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An infrared spectroscopic study of partially deuterated decaborane samples prepared by exchanging deuterium between

diborane and decahorane at 100° has been made.

These spectra have been compared with those of partially deuterated

decaborane in which the deuteriums are randomly distributed. This comparison shows that the exchange proceeds on the
termiinal hydrogens in decaborane and that the bridge hydrogens are not involved at all in the reaction under the experimen-

tal conditions.

Introduction

If deuterated diborane is mixed with decaborane
(BygHys) at 100° there is an exchange of deuterium.
A preliminary kinetic study? of this reaction in-
dicated that not all of the hydrogens in decaborane
were involved in the exchange; however, the num-
ber of hydrogens involved could not be determined
unambiguously from the kinetic study alone be-
cause of extensive decomposition of diborane for
long reaction times. We have therefore made an
infrared spectroscopic study of the partially deu-
terated decaborane resulting from the exchange
reaction and established the positions into which
deuterium is entering.

In some previous investigations®* we have made
a study of the corresponding reaction involving
pentaborane (B;Hg) and found that the exchange
proceeded preferentially in the non-bridge positions.
It was therefore of interest to see if a similar phe-
nomenon occurs with other boron hydrides and this
paper is a report of our results on decaborane.

The structure of decaborane has been deter-
mined® and the molecule has ten terminal hydrogens
and four bridge hydrogens. Some of the vibra-
tional frequencies of decaborane of normal isotopic
constitution have been assigned® and a comparison
of the spectra of B¢His and ByDis enabled us to
correlate a sufficient number of absorption peaks
in the latter compound to achieve the main objec-
tives of this investigation.

Experimental

The diboranc usced in this work was prepared by treating
LiAlHs or LiAlD, with boron trifluoride-ethyl ether and
was purified by the niethod outlined by Shapiro, ef a/.7

The decaborane was prepared by pyrolysis of diborane at
125°. The pyrolysis was carried out in a Pyrex vessel, the
main part of which was heated to 125° while a cold finger was
kept at roomn temperature. The reaction was perniitted to
continue for two days with the decaborane subliniing out as
it was forimed. The resulting decaborane was purified by
pumping off all non-condensables at room temperature and
then vacuum subliming the remaining decaborane. The
partially deuterated decaboranes, in which the deuterium
was distributed randomly, were prepared by pyrolysis of
deuterated diborane containing the appropriate amount of
deuterium. In this manner decaborane samples containing
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12.9, 30.1 and 48.3% deuterium were prepared. Partially
deuterated decaborane samples were also prepared by ex-
change of deuterium between decaborane and deuterated di-
borane. In these cases decaborane samples containing 10.5,
19.6 and 29.8%, deuterium were prepared by heating 6.5
mg. of decaborane with 6.00 cm. of ByDg for 1 hour, 6.5 mg.
of decaborane with 6.00 cm. of B;Dg for 2 hours, and 6.5 mg.
of decaborane with 5.97 ecm. of B;Dg for 3 hours, respec-
tively. The reaction temperature was 100° and the volume
of the reaction vessels was approximately 80 cc. The non-
condensables were pumped off at room temperature and the
decaborane was sublimed out of the reaction bulb.

The total deuterium content of the decaborane was de-
termined by decomposing the decaborane in quartz bulbs at
525° and then analyzing the resulting hydrogen for its deu-
terium content by a thermal conductivity method.8

A Perkin—-Elmer Model 21 double-beam infrared spectroni-
eter was used in this experiment. A pair of microcells,
matched to within 1%, were used in the sample and the ref-
erence beams. The ByHj samples were dissolved in CCly
at a concentration of 2 mg. in 0.5 ml. The weights of the
partially deuterated decaborane samples were adjusted so
that there were the same number of moles of decaborane per
ml. of solution as in the reference solution. Spectra were
run of partially deuterated decaborane samples in the sam-
ple beam against CCl, and against BjoHus solution in the ref-
erence beam.

Results and Discussion

In this study two types of partially deuterated
samples were prepared. One set of samples was
prepared by pyrolysis of partially deuterated di-
borane and had a statistical distribution of deu-
teriums. This set of samples gave us the variations
of the intensities of the absorption peaks due to B-D
and B-D-B bridge vibrations as a function of the
percentage of deuterium in the non-bridge and bridge
positions, respectively. With this information,
calibration curves were constructed and infrared
measurements were made on the samples prepared
by exchange, and the amount of deuterium that
had gone into the non-bridge and bridge positions
was determined. These figures were then com-
pared with the results obtained by thermal con-
ductivity analysis.

One favorable region in the decaborane spectrum
for observation of the entrance of deuterium into
the non-bridge positions is the 5.17u absorption
band which is due to a B-D stretch vibration.
The data obtained from observations on this peak
are summarized graphically in Fig. 1, and it is evi-
dent from this plot that decaborane having 19.6%,
deuterium due to exchange absorbs almost as
strongly as decaborane containing 30.19, deuterium
statistically distributed, while decaborane having
29.89%, deuterium due to exchange absorbs much
more strongly than a sample containing 30.1%
deuterium statistically distributed. These ob-
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servations indicate that, qualitatively, the exchange
is proceeding preferentially in the non-bridge posi-
tions. If we make the assumption that all of the
deuterium entering the decaborane molecule by
exchange is going into the non-bridge positions,
then the per cent. deuterium as determined by ther-
mal conductivity multiplied by 1.4 gives the per-
centage of non-bridge positions occupied by deu-
terium. Comparison of this figure with the in-
frared deduced percentage of non-bridge positions
occupied by deuterium shows reasonable quantita-
tive agreement as evidenced from the data in Table
I. To within experimental error all of the deu-
terium that has entered the decaborane molecule
by exchange can be accounted for by the amount
of deuterium in the non-bridge positions, indicating
that the exchange reaction proceeds preferentially
into these positions.

TABLE 1
DEUTERIUM ANALYSIS OF PARTIALLY DEUTERATED DEca-
BORANE OBTAINED FROM THE ByDg—BisHi EXCHANGE

Per cent, deuterium
By infrared spectra (5.17 u)

By thermal conductivity® (non-bridge positions)

14.7 16.6
27.4 29.1
41.7 40

o Calculated from thermal conductivity measurements as-
suming that all of the deuterium enters the non-bridge posi-
tions.

Another region in the spectrum which can be
observed fairly well is an absorption band at 8.72u
due to a B-D-B bridge vibration. For statistical
samples this B-D-B band rises almost linearly with
increasing deuterium content. However, for ex-
change samples there is no rise in this peak at all.

KINETICS OF THE DIBORANE-BORANE EQUILIBRIUM
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Fig. 1.—Infrared absorption of partially deuterated deca-
borane: A, BpHjs of normal isotopic content; B, C and
D are samples of decaborane in which the deuterium is sta-
tistically distributed and have 12.9, 30.1 and 48.3% total
deuterium, respectively. E, F and G are samples of decabor-
ane prepared by exchange and contain 10.5, 19.6 and 29.8%,
total deuterium, respectively.

This fact constitutes further proof that the deu-
terium entering the decaborane molecule by the
exchange reaction is not going into the bridge posi-
tions.
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The equilibrium BsHe=2BH; has been assumed to play a dominant role in many reactions involving diborane. Eight
independent kinetic studies have been analyzed to determine whether these data impose mutually consistent conditions
on this dissociation. It is demonstrated that if the postulate is introduced that the rate of association of boranes is compar-
able to that for methyl groups (Bamoee = 101¢ mole™1 cc. sec.™) six experiments lead to mutually compatible upper bounds
for the heat of dissociation of diborane; the two smallest bracket the previously published thermochemical value of 28.4 =% 2
kcal, The remaining kinetic experiments do not give clear-cut estimates, With the introduction of an additional assump-
tion one of these can be interpreted to give a lower bound which is consistent with the lack of a directly observable equi-
librium dissociation pressure, and with the other studies listed above. The published mechanism for the decomposition of
OC:BH, is shown to be incorrect and an alternate mechanism is proposed which does give the correct form for the observed

pressure—time dependence.
associations.

In the first paper of this series! we reported a
value for the heat of dissociation B.He(g) =
2BH;(g), based on measured heats of reaction be-
tween diborane and tetramethyldiborane with
several amines. Since the entropy increment for
this reaction has been computed with adequate
certainty (34.2 e.u.),? the equilibrium concentration
of BH; may be estimated readily. This equilib-
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Comments are appended for the existence of activation energies for some primary acid-base

rium has been utilized in eight postulated mech-
anisms describing the kinetic behavior of mixtures
containing diborane. In five of these it is assumed
as a first step

ka
B,Hs === 2BH; (a)
ka
followed by
BH; + X —;—> products (b)



