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‘The preparation of high-purity trimsthylborane iz deseribed.
by fractionation of the ammonise addust, NH:B{CH,),.
were 1eed du.rin% the fractionation to determine

orm of 1t Emmonia adduet, high-purity by
Thia reaction and the aubsequent dizt:

B{CH,); in the
regenatate the B{CH,),.

Impuritiez were removed
Mags aspeatrometric analyaes
these impurities. After purification of tho
n chloride waz used to
tion were carried out o

& stainleas atee] ayetern. Blorage w8 a gsa in steinless steel oylinders, rather than as a

solid addition complex in glass

veasely, eliminated the possibility of recontamipation on

regeneration. Tha purity of S(CHaly wax determined eryoscopiealiy to he 9.8 mola percent,

1. Introduction

Trimethylbhorane, B{CH);, is one of a serieg of
horon compounds which have besn prepared in high
purity for use in the calerimetric [1]® and spesctro-
metric [2] research programs at the National Bureau
of Stondards. This highly purified materisl was
succeszfully used a3 a neutron counting gas in pro-
portiony] counters [3, 4] after trimet.hygl

ared by other methods was found to be unsatis-
ctory bacanse of impurities.

Trimethylborane is a toxic, reaciive gaa (bp —20
%) which burns spﬂntan&ousiy on contact with air.
Thesa properiies make purifieation and storage
gifficult. The compound is ususll rel,?arﬂd in the
form of the ammonis adduct, NH.-.:%EJ aly, which iz
mubsequantly treated with hydrogen ch'iﬂride to
libarate the trimaih¥lborane gas, Irnadequate puri-
fication of the adduct and further contamination
during the reaction with the hydrogen chloride
produces an impurs product. In the preparation
which i3 described in detail in this paper, the adduet
was rigoronaly purified and then reacted with highly
purified hydrogen chloride. This reaction and the
subsequent iractional distillstion of the trimethyl-
borane were carried out in 2 stainless steel system,
The product was stored as s liquid in steinless steel
cylinders. Several hundred grams of trimethyl-
horane were prepared, purified, aud stored. The
material was found to have a purity greater than
90.9 mola percent. This sarople was used to estab-
lish reliable walues for a large number of physical

properties,

! Fresented at the 176th mesting of the Amarfen Chemjon] Boctrby st M b
ipu]h, Minn. bt bar 11-16, 1904, bakre the Divisien of In and
nginsing Chomiatry.
1 Flgured In brechetd indicate tha lterstoem referanont at the end of this paper,

horane pre- |
"from different sources?t

2. Purification of the Reactants
2.1, Ammonia Addiien Compound

The ammonia addition compound of trimethyl-
borane 8 a white crystalline sol:l‘id that decomposes
slowly in the presence of air and water vapor. All
operations were therefore performed in sealed glass
systeras with the material under its own dissociation

reszure, Twoe lote of the arnmonia adduct, received
were used as startin
material. The trimethylborane in these lots ha
hean prepared from a methyl Grignard reagent and
horoon trifluoride in & n-butyl ether sclution, uoder &
nitrogen atmosphere, by a procedure similar to that
dezenibed by Brown [6].

The aystem used in purifying and transferring the
ammounia sdduct is shown mngglue 1. All parts of
the glass sysiem, except the glass ampoule contain-
ing the addition compound, were “Bamed’” to facili-
tata drying; the entire system was then evasuated
toa ure of 107 mm Hg, TIn the firat lote pro-
veseed, ampoules containing the original sample (I
in fig. 1) were not equipped with break-off tips. In
this case a scratch was %fad on the narrowed neck of
the ampoule at A se that 1t could be broken by the
hammer B. The ampoule was attached to the
transfer teain at C by means of Apiezon wax W,
Regnlar break-off tip ampoules were ueed in tha
second lots processed.

Fractionation of the ammonia adduct ¥ielded zix
fractions as fellows:

Fraction I—The addition compound in ihe am-
poule D was cooled to approximately —78 °Ct and

3 Robort . Pairy and Frank Verhoek, Obis State Resetrch Foundatisn
Colowbnye, Ohie, supplkd 2390 ¢ for usa 1o the saborimetrio and spestrometyic

studes of frimetfrlbortos 2t the Natopsl Booss of Staodarks,
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then the tip of the a.m‘iuule was broken, The vapor
phese existing above the sample at this temperature
was collected in cylinder E, W%i&h was cooled with »
liquid oitrogen bath. Mass spectrometric analysis
showed this {fraction to¢ contsin 30 cent air,
15 percent CCL, and 55 percent B(CH,);* These
impuritiez gcould have been introduvced during the
orviging]l preparation or transfer becauss carbon
tetrachlormide was used to clean the ayetem.

Fraction II—The material remaining in ampoule
D was beated with a water bath at sbout 40 °C.
The gaseous dissociation products were condensed
in Ot;'latg)a I and J, which were cooled with solid carbon
dioxide and ﬁqujd nitrogen, respectively. The
contents of this second trap [J’} were transierred to
matal eylinder K. Analy=is of thiz material showed
that it contained 80 percent CH,, 20 percent CH,OH,
5 percent air, 15 percent AI(CHg),. Methane and
methanel are 10%'1-:&1 cxidation and thermal degrada-
tion preducts of trimethylborane. The presence of
aluninum trimethyl, while surprising, leads one to
suspect that aluminwm must have been present in the
magnegium usad in the preparation of the methyl
Grignard reagent. At —78 °C, the temperature of
the firsi. trap I, there ir liftle dissociation of the am-
monis gddect, and the ammonia and trimethyl-
borane generated hy disscciation of the adduet st
44 °C [7] ware successfully retained by resssociation.
Alvminum trimethyl, however, has an appreciable
vapor pressure at this temperature and consequently
pasaed on inio the liquid nitrogen trap,

Fraction II7—The material retained at ~-78 °C in
trap I was then transferred $o trap J and subse-
quently to ampoule . A sample for analysis was

& These analyres ware peclormed by F, T, Mohber and v, &, DMbeler of thia
Forean sand ark gLve Lo mdola percant,
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Appargiug for purifying emmonia irimethyiborane.

collected in ampoule F. In the analysis of the
smmobip adduct, the sample was introdused as &
goas inte the spectirometor. Binee ammonis ia
adsorbed on the walle of the inlet system, only the
trimethylborane was detected. For this reason, the
resulia indicated only the presence of trimathyl-
borane rather than ammeonia tiimethylborane, e
materin! 15 smpoule &G wes sealed aid reserved for
subsequent reaction with hydrogen chioride in the
preparetion of trimethylborane.

ﬁfoﬁm IV—After removal of fractions I, I, and
IIT, & yellowish solid ramained in the origine! am-
poula.  Thiz ampoule was heated to 100 °C, and the
gaseous products were collected in trap I, which was
cooled with liquid nitro After transfer to
ampowle H, this materis]l was found to coniain
EH;,B[CH,}, fdimethylaminoboron), B(CH,}s, and

4

Fraction V—The glass stopeoek, 5-1, was then
closed and the glass tubing broken to the right of the
atopeock. The residue remaining was heated o
150 °C and the gaseous products were introduced
directly into tha mass spactrormeter. Tha primary
components of this fraction were trimethylborune,
othyl-methyl boron compounde, and an unknown
amine boron compound.

Fraction VI—Approximately two percent of the
original material remeinad az a nenvolatile residue,
This yellow solid is water-soluble and is presnmed
to he an organo-boron mixture of unknown composi-
tion,

2.2. Hydrogen Chloride

Commeteia) hydrogen ¢hloride gas contains organic
impurities and possibly carbon dioxide. The diffi-
culty involved in removing these impurities suggeated




Tiguse 3, Apparalug for greparing hydrogen chloride gae of hegh purity.

the preparation of the hydrogen chloride gas by
syntlgesl};fmm urified pulfuric acid and recrystallized
sodium chleride. The apparatus for preparing the
hydrogen chloride is shown in figure 2. This ap-
paratus was all glass exeept for the stainless steel
evlinder A. 'Thir cylinder was ona of a group of 2,

of which had been tasted for leaks with & helium
leak detector after filling with helium to & pressure
of 800 lbfind, Sulfuric acid was placed in flask
F-1 and eodium ehloride in F-2. After seversl
flushings with dry helium and subsequent svacua-
tions, & portion of the sulfurie acid was introduced
by means of helium pressure into fask F-2. Tha
hydrogen chloride produced was carmied aleng in
a continuous stream of dry helium, Pressura
regulators P-1, P-2, and P-3, partially filled with
mereury ae shown, were used to regulate pressures
and flow of the helium and hydrogen chloride, and
to net as eufety valves.

Traps T-2 and T-3 were cooled to —78 °C and
trap T4 to —196 °C; T3 was e with glass
wool to retain any solid particies. After being
dried in traps T-2 and T-3, the hydrogen chloride
gaa was condensed in trap T4, en the reaction
waa complated, stopeock 1 waa closed and the por-
tion of the ap tus to the right of this stepeock
wag emuabed?ar%‘his rocess removed the bulk of
tha helium present. The residual helium was re-
moved by alternately melting and freezing the hy-
drogen chloride. Tha relansed helium o ded into
the st bulb B-2 and was removed by pumping
through trap T-7, which was eooled to —196 70 to
prevent fouling of the pumping syvstem with hydro-
gen chlotide. Fimally, trap T—4 waz warmed to
approximately —120 °C and the hydrogen chloride
transferred to T—5 by cooling this trap to —196 °C,
The hydrogen chloride was transferred hack to T—4
and finally collected in the weighed metal eylinder

E1

A. In this manner approximately 450 g of helium-
free hydrogen chloride was prepared.

3. Preparation of Trimethylbarane

The addition ecompound, NH;:B(CH;), (fraction
III}, was reacted with hydrogen chloride in a stain-
less steel regctor. The reactor and the purification
train are shown in figurs 3. The metsl cylinders of
this trein, including the reactor, weve filled with
helium to a of 380 lb/in? and tested for
leaks with & helium leak datector. Before use, all
metal and glass componanta axcapt joinis and valves
were heated to about 300 °C while the system was
evacugted., Tefon-packed stainless atoel vaives of &
modified Stimgon type [8] and stainless stesl connec-
tors were located s shown. Trap T-1 and the
section containmg the smpoules of ammonia tri-
methylborane {(A-1, 2, 3) were construcied of glass,
Steal-toglass connectiona were made by the use of a
stainless steel male balljomt snd o femsala
juint gealed with Apiezon N preaze. The reaction
veesel, a 500 ml siainless steel cylinder C-3, and the
stainless atael trap T—2 were equipped with re-
entrant wells W-1 and W-2 for tﬁ)a insertion of
thertnocouples. Well W—2 contained three thermo-
couples: one at the bottam of the resctor, one in the
middle of the distillation ¢olumn R, end one near
the top of this eolumn.

Tha addition compound was treated with hydre-

chloride in the following manner. Batches of
?If.ﬂl;‘ﬂ 50 to 150 g of adduct were transferred from
the glass ampoules A-1, eic., and deposited as uni-
formly as possible over the inside murface of the
reactor. Total transfer of adduct wes considered
complete when no solid remained in the glass
ampoules, at which time valve 5 was closad. Cylin-
der C-1 contsined a weighed amount of hydrogen




Froore 3. Appardius for preparing and perifiing fimcthyiborane.

chloride sufficient to resct with 85 percent of the
gddition compound used, assuming that all of the
h gan chloride reacted. Valves 1, 2, 3, and 4
allowed for transfer to or from vessels C-1, T-1,
-2, and C-3 and for isolation of parte. Fivegram
amounta of b gen chloride from cylinder C-1
were condenged in trap T-1, cooled to —78 °C, and
then distilled at this tempaerature into G_\{)]ind&r C-2
which was cooled by a liquid nitrogen bath, The
contents of gylinder C-2, warmed to room temper-
atyre, were sllowed to react with the adduct in the
reactor C-3. The glass trap T-1 allowed ona &b sea
the amount of hy I:Ehloride condensed in it
from cylinder C-1 or recondensed from cylinder C-2,
It was found that the reaction with 5-g increment-
of hydrogen chloride was rapid and orderly. Sub-
stantially all the hy. chloride was traneferred
in this way; the residu m the weighed cylinder
was then condensed dmacﬁ;s in the reactor by cooling
it with a liquid nitrogen bath, To reset the last
traces of hydrogen chloride, the reactor wae allowed
to warm to room tamperature snd, with all valves
closed, wae allowed to stsnd for at least 24 hr.
Vigormis shaking of the remctor after relmoving it
and its connections from the train also helped to
completa the resction.

Trimethylborune was separated from the reaction
mizture by distillation. For this process the top of
the reactor was equipped with a small distillation
eolumn R, which had a spiral of stainless steel wire
as packing. During distillation, & liguid bath in
container was Kept npar —40 to provide
reflux, snd the reactor O-3 was kept near 0 °C.
Trap T-2 waa cooled to about —196 *C and tha
entira left side of the train (ie., to the left of valve
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6) was continuously evacuated. After a petiod of
reflux, valve & was partially opened to allow distil-
lation of & emall portion of the trimethylborane into
trap T-2, Then valve 6 was closed to return the
column to total reflux. This procesa was repeated
until all the trimethylborane was trausfarretf.

Dhring this ptocess appreciable smounts of hydro-
gen, methane, and other gasas, indentifisd by mass
epectrometric analysis, were Temoved from the sys-
tem while the trimethylborane was retained in trap
T-2. After distillation was eomplete, T-2 was
warmed to —78.5 °C and the vapor pressure of the
liquid at that temperature was measured directly
with & mercury mpnotneter. If it was not greater
than 31 mm Hg, the sample was transferred directly
to cylinder . From iminary work, it was
found that hydrogen chloride waa the material chiefl
responsihle fzr any pressure greater than 31 mm H%
at —78.6 °C. If the pressure was greater than 31
mm Hg, the trimathyﬁmmna was transfarred back
to the resctor and sllowed to come to room temper-
ature and remsin at this temperature for an nﬁdi-
tional 24 hr. After this, the distillation process was
repieat-ad. Thia procedure was found to give mate-
rial frea of hydrogen chlotide ns determined by ihe
maes gpectrometric analyses,

In the first, series of rune, a total of 180 g of -
methylborane in & purified form was prep . The
first preparation {33 g) had & purnty of 99.7 male
percent, the second and third (147 gz} wera 99.9
male percent pures, as determined by eryoscopic-
calorimetric procedures [1]. An additional 176 g of
trimethylborane was prepared later and waz also
found to be 99.9 mole percent pure.  Infrared analysis
[2] of the material showed that several bands pre~




vivusly reported and sseribed te trimethylborane
[6] wera age.ent; these bands ara presumed to have
heatt caused by impurities.

Samplezs of the putified trimethylborane were
stored at —78 °C pending measurements of certain
physical constante, Later, the samples in stainless
steel cylinders were kept at room temperature for
sevaral wesls and their vapor pressuras at —738.5 °C
redetermined. No aiﬁﬁmnt changa in pressure was
obzarved, indicating that the uompnundp is stakla at
room temperatura,

The purified trimethylborane has been used in
other Iahoratories of this Bureau for measurement
of infrared spectrum (2], heat capacity, heats of
fusion, trangition, snd vaporization and vapor pres-
sure [1]. At the Nawval I&aearch Laboratory it has
been used in a study of eleciron mobility in B{CH,),
[3] and as & neutron counting gas for proportional
counters [4],

(Paper 66A1-140)
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