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' Evidence for the Species BH2+ andeH(OH)2 in Aqueous Solutions.

The Reaction of Diborane with Hydroxide.

Sir:
We wish to report stoichiometric evidence for the formétion of

intermediates in the hydrolyses of diborane‘and hydrobdrate in'aqueousb

solutions at temperatures around -70°. The data for strongly acidic

" solutions are cpnsisteﬁt with the formation of the aquated BHé+ ion.

The daté for unacidified solutions of ethanol and water correspond to
the formation of BH(oﬁ)2 (or its hydrogen-bridged dimer), probably mixed
with the various possible ethoxy‘derivatiVesf Sﬁudies with potassium
hydroxide, iﬁ éolution and in thé solid state, suggest the formation

of the BH(OH)3-‘ion.

Evidence for BH, . — Potassium hydroborate reacts with 8 M HCL atl

-70° to form two-ﬁoles of hydrogen per mole of hydroborate and a
sqlution which is capable of reducing iodine and which yields another
two moles of hydrogen when.warmed above --20°.l Boron-llvn.m.r. spectré-
of cold solutions as concentrated as 2 N in the reduciné sbecies ;
(determined_both by iodine titration and hydrogen evolutibn)_showed

only an extremely broad peak2 centered 29 ppm upfield from the signal

of BCl3. After allowing such solutions to decompose at 0°, the broad :i;
peak disappeared; and & precipitate of boric acid formed. '

v
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Diborane reactS'slowly6 with 8 M HC1 at -75° to forﬁ always two
moles of hydrogen per mole of diborane; four more moles of hydrogen are
evolved upon warming the solution above ~20°., The propertieé of the |
cold solution are identical to those of tﬁe solutions prepared by the
addition of hydroborate to cold 8 M HC1L. To detérmine whether chloride
ion has a specific influence on the course of the reaction, the reaction
of diborane with 5.4 M HC10, at -55° was studied. In two sich experi-
ments, 2.70 and 2.15 moles of hydrogen were slowly evolved per mole of’
diborane. We believe the principal reaction in these experiments was
the same as that oceuring in 8 M HC1 at -75°, but that some extra hydrol-
ysis occurred because thé experiments were necessarily carried out at a
considerably higher temperature and with a lower concentration of
hydrogen ion.

We believe that th¢ reactions of hydrobofate and diborane with cold

aqueous acid may be expressed by the equations

4
B2H6 + 2H - 2H2 + 2BH2

and that the decompositidn of the aquated BH2+_species above -20° may be

written as follows.

+

B, + 3,0 - oH, + B(OH)3 + H

2 2
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Evidence for BH(OH)E. — When diborane reacts with ethanol~water

solutions at temperatures around -75°, always four moles of hydiogen
are evolved per mole of diborane. The resulting solution yields anothér
two moles of hydrogen when warmed above -20°. These data suggeét the
formation and subsequent decémposition of BH(OH),, BH(OH)(OEt), and
BH(OEt)é.7 Thus we might write, for the formatibn of ﬁH(OH)z,

Eané + bHO - ~hH2 + 2BH(oH),

and for the decomposition of BH(OH)E,

BH(OH)2+H20 - Hy + 13(0H)3

Of course, it is conceivable that'hydfogen-bridged species such as

(HO) 2BHQB(OH)2 , (HO) 2BH2B(OH)(OEt), etc., are formed, or that a cyclic
compound éuch as boroxine (B303H3) is formed, but in the absence of
further data we prefer the above simple formulation.

When a solution prepared by the reaction of diborane with an &
ethanol-water solution at -75° is treated with an equal volume of 8 M
HCl at the same temperature, no appreciable‘hydrogen is evolved. Thé
resulting solution decomposes at approximately the same rate as solutions
to which no acid has been added (at corresponding temperatures abovg g
-20°). These results suggest that. the decomposition is not acid-
catalyzed.

“When a solution prepared by the reaction of diborane with an B
. . i

ethanol-water solution at -75° is treated with an ethanol-water solution

of potassium hydroxide at the same temperature, only a small amount of
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hydrogen is evolved. When the resulting solution is warmed to room
temperature, approximétely 1.3 moles of hydrogeh per mole of diborane
are rapidly evolved. A final 0.7 mole of hydrogen is very slowly
evolved during a period of several days at room temperature, bringing
the total evolved hydrogen to six moles per mole of diborane. We
tentatively suggest that the addition of hydroxide to the cold solution
caused the formation of a series of species such as BH(OH)3—,
BH(OH)E(OEt)', etc., and that these species undergo hydrolysis upon
warming the solution.lo Other experiments which may be interpreted as

indicating the formation of BH(OH)3- are described below.

Reaction of BoHg with KOH. — When diborane reacts at -30° with

an excess of coarsely pulverized reagent grade KOH which as been allowed
to absorb about 7% extra water, approximately 1.13 moles of h&drogen are
evolved per mole of.consumed dibora.r_le.ll‘L When the resulting solid is
dissolved in éoid water, a small amount of hydrogen (about.O.lS moles.
per mole of consumed diborane) is rapidly evolved, and the resulting

solution slowiy evolves hydrogen for several days at room temperature.

- The latter observation is very significant in that it shows that, after

the initial rapid evolution of hydrogen, the solution contains more
réducing power than corresponds to the formation of equimolar amounts -
of borate and hydroborate. The stoichiometry may be explained by
assuming.thaﬁ the principal over-all reaction of the dibdrané with

potassium hydroxide is the following, i

H,0 + 2KOH + BJH, = H

2

p *+ KmH KBH(OH)3
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with the following sidé reaction occurring to some extent.
2H,0 + 2KOH + BJH, - 2H, + KBH, + KB(OH)u

The latter reaction can be made essentially quantitati#e by allowing.
diborane to react with a concentrated KOH solution at -3O°.ll+’l7 All
our attempts to obtain the boron-ll n.m.r. spectrum of the BH(OH)3' :
ion were unsuccessful; golutions of the B Hc-solid KOH reaction product
only yielded resonances attributable to B(OH) h- and BHh'. Pogssibly
B nuclear guadrupole relaxation éffects are responsible for our
inability to see a signal. In this respect it is interesting to note
that we were similarly unable to obsefve a proton nmr signal for the
hydridic hydrogen of the agueous trimethoxyhydroborate ion. Solutioné
prepared from NaBH(OMe)3 showed, however, a signal corresponding to the
hydroborate ion. The latter species may be attributable to impurity in
the NaBH(OMe)3 sample or to a disproportionation upon dissolution.
\
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