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- DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the -
University of California. '
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V'we have found the reaction of pota351um hydroborate (KBH4) with 85% R

DIBORANE

. : o ' + -
KBH4 + H3PO, - 1/2 BoHg + Ha + K+ HoPO4

SUBMITTED BY: Arlan D. Norman and William L. Jolly

CHECKED BY:

Diborane can be prepared by a variety of methods, the most common

being the reducﬁion of boron trihalides with active metal hy_dridesl’2

and the reaction of hydroborate salts with stahnousvchloride,s sulfuric

5,6

acid,hvmethanesulfonic acid, u'orthophosphdfic acid, or polyphosphoric

'acid.6 Although dlborane is commerc1ally avallable in bulk guantities,

orthophosphoric: a01d to be convenient for the rapid preparatlon in a

vacuun line of small quantities of»thiS'material - Using this method,

dlborane is obtalned in only fifty percent of the theoretlcal yleld,
however, the absence of volatile solvents, the high purity of the product,

and the simplicity of the reactioh apparatus make this method superior.

Department of Chemistry of the University of California and Inorganic
Materials Research Division of the Lawrence Radiation Laboratory,
Berkeley, California 9&720. This work was supported by the U.S. Atomic
Energy Commission. - : :

+ : :
Permanent Address: Department -of Chemistry, University of Colorado;
Boulder, Colorado. '
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By using approximatel& 100 percent orthophosphoric acid,6 we have
increased tﬁevyield ofMdiboranévt6.60-65 percent. However, under these
conditions extensivé foéming oécurs,'hecessitating_the use of an over-
head stirrer in the.réaCtion apbarafus.;‘We believe the advantage of
this increased yield is offset by the-relatiye unavailability of the
- .more concentrated écid and the increésed difficult& of stirring.

| Caution: This synthesis is not Suiﬁabie for the prepafation of
diborane in a flow system at atmospheric pressure_because flaming of

the reaction mixture and/or the formation of unwanted reduction products

(i.e. phosphine) may occur. Inasmuch as diborane reacts violently with'v

oxygen, it must be handled éither_in a vacuum line or an oxygen-free

reaction system at all times.
Procedure

A 200 ml. reaction vessel equipped with an efficient magnetic

stirrer and a side-arm addition tube, as shown in the Figure, is connected

“to a vacuum line in such a way that the volatile reaction products can
be removed.through a series of four U-tube traps; ‘A piug ofvglass—wool
in the neck of the reaction vessel prevents tfaces of nonvoiatile |
materials frbm being cafried'into the vacuum line. - It is also convenient
to.haVe a mercuryvmanomeﬁer in the system so that gas pressure cén_be
monitored dﬁring the reaction. - TWenty milliliters of reagentlgréde
forthophospﬁofic acidv(85% H3zP04) is poured int§ the reaction veésel,

o : : o ‘ * .
1.6 g (0.0297_mole)‘of fresh carbonate-free KBHy 1is placed in the

* ’ . S
Metal Hydrides Inc., Beverly, Mass.
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side-arm, the side is attached to ‘the reaction vessel as shown in the

'Figure, and the reaction vessel is evacuated for a period of 0.5 hr.

At the end of this time the trap nearest the reaction vessel is cooled -

10 -78°v(dry-iée-aCetone’mixturé) and the three remaining‘trapé are
cooléd to -196° (liquid nitrogen). |

'vDiborane produétion is begun by carefully rotating and.tapping'the
side-arm until the po&dered KﬁH4 begins to drop onto the sgrface of the
rapidly.Sﬁirred acidf Gaé‘eVOlution begins immediately, and foéming of
the réactién mikture occurs. For maximum yield and minimum foaming,
cafelshould be taken to avoid theisudden addition of large‘quantities
of KBH;. The KBHy shéuld be added slowly ehough (over a period of
0.5-0.75 hr.) S0 thét thé préssure in.the reaction syste@ never exceeds
10 mm. | .

Pumping is cbntinued for at least 0.5 hr. affer the last of the

KBH4 has been_added, in order to ensure completé removal.of the diborane
pri¢rvtovdetachmentvof the reaction vessel from the vacuﬁm_lihe; The -
condensate in the -78° frap édnsists mainl& of water and traces_of
trapped aiborane, and can be discarded. The diboréne, coﬁdensed in the
5196° traps, is purified by passage through a -111.6° (carbon disulfide

slush) into a -196° trap-"Traces:of material which condense at -111.6°

v may be discarded. Typically, from six to seven mmoles of BEHG are

obtained from this reaction. The reaction may be conveniently scaled
up (by no moré than a factor of three!) for the preparation of larger
quantities, provided that a correspondingly larger reaction vessel is

used to accommodate the additional foam.
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Progerties

Diborane prepared by this method has 5 vapor. pressure at -111.6°
B - " : f]

of 225 *;1 mm, a value identical with that reported in the literature.

The infrared’spectrumB shows absorptions at 3670 (w), 2625 (s), 2558 (s), -

2353 (w), 1853 (m), 1602 (vs), 1197 (s);}1178 (s), 1154 (s), and
973 (m,vsh) cm-lt .The maés spectrum has peaks from m/e lO-l3 and from
m/e 21-27, attributable to BHX+ and BgHX+ ions,zrespectively. A.small.
peak at m/e Lb4 arising from a trace of carbonrdioxide (< O.l%) is also
'§b$¢rved in somevcases._‘ |

Diboféne ﬁay be stored in»the:gas phase at room temperature for
several dayé wi£hout-appreéiable'decémposition. - On long standing,
hydrogen and higher boron hydrides are fofmed. ‘These decomposition
products may be removed by freezing the material at -196°, pﬁmpihg off
the hydrogen, and then distilling the diborane through a -130° trap.

(n-pentane slush) into a -196° trap.

SR~ S
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Figure Legend

Apparatus'for the Preparatioh of Diborane.




Connection to vacuum line , ball
¥ and socket or O-ring joint

a— Glass wool

Greased joints Apiezon —
or-Dow-Corning grease

S/i(ieafm dddiﬁon tube

~200ml., 2 necked (§ 24/40)
Round bottom flask

% —gmmy

/"ll”,,, 777

Magnetic stirring bar

MUB-12312
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission: .

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
"mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
., Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






