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including the use of the universal stage was shown,
4. Some attempt was made to explain the data
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in terms of structure and chemical constitution.
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The Reaction of Boron Fluoride with Aluminum Chloride or Bromide

By E. Lee GamiLE, ParL GILMONT AND JoHN F. STIFF

Discussion

The comparative lack of volatility of aluminum
fluoride {melting point 1040°} with respect to the
other halides of aluminum may be taken advan-
tage of for the preparation of various volatile
halides. For example, this paper describes the
preparation of boron chloride and of boron bro-
mide by the action of boron fluoride on the corre-
sponding aluminum halide.

BF: + AlX; = AlF; + BX,

The ease with which the reactants are obtainable
and the differences in volatility make this a simple
means of preparation. It is possible that mixed
fluorchalides of aluminum are intermediate prod-
ucts of this reaction, but they have not been
isolated in a state of purity. The action of boron
fluoride on aluminum iodide has produced small
amounts of boron iodide but as yet the yields
have been quite low. The development of this
preparation is to be continued. Boron chloride
or bromide is also produced when potassium
fluoborate is heated with aluminum chloride or
bromide but the vields obtained are not as satis-
factory as when boron fluoride is used,

No fluorochlorides or fluorobromides of boron
have ever been reported, nor have any been
detected in this investigation. To determine
whether the known fluorochlorides of silicon?
cotild be prepared by this type of reaction, sodium
fluosilicate was heated with aluminum chloride,
the volatile products obtained proved to be only
silicon tetrachloride and tetrafluoride, containing
none of the fluorochlorosilanes.

The conversion of volatile fluorides into chio-
rides or bromides by means of aluminum chloride
or bromide should prove to be somewhat general,
From one point of view the results of this reaction
may be looked upon as the reverse of those of the
Swarts reaction for the production of fluorides

{1) W. C. Schumb aad B. L. Gemble, Tris Joumwal, Bd, 3943
{1882); H. 5 Booth sod C. F, Swinehare, ibid., §7, 1333 (1934).

or mixed fluorchalides by means of antimony
fluoride.?

Many of the methods described in the literature
for the preparation of the boron halides hawe
been repeated in this Laboratory.? It is felt that
the preparation of boron bromide from boron
fluoride and aluminum bromide is a simpler
method than any hitherto described. Also, the
preparation of boron chloride by this method
may prove convenient.

Experimental

Reagents.—Potassium flucborate was prepared by dis-
solving boric acid in 489 hydrofluoric acid and adding
potassivm carbonate. The product was recrvstallized
from hot water and dried at 110°% Boron fluoride was
prepared by the action of hot concentrated sulfuric acid
on a mixture of potassium Auoborate and boric oxide®
The alumioum bromide was prepared by slowly adding
bromine to an excess of aluminum, in an ordinary distilling
flask cooled by water.

Reactions with Boron Fluoride.—The flask in which the
reactions were carried on was dumbbell-like in appesrance
and was constructed by sealing a 1-liter round-bhottomed
flask to the bottom of a half-liter distilling flask by means
of 35 cm. of 3-mm. tubing. The tube for the introduction
of the baron fuaride passed through & one-hole cork stop-
per in the distilling fask and extended to the middle of
the larger flask. The smaller flask served as a condenzer
to prevent large guantitiés of the aluminum halide from
diseilling over with the product. A weighed quantity of
aluminum chloride was poured into the reaction flask,
or gluminom bromide was distilled in from the flask in
which it was prepared, and its weight determined by dif-
ference. The boron fluoride gemerator was conmected
to the reaction flask by means of a small bubbler contain-
ing concentrated sulfuric acid: The rate of flow of the
boron fluoride was comparatively rapid, about thirty
minutes for 2 moles of gas. After the apparatus was swept
out with boron fluoride, the large flask containing the

(2) F. Bwarts, Acad. roy, de Belpique, 6, 309 and 474 {18025
Bull, soc. ehine., [4] 38, 1557 (19245,

(3} An effort was made 1o see whether, in the preparation of horon
trichloride [BCL] by relatively low temperature reactions, some
B:Cly was not formed at the same time, Careful distillation of the
reaction products produced only pegative results.

(4) "'Inorganic Syantheses,” Vol I, MeGraw-Hill Bosk Ca., Ins.,
Mew York, N. Y., 1830, p. 24,

(5) Rel. &, p. 23,
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agluminum halide was heated gently by means of a free
flame whereupon the reaction soon started. For the
preparation of boron chloride gentle heating was found
desirable as long as the reaction took place, Then, using
two burners, both flasks were heated strongly with a stream
of boron fluoride still passing through the reaction flasks,
After continued heating, the aluminum flucride fell from
the sides of the flask as a light white powder. For the
preparation of the boron bromide the aluminum bromide
wase refluxed gently in a stream of boron Buoride, The
contents of the flask soon solidified and again the mass
was strongly heated in boron fluoride. The efluent gases
were paszed into a U-tube cooled with solid carbon di-
oxide and alcohol, protected by & dr:.rlrng tube, When the
reaction was over the U-tube was sealed off and its con-
tents distilled. In the preparation of boron bromide
small amounts of bromine were obtained but were readily
removed by shaking with mercury. A little metallic
aluminum added to the preparation flagk decreased the
amount of bromine formed. In order completely to re-
move boron fiueride from boron chloride or bromide, dis-
tillation in & good column was desirable, From one-half a
mole of eluminum chloride and two moles of boron fluoride
805 yields of boron chloride have been obtained. Using
comparable amounts of reactants, 70% vyields of boron
bromide have been obtained.

Pure gluminum fluoride was not obtained as the by-
product of the reaction, appreciable ameounts of chloride ar
bromide being présent. Amnalysis has shown the amount
of bromine to be as high as 409 (theoretical for AlF:Br is

E. W. HucaEs

Vol. 82

B5%%); but this was decreased very markedly when the solid
product was heated strongly in a stream of boron fuoride,

Reaction with Potassium Fluoborate.—When either
aluminum chioride or bromide waz hezted with potassium
fluoborate, some boron chloride or bromide, together with
boron fluoride, was formed. An excess of the aluminum
halide increases the percentage conversion of the fluchorate.

In an apparatus somewhat similar to that described
above, one mole of aluminum chioride and one-half a mole of
potassium fuoborate were heated by means of an oil-bath
for four hours, with the temperature slowly increasing
from 150 to 175° The prodict was condensed in liguid
nitrogen. The recovery of pure boron chloride was 0.28
mole, a yield of 569, based on the potassiom fucborate
used. Under comparable conditions wields of around
309 of boron bromide have been obtained.

Summary

Boron fluoride and potassium fluoborate have
been found to react with aluminum chloride or
bromide to produce good yields of boron chloride
or bromide. The conditions of the reactions are
given and the use of boren fluoride is particularly
recommended as a means of preparing boron
bromide., No fluorochlorides or fluorobromides
of boron have been isolated in this investigation.
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The Crystal Structure of Dicyandiamide

By E. W.

Several different structures have been pro-
posed for the dimer of cyanamide but no abso-
lutely conclusive evidence has ever been given
for any one of them. In past years many people
have preferred the cyanoguanidine' structure L

N=C—NH N
}c—-:m, NH;—C< }c—NH,
» N
I II
N=({-—N NH
}cmm{, L‘I—!=C<\PC-NH
NH; NH
1 v

But even fairly recently? arguments have been
advanced in favor of the cyelic structure II. The
closely related alternatives III and IV, which

{1} For a good summary of the argaments, as well as coe of the
more important original investipations, see Hale and Vibrans, Tais
Joumxar, 48, 1048 (1018},

(2) Bell, Sed. Proc. Roy, Dublin Soc., 18, 207 (1928),

HucuES

differ from T or II only in the disposition of hy-
drogens and double bonds, also have been pro-
posed. I have made an X-ray examination of
crystalline dicyandiamide for the purpose of
resolving this long-standing controversy, with the
results reported below,

Several previous crystallographic investigations
have been recorded. In 1911 Heydrich® reported
the crystals as monoclinic holohedral witha 1 b
¢= 11109 ; 1: 14213, f = 115° 20/, Healso
found strong positive birefringence and that the
acute bisectrix makes an angle of about 11° with
¢ in the acute angle 8. The cleavage on | 100} is
excellent and that on {001] is good. In 1927
Baier* made an independent ezamination. Al-
though he chose a different axial system, with
B = 90® 31’, his axial ratios, ¢ : b : ¢ = 1.0021 :

{8} Heydrich, Z. Krist.,, 48, 278 {1910-1911).
{4) Baier, ibid., 88, 710 (1937).



