JOURNAL OF THE
AMERICAN CHEMICAL SOCIETY

(Registered in U. S. Patent Qffice)

VorLumE 80

DECEMBER 17, 1938

(© Copyright, 1938, by the American Chemical Society)

NumBER 23

—

PHYSICAL AND INORGANIC CHEMISTRY

[A CONTRIBUTION FROM THE PENNSYLVANIA STATE UNIVERSITY, COLLEGE OF CHEMISTRY AND PHvsicS, DEPARTMENT OF
CHEMISTRY]

The Behavior of Diboron Tetrachloride toward Some of the Non-metallic Elements!

By E. F. APPLE AND THOoMAS WARTIK
RECEIVED JULY 7, 1958

Diboron tetrachloride reacts readily with chlorine, bromine and oxygen at temperatures below room temperature.

Cleav-

age of the boron-to-boron bond occurs in these three cases, along with the formation of tlie appropriate boron trihalides.
No tendency for diboron tetrachloride to react with iodine, sulfur or white phosphorus was observed.

Although many types of boron compounds have
been reported, particularly in recent years, diboron
tetrachloride and its derivatives are the only simple
substances known to contain boron-to-boron single
bonds. It is perhaps not surprising, therefore, that
its chemistry is in many ways? quite different from
that of other boron-containing substances,

The present investigations were undertaken to
study the behavior of diboron tetrachloride with
some of the non-metallic elements and with their
hydrogen compounds. Future papers in this series
will deal with the reactions of diboron tetrachloride
with amines, with aromatic compounds and with
hydrogen.

Diboron tetrachloride is a colorless liquid which
is somewhat thermally unstable at room tempera-
ture. For this reason, its reactions generally were
studied at temperatures of 0° or below, In addi-
tion, the sensitivity of diboron tetrachloride to
atmospheric oxygen and moisture made it necessary
to carry out all investigations in the vacuum sys-
tem. Due to the low stability of B,Cl,, even the
precautions mentioned were not sufficient to avoid
decomposition completely. For this reason, reac-
tions involving exact whole-number stoichiometries
were the exception, rather than the rule.

Diboron tetrachloride reacts readily with the
more electronegative elements, even below room
temperature, and the reactions result in cleavage of
the boron-to-boron bond.

(1) Presented before the 131st meeting of the American Chemical
Society in Miami, Florida, April, 1957.

(2) A. Stock, A. Brandt and H. Fischer, Ber., 58, 633 (1423); T.
Wartik, R. Moore and H. Schlesinger, THis Jour~aL, T1, 3263 (1949);
G. Urry. T. Wartik, R. Moore and H. Schlesinger, i6id., 76, 3293
(1954); G. Urry, J. Kerrigan, T. Parsons and H. Schlesinger, ibid., 76,
5200 (10541 'T. Wartik and E. P. Apple, thid., TT, 6400 (1955).

—45°
B.Cl; + Cl; ——> 2BCl;
—923°
3B:ClL, + 3Br; ——> 4BCl; + 2BBr;

—78°
6B2C14 + 302 — 2B203 + 8BC13

On the other hand, diboron tetrachloride showed no
tendency to react with iodine, sulfur or white phos-
phorus at room temperature,

Experimental

Apparatus.—With the exception of a Bourdon gauge
whose design will be described in a forthcoining publication,
standard vacuum apparatus was used in these investigations.

Preparation and Purification of Reagents.—Diboron tet-
rachloride was prepared by the method of Wartik, Moore
and GSchlesinger.2 It exhibited a vapor pressure of 44 mm,
at 0°.

Chlorine (Matheson Chemical Co.) was purified by frac-
tional condensation, using a series of three U-tubes held at
—78.5, —140 and —196° The fraction retained in the
—140° trap had a vapor pressure of 63.5 mm. at —78.5°,
compared with a reported value?® of 67.5 mm. at this tem-
perature.

Bromine (Matleson Chemical Co.) was purified by frac-
tional condensation, using a series of three U-tubes held at
—22.9°, —78.5° and —196°, respectively. Tle fraction
retained at —78.5° had a vapor pressure of 67.0 mm. at
0.0°, compared with a reported value* of 65.9 mm,

Iodine (J. T. Baker Chemical Co.) was subjected to pump-
ing at —22.9° for 0.5 hr. and was used without further puri-
fication,

Oxygen (Linde Air Products Co.) was dried by passage
through calcium chiloride, potassium hydroxide aud phos-
phiorus pentoxide cohnuus.  No further purification was at-
tempted.

Sulfur (roll) was used without further purification.

Phosphorus (white) was purified by extraction with dry
carbon disulfide and then evaporation of the solvent.

(3) M. Trautz and W. Gerwig. Z. aworg. Chem., 134, 417 (1924),
{4) M. Bouzat and T. I.ebaun, Compt. rend., 178, 635 (1024).
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Behavior of B,CL; with Chlorine.—Gaseous chlorine (1.811
mmoles) was allowed to come into contact with liquid B,-
Cls in an amnpoule held at —45.2°. A rapid absorption of
chilorine, completed in approximately 30 seconds, was ob-
served. (Pressures in this and subsequent experimeunts
involving halogens were measured by means of an all-glass
Bourdon gauge.) After the reaction system had been
allowed to warmm to room temperature, the total gaseous
volume was measured, aud tlie gases were then transferred
to a tube containing mercury, sealed off and shaken to re-
niove excess chlorine.  Following this treatment, 0.700 mmole
of tricliloroborane (v.p. at —45.2° = 51.0 mm.; reported
value® 49.0 mui.) was recovered. The amounts of reactants
and product involved were: B.Cls used, 0.358 mmole; Cls
used, 0.332 munole; BCl; formed, 0.700 mmole. Tlhese
resnlts are consistent with the equation

Cly 4+ B.Cly —> 2BCl,

Behavior of B:Cl; with Bromine. —Bromine (2.745 munoles)
was sealed in an ampoule with B:Cl (1.646 mmoles) and
allowed to stand at —22.9° for several hours. The contents
of tlie reaction vessel, whicli were completely volatile, were
passed several times through a Pyrex tube containing copper
wool. The weight of bromine taken up in the reaction was
thie difference in weight between the bromine used and that ab-
sorbed by the copper. Tle molar reacting quantities were:
B.Cly, 1.646 mmoles; Bry, 1.557 mmcles, The vapor pres-
sure of the product of this reaction was shown to vary greatly
with change in volume, an indication that it was not a single
substance. Efforts to separate it into its componeuts by
fractional condensation were not successful; a U-trap held
at —78.5° (at whicli temperature trichiloroborane should not
be retained and tribromoborane shiould be almost completely
non-volatile) retained a material with a vapor pressure of 217
nun. at 0° and allowed the passage of a material with a vapor
pressurc of 81 m. at —45°.  Each of these vapor pressures
was shown to be strongly dependent on volume, indicating
that neitlier of the materials was a purc substance. Similar
difficulty attended efforts to separate a prepared mixture of
tricliloroborane and tribromoborane into its components by
fractional condensation. It is therefore likely that the
reaction of BoCly with bromine produces a number of sub-
stances which result from halogen interchange between
trichloroborane and tribromoborane, thie latter two being
formed according to tlic cquation

3Bry 4+ 3B.Cly —> 2BBr; 4+ 4BCl;

Behavior of B,Cl; with Iodine.—After a mixture of B,Cl,
and iodine (inn excess) had been allowed to stand at room
temperature for 0.5 lir. in a sealed tube, 96.59, of the B.Cl;
was recovered unchanged. It is likely that the small loss in
B.Cly resulted from its thermal decomposition at room tem-
perature, rather than its reaction with lodine.

Behavior of B,Cl, with Oxygen.—B,Cl; (1.566 mmoles)
was condensed in a 250-ml. reaction vessel and lield at —196°
while 10.35 minoles of oxygen was admitted. The reaction
tube was sealed off aud its contents were allowed to stand
at —78.5° for 12 hr. A glassy, transparent solid, which did
not change in appearance on warming to room temperature,
formed. Tle reaction vessel was connected to the vacuum
system, and its residual oxyvgen content was collected and
measured by mcans of 4 Tocpler pump. Care was taken to
trap out gases condensable at —196° during this operation.
9.63 mmoles of nnclianged oxygen was recovered. The
volatile material condensable at —196° was found to be
trichloroborane (v.p. at 0° = 477.8; molecular weight by
vapor density = 115.3). It was thns found that 1.566
mmoles of ByCly reacted with 0.720 munole of oxygen to pro-
duece 2,017 muanoles of trichiloroborane.  These values cor-
respond to the equation

6B.Cl, 4+ 30 —> 2B,0, 4+ 8BCl;

Wlen thie reaction between B.Cly and oxygen was allowed to
proceed at or near room temperature, violent inflammation,
accompanied by thie formation of chlorine, was observed.

(3 A. Stock and K. Priess, Ber., 47, 3109 (1914).

() Long and Dollimore (J. Cherc. Soc., 4457 (1954)), on the basis of
Raman spectra of mixtures of trichloroborane and tribromoborane at
roont temperature, concluded that all possible halide distributions were
represented in the equilibrium mixture.
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Behavior of B,Cl, with Sulfur.—From an equintolar ix-
turc of BuCly and roll sulfur whicli had been allowed to stand
at 0° for 15 minutes, it was found possible to recover 987 of
B,Cly used. Here, ugain, it is probable that tliermal de-
composition prevented complete recovery of tlie reagent.

Behavior of B:Cl; with Phosphorus.—From a mixturce of
B.Cl, and excess white plinsphorus which liad been allowed
to stand in a sealed tnbe at 0° for 10 minutes, it was found

possible to recover 96.4%7% of the unchanged boron compotud,
indicating that the latter did not react with phospliorus nnder
the conditions employed.

Discussion

The tendency for By,Cly to react with the more
negative elements (Cl:, Bro and Os) is perhaps not
surprising, in view of the stability of the new bonds
formed in these reactions. It was not anticipated,
however, that cleavage of the boron-to-boron bond
would occur quite as readily as was observed. The
reaction of BoCl, with chlorine takes place quantita-
tively at —45.2°, with bromine at —22.9° and with
oxygen at —78.3°. Failure to obtain a reaction
between B.Cly and iodine at 0° may be due to size
restrictions, since the bulky iodine molecule may
not be capable of a direct attack on the B,Cl, mole-
cule. It should be noted that, in the other cases
wlhere negative elements (sulfur and phosphorus)
failed to react with B,Cly, the molecules involved
are larger than diatomic. (Aside from iodine, the
only diatomic elementary molecule found not to
react with B.Cly 1s nitrogen.)

An indication of the relative ease of cleavage of
the boron-to-boron bond in B.Cly may be gained
from a comparison with halogenation reactions of
hexachlorodisilane. The latter does not react with
chlorine below 300°,7 nor with bromine below 500°.

The reaction between B,Cl; and Br; seeined to
offer promise as a wmethod for the preparation of u
pure mixed halide, BCLlLBr. However, redistribu-
tion occurred and a mixture, identical with that
obtained on mixing BCl; with BBr;, resulted. All
efforts to isolate a single mixed halide by frac-
tional condensation techniques failed. Mixed sili-
con halides, such as SiCl;Br, have, however, been
prepared and isolated. This difference in behavior
may possibly be accounted for in terms of the forma-
tion of unstable dimeric bridge intermediates by the
boron halides and 1ot by the silicon halides. Alter-
nately, one might seek an explanation based on
resonance stabilization. For the silicon halides, the
concept of resonance stabilization need not be
invoked, since the silicon atom is surrounded by «
complete octet of electrons. In BCly and BBr,
three w-bonded structures contribute cqually to
resonance stabilization, while in BCL,Br, only two
such structures are equal. Since, according to
Hine,? “the greater the number of lmportant con-
tributing structures, and the more nearly equal their
contribution, the greater the resonance energy,” it
is not surprising to observe a lower stability for
BClyBr than for BCl; or BBry.
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