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I_zser specific product formation has been achieved ia t!!e cxchnnge rewtions of IIBr with boron trimeihq’l B(CH3)3 and 
the mised boron methyl bromides B(CH;)zBr and B(CH3)Brz. The non-thermal natire of these renctions WCS shown by the 
line specific xtion of the CO?; hser _rzdi&ion xnd by XI in&u temperztuie probe. 

1. Introduction 

In 2 pretious communication it has been demon- 
strated [ 11 that the diborze decomposition produced 
by CO? laser irradiation differs mzked!y from the COI?- 
ventional pyrolysis of E2 H6 . In the present paper we 
report on the reactions of various boron methyl com- 
pounds with hydrogen bromide which under the in- 
flueace of line selected CO? radiation also proceed irk 
2 non-therm2! m2nner. 

Ln an iknfrored ksercontrolled reaction one attempts 
to b&g molecules to 2 selected state ot‘vibr2tionA ex- 
citation from which reaction occurs with 2 coliision ef- 
ficie_rlcy hi&er th2i-1 that of zny other collision2l uro- 
cess in the system. If s-tich 2 reaction cha_mel e,tists +Jze 
question arises whether the r2te of vibration21 heating 
Car! compete With ‘he rates Of the various r2!2ztion 
processes [2,3]. In 2 rotigl2pproach this competition 
may be dkr;ssed isa. terms cf scheme (1): 

It is assumed here that the enerz is channelled into 
tie reactive state N, through absorption 2nd vika- 
tionnl exchange processes wit!~ characteristic times 7c 
2nd rV\, whose cordined effects~tie~emiikia rexc. To r%- 
dolce re!u%ion 2r?d thermal reectioti it is ne&ssq 
That TV.,= < TORT_ Accordtidy 2 S_E& photon Lrl!~, 

fW < ‘vRT < ;q wi!! only lleat tIxe system, more or 
less preseakg tie tota! the~odynaiiic ec@ibriu_m. 
With 2~ incrzue i3 “Jle leser Geld in,ltensity, ‘;;,. < 7c 
< TVi?_T 3 ‘Ihe cquilibrkm is broken between rotztion] 
trzrrslariork 2nd Vibi2tiOE of tie molectie. Finrlly wifi 
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ifem hi9 photon fluxes, 7, < 7, ‘< 7~~~) it is con- 
ceivable that the heatifig be restked to only one 
bond resonant with the laser field. We believe that we 
have achieved laser-sgecifk product formation in the 
followkg set 0fexcLnge reactions: 

E(CH,), + HBr + B(CH,),Br + CHq, 
iaser 970.5 cm-’ , thermal activation 150-180°C; 

(2) 

(31 

Btk$ Br 2 + HBr + BBr-, + C!H4, (‘t> 
!2szr 970.5 or 1039.4 cm-’ , thermal .Ictivation > 35O’C. 

AS shown, these reactions can a!so proceed with thermal 
activation. The reactions, however, do not occur to a 
measurable extent below the temperature limits indi- 
cated [4] . To 9ve proof of the non-thermal nature of 
the laser-induced reactions a direct temperature probe 
was used. This technique employs a second reaction 
system present in the gas which is itself not excited by 
:eson:lnce zbsorptioa of the laser Iiglt but whose tem- 
;erature characteristics are kr,own. Yrhus, if reaction 
;ccurs in this admixture the degree of then-nzl heating 
>y the iajer radiation can be estimated. Such an indi- 
zto: reaction is to be Freierred particularly in cases 
vhere large temperature gradients exist due to inho- 
noger.eous absorption of the laser !i&t in the volume. 
n such cases the maximum temperature can be meas- 
ired as opposed to other techniques where only aver- 
ge temperatures are obtained [5] . The desired laser 
Iduced reaction may be called non-themA if its ther- 
lolysis temperature is above that of the indicator and 
‘the indicator shows no reaction. The application of 
Iis piihciple to the sequence of reacl:ians (2): (3), (4) 
Gth temperatures T2 < T3 < T, is rather strai$-ttfor- 
3rd. 1: is to be demonstrated then that e.g. reaction 
i> can be forced to occur in the pres:nce of the reac- 
ants of (3) which remain unreacted at the same time. 

Experimental 

I?:e a~~araius used in these experkents has been 
Ily des$bed previously [!I. The gas cells (22 crrj3 
I~UIX, i= GO mm) which were fitted with teflon 
Ives and KC1 windows were evacuated 2nd filled by 
:anS of an all-g& VaCuURl line. CaiC was taken in 

7 ‘_ 

aligning the cells on the beam axis 2nd 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 meter. AbSOiptiOIlS were above 90% at 
the beginning of each run. The products were examined 
infrared and mass spectrometrically. The methylbromo 
borane compounds were prepared by the reaction of 
tin tetrarnethyl with stoichiometric amounts of boron 
tribromide [6] and were purified by bulb to bulb dis- 
tillation. The irimethylborane ~2s obtained through 
the reaction of (CH3)3A111,C13 with (z-C,HgO),B 
[7J . Unless mentioned otherwise the pressures chosen 
were 150 torr of the boron compound plus 450 torr of 
ilBr. The materials conversion was rather substantizd 
and up to 120 torr of product were formed under the 
conditions explairled below. If B(CH,), &one 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 nf BCH,Br2 (100 torr), HBr (200 iorr) and 
B(CH3)?Br as a temperature indicator (20 torr) was 
exposed to the radiation of the R(13), OO”l -IO00 
CO, laser 1i.n.e (60 min, 4.5 W). This line at 970.55 cm-l 
is absorbed by tile BBr, antisymmetric stretching vi- 
bration (bl ) of BCH3Bq2T 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) :equires tempera- 
tures even > 450°C the non-thermal nature of this 
reaction was obvious. In this reaction the action of the 
laser radiation has some features of 2 catalyst”, since 

it lowers the gas temperature required for the main 
reaction and so inhibits the side reaction. Of COUISP, 

-Lhe 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 experiment shows that IR laser radiation is 

i The assignment of the vibration. bnnd follows ref. [ 81 . 
Catalysts for the protolysis of tridky! boranes were recent- 
ly described by Kijster et al. [9]. 
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Fig. 1. (a) Absovtion of a mhture of 100 torr ECH3Br1, 300 
torr HJ3r nnd ?O :orr of B(CHs)2 Br (BBr3 is present as ar? im- 
purity). (b) Tke same mixture after 60 mti esposure to CO2 
Iaser emission (4.5 ‘A’, R(12) OO”l-l~o~). As indicated by 
the increased BBr3 and decrexed BCH;Brz absorption n-bout 
5 torr of 9Br3 have been produced [reaction (4)] while the 
ccnceniration of the tzmpernture indicator B(CH3)2 Br is 
i~mrly unchznged. 

capable of stimulating chemiczl reactions selectively. 
Such selective 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 
while other components rzrnain unaltered. 

From the work of Wiberg and Buchheii [4] it is 
known that the three methyl groups in S(CH,), c3n 
be substituted stepwise by bromine through reaction 
with hydrogen bromide if ‘Lhe mixture is heated to 
150-1SO”&, > 250°C and > 450°C [see reactions (3)- 
(4)] . The same reactions can Se brought about on irra- 
dlation with suitable CO2 laser lines. This, however, 
requires tuning to different lines for the different re- 
action steps. 

To study reaction (2) the R(12) line OO”l-10°Oz 
970.55 cm-l was used to excite a fundamental tibra- 
tion of B(CH,)3 which is assigned to 2 CH3 rotting 
notion [8] . in a mixture of B(CH;)j and HBr only 
B(CH,)7_Br is formed but no B(CH,)Br, or BBr, . We 
thus conclude that the gas kir?etic temper&ture WAS 
below XO”C, the temperature required for reaction 
(3) to occur. The absorbed radlaiion power was be- 
tween 7.2 and 6 W over 3 period of 30 tin. 

For reactions (3) anti (4) somewhat lower absorbed 
laser powers (< 5.5 W, 30 min) were sufficient to pro- 
duce similar reactive changes. Since the thernrolysis 

Absarplian c:!er fhe recdic;n 
BICH,), .HUr YE ICH,), Br*CHL 

Absorption aitcr the reaction 

a ICH,), Br* Ha- O BICH,l 0rz+CH4 

Abssarpticn cfter the reaction 

51CHJbBrZ -H3r J 53:3cCHS 

ErM cx) Ecc 

Fig. 2. Infrared absorption Spectra in ihc range of the CO2 
hser emission of !3(CH3)3 end of ihe variou rczction mix- 
tures s:udied. Spec:m were reco_rided under tfx,foUowin& con- 
ditions: Slit width Av = 1.8 cm 3t 1300 cm , scanning 
speed v = 30 cm-’ min -I, reference dry zii. 

temperatures of 43) 2nd (4) are even higher than for 
(2) this lends a$ditiorA support to the zssumpticn of 
a non-~~el~& rzection. For reaction (3) the P(Z3) CO2 
Laser line 090 I -02O0, 1039.37 cm-’ ~2s selected 
while for (4) both lines R(i 2) OO” 1 -IO09 2nd P(23) 

263 
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O0°i4200 could be used, ihe R(12) lke, hcwever, 
being prefeEiAy used in mcx? runs. In the= experi- 
ments either the reaction mixtures from the preced- 
ing rug or freshly prepared mixtures were employed 
v&& no iloticeable tifereno: in the results. If DEr is 
used & ed&!ion to El&, CHJD is produced. Fig. 2 
shows the infrared absorption of B(CHj)j iri the range 
of interest toge’&er with the changes irl the absorption 
in the sequence of reactions 1:2), (3), and (4). In be- 
tween these reactions the gas rn~tures were not 
changed. The spectra correspond to 9 SEperposition 
of the res_oective bromo methyl boranes with very 
liitle i_mpurity absorption. 

!n conclusior! it has been she-wn tiat the tempera- 
tllre rise produced by the absorption of certain CC!, 
!a~er lines in the L&OUS reaction mixtures studied can- 
not solely zccount for the obiierved chemical renctions. 
II. is thus beileved that specific vibrational heating of 
a pzrticular reactant is important in promoting the 
reaptions. Y 
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