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ABSTRACT

The dissociation of SFg, NF3 and SiF4 in the optical break-
down pleema of CO2 lgser radiation in the presence of some
buffer gases have been invesiigated. The main dissociation
mechanism of inorganic fluorides at the buffer gases pres-
sure of> 50 torr is thermal dissociation., SPg and NF3 dis-
sociate at lower pressure of buffer gases (5-30 torr) by
dissociation attachment mechanism.

I, INTRODUCTION

The plasma generated im focusing the powerful pulse laser
radiation into a gaseous medium possesses a number of speci-
fic properties (the electron temperature ¥§achgs hundreds of
eV's, and the electron demsity exceeds 10'‘cm™~ at a_gas
pressure of 1 atm (1)o Under the optical breekdown (laser
spark) conditions the chemical reactions proceed at high
speeds and are of practical interest (2). The present work
is devoted to studying the mechanism of SFg, NF3 and SiFy
dissociation in the optical breakdown plasme generated in
focusing the TEA COp laser radiation (1.4J) in the medium of
various buffer gases.

2o EXPERIMENTAL

In the experiments TEA CO2 laser (COgsNpsHe =1:1:5 at 0.8
atm) and nomselective resomator (P18) was used. The pulse
duration at the half<height was about 150ns with a total du~
ration of about 1 s. The pulse energy was kept constant
(143)0 The laser radiation was focused by a NaCl lens
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(P=10 cm) inward in glass cell (3.4 cm in diameter and 7.5
cm in length). The presence of the optical breakdown was de-
termined by glow from the lens focus area., The amount of
non=decomposed fluorine in the cell was determined after ten
optical breakdowns by the IR spectra using the|{KC=22 spec-

trophotometer.

3. DISCUSSION OF THE RESULTS,

figéﬂ and 2 show depéndenceé the SFg,SiFy and NP3 fluorides
fraction remaining undissociated after {en optical bresk-
downs in the cell versus the buffer gas pressure
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Pig.1. Dependence of the fraction of undis—
sociated SFg (P ‘ﬁ‘% after ten optical break—

downs on the er gas pressure., 1=C0p,
2 -~ Brp, 3 - NOp, 4 = NO, 5-Xe, P, is the
initial pressure of SPg in the cell

(0.3 torr). P is the pressure of undisso-
cliated SPge



The most probable mechanism of SFg and NF5 dissociation by

electron impact is associated witg the prbdcesses of disso-

ciation attachment (3,4). For example, with SFg the process

of electron attachment e+SFg [i— srg". whlch does HOE Fee
th

gult in dissociation is concurre w the processes of
dissociative attachment spg + e 1 SF5"+ F (1);

SPg + @ 52, SF5 + P (2),
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Pig.2, Dependence of the fraction
of undissociated NF4 (curve 1,2)
and SiFy (curve 3) “F/p, after ten
optical breakdowns on £he buffer
gas pressure 1 =Xe, 2 =C0y, 3 =Xe,
Po is the initial pressure of NF3
and SiF, in the cell are 1,0 and
0,5 torr, respectively.

The ?ti% K1y K2 and K de;zend on tt)le average zel;ctron gne=
gy 7% At low pressufes (< 50torr e<E elost K
(where D:.a is the ambipolar diffusion z‘é"'mwz Da
coefficient, Ry = 18 the laser spark radius, m,M gre the
mags of the electron and molecules, respectively; velest
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is the frequency of elastic electron collisioms; E,w are
the amplitude and frequency of the electromagnetic field,
respectively) depends quadratically on the gas pressure (3)
and 1s equal to abogt 10 eVe In this case the ratio Ko/Kqy
which was about 107’ at room temperature rises to unity %4).
This is indicative of dominant proceeding of reaction (2)
resulting in fluoride dissociation by the dissociation atta=
chment mechanism, The pressure increase leads to a change
in the electron emergy balance so that the fractiom of ener-
gy opent for heating and excitation of the buffer gas parti-
cles rises., When the characteristic time of electron cooling
resulting from the impacts, 7 ..¢ ~ £+ LN buf Ketort 5
(where Kgj,q¢ 18 constant of the elastid electrom-molécule
collisions and Npye is buffer gas density) is much less than
the time of the am ipolarzdiffusion of perticles from the

spark region, °Caire ~ Ko'/6 Da, the laser radiation is

transformed almost completely into heat in the spark region.
Thus, the mein mechanism of fluoride dissociation at a pres-
sure of > 50 torr is thermel dissociation, The level of the
thermal dissociation of fluorides depends on the temperatu=
re of buffer gas heating, which is lower in the case of mo-
lecular gases (CO2, NO> etce) compared to that of atomic ga-
ses (Xe), SiF4 interacts with electron by the dissociative
attachment mechanism within a narrow energy range from 10.5
to 13 eV (5) and is likely to have a low value of the con—
stant of dissoclation attachment reaction rate. Therefore

it is stable in the optical breakdown plasma.

REFERENCES

(1) GoVeOstrovskaya, A.No.Zaidel, Usp.Fiz.Nauk (Sov)
1115 579 (1973).
(2) m,gggn.“g%sxarl, Chem,Phys.Letto, 42, 202 (1976);
(3) (;;..Tg%otskii, Dok1, Aked.Neuk USSR, (Sov) 206, 1082
24) JoHoMnllen e.d., Proc.JEEE, 59, 605 (1971) :
5) KoAoJoMadheel and I,Col,Thynne, Int. j.Mass Spectroms
Ion Physe 2' 455 (1 970)0





