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The object of the present investigation was to determine
whether as Winckler (Ber.£3, 772) and Moissan (0. r. 114, 392),
have suggested, -there might exist horides of magnesium other
than the horide Mg3 33 2. Preliminary experiments were carried
out in which boric anhydride and magnesium powder were heated
in varying proportions, and to different temperatures. However,
so far as could be ascertained from the analyses of the products,
and from the action of water and acid upon- them (c. f , this Journal
p. 2.), no other boride could be obtained by this method. When a
mixture of 1 part of boric anhydride was heated with 2J parts of
magnesium powder to a red heat in a current of hydrogen for 45
minutes, a product was obtained which was almost completely
soluble in dilute hydrochloric acid, and which appeared, from the
results of analyses, to consist of magnesium boride Mg3 B2 and
magnesium oxide in the theoretical proportions. If this product
was heated to a higher temperature, or for a long time at a red heat,
magnesium was driven off, and a mixture of amorphous and crystal-
line boron separated. Preq boron was always obtained if excess
of boric anhydride was used, and if excess of magnesium was used
the product had a metallic appearance, and seemed to contain free
magnesium.

After completing these preliminary experiments I turned
my attention to tho preparation of magnesium boride from
magnesium and boron, and as ifc was found that crystalline boron
and magnesium did not enter into combination, when they were
heated together, tho experiments were carried out with amorphous
boron. The magnesium and boron were heated together in an
iron vessel, which was lined with a mixture of magnesia with a
little boric acid. The vessel was fitted with a screw cap, and a
rapid stream of hydrogen was passed through ifc from the com-
mencement of tho experiment till the apparatus had become
quite cold. The vessel was heated to a bright red heat.

On analysing the product of the reaction, it was found
that it always contained from 8 to 9 per cent of oxygen, and as
the only possible source of this oxygen was the suhstanco which
was supposed to be amorphous boron, it was necessary to carry
out a scries of experiments to determine whether this was
actually tho case.
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Moissan (loc. cit), who described a method of preparing
amorphous boron by the reduction of boric anhydride wi th
magnesium powder, staled that the product contained as much as
95 per cent of boron. In 1909 Weintraub (Trans. Amer. Elcctro-
chem. boo. XVI, 165) carried out an investigation on the same
subject, but as this journal was not available in Bangalore, and
as the paper was not abstracted into other journals, I was not
acquainted with the results of his experiments til! after the com-
pletion of my own work. He found that the so-cilled amorphous
boron always contained oxygen, and came to the conclusion that
it is really a suboxide. However, Weintraub's paper does not
contain a single complete analysis of the amorphous boron ; arid
as my own results and conclusions differ from his in certain
important particulars, I shall proceed to give a short account of
them.

In preparing the boron the mixture of magnesium and
boric anhydride, or borax, was heated in a crucible through which
a rapid current of hydrogen was passed. After cooling, the con-
tents of the crucible was treated repeatedly with hot and mode-
rately dilute hydrochloric, acid. The product was then washed
with water and dried in a desiccator, finally the powder was
placed in a hard glass tube, which was connected with a mercury
pump, and heated to the softening point of the glass. The follow-
ing are the results of the analyses, and certain particulars with
regard to the preparation of the various samples.

1.
Composition of mixture.

B 02 3

Time of heating-

1
2

Ih 20m.

II.

1

Ill 20m
Analysis of product.

B. sol. in. dilute nitric acid. 67'4l 64*12
B. insol. in dilute nitric acid. 4'04 9'42
Mg ... ... 8-39 7-58
O(diff) ... ... 25-16 18-88

III.

H
80m

75-88

16-53

IV.

3
1

64-08
2-71

11-V2
22-09

VI.
Composition of mixture.

Borax ... ..

Time of heating

1
1

Ih 40m

B. ?ol, in dilute nitric acid
B. insol. in dilute nitric acid
MS ••• . . .
0 (dlff) • • • ...

5
4

Ih 20m
Analysis of product.

52'60
20'0-Jk

7-68
18-78

61'98
3'90
9-97

24-20
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Weintraub does not appear to have made any distinc-
tion between the ' amorphous boron ', which is readily 'soluble in
warm dilute nitric acid, andtho crystalline boron, which is always
present in smaller or largor quantity, and which is insoluble in
nitric acid. With regard to the magnesium content of the product
he refers to the fact that samples containing less than 1 per cent
of magnesium had boon obtained by heating mixture of 4< parts of
boric anhydride with one part of magnesium, and to the complete
removal of the magnesium when the * boron suboxido is refused at
high temperature with boric anhydride' in the electric vaccuin
furnace. The product then obtained is said to contain 16 to 14
per cent of oxygen, but no analyses arc given. ] will return to
this point later.

The object of my own investigation was to obtain amor-
phous boron, which should be free from oxygen, and with this
object in view I heated samples of the substance containing oxy-
gen with excess of magnesium, and with metallic sodium. In the
first case magnesium horide was formed, and subsequently decom-
posed at the higher temperature employed. The final product in
each case was crystalline boron which was insoluble in nitric
acid, and did not combine with magnesium to form a boride. The
following are the results of the analysis of one sample of the
crystalline boron.

Boron , , .

Silicon ...

Total.

08-10

a-io
Trace

100-2(5

I am of the opinion that the substance which Weintraub
considers to be boron suboxide, and which has generally been sup-
posed to be amorphous boron, is really a solid solution of a
lower oxide of boron in boron. This view is supported by the fact
that, as Travors and Gupta have shown (This Journal, p. 35.), ati
oxide, which has the formula B4 O8, and which is insoluble in acids
and alkalies actually exists, and also by the work of Louis (Inaugural
Dissertation, Stuttgart) who has shown that the so called monoxide
of zirconium is possibly a solid solution of a dioxide in the amor-
phous element. It is not at all improbable that amorphous sub-
stances which must be regarded as supercooled liquid, are only
stable when they contain impurities. As will be shown presently
the magnesium in the substance is probably present as an oxide,
possibly as a borite, in solid solution. If this is assumed to be the
tsase, the atomic ratio of the boron, which is soluble in nitric
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acid, to tbo oxygen which is not combined with the mo-gncsium,
is found to have a fairly constant value.

No. of experiment 1 II HI JV V VI
KabioB/0 ... 4-:i I J ' d 6-0 (VI H;! 5'2

One would expect the results to bo more concordant if
the substance were a compound, a sub-oxide, further, the exist?
ence of an oxide B6 0 does not appear to bo likely.

Fairly conclusive evidence that the magnesium is present
in combination with oxygen, and not in combination with boron,
is derived from certain experiments, which were carried out with
a view to testing Weintraub's statement that the magnesium
could be removed by fusion with boric anhydride. Two samples
of the amorphous boron were taken for these experiments, one of
them containing a small proportion and one a large proportion ol'
crystalline boron. The following arc the results of the experi-
ments.

EXPERIMENT A.
Boforo fusing with Affcor fusing with
borit! Mihydrido. l)iiri« tuihydridu.

Boron insol. in IIN03 ... ... 2'71 3-12 '
Boron sol. in UNO3 ... ... 61'08 78-35
Magnesium ... ... 1 1 * 1 2 0-58
Oxygen (diff) ... ... 2MH) ]8'!)3
Rafcio B/(0 combined with B) ... G ' l O ft'OJ

EXPERIMENT B,

Boron insol. in HNOs ... ... 20-flJ. 20'IS
Boron sol. in HNO3 ... ... 52-60 53-41
Magnesium ... ... 7'OS ,'i-2'J
Oxygen (diff) ... ... 18'78 18-18
Katio B/ (0 combined with B) ... 5-20 5-:j(j

In calculating the value of the ratio B/(0 combined
with B) it is assumed that the magnesium is present in both
cases as the oxide MgO. As this ratio remains practically un-
changed, even when nearly the whole of the magnesium has
been removed, it is obvious that the removal of the magnesium
must have been accompanied by the removal of oxygen, and that
these two elements were present in the system in combination
and that the magnesium was not present as a boride. That the
magnesium is not removed by heating the amorphous boron with
hydrochloric acid in a sealed tube to 150°, while it is readily
removed by fusion with boric anhydride, maybe explained by
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the fact that the rate of diffusion of the magnesium oxide in the
'solid3 solution is very much greater at the higher than at the
lower temperature.

Before concluding this part of the paper, I have
to point out that on heating the samples of boron which were
prepared from borax they evolved a, considerable quantity of
hydrogen, but that the loss of weight on heating was only
equivalent to the weight of the hydrogen lost. The atomic
ratio of the hydrogen to the total oxygen is in the first case
1/1-3 and in the second cast) 1/3. in both eases the atomic
ratio of the boron soluble in nitric aeid to the total oxygen is the
same, namely 5'2, and this fact taken with the fact that the loss
of weight is equal to the weight of tho hydrogen lost makes it
probable that the hydrogen is actually occluded in the substance,
and is not originally present as water.

No. V—1 gram of substance gave 0*009 grams of hydrogen.
No. VI—1 gram of substance gave 0'004i do

The samples of boron prepared from boric anhydride
gave off only a trace of gas.

It will be observed that both the samples of amorphous
boron which yield hydrogen on heating contain a large quantity
of crystalline boron, and that it is the crystalline boron which
occludes the hydrogen appears, from the following experiment,
to be higllly probable. A quantity of amorphous boron, contain-
ing about 3 per cent of crystalline boron, which yielded but a
trace of hydrogen when heated, was heated strongly with a small
quantity of magnesium, and the residue, after treating with hy-
drochloric acid, and washing with water was dried in. vacuo over
night. The residue, containing 30 per cent of the crystalline
boron, was dried in a desiccator for a day, and tho quantity of hy-
drogen which was given off on heating was determined. '.Further
determinations of the quantity of hydrogen given off on heating
were made after 10 and 72 days. The following are tho results
of the experiments :—

Time.

1 day
10 days
n days

Quantity of hydrogen.
per oeuti

0-5&
0-46
0'81<

As might bo expected tho occluded hydrogen is slowly
oxidised when the boron is exposed to tho air.
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Magnesium boride.

As it was found that no change took place when crytal-
line boron was heated with magnesium, that it was impossible to
obtain amorphous boron free from oxygen, and that magnesium
boride decomposed when heated strongly into magnesium and
boron, it was obviously impossible to obtain the boride in the
pure state, but only a mixture of the boride with magnesium
oxide and a small quantity of crystalline boron. However, by in-
vestigating the reaction between magnesium and the amorphous
boron, and making a series of analvses of the products, 1 have
been able to arrive at a definite conclusion as to the composition
of the one boride which appears to exist.

In these experiments the samples of amorphous boron
I and III, of which the analyses are given above, were employed.
The brown powder was packed tightly between two layers of
magnesium powder into the magnesia lined iron crucible. The
cover was then screwed on to the crucible which was heated to
a red heat for about half an hour, a rapid current of hydrogen
being passed into it from the commencement of the experiment
till the apparatus was cold. The crucible was then opened, and
the mass of boride was separated without difficulty from the two
plates of metallic magnesium which lay above and below it. It
was then crushed and analysed. The following are tho results of
the analyses:—

I II III IV V

Insol. in nitric acid ... 3'82 2-42 1-03 0'76 0'76
Insol. in hydrochloric acid. 3'86 2-48 I'.IO O'SO
Magnesium ... 70'16 71-48 73'33 72'99 74'13
Boron sol. in nitric acid.,. 17-19 li'82 16-76 18'48 18'76
Oxygen (cliff) ... 8'83 8'28 8'88 7'77 . 6'35
Magnesium as oxide ... 13-23 12-42 13-32 11-84 9-51
Magnesium as boride, or

as metal (A). 56'93 62'06 GO'Ol 61-35 64'62
Boron as boride (B) ... 1719 14-82 16-76 18-48 18-76
Ratio A/B.. . ... 1-5/1 l'9/l T6/1 T5/1 1-5/L

In this series of experiments it will be observed that
the difference between the amount of the residue insoluble in
nitric acid and of the residue insoluble in hydrochloric acid is
extremely small, showing that the whole of the boron was present
either as boride, or as crystalline boron. It is therefore certain
that not more than 1*6 gram atoms of magnesium is required to
combine with one gram atom of boron. Further when the ratio
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11
2-42
2-48

74-48
14-82
8-28

12-42
62-06
14-82
1-9/1

II a
2-51
2-48

72-44
15-16

9-89
14-82
57-62
15-16
1-7/1

II b
4-60
6-30

68-02
16'65
IU'73
16-08
51-94
14-90
1-59/1

H e
855

12-23
63-10
15-23
13-12
19-68
43-42
13-55

1-47/1

A/B rose much above 1'5, as in the case of experiment No. II,
the residue had a metallic appearance, and obviously contained
metallic magnesium.

In order to determine whether a boride containing less
magnesium titan the compound JVigg B2 could exist under the
conditions under which these experiments were carried out,
samples of product No. II were heated for increasing periods in
vacuo in quartz tubes. The following are the results of the
experiments.

Insoluble in nitric acid.
Insoluble in hydrochloric acid
Magnesium ... ...
Boron soluble in nitric acid.
Oxygen (cliff) ... ...
Mg. as oxide ... ...
Mg. as boride or as metal (A)
B. as boride (B) ...
ValLies of ratio A/B ...'

The results of these experiments show that on heating
such a mixture, for which the value of the ratio A/B is much
greater than 1*5, in vacuo, magnesium volatilises, but that, at
first, the quantity of free boron does not increase. When how-
ever the value ot: the ratio falls to the neighbourhood of 1'6 the
quantity of crystalline and amorphous boron in the mixture
begins to increase rapidly. It may therefore be concluded that
under the conditions of temperature and pressure at which the
experiment was carried out, no boride of magnesium other than
the compound Mg3 B2 can exist.

Conclufitms.
(1) The element boron has only been obtained in one

form in a state approaching purity, that of a crystalline sub-
stance which is practically insoluble in nitric acid.

(2) "Weintraub's conclusion that the so called amor-
phous boron always contains a considerable quantity o£ oxygen
has been confirmed

(3) It appears probable that the so-called amorphous
boron is a solution of a lower oxide of boron and of magnesium
oxide possibly in combination as a borite, in elementary boron
in the amorphous or superfused liquid state. The magnesium
oxide may be removed by fusion witb boric anhydride, but not
by boating with acids.
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(4) On heating crystalline boron with magnesium no
reaction takes place, but on heating the so-called amorphous
boron with magnesnm a mixture of
manesium oxide is obtained.

magnesum boride and

(5) At a red heat and under normal pressure only one
boride having the formula Mg3 By is formed.

(6) On heating the boride, magnesium is driven off
and the greater part of the boron separates as crystalline boron.

R. P. B.—5-19H.—500,


