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Laser specific product formation has been achieved in the exchange reactions of HBr with boron trimeihyl B(CHa)z and
the mixed boron methyl bromides B{CH3)s Br and B(CH3)Br,. The non-thermal natuze of these reactions was shown by the
line specific action of the €04 iaser radiation and by en in-situ temperatuse probe.

1. Introduction

In a previous communication it has been demon-
strated [1] that the diborane decompaosition produced
by CO, laser iradiation differs markedly from the con-
ventional pyrolysis of B, Hg. In the present paper we
report on the reactions of various boron methyl com-
pounds with hydrogan bromide which under the in-
fluence of line selected CO, radiation also proceed in
a non-thermal manner.

In an infrared lasercontrolled reaction one attempts
to bring molecules to a selected state of vibrational ex-
citation from which reaction occuis with a coliision ef-
ficiency higher than that of any other collisional pro-
cess in the system. If such a reaction channel exists the
question arises whether the rate of vibrational heating
can compete with the rates of the various relaxation
processes [2.3]. In 2 rough approach this compstition
may be discussed in terms of scheme (1):
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t is assumed here that the energy is channelled into
the reactive state N, through absorption angd vibra-

- tional exchange processes with characteristic times 7

and 7, whose combined effects'determins 7. .. To re-
duce relaxztion and thermal reaction it is necessary
that 7., < 7yp- Accordingly s small photon flux,

Tov < TyrT < 7g will only heat the system, more O
less preserving the total thermodynamic equilibrium.
With an increase in the lasar field intensity, 7, <7,
<7yt the equifibrium is broken hetween rotstion/
translation and vibiation of the molecule. Finally with
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very high photon fluges, 7, <7, < 7yrT, it is con-
ceivable that the heating be restricied to only one
bond resonant with the laser field. We believe that we
have achieved laser-spzcific product formation in the
following set of exchange reactions:

B{CH:; )3 + HBr— B(CH3 )2Bl' + CI‘I4, (2)
faser 970.5 cm™, thermal activation 150~180°C;

B(Lx.ﬁ .,Br + HBr -+ BCH Br7 + CH 3
Ls:.r 103%.4 cm™ ther'nal activation > 50°C;

BCHSBrZ + HBr— BBr3 + CH4, 4)

laser 270.5 or 1039.4 cm™ ', thermal activation > 450° C.

As shown, these reactions can also proceed with thermal
activation. The reactions, however, do not occur to a
measurable extent below the temperature limits indi-
cated {4]. To give proof of the non-thermal nature of
ihe laser-induced reactions a direct temperature probe
was used. This technique employs a second reaction
systemn present in the gas which is itself not excited by
resonance absorption of the laser light but whose tem-
sarature characteristics are known. Thus, if reaction
securs in this admixture the degree of thermal heating
y ihe laser radiation can be estimatad. Such an indi-
t or reaction is to be nreferred particularly in cases
ere large temperature gradients exist due to inho-
nogenecus absorption of the laser light in the volume.
n such cases the maximum temperature can be meas-
ired as oppossd to other techniques where only aver-
ce temperatures are obtained [5]. The desired laser
1duced reaction may be called non-thermal if its ther-
10lysis temperature is above that of the indicator and
“the indicator shows no reaction. The application of
1is principle to the sequence of reactions (2), (3), (4)
ith temperatures T, < T3 < T} is rather straightfor-
ard. it is to be demonstrated then that e.g. reaction
t) can be forced to occur in the presance of the reac-
inis of {3) which remain unreacted at the same time.
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Experimental

The apparaius used in these experiments has been
lly described previously [11. The gas cells (22 cmi3
lume, / = 60 mm) which were fitted with teflon
Ives and KCl1 windows were evacuated and filled by
zans or an all-glass vacuum line. Care was taken in
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aligning the cells on the beam axis and to avoid any ab-
sorption and reflection by the cell walls. The radiation
not absorbed by the gas was monitored with a conven-
tional power mster. Absorptions were above 90% at
the beginning of each run. The products were examined
infrared and mass spectromestrically. The methylbromo
borane compounds were prepared by the reaction of
tin tetramethyl with stoichiometric amounts of boron
tribromide [6] and were purified by bulb to bulb dis-
tillation. The trimethylborane was obtained through
the reaction of (CHj )3 Al,Cl3y with (7-C4HqO);B

[7] . Unless mentioned otherwise the pressures chosen
were 150 torr of the boron compound plus 450 torr of
HBr. The materials conversion was rather substantial
and up to 120 torr of product were formed under the
conditions explained below. If B(CH3 )3 alone was ex-
posed to the laser no reaction was found to occur.

3. Results

To show the validity of the temperature probe tech-
nique the following experiment was done first. A mix-
ture of BCH;Br, (100 torr), HBr (200 torr) and
B(CH;3), Br as a temperature indicator (20 torr) was
exposed to the radiation of the R(12), 0001 -1000
CO, laser line (60 min, 4.5 W). This line at 970.55 em~!
is absorbed by the BBr, antisymmetric stretching vi-
bration (b; ) of BCH3Br, T while all the other gases are
transparent at this wavelength. As expected BBr3 was
formed (fig. 1) according to reaction (4). The concen-
tration of the indicator gas B(CH;),Br was not changed
to any appreciable extent showing that the transla-
tional temperature during the reaction did stay below
250°C. Since the thermal reaction (4) requires tempera-
tures even > 450°C the non-thermal nature of this
reactionl was obvious. In this reaction the actlon of the
laser radiation has some features of a caLalyst since
it lowers the gas temperature required for the main
reaction and so inhibits the side reaction. Of course,
the laser does not lower the activation energy of the
main reaction but it channels the energy into the desir-
able reactant mode. Thus a successful in-situ tempera-
ture probe expseriment shows that IR laser radiation is
7 The assignment of the vibration band follows ref. {8].

Catalysts for the protolysis of trialkyl boranes were recent-
ly described by Koster et al. [F].
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Fig. 1. (a) Absorption of a mixture of 100 torr BCH3Br3, 200
torr HBr and 20 torr of B(CH3); Br (BBr3 is present as an im-
purity). (b} The same mixture after 60 min exposure to COz
Jaser emission (4.5 W, R(12) 0021—10%0). As indicated by
the incressed BBry and decreased BCH3Bry absorption about
5 torr of BBrj have been produced [reaction ()] while the
concentration of the temperatuze indicator B{(CH3)2Br is
nearly unchanged.

capable of stimulating chemical reactions selectively.
Such seleciive reactions could be of interest in indus-
trial processes where one component of a mixture is
to be converted into a certain product by the laser
vwhile other components remain unalterad.

From the work of Wiberg and Buchheit [4] it is
known that the three methyl groups in B{(CH3)3 can
be substituted stepwise by bromine through reaction
with hydrogen bromide if the mixture is heated to
150—180°C, > 250°C and > 450°C [see reactions (2)—
(4)] . The same reactions can be brought about on irra-
diation with suitable CO5 laser lines. This, however,
requires tuning to different lines for the different re-
action steps.

To study reaction (2) the R(12) line 00011000,
970.55 cm™! was used to excite a fundamental vibra-
tion of B(CH;); which is assigned to 2 CHy rocking
motion [8) . In a mixture of B(CH3)3 and HBr only
B(CH,), Br is formed but no B(CHj)Br; or BBrs. We
thus conclude that the gas kinetic temperature was
below 250°C, the temperature required for reaction
(3) to occur. The absarbed radiation power was be-
tween 7.2 and 6 W over a period of 30 min.

For reactions (3) and (4) somewhat lower absorbed
laser powers (< 5.5 W, 30 min) were sufficient to pro-
duce dimilar reactive changes. Since the thermolysis
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Fig. 2. Infrared absorption spectra in the range of the CQO;
laser emission of B(CH3)3 and of the various reaction mix-
tures studied. Spectra were recorded under the following con-
ditions: Slit width Av=1.8cm™ 2t 1900 cm™", scanning
speed v =20 cm™* min~!, reference dry air.

temperatures of {3) and (4) are even higher then for
(2) this lends additional support to the assumpticn of
2 non-thermal reaciion. For reaction (3) the F{28) CO;
laser line 00010290, 1039.37 cm~! was selected
while for (4) both lines R(i2) 000110600 and P(28)
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0001 —02990 could be used, the R(12) line, howaver,
being preferably used in mest runs. In these experi-
ments either the reaction mixtures from the preced-
ing run or ireshly prepared mixtures were <mployed
with no noticeable diffzrenc: in the results, If DEr is
used in addition to HBr, CH4 D is produced. Fig. 2
shows the infrared absorption of B{CHj)3 in the range
of interest together with the changes in the absorption
in the sequence of reactions (2), (3), and (4). In be-
tween these reactions the gas mixtures were not
changed. The spectra correspond to a superposition
of the respective bromo methyl boranes with very
little impurity absorption.

In conclusion it has been shown that the tempera-
ture rise produced by the absarption of certain CO,

Iaser lines in the various reaction mixtures studied can-
not solely account for the observed chemical reactions.

It js thus believed that specific vibrational heating of
a particular reactant is important in promoting the
reactions.
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