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Rate constants and branching fractions for xenon halide formation

from Xe(3FP,) and Xe(3*P,) reactions
Daimay Lin, Y.C. Yu,® and D. W. Setser

Chemistry Department, Kansas State University, Manhattan, Kansas 66506

(Received 4 June 1984; accepted 4 September 1984)

The rate constants for XeF(B,C ), XeCl(B,C), and Xel(B,C ) formation from reactions of Xe{*P,)
and Xe(*P,) with NF,, N,F,, NF,, CCl,, and CF;,I have been measured relative to XeCl(B,C)
formation from the reactions with Cl,. The XeCl(B,C ) formation rate constants from Cl, are
assumed to equal the total Xe(>P,) and Xe(*P,) quenching rate constants. The dependence of the
XeX* formation rate constants upon reagent for Xe(*P,) and Xe(*P,) are similar with the
polyatomic reagents having considerably smaller XeX* product formation rate constants than
does Cl,. The previous claim from this laboratory that the XeF(B,C ) formation rate constant from
NF,; was approximately equal to the total quenching rate constant is revised downward in this

work.

In a series of papers from this laboratory the rate
constants k %o and branching fractions I" & for XeX(B,C)
formation from reaction of Xe(*P,) with halogen containing
molecules were reported. These measurements, which were
done in a flowing-afterglow apparatus (Pyrex glass) at 300 K
with Ar carrier gas, were based upon a comparison of the
XeX(B,C) emission intensities from reactions (1) to the
XeCl(B,C ) emission intensity from reaction (2). For the same
[Xe(*P,)] and for low [RX] such that the

k RX

XeX

Xel’P,) + RX — XeX(B,C) + R; X = halogen atom, (1)

k iy
Xel’P,) + Cl, — XeCl(B,C) + Cl 2)
differential rate law holds, k% = ko (e /I

([CLY/[RX]); the intensities are the integrated XeX(B ) and
XeX(C) emission intensities. The comparison of intensities
assumes that radiative decay determines the loss of
XeX(B,C), which is valid at 1 Torr of Ar and the low [RX].
The branching fraction I" o is given by k X% /k §*, where
k §* is the total quenching rate constant.” The ﬁrst reportl
dealing with RF molecules was the most difficult of the se-

es'™ because of the extended XeF(C-4 ) spectrum and be-
cause of the problems in quantitative measurements of [RF].
Recent experiments in our laboratory, as well as communi-
cation with other laboratories, have indicated that our pre-
vious claim for I"¥5: ~ 1 was too high. Therefore, we have
remeasured the emission intensities from NF; and some oth-
er reagents for reaction (1), extended the measurements to
include the Xe(*P,) reactions, and studied Xe(*P,) + NF,.
The k §* values reported earlier’ were used to compute
F XeX *

The emission intensities from the Xe(*P,) atom reac-
tions were measured in a flowing-afterglow reactor using
dilute Xe in Ar carrier gas.”™ The detection system com-
posed of a 0.3 m monochromator, RCA C31034 PM tube,
and SSR photon counter was calibrated with standard lamps
prior to the current measurements. The spectra were record-
ed via computer, corrected for detector response and back-
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ground, and integrated. The reagent gases were purified by
distillation and stored as dilute mixtures in argon before be-
ing metered to the reaction zone. The NF, was obtained by
heating (200 °C) the N,F, flow prior to injection into the
reactor. The dissociation of N,F, was ensured by observing
the disappearance of the ArF(C-A4 ) emission (260 nm) from
Ar(*P,,) + N,F, as the line was heated.®® Some XeF(B-X)
and XeF(C-4) spectra from Xe(*P,) atom reactions are
shown in Fig. 1(b) to illustrate the width of the spectral range
needed for integration. The differences betweeen the spectra
should be noted, especially the low vibrational distribution
displayed by the XeF(B) spectra from NF,, which implies
reaction via a Xe* NF, bound intermediate. In spite of the
low XeF(B,C) vibrational excitation, the Xe(*P,) + NF, re-
action gave significant amounts of XeF(D ) and NF(» 'Z *).
Although the observed NF(b-X ) intensity is only ~0.1 of
that from XeF(B,C ), the rate constant for NF(b ) formation is
significant, since most of the [NF(b )] flows out of the obser-
vation zone without decay because of its 20 ms radiative
lifetime.®

Plots of I X%, vs [RX] and I §, vs [Cl,] were made [see
Fig. 1(a)] to find the [RX] range for which the differential
rate law holds. Measurements of the integrated XeX(B-
X,C-A )intensity ratios were carried out using [RX] and [Cl,]
in this range. The differential rate law was then used to cal-
culate the XeX* formation rate constants relative to k $i;
measurements were done for three different sets of [RX] and
[C1,] for each experiment. At least two independent experi-
ments, i.e., separately prepared [RX] reagent mixtures were
done for each reagent, except for CCl,. The results are sum-
marized in Table I. Since two intensity measurements are
being compared, each with + 109% uncertainty, the repro-
ducibility of the k &% is of the order of 4 20%. Four sepa-
rate experiments were done with CF,1, a molecule with no
gas handling difficulties, and indeed the statistical uncer-
tainty was + 30%. In addition to making the intensity plots
for low reagent flows (i.e., the first order regime), experi-
ments were done for high [RX] corresponding to complete
conversion of Xe(*P,) to products. This method works well
for measuring product branching fractions for stable pro-
ducts such as H and O atoms, as shown by Golde.”® If the
volume observed by the monochromator was masked, con-

® 1984 American Institute of Physics



Lin, Yu, and Setser: Xenon halide formation 5831

-
o
o

I xex (arbitrary unit)
&8 3

[*]
-]
T

o

V] 4 8 12

Concentration (10'? molec. cm—3)

X4

NF, J‘N\
X7
X7

220nm | 3d0 a0 5o

FIG. 1. (a) Plots of the peak intensity of XeX(B-X ) emission vs [RX] for the
reaction of Xe(*P,) with Cl,, CF,], and NF;; at higher concentrations these
plots cease to be linear. (b) Comparison of emission spectra from Xe(*P,)
with NF;, N,F,, and NF, at ~ 1.5 Torr (Ar) pressure. The broad envelopes
from 240-370 and from 370-570 nm are the XeF(B-X ) and XeF(C-A ) tran-
sitions, respectively. The sharp bands at 250 and 530 nm in the NF, spec-
trum are XeF(D-X ) and NF(B-X) transitions, respectively. The sharp fea-
tures around 400-500 nm are scattered Xe atomic lines from the discharge
used to generate Xe{*P;) atoms.

stant emission signals were obtainable for a suitable range of
high reagent concentration® and the relative intensities were
roughly proportional to the relative I"§x, values (I" %,

= 1.0 was used as a reference). The I" % from high [RX]
experiments are only approximate; but they are included in
Table I.

The Xe(*P,) experiments were done by the resonance
sensitization method in which a Xe/RX mixture was slowly
flowed through a cell that was attached via an O-ring seal to
a microwave powered Xe resonance lamp.'%!! The Xe reso-
nance emission from the lamp passed to the reaction cell via
a sapphire window. The XeX(B,C ) spectra from a given rea-
gent are nearly identical to that from the analogous Xe(*P,)
reaction.*'® The same approach as for Xe(*P,) was used to
measure the relative k 5o for the Xe(*P,) reactions, i.e., the
I%X, was compared to a reference reaction for constant
[Xe,’P,]. The XeX(B,C) intensity measurements were more
difficult for Xe(>P,) because of the need to control the very
low [Xe] in the sensitization cell and because of greater mate-
rials problems associated with the stainless cell. To maintain
constant [Xe(*P,)], we used pre-prepared mixtures of Xe/
RX/Ar and Xe/CCl,/Ar containing exactly the same par-
tial pressure of Xe. Spectra were collected pairwise at the
same [Xe] for three different total pressures ranging from
0.3-0.9 Torr with [Xe] and [RX] ranging from 7.5-22.5 and

TABLE 1. XeX* formation rate constants and branching fractions from
Xe*P,) and Xe(*P,) reactions.*

yex (1071 cm?

Reagent Product molecule™'s™")  I'\%
Cl, XeCl* 72.0 1.0
720 1.0

CFl Xel* 12.9° 0.25(0.38)°
79

ocl, XeCl* 17.3¢ 0.24%(0.13)°
9.4

NF,* XeF* 2.4° 0.27°(1.1)°
6.5

NoF. XeF* 16.6° 0.50°(0.50)°

NF, XeF* 1.1f f

*See Ref. 1 for assignment for I"$%,; the result could be uncertain by
+ 20%. If there are two entries, the first entry is for Xe(*P,) and the second
is for Xe{>P,); both measurements were made relative to the Cl, reaction.

b Previous results from Refs. 1-3; the new results are favored.

© Average of four separate experiments; the high [CF,I] comparison with
high [C1,] gave I"55;' = 0.28.

9Based upon one experiment.

¢Based upon three separate experiments; the high {NF,] and [N,F,] com-
parisons with high [CL,] gave I"¥ip 0.2 and I" ¥ =0.25.

fBased upon two separate experiments, I" X5z is not given because k 5™ is

unknown. Qualitative inspection of the ﬁame geometry for a given [NF;]
suggestk 5=k 57 and I' 53 <O0.1. A similar valueds implied by the high

[NF,] expenments
5The previous I'NF3 value (Ref. 1) also probably is too large, see Ref. 13.

17-62 mTorr, respectively. Two separate mixtures were
used for each of the reagents Cl,/NF,/CCl,/CF,l that were
studied. Problems were encountered for Cl,/NF, pairwise
comparison because NF, displaced Cl, from the stainless-
steel cell walls. For this reason the pairwise intensity com-
parisons were done relative to CCl, and then the CCl, reac-
tion was compared to the Cl, reaction. Since k " for Xe{*P,)
is not known, we assumed that I'{iy = 1 and k$2y
= 72% 10~ " cm® molecule ! s~ by analogy to the Xe(3P2)
reaction, and these assumptions were used to obtain the
k X% values for the Xe(*P,) reactions in Table I. Based upon
our understandmg of the interaction of Xe(6s) states with
halogens, similar k X2, and I" 32, for Xe(*P,) and Xe{*P,) are
expected. We do not report I 5y for Xe(>P,) reactions be-
cause the ky(Xe,>P;) values are not known. However, the
Xe(*P,) rate constants are expected to be equal to or larger™'?
than for Xe(*P,) and the reader can construct upper limit
estimates to I" 325 (Xe,*P,) by using the same k,, values as for
Xe(*P,). If this is done, the Xe(*P,) branching fractions for
CCl, and CF,I are somewhat smaller than for Xe(*P,) reac-
tions; but that for NF, is about 2.5 times larger.

Our former measurements™? provided a survey of do-
nors for RgX formation; we had estimated uncertainties of
the branching fractions of ~20% for cases with I" X%, >0.1
and ~50% for I" 3% <O0.1. In the early experiments one or
two pairwise intensity comparisons were made rather than
constructing first order intensity vs [RX] plots. With benefit
of hindsight, the estimated errors™? probably should be in-
creased by a factor of 2.'* The general trends identified ear-
lier are correct?; but, this work shows that the individual
branching factors may be more uncertain than formerly
thought. New product branching factor data, including ioni-
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zation, by Ar(*P,,, ) reactions will be summarized in a sepa-
rate paper.'*
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