of 

dry chlorine is passed through the open taps A, B and E. The 

stream of chlorine is allowed to pass for about 3 hours. The 

beryllium chloride condenses in the cooler part L of the tube. 

(It was found necessary to first heat the sugar charcoal and 

the asbestos in the stream of chlorine in exactly the same way 

as in the experiment itself in order to remove any volatile 

chlorides that might be formed from impurities in these materials.) 

Tap B is now closed and taps D and C are opened. This allows 

tube FG to be cooled whilst a stream of dry CO is being passed 

through it. As soon as the apparatus is cool, rubber stopper G 

is removed and the beryllium chloride quickly raked into the quartz 

tube shown in figure 3, and the stopper of the quartz tube with 

its attachments is immediately placed in position. 

The apparatus in which the tungsten wire is heated in an 

atmosphere of beryllium chloride vapour is shown in figure 3. 

The large quartz test tube is closed by a two-holed rubber stopper. 

Through one hole passes a glass tube which is closed at both ends 

and which contains the wires that completer the circuit with the 
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loop of tungsten wire. Through the.«other hole a stream of dry 

hydrogen is passed, the pressure being regulated by a suction 

pump. The tungsten wire is kept red hot by the passage of a small 

current and the beryllium cholride is volatilized by heating the 

outside of the quartz tube with a Bunsen burner. 

After continuing the experiment for half an hour there was 

no apparent reduction of the beryllium chloride. The pressure of 

the hydrogen was varied and also the temperature of the tungsten 

wire but in no case was the experiment successful. 

A.3. Reduction of the Double Fluoride with Sodium. 
T6T 

Kruss and Moraht claim that metallic beryllium can be obta: 
ned by the reduction of the double fluoride of potassium and 

beryllium which they obtained from the evaporation of a solution 

containing a mixture of potassium and beryllium fluorides. This 

was probably BeF^. 2KF. 

In this work the action of metallic sodium on 2BeF . NaF 

was investigated. The apparatus is shown in figure 4. A nickel 

crucible covered with asbestos paper is wound with nichrome wire. 

This is then placed in a porcelain crucible and the Intermediate 

space lagged with asbestos. The crucibles are then supported on 

a pipe-clay triangle with legs attached as shown in the diagram. 

A bell jar and mercury seal ensure the exclusion of air. A stream 

of CO is led under the mercury and passed out by the glass tube 

that contains the wire leads. An atmosphere of C0r> is necessary 

to prevent oxidation of the sodium 
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The mixture consisting of the double fluoride and metallic 

sodium was placed in the nickel crucible and heated by sending 

a current through the nichrome wire. The 2BeF . NaF melted quietly 

and on further heating a violent reaction took place. The mixture 

was then allowed to cool. The product contained an excess of 

sodium. This was removed by dropping by small amounts into a large 

beaker of water. A certain amount of beryllium hydroxide format

ion could not be avoided. Some of this was removed by stirring 

the contents of the beaker and decanting. The other insoluble 

material settled rapidly. The residue was crushed finely and 

repeatedly washed with hot water and finally dried. 

Under the microscope metallic beryllium was easily observed. 

The residual powder had a shiny ?rey appearance.On analysis the 

percentage of beryllium was found to be 22 per cent. Hence this 

method yields - as re would expect - a very immi?verprdduot. 

A. 4. Reduction of Beryllium Nitrate by Sodium in Liquid 

Ammonia Solutions. 

It was found that hydrated beryllium nitrate dissolves readily 

in liquid ammonia to form a milky solution. On allowing it to 

stand a clear solution can be obtained by decantation. The addit

ion of sodium to this solution, or the mixing of liquid ammonia 

solutions of sodium and hydrated beryllium nitrate, gave no metal 

although a reaction occurred. 

B. I. Electrolysis of Solutions of Beryllium Nitrate in 

Liquid Ammonia. 
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In order to prepare anhydrous solutions in liquid ammonia an 

attempt was made \@ remove the water of crystallization of bery

llium nitrate. It is likely that if such anhydrous solutions 

could be obtained they would on electrolysis be more likely to 

yield the metal then if water was present. 

Dehydration can not be accomplished by heating since de-*-

composition of the nitrate with the formation of beryllium oxide 

and nitric anhydride occurs. Hence It was decided to see if the 

problem could be solved by placing hydrated beryllium nitrate in 

a vacuum desiccator over phosphorus pentoxide. 

The apparatus - see figure 5 - was evacuated to a pressure 

of one tenth of a millimeter of mercury and maintained at this 

pressure for 4 days. The appearance of the hydrated beryllium nit

rate changed considerably. When the experiment was started the 

sample was a crystalline white solid. Under treatment it became 

a colourless viscid liquid and bubbles could be seen slowly rising 

(slow because of the high viscosity) to the surface. The mercury 

in the pump was attacked showing that some gas was being given off 

other than water vapour, and on removing the cover of the desiccator 

brown fumes of N02 were seen showing that some decomposition had 

occurred, this was further verified by the following analyses:-

Original Sample before Treatment. 

Be(NOr)^ , by mitrometer method 65.2$ 

Be(N0g)2 , by weighing as BeO • 74.87b 

Difference 9.6$ 
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After Removal froa the Vacuum. 

Be(NO*)g, by nitrometer method -• 70.J 

Be(N03)2, by weighing as BeO 87.0% 

Difference 16.7$ 

To determine the percentage of beryllium nitrate by weighing 

as BeO it is only necessary to weigh out a sample and heat in a 

crucible until only the oxide remains. From the weight of the BeO 

the percentage of Be(N0_) in the sample can be calculated assuming 
5 2 

that all of the BeO was derived from Be(N0^)2. If this assumption 

is correct the value so found should agree with the nitrometer de

termination. 

The above analyses point out two facts. Firstly that some of 

the beryllium must have been present in some other form than nitrate, 

probably as beryllium hydroxide. Secondly that after keeping in a 

vacuum the ratio of Be(N0*)o > Be(0H)g decreases, thus proving that 

the Be(N0j)2 was partly decomposed. Hence dehydration can not be 

carried out by this process. It has also been shown by other invest

igators that the hydrated sulphate of "beryllium can not be hydrated 

in this manner. Perhaps better results could be obtained at very 

low temperatures. 

In the first experiment liquid ammonia was prepared by a 
(7) 

method used by Poote and Brinkley, which is briefly as follows. 

Commercial ammonia water is warmed up to a maximum temperature of 

45 degrees C. and the gas is dried by passing It in succession 
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through three towers of castic soda (sticks). It is then passed 

through a bottle of solid ammonium thiocyanate which is kept in 

a cooling mixture of snow and ice. The ammonia is readily absorbed. 

Finally there is obtained a liquid which is a solution of ammonia 

in ammonium thiocyanate, there being about 45 per cent, of ammonia 

present. Pure dry ammonia can then be obtained by warming up the 

ammonium thiocyanate solution and leading the gas into a test 

tube cooled in CO? and ether. 

After using the above method for sometime it was found more 

convenient to use commerical ammonia (liquid), This is quite pure 

enough for most work. It is a poor conductor. 

As previously mentioned hydrated beryllium nitrate dissolves 

in liquid ammonia. The solubility was found to decrease with de

crease in temperature as might be expected. In no case was it 

found possible to dissolve entirely a given sample in liquid 

ammonia, no matter how much ammonia was used. This is likely due 

to the separation of beryllium hydroxide. 

Quite concentrated solutions of hydrated beryllium nitrate 

could be obtained at temperatures'above the boiling point of 

ammonia. These solutions were prepared by adding liquid ammonia 

to a test tube containing a large excess of hydrated beryllium 

nitrate and by stirring continuously until the temperature reached 

the required value of - say -20 degrees 0. The test tube and con

tents could theh be I:ept in a coaling mixture at a temperature 

of -20 degrees C. 
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That there was an appreciable amount of solution even at 

a very low temperature was shown by filtering and then allowing 

the ammonia to evapoUrate off. A crystalline white substance 

separated out, which on standing for some time lost, all smell 

of ammonia. This substance was certainly not the same as the orig

inal hydrated beryllium nitrate, the most marked difference be

ing that it was not hygroscopic whereas hydrated beryllium, on 

exposure for only a few minutes, becomes quite moist. On heat

ing some of the new substance in a test tube there was evolved* 

water, ammonium nitrate and brown fumes of N0?, and the residue 

was beryllium oxide. 

The clear solution of hydrated beryllium nitrate in liquid 

ammonia proved to be an excellent conductor of the electric cur-
» 

rent. The first experiments were carried out in a simple appar

atus - see figure 6 - Two platinum electrodes are immersed in 

a solution of hydrated beryllium nitrate in ammonia. The solution 

is warmed until all of the air is driven out of the apparatus. 

A current of 0.5 amperes is passed and the gases discharged at 

the electrodes collected. Nearly always there is obtained a small 

quantity of a black deposit on the cathode. The platinum anode 

is very perceptibly attacked. Gases are evolved from both elect

rodes. An analysis of the mixed gases gave:- Hydrogen 57.3 per 

cent, no oxygen, and no oxides of nitrogen; hence the residue 

could be no other gas than nitrogen. 

The black deposit is very peculiar. It is not metallic 
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beryllium as it is only slowly attacked by concentrated hydroch

loric acid. It might be.platinum - but so little was obtained 

that analysis was difficult. 

The apparatus shown in figure 7 was designed to separate 

the gases obtained at the two electrodes. The platinum elect

rodes are situated in the two arms of the U-tube. The entire 

U-tube is immersed in ether. The ether is easily kept at a con

stant temperature of -20 degrees C. by continually adding small 

amounts of solid 00g. Capillaries connect the two branches of 

the U-tube with bulbs containing mercury. Over these bulbs are 

placed inverted graduated glass tubes to collect the gases 

evolved. The mercury levels are so adjusted that the pressures 

of the gases in the two branches of the U-tube are the same when 

gases are being given off from the ends A and B. The amount of 

current used is measured by a copper voltameter in series. It 

is essential that the temperature of the gases in the U-tubebbe 

the same at the beginning and the end of the experiment, to en

sure this the current is run for about 15 minutes before a 

reading is taken- Then the voltameter is connected in series 

and an experiment is started. At the end of an experiment tubes 

AC and BD are placed in a tank of water of known temperature 

before the readings are taken. 

It was found that hydrogen was given off at the cathode 

and nitrogen at the anode. The results are given in the follow

ing table. 
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— O ^ v -

Ho of experiment 

Current in ampc 

Voltage in volts 

Grs. Cu deposited 

A (in c.c.) 

B (in c.c.) 

C 

D 

E 

I 

0.20 

4.6 

C0.I50I 

43.9 

15.6 

1:2.81 

.835 

4.13 

£ 

0.16 

4.5 

0.II86 

41.7 

12.1 

1:3.47 

1.006 

4.05 

3 

0.16 

4.3 

0.II99 

4̂ .0 

12.3 

1:3.43 

1.005 

4.07 

4 

0.16 

4.5 

0.I25I 

44.3 

13.0 

1:3.46 

1.012 

4.12 

5 

0.7 

110.0 

0.1224 

41.7 

12.8 

1:3.27 

.974 

4.1$ 

A ~ The amount of hydrogen evolved at the cathode, 3.T.P. 

B z The amount of nitrogen evolved at the anode, S.T.P. 

C - The ratio of nitrogen to hydrogen. 

D — the number of grams of hydrogen obtained for one 

equivalent gram weight of copper. 

B - The number of grams of nitrogen obtained for one 

equivalent gram weight of copper. 

It is evident that an equivalent of hydrogen, is being given 

off for every equivalent of copper deposited, but the value for 

nitrogen is too low. There must be therefore some other reaction 

at the anode. In order to discover if this behaviour was due to 

the beryllium present, a solution of ammonium nitrate in liquid 

ammonia was examined in exactly the same way. And as ammonium 

nitrate is anhydrous about Ifc.et ofiwater.was added to the 

solution to complete the similarity of conditions. The following 
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are the results obtained. 

ileotrolysis of HK,I:CU in Liquid IKU at - 21. C. 

No. of experiment 

Current in amps 

Voltage in volts 

G-rs. Cu deposited 

A (in c.c.) 

B (in c.c.) 

C 

D 

E 

I 

0.35 

5.5 

.1319 

44.5 

13.5 

1:3.51 

.967 

4.07 

..... — .0 

2 

0.35 

5.5 

.1287 

45.6 

13.65 

1:3.55 

1.015 

4.23 

3 

0.55 

5.5 

.1208 

43.1 

X »-J « I 

1:3.32 

1.020 

4.18 

4 

0.80 

9.0 

.1327 

45.8 

13.77 

1:3.32 

.988 

4.13 

Note. A,B,C,D,S have the same values as in the previous table. 

We must conclude therefore that the low value obtained 

for nitrogen is not due to the presence of beryllium. 

As a result of the above described experiments with ammonia 

we are led to conclude that metallic beryllium can not be obtained 

from the electrolysis of hydrated beryllium nitrate in solution 

in ammonia. 
(8) 

Cady claims to have prepared the metals silver, copper, 

and barium by electrolysis of the nitrates of these metals in 

liquid ammonia. These experiments were repeated. It was found 

impossible to obtain metallic barium in this way, but good .re

sults were obtained for silver. 
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B.2. Electrolysis of Molten Double Fluorides of Sodium 

and Beryllium. 

Introductory Remarks. The electrolysis of the double flu

oride, BeF . NaF, to obtain beryllium metal has been successfully 
2 (9) (10) 

carried out by lebeau. later, in 1913, Fichter and Jabloczynski 

claimed to have obtained better results by using the double flu

oride, 2 BeF . NaF. None of these investigators however seemed 

to have obtained sufficient of the metal to thoroughly examine 

its physical properties, it must be concluded therefore that they 

only obtained minute quantities. As this method seemed promising 

a number of experiments were carried out along these lines. 

Preparation of Double Fluorides. To prepare a double fluoride 

such as 2BeF . NaF, a weighed quantity of beryllium oxide - ob-

tained by heating beryllium nitrate in a platinum crucible - vTas 

dissolved in hydrofluoric acid and the calculated amount of 

sodium bicarbonate (or better sodium fluoride) added. Extreme 

care was taken to ensure complete solution, as beryllium fluoride 

can not be dehydrated by simple evaporation owing to hydrolysis; 

however the double fluorides of beryllium can be easily dehydrated. 

The hydrofluoric acid was now evapo^rated off and the residue 

fused in a ̂ platinum crucible. 

Determination of the Melting Point of 2BeF^. NaF. 

To determine the approximate melting point of the double 

fluoride, 2BeF9. NaF, 42 grams were prepared and its melting point 

observed by immersing into it a mercury-quartz thermometer, which 
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had a tightly-fitting platinum cylinder over that part of the 

thermometer, which was immersed in the melt. A platinum cover 

was necessary because both quartz and glass are attacked by the 

double fluoride. The melting point was not well defined, but was 

about 325 degrees C. 

Containing Vessel. In order to obtain a suitable vessel 

to contain the double fluoride, the action of a typical fluoride 

was tried on various metals. The fluoride was a mixture, in mole

cular proportions, of sodium fluoride and potassium fluoride. 

This mixture melts at a red heat. The following results were 

obtained. 

Metal 

Silver 

Nickel 

Copper 

Iron 

Loss 

Preliminary Expe: 

per sq. 

.000146 

.000486 

.000189 

.008030 

riments. 

cm. of surface per hour. 

grs. 

!! 

TT 

Tt 

As a preliminary experiment, to 

indicate, whether results similar to those of previous workers 

might be obtained, the following experiment was carried out. 

Twelve grams of 2BeF . NaF were kept molten by heating in a plat-

inum crucible with a Bunsen burner. A platinum wire was used as 

cathode and a graphite rod as anode. Carbon is the only material 

that can possibly be used for the anode, as all metals (including 

platinum) are readily attacked, and would therefore contaminate 

the metallic beryllium. A current of 0.5 amperes at 20 volts was 
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passed through the melt for 5 hours. The metal did not adhere to 

the cathode, but^was distributed throughout the melt. The contents 

of the crucible were transferred to a beaker and washed repeat

edly with large quantities of hot water. At first there was much 

gas evolved having a distinct odour of acetylene, and the water 

became slightly alkaline. The residue was washed in alcohol and 

dried. 

Finally there remained a grey powder, which on examination 

under the microscope showed a metallic appearance, but was also 

seen to be contaminated with a white solid. On being analysed, 

by the method described below, it was found to be 30 per cent. 

beryllium. 

Analysis of Beryllium Metal. a? he -following method was used 

for the analysis of the metallic beryllium obtained in the prev

ious experiment. See figure 8. Weigh about 0.02 grams of the 

sample into a dry test tube and make connections! as in the figure. 

False tube A until the water is &t the level B and close taps 

C and D. lower tube A until the pressure in tube I! is less then 

atmospheric. Now pipette 2 c.c. of boiled (1:1) hydrochloric acid 

into the dropping funnel, allow these 2c.c. to go into the test 

tube and after all the gas has been evolved and everything is at 

room temperature, read the burette. Subtract 2 c.c. from the 

reading. 

This method was checked on a sample of magnesium, giving 

results that were in very close agreement. 
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Method No. I. As silver had been shown to be very slightly 

attacked by fluorides, 42 grams, of 2BeF . NaF were melted in a 

silver crucible, which was made the cathode. The anode consisted 

of a graphite rod dipping into the molten mass, The double flu

oride was kept molten by means of a Bunsen burner, and was stirred 

with a silver stirrer. The current, which could not be kept con

stant due to the local polarization, varied from 0.08 to 1.40 

amperes during 40 hours. The voltage varied from 5 to 50 volts. 

No metal was deposited on the cathode. The contents of the 

crucible were transferred to a beaker, then washed and dried as 

in the preliminary experiment. There remained a greyish white 

powder, which under the microscope appeared to be metal contam

inated with much white material. The material presumably was 

beryllium oxide. 

Knowing that oxygen easily passes through silver, it is 

probable that a silver crucible tends to increase the production 

of.beryllium oxide. Accordingly in subsequent experiments it seemed 

better to use nickel, and to avoid the presence of oxygen. 

^Method No. 2. Twelve grams of the double fluoride were 

placed in a nickel crucible and this was kept molten in an electric 

furnace - see figure 9 - A stream of dry CO was kept flowing 

so that the melt was never in contact with oxygen* A cuarrent of 

4 amperes was passed for 40 minutes. No metal deposited on the 

cathode. On treating as before with water the same phenomena were 

observed as in the previous experiments, but only very slight 
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traces of adhering white solid could be seen under the microscope. 

On analysis the powder gave 83 per cent, beryllium, but the yield 

was only 8 per cent. «of the theoretical value. Four subsequent 

experiments,carried out under as nearly as possible the same con

ditions, failed to give any better result than the earlier value 

of 30 per cent, of beryllium. 

Method No. 5. This was very similar to No.2. The only diff

erence being that a stout platinum wire was used, in place of 

the graphite rod, as anode. There was considerable loss in weight 

of the platinum $rire and the result was no better than that of 

No.2. 

Method No. 4. A nickel crucible containing 12 grams of 2BeF . 
_ 2 

NaF was fitted tightly into a piece of asbestos board, and the 

rest of the apparatus constructed as shown in figure 10. To pre

vent the presence of air a stream of nitrogen was used. The bot

tom of the Winchester was lagged with asbestos in order to ex

clude air as much as possible. A current of 4 amperes was used for 

half an hour and then 1.5 amperes for 3 hours. After cooling in 

a stream of nitrogen the melt was treated as in previous elect

rolyses. Only a small amount of metal was obtained. 

The above experiment was repeated, care being taken to keep 

the melt just molten. A current of 1.5 to 2 amperes was used for 

3.5 hours. After cooling, the melt was broken up coarsely and those 

pieces, apparently rich in metal, selected,.These were crushed 

to a not very fine powder and washed as before. Under the 



(38) 

microscope beautiful crystals of metal were observed and a small 

quantity of white material. On being analysed the product was 

found to be 90 per cent, beryllium. 

To make certain that this method would give reliable re

sults a third experiment was carried out. An average of 4 to 6 

amperes was used for 3 hours. The melt was perhaps kept at a 

higher temperature than the previous one. The prooeedure was 

otherwise the same. Under the microscope there appeared to be 

considerable white material. Two analyses gave 62.3 and 59.6 per 

cent, beryllium. 

The Effect of Water on the Impure Metal. In order to get 

some idea as to whatn the white material might be, some of the 

impure metal, prepared in the last experiment, was placed in 

boiling water for 2 hours, then dried. It had the same appearance 

under the microscope as before treatment, and an analysis gave 

64 per cent, beryllium. Hence the treatment with water is not 

the cause of the impurity. The white material could not have been 
* 

2BeFp. NaF as this is soluble in water. 

Method No. 5. For a diagram of the apparatus see figure II. 

The apparatus was designed to exclude any possible presence of 

air. A nickel crucible containing the double fluoride was wrapped 

with asbestos paper and heated by means of a nichrome wire 

wound around the asbestos paper. Over the crucible was placed a 

Woulff bottle which had had the bottom cut off. The Woulff bottle 

rested in a glass vessel, which contained mercury in the bottom, 
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and above the mercury a continuous stream of cold water flowed. 

A stream of dry nitrogen continuously passed through the apparatus. 

An arrangement of two glass tubes, one within the other, and a 

niece of rubber tubing - see figure II - allowed the anode to be 

lowered without any air entering the apparatus. 

In this experiment another double fluoride,oBeFp. NaF, was 

tried. About 14 grs were used and a current of one ampere passed 

through the melt for 6 hours. The melt never became very hot. the 

conductivity was better than for the double fluoride previously 

used. The electrolysed mass was broken up and those pieces re

jected that contained black pieces of graphite (this had all col

lected at the top). After washing and drying as before, there 

remained beautiful iron-grey crystals of metal. No white material 

could be seen under the microscope. The analysis gave 99 per cent. 

beryllium . 

Another experiment was carried out in an exactly similar 

way to the above one. A current of one ampere was used for 6 hours. 

A yield of 15 per cent, beryllium was obtained which analysed 94 

per cent, beryllium. 

In order to obtain a larger yield the above experiment was 

repeated with a current of one ampere passing for 12 hours. After 

treatment the residue consisted almost entirely of white material. 

Another experiment was continued for 12 hours with the same result. 

The duration of the electrolysis is therefore an important factor. 
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Discussion on the Impurities of the Metal. Previous inves

tigators state that the white impurity in the metal Is beryllium 

oxide, and it does not seem possible for it to be anything else. 

The only substances present during the electrolysis are carbon, 

nickel, beryllium, sodium, fluorine and nitrogen, hence ber

yllium oxide can not be produced during the electrolysis. It must 

therefore be produced by the subsequent treatment with water. 

Previous investigators also state that beryllium is unattached 

by boiling water, and previous work by the writer confirms^ this 

statement. It seems therefore that the only explanation possible 

is that during electrolysis some metallic sodium is produced, 

and this reacts with water to give sodium hydroxide and hydrogen. 

The sodium hydroxide would cause the production of insoluble 

beryllium hydroxide. Sodium reacts violently with cold water, 

but no such reaction was observed, however it is quite possible 

that a sodium beryllium (or a sodium nickel) alloy is produced, 

which does not react with cold water, but does react with hot 

water. 

Analysis of the Gas Evolved from the Product of Electrolysis. 

On every occasion, when the electrolysed double fluoride is treated 

with hot water, a large quantity of gas is evolved. Cold water 

produces little if any gas. An'examination of this gas might throw 

some light on the formation of the white material which always 

contaminates the metal. Accordingly some freshly electrolysed 

melt was placed at the bottom of a test-tube - see figure 8. 

Cold distilled water was poured into tube A of the gas burette 
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until the test tube was full up to tap D. xap D v/as then closed 

and the test-tube heated, uas was soon given off and 100 c.c. 

was collected in the gas burette for analysis. The analysis is 

given below:-

COg 0.4 per cent. 

Unsaturated hydrocarbons 0.3 ?T n 

0. 0.5 ,f 7T 

CO 0.5 " tr 

n 93.5 TT TT 

Unaccounted for ^Slti " 

Apparently there is little or no carbide produced and hence 

this cannot be the cause o^ the production of beryllium hydroxide. 

Analysis of the Impure Metal. Another electrolysis was carried 

out in the same manner and with the same apparatus as in the 

other experiments of Method No. 5. .a current of 1 ampere at 60 

volts for 4.5 hours was used, and o.23 grams of impure metal was 

obtained, which uncer the microscope evidently contained some 

beryllium oxide. A complete analysis of this impure metal was 

carried out as follows. 

On one sample a nickel determination is made by the dimethyl-

glyoxime method. Another sample of 0.05 grams is placed in a dry 

test ?-tube and a measurement of the hydrogen evolved by hydro^hlori 

chloric acid is made in the usual way. ?rom this the percentage 

of metallic beryllium can be calculated. The contents of the test-

tube are then filtered tl rcup-h a Gooeh., washed,dried and weighed. 

This gives the quantity insoluble in hydrochloric acid. Beryllium 
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hydroxide is then precipitated from the filtrate by ammonia, 

filtered, washed, ignited and weighed as ^eO. If from the total 

BeO thus obtained an allowance be made for the metallic beryllium 

as determined above the quantity of BeO actually present can 

be calculated. I1 he results are given below:-

I. Be ( by hydrogen evolved ) 67.5$ 

2. us ( by precipitation with NH3 ) (76.0$) 

5. Undissolved by xI-Jl 2.8$ 

4. L"i 0.4/O 

5. BeO ( calculated from I and 2 ) 23.4$ 

6. Unaccounted for .- 5.9$ 
100.0$ 

The material which is insoluble in hydrochloric acid, is 

carbon (derived from the anode). It is very probable that the 

beryllium oxide is comtaminated with very appreciable quantities 

of beryllium hydroxide, which would account for the 5.9 per cent. 

left over. 

Method Ho. 6. Since it is probable that the production of 

sodium is the cause of the impurity, it did not seem that the ex

clusion of air was necessary, so an experiment was carried out in 

the presence of air. A product of 95 per cent, beryllium was 

obtained, however there is a possibility that the metal itself 

may be oxidised during the electrolysis, and therefore it is 

safer to work in an inert atmosphere. 

method No. 7. with an idea of minimizing the anode effect, 

by using a larger anode surface, the following experiment was 
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carried out. An apparatus similar to the one described in Method 

LJO.5 was used. The nickel crucible was replaced by a graphite 

crucible which was made the anode. A platinum rod was used as 

cathode. These alterations involved changes in the electrical 

connections.- The electrolysis was carried on in an atmosphere 

of nitrogen for 4 hours, a current of i ampere being used. The 

anode effect was by no means illiminated and the product was no 

purer than in previous experiments. 

Miscellaneous Experiments. 

i. In order to detect if possible the presence of a sodium 

alloy vrtrich is unattacked by cold water, one sample of Be?2. 

Naf- after it had been electrolysed—was kept in contact with 

cold running water for several days. The residue of impure metal 

was placed in a quartz tube which was evacuated to a pressure 

of 0.01 m.m. of mercury, *he end of the tube containing the 

material was heated with a Bunsen burner. No sodium could be 

distilled off. 

2. An attempt to -"use beryllium was made. Some of the 

95 per cent, metal was placed in a boat made of beryllium oxide, 

and the boat placed in..a quartz tube which was evacuated ̂ to a 

pressure of 0.01 m.m. of mercury. The tube was then heated with 

a Meker burner, but no evidence of fusion was observed. 

Piscussion of Results. The above experiments on the elect

rolysis of double fluorides indicate that it is possible, under 

the right conditions, to prepare metallic beryllium of 99 per cent. 
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purity. If the conditions are not exactly -correct the metal will 

be contaminated with beryllium oxide, this has always been the 

experience of previous investigators. The exclusion of oxygen 

during the electrolysis does not prevent the metal from being 

contaminated with beryllium oxide, and the presence of oxygen 

during the electrolysis does not hinder the production of metal 

of 95 per cent, purity. It is evident therefore that the con

tamination of the metal must be due to the treatment* after the 

electrolysis, ^he impurity most likely is due to an alloy of 

sodium which reacts v/ith water. No positive evidence of the pres

ence of sodium has been discovered, although its presence has 

not not been disproved. The fact that only hydrogen Is evolved, 

when the electrolysed product is treated with water, strongly 

confirms,... this possibility. 

3)he previous experiments also show that the double fluoride 

BeF?. NaF gives better results than 2BeF^. NaF. 
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The Determination of Melting Points of Mixtures of 

Beryllium Fluoride and Sodium Fluoride. 

Introduction. It is known that at a high temperature beryllium 

combines with carton, and that at a dull red heatt it alloys with 

nickel. It is also suspected that beryllium combines with oxygen 

at temperatures above 100 degrees G. It is evident therefore 

that, in carrying out an electrolysis to obtain the metal by any 

of the previously described methods, the fused fluoride should 

be kept at as low a temperature as possible. This can best be 

ascertained by determining the melting point curve of mixtures of 

sodium fluoride and beryllium fluoride. The lowest temperature 

can then be obtained from the curve. 

Verv little is known about the double fluorides of beryllium . 

(ID 
Most of the previous work has been done by Marignac and 

(12) 
Lebeau . These investigators have shown that the double fluoride 
BeF . NaF is formed, by evapo^rating a solution of the constituents 

2 ' 
and by then analysing the crystals thrown down. A determination 
of the melting point curve of mixtures of beryllium fluoride and 

sodium fluoride would also indicate hoynany double fluorides are 

formed from these two substances. This determination would there

fore serve two purposes, it is however a difficult problem, and 

previous investigators have so far avoided it. 
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Experimental Work, 

Preparation of the Melting Point Mixture. Since the supply 

of beryllium salts is limited only small amounts could be used 

in this work. Accordingly only mixtures of - about 15 grams were 

prepared at one time. To do this, beryllium oxide was first pre

pared by heating hydrated beryllium nitrate until it was of 

constant weight, and since beryllium oxide is very hydroscopic 

it was kept in a closed weighing bottle. An accurately weighed 

quantity of this substance (about 5 grams) was placed in a 

platinum basin. This was covered with a sheet of platinum foil 

and hydrofluoric acid added. On warming, all of the beryllium oxide 

goes into solution. After diluting with water an accurately weighed 

quantity of sodium fluoride was added and stirred until all was 

dissolved. The solution was then evapourated to dryness in a water 

bath and the solid removed to the platinum vessel in which the 

melting point was to be determined. The double fluoride was now 

fused in this vessel, in order to drive off the last trace of 

hydrofluoric acid, cooled and weighed. The weight of the fluoride 

was inappreciably less than the calculated weight, proving that 

very little loss had occurred during the operations. 

The first mixture contained a large percentage of beryllium 

fluoride. After the melting point of this mixture had been deter

mined a weighed quantity of sodium fluoride was added, and the 

mixture fused and stirred. The melting point of this new mixture 

was then taken. This process was repeated as long as was desired. 



(47) 

The only suitable material, that is not attacked by fluorides 

at the temperatures used, is platinum. Hence the mixture was placed 

in a platinum container and the bulb of the thermometer was covered 

with an air-tight jacket of platinum. The thermometer was so 

arranged that it could be used as a stirrer. 

The Method of Taking the Melting Points. As such a small 

quantity of the mixture was used, the most exact method of taking 

the melting point was by constructing a cooling point curve for 

each mixture. From this curve the melting point was easily read 

off. Accordingly the mixture was heated until quite liquid and, 

whilst it was cooling, the temperature was read at intervals of 

10 seconds. A nitrogen-filled, mercury-glass thermometer; whose 

range was from 0 to 550 degrees C. was used. The thermometer was 

carefully calibrated by taking the boiling points of sulphur, 

diphenylamine and water. For every reading a stem correction was 

also made. 

The Apparatus Used. See figure 12. The mixturej of which the 

cooling curve is to be determined, is placed in the platinum vessel 

A. A is then placed in position in the pyrex test-tube B. The 

test-tube is then placed in a continuously stirred bath of a 

mixture of potassium nitrate (54.5$) and sodium nitrate (45.5$) • 

This mixture melts at about 220 degrees 0. and can be easily 

heated to 550 degrees C. The nitrate mixture is contained in a 

copper vessel C, which is surrounded with asbestos, and heated by 
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a Bunsen burner. 

To take a cooling point curve the bath is heated until the 

mixture in A is quite liquid. A small flame is kept under the bath 

to prevent too rapid cooling. The thermometer is rotated between 

the operator's fingers and the temperature is observed every 10 

seconds. The last readings are taken without rotating the 

thermometer as the mixture is then solid. 

Results. In the following pages there is given a table of 

the melting points of mixtures of BeF« and NaF, and the melting 

point curve corresponding to this table. Tables of the temperatures 

of the cooling curves are also given and the corresponding cool

ing curves. 
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Table of Melting rpints of Llixtures of BeFp, and NaF. 

Mixture BeF2 NaF 
NO. used. added. 

in grams, in grams. 

• A.. B. m.n. C. 

B. 

B, 

B, 

B. 

B. 

B, 

C, 

C, 

C, 

c, 

c, 

c. 

I. 

,2. 

,3. 

.4. 

,5. 

• 6 . 

.1. 

,2. 

.3. 

.4. 

.5. 

.6. 

.7. 

11.87 

11.897 

5.289 

.523 

1.046 

1.046 

1.046 

1.046 

10.559 

.571 

.524 

1.033 

1.033 

1.033 

1.033 

2:1 

2:1.1 

2:1.3 

2:1.5 

2:1.7 

2:1.9 

2:1.991 

2:2.1 

2:2.2 

2:2.4 

2:2.6 

2:2.8 

2:3.0 

.272 

.247 

.351 

333.5 

334.5 

336 

347 

362 

3.r66.5 

371.5 

370 

366 

351 

335 

333 

333.5 

A - The ratio of the no. of molecules of BeF2 to the no. of 

molecules of NaF. 

B - Loss in grams of the mixture used. 
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MIXTURE;.B.I. COOLING CURVE. NO.I* 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 

388 

386 

385.5 

384.5 

384 

383 

382 

381.5 

380.5 

379.5 

378.5 

378 

377 

377.5 

377 

376 

375 

374 

373.5 

372.5 

372 

371 

370 

369.5 

369 

367.5 

366.5 

365.5 

364.5 

363.5 

362.5 

361 

360.5 

359.5 

358.5 

356.5 

356 

355 

354 

353.5 

352.5 

351.5 

350.5 

349.5 

349 

348 

347 

345 

344.5 

343.5 

343 

342 

341 

340 

339 

338. 

337. 

336. 

335. 

334, 

,5 

,5 

,5 

>5 

,5 

334 

333.5 

332.5 

332 

332 

331.5 

331 

331 

331 

331 

331 

331 

331 

331 

331.5 

332 

332 

332.5 

333 

333.5 

333.5 

333.5 

333.5 

333 

333 

332.5 

332 

332 

331.5 

331 

330.5 

330 

329.5 

329 

328 

328 

327 

326.5 

326 

325 

324.5 

324 

323 

322.5 

322 

321 

320 

319 

318.5 

317.5 

316. 

315. 

314 

313 

312 

311 

310 

309 

308 

307 

5 

5 

306 

305 

304 

303 

302 

301 

300 

299 

298 

297 

296. 

295. 

295 

294 

293 

292 

291 

290. 

290 

289 

5 

5 

5 

288 

387.5 

286.5 

286 

285 

284 

283.5 

283 

282 

281 
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MIXTURE.B.I. POOLING CURVE. NO.2. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 

372 

371.5 

371 

370 

369 

368 

367 

366 

365 

364 

363 

362 

361 

359. 

358 

356. 

356 

355 

354 

353 

5 

5 

352 

351 

350 

349 

348 

347 

345 

344 

343 

342 

341 

340.5 

340 

339 

338 

337 

336.5 

335.5 

334.5 

334 

333 

332 

331 

330. 

330 

329 

328. 

328 

328 

329 

5 

5 

329 

329 

329.5 

329.5 

329.5 

329.5 

329.5 

329.5 

329.5 

329.5 

329 

329 

329 

328.5 

328 

328 

327 

327 

326 

326 

325 

324 

324 

323 

322 

321.5 

320.5 

320 

319 

318.5 

318 

317 

316 

315 

314.5 

313.5 

313 

312 

311 

310 

310 

309 

308 

307.5 

307 

306.5 

306 

305 

304.5 

304 

303 

302.5 

302 

301 

300.5 

300 

299.5 

299 

298 

297.5 

297 

296.5 

296 

295.5 

295 

294 

293.5 

293 

292.5 

292 
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MIXTURES.B.2. COOLING CURVE. NO.I. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 

38$ 

380 

380 

379 

378 

377 

377.5 

377 

376 

375 

374. 

374 

373 

372 

371 

370 

369. 

369 

367, 

366. 

5 

5 

5 

,5 

366 

365 

364 

363 

362 

361 

360 

359 

358 

356 

355 

354 

353 

352 

351 

350. 

349. 

348 

347. 

345. 

,5 

,5 

5 

,5 

345 

344 

343 

342 

341 

340 

339.5 

338.5 

338 

337 

336 

335 

334 

333.5 

333 .: 

332.5 

332.5 

332.5 

332.5 

332 

332 

332 

332 

332 

332 

332 

332 

332 

332 

332 

332.5 

332.5 

333 

333 

333 

333 

333.5 

333.5 

333.5 

334 

334 

334 

334 

334 

334 

334. 

334. 

334. 

334 

334 

5 

5 

5 

334 

333.5 

333.5 

333 

333 

333 

332.5 

332 

332 

331.5 

331 

331 

330.5 

330 

329.5 

329 

328.5 

328 

328 

327.5 

327 

326. 

326 

325 

325 

324 

323 

322. 

322 

321 

5 

5 

320 

319 

318 

317 

315 

314 

312. 

311 

309. 

308 

5 

5 

307 

305 

304 

302 

301 

299. 

298 

297 

295. 

294 

5 

5 

293 

292 

290.5 

289 

288 

287 

286 

285 

284 

283 
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MIXTURE. B. a. 

TEMPERATURE TAKEN AT INTTOTCAT.g 

382 

381 

38o 

379 

378.5 

377.5 

377.5 

376.5 

375.5 

374.5 

373.5 

372.5 

371.5 

370.5 

369.5 

368.5 

368 

367 

366 

365 

364 

362 

361 

360 

359 

358 

356.5 

355.5 

354.5 

353.5 

352.5 

351.5 

350.5 

349.5 

348.5 

348 

347 

345 

344 

343 

333.5 

333.5 

333.5 

333.5 

333 

333 

332.5 

332 

332 

331.5 

331 

330.5 

330 

329.5 

329 

329 

328.5 

328 

327 

326.5 

326 

325.5 

325 

324 • 

323 

322 

321 

320.5 

319.5 

318.5 

317 

316 

315 

314 

313 

312 

3'0.5 

309.5 

308.5 

307.5 

COOLING- CURVE. NO. 2. 

OF TEN SECONDS. 

342.5 

341.5 

340.5 

339 

338 

337 

336 

335 

334 

333 

332.5 

331.5 

331 

331 

331 

331.5 

332 

332 

332 

332 

331.5 

331.5 

331.5 

331.5 

332 

332 

332 

332.5 

332.5 

333.5 

333 

333 

333 

334 

334 

334 

334 

334 

334 

334 

306 

305 

304 

303 

302 

301 

299.5 

298.5 

397.5 

395.5 

895.5 

?94.5 

393.5 

$92.5 

291.5 

290.5 

289.5 

288.5 

287.5 

286.5 

285.5 

284.5 

283.5 

282.5 

281.5 
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MIXTURE.B.3. COOLING CURVE. NO.I. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 

376 

375 

374 

372 

371 

370 

369 

368 

366 

365 

364 

362. 

361. 

360. 

359. 

358 

356 

355 

354 

353 

5 

5 

5 

.5 

351.5 

350 

349 

348 

347 

345 

344 

343 

342 

341 

340 

339 

338 

336 

335 

334 

333 

332 

331 

330 

328 

327 

326 

325.5 

325 

323 

322 

321 

320 

319 

318 

317 

316 

315 

314 

313 

313 

314 

318 

321 

323 

324 

326 

327 

328 

329 

330 

330 

331 

331 

331.5 

332 

332 

332 

332 

332 

332 

331.5 

331 

331 

330.5 

330 

329 

328.5 

328 

327 

326 

325.5 

324.5 

324 

323 

322 

321 

320 

319 

318 

317 

316 

315 

314.5 

313. 

312. 

311. 

311 

310 

309 

308 

307 

306 

305 

5 

5 

5 

304 

303 

302 

301 

299. 

298. 

297 

296 

295 

293. 

5 

5 

,5 

292 

291 

290 

288.5 

287.5 

286 

285 

283.5 

282.5 

281 
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MIXTURE. B. 3. COOLING CURVE NO. 2. 

334 

334 

334.5 

335 

335 

335.5 

336 

336 

336 

336 

336 

336 

336 

336 

336 

336 

336 

336 

336 

336 

335.5 

335.5 

335 

335 

334.5 

334.5 

334 

334 

333.5 

333 

333 

332.5 

332 

331.5 

331 

330.5 

330 

329.5 

329 

328.5 

328 

327 

326.5 

326 

325.5 

325 

324 

323.5 

322.5 

32t.5 

320.5 

319.5 

318.5 

317 

316 

314 

312.5 

311 

309 

307 

305 

303 

301 

299.5 

298 

296 

294.5 

293 

291 

289.5 

288 

287 

285 

284 

282.5 

281 

TEMPERATURE TAKEN AT INTERVALS OF TE.F SECOI7D3. 

382 

380.5 

379.5 

378.5 

37S 

377.5 

376.5 

375.5 

375 

374 

372.5 

371 

-»370 

369 

368 

367 

366 

365 

364 

363 

352 

351 

359.5 

333 

556 

355 

354 

353' 

352 

351 

350 

349 

347.5 

345.5 

344.5 

343.5 

342 

341 

340 

339 

338 

336.5 

335.5 

334.5 

333.5 

332.5 

til r. 

330.5 

329 

328 

327 

326 

326 

326 

328 

329 

331 

332 

332.5 

333 
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MIXTURE. B. 4. COOLING- CURVE N0» t 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 

395.5 

394.5 

393 

392 

391 

390 

389 

388 

386 

385.5 

384.5 

384 

382.5 

382 

380.5 

379 

378 

377 

377 

375.5 

374.5 

374 

373 

372 

37* 

369.5 

368.5 

367.5 

366 

365 

364 

363 

362 

361 

360 

358.5 

356.5 

355.5 

354.5 

353 

352 

351 

350 

349 

348 

347 

345 

344 

343 

342 

343 

344 

345 

345 

345 

345 

345.5 

347 

347 

347 

337 

336 

336 

335 

334 

334 

334 

333 

332.5 

332 

33232 

331 

330 

330 

329 

329 

328 

327.5 

327 

326.5 

326 

325 

325 

324 

324 

323 

322. 

322 

321. 

320. 

5 

5 

3 

320 

319.5 

319 

319 

318 

317.5 

317 

317 

316 

315.5 

515 

314.5 

314 

313.5 

313 

312 

311.5 

311 

310 

300.5 

308.5 

308 

307 

306 

305 

304 

303.5 

302.5 

301.5 

300.5 

299.5 

298.5 

297.5 

296 

295 

294 

293 

292 

29t 

347 

347 

345 

345 

345 

344 

344 

344 

343 

343 

342 

342 

341 

341 

340 

340 

339 

339 

338 

338 
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MIXTURE.B.4. COOLING CURVE. NO.2. 

TEMPERATURES TAKEN AT INTERVALS OF TEN SECONDS. 

381 

380 

379 

378 

377 

376. 

375 

374 

373 

371. 

5 

5 

370 

369 

368 

367 

365.5 

364 

363 

362 

361 

360 

358 

356 

355 

353.5 

352 

351 

350 

349 

348 

345.5 

344.5 

343.5 

342.5 

341.5 

340 

339 

338 

337 

336.5 

336 

335 

334 

333 

331. 

330. 

330 

331 

334 

337 

340 

5 

5 

342 

343. 

344 

345 

345 

345 

345 

345 

344. 

344 

5 

5 

344 

343.5 

343 

343 

342 

342 

341 

340 

340 

339 

339 

338 

337.5 

337 

336.5 

336 

uOO . 0 

335 

334 

334 

333 

332.5 

332 

331.5 

331 

330 

329.5 

329 

328 

328 

327 

326.5 

326 

325. 

325 

324 

324 

323 

323 

322.5 

328 

321.5 

321 

320.5 

320 

319.5 

318.5 

318.5 

318 

318 

317.5 

317 

316 

315.5 

315 

314 

313 

312 

311.5 

310.5 

309. 

308 

307 

306 

305 

303. 

302 

301 

299 

298 

5 

5 

296.5 

295 

294 

292 

291 

289.5 

288 

287 

285.5 

384.5 
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MIXTURE;.B. 5. COOLING CURVE. NO. I. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 

378 

377. 

376 

375 

374 

373 

372 

371 

369. 

369 

5 

5 

367.5 

366 

365 

364 

363 

362 

361 

360 

359 

358 

356 

355 

354. 

355 

356 

358 

359 

360 

360 

359. 

5 

5 

361 

361 

361 

360. 

360. 

360. 

360 

360 

360 

359. 

5 

5 

5 

5 

359 

359 

359 

358 

358 

358 

356. 

356 

355. 

355 

5 

5 

355 
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MIXTURE. B.5. 

TEMPERATURE TAKEN AT INTERVALS 
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MIXTURE.B.6. COOLING CURVE. NO.I. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 
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MIXTURE.B.6. COOLING CURVE. NO.2. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 
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MIXTURE.C.I. COOLING CURVE. NO.I. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 
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MIXTURE. C.I. COOLING CURVE. NO. 2. 

TEMPERATURE TAKEN AT XNTERVALS OF TEN SECONDS. 
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MIXTURE.C.2. COOLING CURVE. NO.I. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 
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6IIXTUES.C.2. COOLING CURVE. NO.2 
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MIXTURE.C.3. COOLING CURVE. NO.I. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 
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MIXTURE.C.3. COOLING CURVE. NO.2. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. _________ 
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MIXTURE.0.4. COOLING CURVE. NO.I. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 
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MIXTURE.C.4. COOLING CURVE. NO.2. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 
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MIXTURE.C.5. COOLING CURVE. NO.I. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 
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MIXTURE.C.5. COOLING CURVE. NO.a. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 
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MIXTURE. C. 6. 

TEMPERATURE TAK 
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MISi'UKB. C.6. COOLIuU CURVE. NO.S. 

TEMPERA 
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351 

331 

350.5 

550.5 

330 

330 

329.5 

329.5 

329 

528.5 

528.5 

528 

528 

527.5 

527 

527 

526.5 
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MIXTURE. C.7. COOLING CURVE. NO.I. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 

359 

358 

356 

355.5 

354.5 

354 

351,5 

350 

349.5 

348 

347 

345.5 

344.5 

343.5 

342.5 

341 

340 

339 

338.5 

537.5 

336.5 

335.5 

354.5 

555.5 

533 

552 

331 

550.5 

551 

532 

552.5 

333 

355 

553 

555 

333.5 

333.5 

355.5 

555.5 

555.5 

553 

555 

333 

355 

552.5 

532 

532 

531.5 

551 

551 

550.5 

330 

350 

529.5 

529.5 

529 

528.5 

528 

528 

327.5 

327 

326.5 

326 

325.5 

325 

324.5 

524 

525.5 

323 

322 

321.5 

321 

320 

319.5 

318.5 

318 

317 

516 

515 

514 

313 

312 

311 

310 

309 

308.5 

307.5 

306.5 

305.5 

305 

304 

303 

302 

301 

300.5 

299.5 

299 

298 

297.5 

296.5 
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Discussion of Results. The most marked feature of the 

melting point curve is that it shows that the double fluoride 

BeFr>. NaF undoubtedly exists. This has never been shown before. 

The melting point of this substance is quite sharp. It solidifies 

to a white solid having a beautifully crystalline structure. 

The mixtures which contained a ratio of -BeF̂ : NaF greater 

than 2:1 were very viscous and their melting points could not be 

obtained from the cooling curves. The additions of more sodium 

fluoride to mixture C.7. was prevented by the curious fact that 

when this mixture was allowed to solidify in the containing 

platinum vessel it expanded to such an enormous extent that the 

platinum was burst. Mixture C.7. was made up of 2 molecules of 

BeF« to 3 of NaF. It first solidified to a crystalline rigid mass, 

and on becoming cooler expanded tremendously at the same time 

losing its rigidity and becoming a powder. These peculiar 

phenomena are also exhibited by mixtures containing slightly 

higher or lower percentage of NaF. 

The melting point curve indicates that low melting point 

mixtures can be obtained by using ratios of BeF : NaF equal to 

2:1 or 2:3, the melting points being about 330°.C. in each case. 
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The Determination of Melting Points of Mixtures 

of Beryllium Fluoride and Potassium Fluoride. 

Mixtures of potassium fluoride and beryllium fluoride can 

also be electrolysed to obtain the metal. A determination of 
(13) 

their melting points is therefore also important. Previous work 

had only proved the existence of the double fluoride BeFp. 2KF, 

and it was considered probable that BeF^. existed. 

The experimental work was carried out in an exactly similar 

manner to the previous and in the same apparatus. The potassium 

fluoride used contained water of crystallization and accordingly 

for additions of this substance the hydrate was first heated in 

a platinum crucible until all of the water had been driven off 

and then added in weighed amounts as required. 

Tables and curves are giver in the following pages. 
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Table of Melting; Points of Mixtures of BeFg and KF. 

Mixture 
No. 

BeF2 

used 
in grams 

KF 
added 
in grams 

A. B. m. p. C. 

E.1 . 

E.2. 

E.3. 

E.4. 

E.5. 

E.6. 

8-7. 

E.8. 

E.9. 

11.072 5.149 

.978 

.630 

1.385 

1.494 

1 .467 

1.369 

.949 

.780 

2:0.7543 

2:0.898 

2:0.990 

2:1.192 .I 

2:1.414 

2:1.631 

2:1.834 

2:1.974 

2:2.090 

342.5 

356.5 

360.5 

232 354.5 

343 

377 

399 

399 

399 

A = 

B = 

The ratio of the no. of molecules of BeFg to the no. of 

molecules of KF. 

Loss in grams of the mixture used. 

NOTE. Mixtures containing further additions of KF assumed the 

consistency of a-porridge at temperatures above 400 C , and 

satisfactory curves could not be obtained. The same was true for 

JKixture 9. It seems likely that the temperature of 399°is that of 

an eutectic mixture. Certainly the mixture of the composition 

BeF2.KF has no sharp melting point. 
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MIXTURE.E.1 . COOLING- CURVE. NO . 1 . 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 

361 

360.5 

360 

359 

358.5 

358 

357.5 

355.5 

355 

354 

353.5 

353 

352 

351 

350.5 

350 

349.5 

£48 

347.5 

345.5 

345 

344.5 

344 

342.75 

342 

341.5 

341 

340.5 

340 

339 

338.5 

338.5 

338 

339 

339 

340 

340.5 

341 

34-1.5 

342 

342 

342 

342.5 

342.5 

342.5 

342.5 

342.5 

342.5 

342 

342 

341.5 

341 

341 

340.5 

340 

339 

338.5 

338 

337.5 

337 

336 

335.5 

334.5 

333.5 

333 

332 

331 

330 

328.5 

327.5 

326.5 

325 

323.5 

322 

320.5 

319 

318 

316 

314 

312 

310.5 

309 
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Ml&TUEB.E.I. COOLING CURVE. NO.2. 

TJBMPERATURSB TAKEN AT INTERVALS OF TEN SECONDS. 

354 

353 

352 

351 

350 

349. 

348. 

348 

347 

345 

5 

5 

344 

343 

342.5 

341 

340.5 

340 

340 

340 

340.5 

340.5 

340 

340 

339.5 

339 

338 

113-6 
333.5 

329.5 

326 

323 

After (x) the intervals are increased to 60 seconds 
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MIXTURE.E. 2. COOLING CURVE 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 

376 

375,5 

375 

374 

373 

372 

371 

370 

369 

368 

367 

366.5 

366 

365.5 

363.5 

362 

361 

360.5. 

359 

359 

356,5 

355 

354 

353 

352 

350,5 

349.5 

349 

348.5 

348 

348 

348,5 

349.5 

351 

352 

353 

353.5 

354 

354 

354 

354 

354 

354 

353.5 

353 

352.5 

352 

351.5 

351 

350 

349.5 

349 

348 

347.5 

347 

345 

344.5 

344 

343 

342 

341 

340.5 

340 

339 
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MIXTURE.B.2. COOLING CURVE. NO. 2. 

TEMBSRATURE TAKEN AT INTERVALS OF TEN SECONDS. 

380 

379 

378 

377 

376 

375 

374 

372.5 

371 

After 

370 

369 

368 

367 

365 

364 

363 

361 

360 

fx) the 

359 

358 

356 

354. 

354 

352. 

352 

352 

353 

5 

5 

intervals 

353.5 

354.5 

355 

355.5 

356 

356 

356.5 

356,5 

356.5 

356.5 

356.5 

356 

356 

355.5 

355.5 

355 

354.5 

354.5 

are increased 

354 

353.5 

353 

352.5 

352 

351.5 

351 

350 

349.5 

349 

348 

347.5 

347 

345 

344 

343 

342.5 

341.5 

to 60 seconds. 

340.5 

340 

338.5 

337 
XXX 

330 

322 

314 

306.5 

299 
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MIXTURES.E.3. COOLING CURVE. NO.I. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 

378 365 359 358.5 345 

377.5 364 359.5 358 340 

376- 362.5 360 358 333 

374 361.5 360 356.5 325 

372.5 360.5 360 356 315.5 

371.5 359 360 355.5 307.5 

370.5 358 360 355 

369 358 359.5 354.5 

368 358 359 354 

366 359 359 350.5 

After fx) the intervals are increased to 60 seconds 
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MIXTURE. E. 3. COOLING CURVE. NO.2. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 

386 

384.5 

383 

382 

380.5 

379 

378 

377.5 

375.5 

374 

After 

373 

371.5 

370 

369 

367.5 

366 

364.5 

363 

361.5 

360 

(x) the 

359 

358 

356.5 

358 

356.5 

359 

359.5 

360 

360.5 

360.5 

intervals 

360.5 

360,5 

360.5 

360 

360 

359.5 

359 

359 

358.5 

358 

356 

355.5 

355 

354 

353.5 

353 

352 

351.5 

350.5 
XXX 
345 

are increased 

340 

333 

324 

314 

305 

to 60 



(99) 

MIXTURE.E^ COOLING CURVE. NO.I. 

TEMPERATURE TAKEN. AT INTERVALS OF TEN SECONDS. 

377 

376 

374.5 

374 

373 

371.5 

370 

368 

366 

565 

364 

363 

362.5 

361 

360 

359 

358 

355.5 

354.5 

353.5 

353, 

353 

353 

353 

354 

353. 

353. 

354 

354 

354 

5 

5 

5 

354 

354 

354 

354 

353.5 

353 

353 

352.5 

352.5 

352 

351.5 

351 

351 

350.5 

350 

349.5 

349 

348.5 

348 

347.5 

347 
XXX 

342 

336.5 

330 

32©. 5 

311 

303 

After(x) the intervals are increased to 60 seconds. 
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MIXTURE.E.4. COOLING- CURVE. NO.2 

TEMPERATURES TAKEN AT INTERVALS OF TEN SECONDS. . 

364 349 353 354 350 

362 348 353.5 354 349 

360.5 348 353.5 354 j>48.5 
XXX 

359 348 354 353-5 342 

358 348 354 353 335 

356 348.5 354 352.5 325 

354 349 354.5 352 314.5 

353 349.5 354.5 351.5 305 

352 351 354.5 351 

350 352 354 350.5 

After (x) the intervals are increased to 60 seconds. 
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MIXTURE.E.5. COOLING CURVES. NO.I. 

TEMPERJ 

375.5 

375 

374 

373 

372.5 

371.5 

371 

370 

369.5 

36? 

-

326.5 

LTURE 

388 

366 

365 

364. 

364 

363 

362 

361 

360 

359 

316 

„ 

TAKEN AT 

356 

5 

355 

354 

353 

352 

351 

350 

349 

348 

345 

INTERVALS 

344 

343 

343 

343 

343 

343 

343 

343 

343 

343 

OF TEN 

343 

343 

342.5 

342.5 

342 

342 

341.5 

341.5 

341 

341 

SECONDS. 

340.5 

340 

339.5 

339 

338.5 

338 

337.5 

337 

336.5 

336 

355.5 

335 

334 
fx) 

-

331.5 

-

-

329 

-

312 

323 

308 

320 

After fx) the intervals are increased to go seconds. 
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MIXTURE.E.5^ COOLING CURVE. NO. 2. 

TEMPERATURE ATKEN AT INTERVALS OF TEN SECONDS. 

367.5 

366 

365 

363.5 

362 

361 

360 

358.5 

356 

355 

After 

353, 
• 

352 

351 

349 

348 

347 

344. 

343. 

343 

342 

5 

5 

5 

fx) the 

342. 

342. 

342, 

343 

343 

343 

343 

343 

343 

342. 

.5 

.5 

,5 

5 

intervals 

342.5 

342.5 

342.5 

342.5 

342 

342 

342 

341.5 

341.5 

341.5 

341 

341 

340. 

340. 

340 
XXX 

339 

337 

335 

333 

330 

5 

5 

are increased 

327 

323.5 

320 

316 

312 

308 

303 

299 

to 30 s< 
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MIXTURE.E. 6. COOLING CURVE. NO. I. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 

405 

404 

403 

401 

400 

399 

397 

396 

394 

593 

After 

391 

390 

389 

386 

384 

383 

381. 

380 

379. 

378, 

5 

,5 

,5 

fx) the 

378 

377 

377 

377 

377 

376.5 

376 

375 

374.5 

374 

intervals 

373 

372 

371.5 

370.5 

370 

369.5 

369 

368 

367.5 

366.5 

366 

365 

364 

363 

362.5 

362 

360.5 

359.5 

358 

356.5 

are increased 

355.5 

354 

353 

352 

351 

350 
fx) 
345 
342 

338.5 

335.5 

to 30 sec 

332 

329 

327 

325.5 

324.5 

323 

321 

318 

314.5 

310 

onds. 

305 

300.5 

296 

291.5 

287 
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MIXTURE. E. 6. 

TEMPERATURE TAKEN AT INTERVALS 

409 

407 

404.5 

403 

401 

399.5 

398 

397 

395.5 

394 

392 

390 

388 

385.5 

384 

383 

381 

380 

379 

378 

377 

377 

377 

376 

376 

376 

375 

374.5 

374 

373 

372 

371 

370 

369.5 

369 

368 

367.5 

367 

366 

365 

324 

323.5 

322.5 

521.5 

320.5 

319.5 

318 

317 

315 

314 

312 

310.5 

309 

307 

305 

303.5 

302 

300.5 

298.5 

297 

296 

294 

292 

291 

289.5 

288 

COOLING CURVE. NO.2. 

OF TEN SECONDS. 

364 

363 

362 

361 

360 

359 

358 

356 

355 

353.5 

352.5 

351 

350 

348.5 

347 

345 

344 

342.5 

341 

340 

339 

337.5 

336.5 

335 

334 

333 

332 

330.5 

329.5 

329 

328 

327.5 

327 

326.5 

326 

326 

326 

325.5 

325 

325 
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MIXTURE. E.7. COOLINu CURVE. NO. I. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS 

413 

411 

409 

308 

407 

406 

405 

404 

403 

402 

401 

400.5 

400 

399.5 

399.5 

399.5 

399 

399 

399 

399 

399 

399 

398.5 

398.5 

398 

398 

398 

398 

397.5 

397 

397 

396.5 

396 

396 

395.5 
XXX 
394 

392 

390 

386 

382 

378 

374 

370 

365 

360. 

354. 

349. 

344 

339 

334 

5 

5 

5 

329.5 

325 

320.5 

316 

312 

308.5 

305 

302 

299 

After (x) the intervals are increased to 30 seconds. 
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MIXTURE.E.7. COOLING CURVE. NO.2. 

TEMPERATURE TAKEN AT I 

403 

402 

401 

400 

400 

399.5 

399 

399 

399 

399 

399 

399 

398.5 

398.5 

398 

398 

398 

398 

397.5 

397.5 

397 

397 

396.5 
XXX 

395.5 

394 

392 

389.5 

385.5 

382«i-

377.5 

NTERVAL 

374 

369.5 

365 

After fx) the intervals are increased to 60 seconds. 
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MIXTURE. E.8. COOLING CURVE. NO.I. 

TEMPERATURE TAKEN AT INTERVALS OF. TEN SECONDS. 

433 

432 

431 

430.5 

428.5 

427.5 

426 

424.5 

423 

421.5 

420 

419 

416 

414 

413 

412 

411 

409 

408 

407 

406 

404 

403 

403 

402 

401 

400. 

400 

399. 

399. 

5 

5 

5 

399 

399 

399 

399 

399 

398. 

398 

397. 

397 

397 

5 

,5 

397 

396.5 
XXX 
396.5 

395 

393 

390 

385.5 

382 

377 

372.5 

After xxx the intervals are increased to 30 seconds. 
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MIXgURB.B.8. COOLING CURVE. NO. 2. 

TEMPI 

451 

430 

428 

427 

425 

424 

422 

420 

419 

417 

SRATURS 

415 

414 

412.5 

411 

409 

408 

407 

406 

405 

405 

TAKEN AT 

403.5 

403 

402 

401 

400.5 

400 

399.5 

399 

399 

398.5 

INTERVALS 

398.5 

398.5 

398.5 

398 

398 

397.5 

397.5 

397 

396.5 

396 

OF TEN 

396 

395. 

395 

394 

394 

393 
xxx 
391 

388 

383. 

378. 

,5 

.5 

5 

SECONDS. 

374^ 

369 

363 

358 

351 

345 

339.5 

334 

329 

324 

319.5 

315 

After xxx the intervals are increased to 30 seconds. 
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MIXTURE. E.9. COOLING CURVE. NO.I. 

TEMPERATURE TAKEN AT INTERVALS OF TEN SECONDS. 

427 

426.5 

425.5 

424 

423 

422 

420 

419 

416.5 

415 

414 

412 

411 

409. 

408 

407 

406 

405 

404 

403. 

5 

5 

403 

402 

401 

401 

400. 

400 

399. 

399 

399 

399 

5 

5 

399 

399 

398.5 

398.5 

398.5 

398.5 

398 

398 

398 

397.5 

397 

397 

396 

395.5 

395 

394 

393.5 

392.5 

391.5 

390.5 

389 

388 

385.5 

384 • 

382.5 

380.5 

379 

377 

376 

374 

372.5 
xifcx 
366.5 

361 

354 

348.5 

342 

After xxx the intervals are increased to 30 seconds. 
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MIXTURE.E.9. COOLING CURVE. NO.2. 

TEMOERATURE TAKEN AT INTERVALS OF TEN SECONDS. 

437 

434 

431 

428 

426 

425 

423 

420. 

417. 

416 

5 

,5 

415 

413.5 

411.5 

410 

409 

408 

406.5 

405.5 

404.5 

403 

402.5 

401.5 

400.5 

399.5 

398.5 

398 

398 

397.5 

397.5 

397.5 

397.5 

398 

398 

398 

397.5 

397.5 

397 

396.5 

396 

395? .5 

395 

394 

393 

392 

391 

390 

389 

3P3 

378 

37; 

368 

362 

355 

34S 

343 

337 

331 

326 

After xxx tLe inter-vrlf Pie ir.oi earec to ;>P Fecor.c.s. 



(Ill) 

M
A
N
U
F
A
C
T
U
R
E
D
 
B
Y
.
 R

E
N
O
U
F
 
P
U
B
L
I
S
H
I
N
G
 
C
O
.
,
 
M
O
N
T
R
E
A
L
 



0
1
2
)
 

M
A
N
U
F
A
C
T
U
R
E
D
 
B
Y
.
 R

E
N
O
U
F
 
P
U
B
L
I
S
H
I
N
G
 
C
O
.
,
 
M
O
N
T
R
E
A
L
 



M
A
N
U
F
A
C
T
U
R
E
D
 
B
Y
.
 R
E
N
O
U
F
 
P
U
B
L
I
S
H
I
N
G
 
CO.,

 M
O
N
T
R
E
A
L
 

(113)
 



(114)
 

M
A
N
U
F
A
C
T
U
R
E
D
 
B
Y
.
 R

E
N
O
U
F
 
P
U
B
L
I
S
H
I
N
G
 
C
O
.
,
 
M
O
N
T
R
E
A
L
 

Q
 
<>-
CO
 

o
 

uo
 

fO
 

c
 

r»N
 

CO
 

o
 



(115)
 

M
A
N
U
F
A
C
T
U
R
E
D
 
B
Y
.
 R
E
N
O
U
F
 
P
U
B
L
I
S
H
I
N
G
 
CO.,

 M
O
N
T
R
E
A
L
 

i
 

i
 

o
 

uo
 

m
 

0
 
r>»
 

ro
 



(116)
 

M
A
N
U
F
A
C
T
U
R
E
D
 
B
Y
.
 R
E
N
O
U
F
 
P
U
B
L
I
S
H
I
N
G
 
CO.,

 M
O
N
T
R
E
A
L
 



(117)
 

M
A
N
U
F
A
C
T
U
R
E
D
 
B
Y
.
 
R
E
N
O
U
 F
 
P
U
B
L
I
S
H
I
N
G
 
C
O
.
,
 
M
O
N
T
R
E
A
L
 

miuiiiiiiiiiiiiiin™ 

i
 



M
A
N
U
F
A
C
T
U
R
E
D
 
B
Y
.
 R

E
N
O
U
F
 
P
U
B
L
I
S
H
I
N
G
 
C
O
.
,
 
M
O
N
T
R
E
A
L
 

(118)
 



(119)
 

M
A
N
U
F
A
C
T
U
R
E
D
 
B
Y
.
 R

E
N
O
U
F
 
P
U
B
L
I
S
H
I
N
G
 
C
O
.
,
 
M
O
N
T
R
E
A
L
 

ttt
 

id: 

^
J
^
^
i
^
.
:
 

I
n
 

f
a
 

-C\
 

a.
 r̂
 

id o
 

<0
 



(120) 

Discussion of Resulta. The melting point curve shows 

that a compound is formed having the formula 2BeFp. KF. This has 

never been noted before. Further the curve shows no evidence of 

a compound of the formula BeFp. EF, whose probable existence 
(13) 2 

previous investigators had claimed. 

Hence a new compound has been discovered and the existence 

of BeFg. EF disproved. 

Adsorption Experiments with BeO. 
:
 TTA) 

Introduction. F.M.G* Johnson discovered that AlPOg, 
prepared by igniting the hydroxide at a low temperature, was a 

very efficient drying agent. He showed that the amount of water 

adsorbed is equal to 18^ of the weight of the AlgOg used. This 

corresponds to the formula AlgOg» Hp0. 

Be(OH)g and BeO are substances which are in some respects 

similar to A1(0H)„ and AlgOg respectively. Hence it is probable 

that a similar adsorption might be produced with BeO. Further, 

if the water adsorbed corresponds to the formation of BeO^H^O, 

then BeO would be a better drying agent than AI2O3. 

Experimental Work. BeO was prepared from available residues 

in the following way. The residues wê -e dissolved in hydrochloric 
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acid and the beryllium precipitated with ammonia. The beryllium 

hydroxide was filtered off, and dissolved again in hydrochloric 

acid and filtered. This operation was repeated several times. 

Finally the beryllium hydroxide was removed from the filter and 

stirred up with a large quantity of hot distilled water and 

filtered. This operation was repeated until the filtrate gave 

only a slight trace of cloudiness with AgN©g solution. The ber

yllium hydroxide was removed from the filter and dried at IIO'.C. 

The adsorption by BeO for the vapours of several liquids 

was examined. The method employed by Johnson was used, which is 

briefly as follows. A stream of air is bubbled through the liquid, 

to be examined, so slowly that the air is saturated with the 

vapour- This saturated air is then passed through a U-tube con

taining the BeO. At intervals, the stream of air is discontinued 

and both the bottle* containing the liquid and the U-tube of BeO 

weighed. From these weighings the total amount of vapour adsorbed 

by the BeO can be determined. To ensure that the air is pure, it 

is drawn in series through - a EOH wash-bottle, a concentrated 

H0SO4 wash-bottle, a P2O5 tube, the liquid under examination, 

and finally the U-tube of BeO. 

For the first four experiments the BeO was prepared from 

the supply of beryllium hydroxide by igniting at a red heat to 

constant weight, and the four liquids water, ethyl alcohol, 

methyl alcohol and ether were tested. In the fifth experiment 

the beryllium hydroxide was dried atr^00°G* to constant'weight^ 
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and water was again used. Thus we can compare the adsorption of 

water for BeO prepared by 3 different heat treatments. 

In the following pages tables of the results obtained are 

given. Also curves are drawn, showing tha total amount of liquid 

passing through the U-tube per gram of BeO as abscissae, and 

the corresponding amount of liquid adsorbed per gram of BeO as 

ordinates. For comparison the curve of perfect adsorption is 

also given. 

In the following tables :-

A ~ The no. of grams of vapour passed through the BeO between 

consecutive weighings. 

B ~ The total no. of grams of vapour passed through the BeO. 

C •=. The total no. of grams passed through the BeO per gram of 

BeO. 

D - The no. of grams of vapour adsorbed by the BeO between 

consecutive weighings. 

E ~ The total no. of grams of vapour adsorbed by the BeO. 

F = The total no. of grams of vapour adsorbed by the BeO per 

gram of BeO. 
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EggERIMEffl? TO. I. 

0.8842 grams of 

A B C 

.0103 

.0262 

.0203 

.0443 

.0884 

.0902 

.0914 

.0588 

.0728 

.1451 

.1861 

.3186 

.4904 

.2182 

.0103 

.0365 

.0568 

.1011 

.1895 

.2797 

.3711 

.4299 

.5027 

.6478 

.8339 

I.1525 

1.6429 

I.86II 

.0117 

.0413 

.0643 

.1148 

.2143 

.3163 

.4197 

.4862 

.5684 

.7324 

.9430 

1.303 

1.858 

2.104 

V/ATER. 

BeO were used. 

D E F 

0100 

0175 

0181 

0272 

0336 

0208 

0162 

0090 

0100 

0176 

0178 

0294 

0320 

0139 

.0100 

.0275 

.0456 

.0728 

.1064 

.1272 

.1434 • 

.1524 

.1624 

.1800 

.1978 

.2272 

.2592 

.2731 

.0133 

.0311 

.0517 

.0824 

.1206 

.1441 

.1622 

.1728 

.1840 

.2041 

.2237 

.2569 

.2931 

.3089 
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EXPERIMENT NO.2. 

I.6018 grams of 

A 

.0417 

.0266 

.0296 

.0339 

.0214 

.0290 

.0258 

.0469 

.2138 

.1859 

.1639 

.2337 

.3260 

• 3772 

.4688 

.4654 

.7206 

B 

.0417 

.0683 

.0979 

.1318 

.1532 

.1822 

.2080 

• 2549 

• 4687 

-6546 

.8185 

1.0522 

1.3782 

1.7554 

2.2242 

2.6896 

3.4102 

C 

.0260 

.0426 

.0611 

.0823 

.0957 

.1138 

.1300 

.1592 

.2926 

.4087 

.5111 

.6567 

.8602 

1.096 

1.389 

1.680 

2.129 

2THYL ALCOHOL. 

BeO were used. 

D 

.0403 

.0247 

.0279 

.0186 

.0042 

.0050 

.0034 

.0048 

.0200 

.0138 

.0128 

.0170 

.0194 

.0206 

.0214 

.0136 

.0165 

E 

.0403 

.0650 

.0929 

.1115 

.1157 

.1207 

.1241 

.1289 

.1489 

.1627 

.1755 

.1925 

.2111 

.2325 

.2539 

.2675 

.2840 

F 

.0252 

.0406 

.0580 

.0696 

.0721 

.0753 

.0775 

.0805 

.0930 

.1016 

.1096 

.1201 

.1318 

.1452 

.1585 

.1670 

.1773 
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EXPERDffiM? KO.g. L^ i H y l AIcoHOL 

A 

.0401 

.0592 

.0370 

.0810 

• 2284 

.4896 

.4516 

.4916 

.5376 

.8880, 

.8272 

1.0486 

1.7636 grams 

' B 

.0401 

.0993 

.1363 

.2173 

.4457 

.9353. 

1.3869 

1.8785 

2.4162 

3.3041 

4.I3I3 

5.1799 

C 

.0228 

.0566 

.0774 

.1232 

.2527 

.5303 

• 7865 

1.065 

1.370 

1.874 

2.343 

2.937 

of BeO were 

D 

.0384 

.0539 

.0167 

.0214 

.0368 

.0450 

.0292 

.0238 

.0224 

.0320 

.0182 

.0166 

used. 

E 

.0384 

-0923 

.1090 

.1304 

.1672 

.2122 

.2414 

.2652 

.2876 

.3196 

.3378 

.3544 

• F 

.0219 

.0526 

.0618 

.0740 

.0948 

.1203 

.1369 

.1503 

.1631 

.1812 

.1915 

.2009 

KKPERHvIiiNT 

A 

.0884 

.1370 

.1102 

.0972 

NO.4, (j *irst time 

1.7520 

B 

.0884 

• 2254 

.3356 

.4328 

grams 

C 

.0505 

.1286 

.1915 

.2471 

done) 

of BeO were 

D 

.0638 

.0670 

-.0024 

-.0010 

used. 

E 

.0638 

.1308 

.1284 

.1274 

ETHER . 

F 

.0365 

.0745 

.0733 

.0726 



(126) 

EXPERIMENT NO.4. (second time 

1.7520 grams 

A 

.1169 

.0965 

.0266 

.2428 

.3696 

B 

.1169 

.2134 

.2400 

.4828 

.8524 

_C 

.0666 

.1218 

.1370 

.2755 

.4865 

EXPERIMENT NO.5. 

1.2760 grams 

A 

.0046 

.0060 

.0225 

.0139 

.0346 

.0316 

.0318 

.0344 

.0310 

.0270 

B . 

.0046 

.0106 

,0331 

.0470 

.0816 

.1132 

.1450 

.1794 

^3104 
* 

.2374 

C 

.0036 

.0083 

.0260 

.0369 

.0641 

.0889 

.1137 

.1406 

.1649 

.1861 

done) ETKI:iR. 

of BeO were used. 

D 

.0669 

.0415 

-.0004 

.0224 

-.0048 

B 

.0669 

.1084 

• T080 

.1304 

.1256 

F 

.0382 

.0618 

.0616 

.0744 

.0716 

WATER. 

of BeO were used. 

D 

.0046 

.0058 

.0204 

.0132 

.0352 

.0324 

.0346 

.0358 

.0274 

.0168 

B 

.0046 

.0104 

.0308 

.0440 

.0792 

.1116 

.1462 

.1820 

.2094 

.2262 

F 

.0036 

.0082 

.0252 

.0345 

.0621 

.0875 

.1147 

.1427 

.1641 

.1773 
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EXPERIMENT NO. 6. 

I.1468 grams 

A 

.0100 

.0180 

.0180 

.0366 

.0482 

.0376 

.0262 

.0340 

.0325 

.0669 

.0828 

B 

.0100 

.0280 

.0460 

.0826 

.1308 

.1684 

.1946 

.2286 

.2611 

.3280 

.4108 

C 

• 0087 

.0244 

.0402 

.0721 

.1141 

.1458 

.1696 

.1993 

.2276 

.2860 

.3581 

WATER. 

BeO were used. 

D E 

.0106 

.0160 

.0170 

.0375 

.0509 

.0396 

.0217 

.0157 

.0098 

.0146 

.0124 

.0106 

.0266 

.0436 

.0811 

.1320 

.1716 

.1933 

.2090 

.2188 

.2334 

.2458 

.0925 

.0232 

.0381 

.0709 

.1152 

.1496 

.1677 

.1822 

.1907 

.2034 

.2143 
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Discussion of Results. The curves obtained for ethyl 

alcohol, methyl alcohol and ether are such as one would expect 

to obtain by using a porous adsorbing material. It seems that, 

as in the case of AlgOg, BeO has a selective adsorbtive power for 

water. BeO ignited at low temperatures is an extremely good dry

ing agent, but not quite so good as- AlgOg. It adsorbs completely 

until it has adsorbed about I6$of its weight, the adsorption being 

the same for the material prepared at both 200* and 300°C. The 

point at which the BeO begins to allow water vapour to pass t'rrrcii 

through unabsorbed is shown at the point where the curve breaks 

away from the perfect adsorption curve. There is no complete 

adsorption if the BeO is. ignited at a red heat. The amount of 

water adsorbed corresponds roughly to the equation, 

4 BeO 4- H90 = 4; BeO. Ho0. 
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SumMr.1ft:of Experimental Results. 

The analysis of beryl and the preparation of beryllium 

oxide from beryl are described. 

It is shown that hydrated beryllium nitrate can not be 

dehydrated by evacuating over PgO^ at ordinary temperatures. 

It is shown that metallic beryllium can not be prepared 

by:-

1. The reduction of BeO by carbon. 

2. The reducti i of BeClg vapour by heated 

tungsten filament. 

3. The reduction of hydrated Be(N0-2)2 in liquid 

ammonia. 

4. The electrolysis of solutions of hydrated 

beryllium nitrate in liquid ammonia. 

It is shown that impure metallic beryllium can be 

prepared by the reduction of 2BeFg.NaF with metallic sodium. 

It is shown that under the right conditions metallic 

beryllium of 99 per cent, purity can be obtained by the 

electrolysis of the double fluoride BeF2-NaF. The correct 

conditions however have not been determined. 

An investigation has been made on the products of the 

electrolysis of a liquid ammonia solution of hydrated beryllium 

nitrate and these products are observed to be identical with 

those obtained from the electrolysis of an ammonium nitrate 

solution in liquid ammonia. 

Melting point curves have been obtained for mixtures 
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of BeFg a^d NaF and mixtures of BeF2 and KF for temperatures 

between 300 and 400 degrees C. The formation of the double 

fluorides BelFg-NaF and 2BeF2.KF has been shown for the first 

time,and no evidence of the formation of the double fluoride 

BeFp.KF has been obtained. 

It is shown that BeO, prepared by dehydrating Be(0H)2 

at a low temperature, is a good desiccating agent, adsorbing 

almost as high a percentage of water vapour as AlpO-*. The 

adsorption curves of BeO for several liquids are given. 
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