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An XeCl* Excimer Fluorescence Study on the Pulse
Radiolysis of Xe—CCl, and Xe—-SOClIl, Systems
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The mechanism and kinetics of energy transfer from highly excited Xe states (E, > 9.5 €V),
generated by a 12-ns electron beam, to chlorine donor molecules were deduced from time-resolved
spectra of fluorescence in the region 240—-340 nm. The emissions at 240—-250 nm were assigned
to Xei* excimers, and those at 308 and 340 nm to XeCl(B) and XeCl(C) states. Kinetic analysis
of the recorded spectra for Xe—CCl, and Xe—SOCI, gas mixtures at constant xenon pressure and
various pressures of molecular admixtures (0.1-1 Torr) allowed us to find the rate constants for
the reactions (5) Xe** + RCl — products, (6a) Xe** + RCl - XeCl(B) + R*, and (6b) Xe**
+ RCl - XeCl(C) + R*, where R is any radical.
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INTRODUCTION

Electronic energy transfer processes from the rare-
gasexcited statesto different molecul es have been studied
in anumber of laboratories, mainly for the lowest Xe(6s)
and higher Xe(6p) states [1-14]. The interest is due to
the importance of these processes in the formation of
RgX excimers (Rg = rare gas, X = Cl, |, Br, or F) and
the understanding of laser gas kinetics [15].

The energy transfer processes from the Xe(6s) low-
est (metastable and resonance) states to molecules were
extensively measured by Setser’s group [1-3] and in our
laboratory [4,7—14], giving in effect aset of rate constants
for a number of molecules. If the target molecules were
chorine and/or fluorine donors, XeCl*/XeF* excimers
were usually observed among the reaction products [14].
In the case of chlorine donors the formation of XeCl*
with photochemical yields from 0.02 for HCl up to 1.0
for Cl, was reported [2,5].
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Recent years have yielded some data on the quench-
ing rate constants of higher (np) states of rare gases
[6,15,16]. They were usually in the range of 10~ 1'—10~°
cm® s~ Our pulse radiolysis studies have shown that for
molecules such as NH;, H,S, H,0O, or freons, the rate
constants can even exceed 1 X 107° cm?® s7* [10,14].

In this paper kinetic data for the energy transfer
process and XeCl* excimer formation in the pulse radiol-
ysis of Xe—RCl (RCl = CCl, or SOCl,) systems are pre-
sented.

EXPERIMENTAL

Xe—RCl mixtures were irradiated at room tempera-
ture (293 = 2 K) by a 12-ns pulse of 350-keV electrons
from a SINUS-5 accelerator in a stainless-steel vacuum-
proof chamber of 1000-cm? volume mounted on the accel -
erator output (for more details see Refs. 10 and 14).

The purity of the reagents was checked using the
GC technique, which allowed usto detect impurities such
asN,, O,, CH,, and halogenated compounds with a sensi-
tivity of the order of 10 ppm. The concentration of impuri-
ties in Xe never exceeded 10 ppm.
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Fig. 1. Time-resolved fluorescence for Xe—SOCI, mixtures registered
at A = 240 nm (@) and 250 nm (A). Pxe = 60 Torr and Pgpc, = 1.0
Torr. Solid lines, best fit to Eq. (1).

The fluorescence light from the intermediate species
formed in the gaseous mixtures after the electron pulse
was amplified with an Hamamatsu R928 photomultiplier
and, having passed through an Applied Photophysics
7400 0.5-m monochromator, was monitored with a Tek-
tronix 2440 oscilloscope coupled to a PC.

RESULTS AND DISCUSSION

In this experiment the time-resolved fluorescence
from Xe—-RCl mixtures was recorded at wavelengths
N = 240, 250, 270, 308, and 340 nm. The pressure of
xenon was kept constant at 60 Torr, while the pressure
of RCI varied from 0.2 up to 2.5 Torr. Example data for
Xe—S0Cl, mixture registered at various wavelengths are
shown in Figs. 1 and 2. They are typica for al the
mixtures investigated.
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Fig. 2. Time-resolved fluorescence for Xe—SOCI, mixtures registered
at A = 308 nm (V) and 340 nm (0). Py, = 60 Torr and Pgoc, = 1.00
Torr. Solid lines, best fit to Eq. (I).
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From earlier studies [16—20] it is known that the
irradiation of xenon leads to various manifolds of xenon
dimers (Xe%) which fluorize in the range of 149 up to
550 nm if the xenon pressure is close to 1 atm.

The UV region (A = 220 nm) of the fluorescence
spectrum is characterized by the presence of a continuum
with a maximum at 270 nm and is correlated with the
transition from higher states of Xe5* excimers to lower
Xe, (O, 1,) states [16].

It is aso known from earlier studies [18,19] that
irradiation of Xe with an electron beam populates mainly
the Xe(np, nd) excited atoms. In the kinetic model pro-
posed by Eckstrom et al. [19], over 50% of all the excited
Xe atoms produced by the electron beam were in 6p or
higher excited states. In the following they are denoted
Xex*,

As demonstrated in previous papers [1,10,14] those
states disappear in a consecutive reaction sequence,

k1

Xer* o Xe+ hv D
k2

Xex* + 2Xe » Xes* + Xe (2
k3

Xes* - fluorescence =l;(t) (3)

which, for simplicity, can be written

kg kd
Xer* o Xes* o 1¢(t) (4)

The experimentally observed (Figs. 1 and 2) dependences

of the fluorescence intensity I;(t) on time are described

by the following double-exponential equation:
kq[Xe**]o

li(t) = [Xez*] = To— k) [exp(—kqt) — exp(—kqt)]

Q)
where [Xe**], is the initial concentration of atomic
excited species, k; = k; + k[Xe€]?, and kg = ks.

In the presence of any molecular admixture (RCI)

the guenching reaction (5) should be added to the above
reaction scheme:

Xer* + RCl - products (5)
and K is then expressed by Eq. (I1):
kg = ko + ks [X€]? + ks[RCI] (n

The simplex algorithm and best-fitting procedure
were applied to Eq. (1) to find the unknown k, parameters,
while the ky values were taken as ky = 1.22[110° s~ for
measurements at A = 240-270 nm [4], kg = 3.150110°
s ! for measurements at A = 308 nm, and ky = 1.22[110°
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Fig. 3. Plotsof k,versus CCl,concentrations[Eq. (111)] for theXe-CCl,
system at A = 240 nm (A), 250 nm (@), 270 nm (V), 308 (¢) nm,
and 340 nm ().

cm~! for A = 340 nm (see below). Due to the finite
electron pulse duration (12 ns) and the Cerenkow effect,
the experimental points for t > 23 ns were taken for
calculations only. Examples of the fittings are shown as
the solid lines in Figs. 1 and 2.

As expected, at a constant pressure of xenon, the k,
values obtained were linear functions of the RCI concen-
trations [Eq. (I11)] with linear correlation coefficients
R > 0.98.

The corresponding plots of k, = f([RCI]) are shown
in Figs. 3 and 4 for Xe—CCl, and Xe—SOCI, mixtures,
respectively.

ks = a + b[RCI] N
where a = k; + k; [X€]2

The slope values (b) obtained from those plots are

listed in Table . As shown, the b coefficients diminished
with the wavelength. This unexpected wavelength effect
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Fig. 4. Plotsof k; on SOCI, concentrations [Eq. (I11)] for the Xe-SOCl,
system at A = 240 nm (A), 250 nm (@), 270 nm (V), 308 nm (),
and 340 nm ([J).
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Tablel. Slope Values (b) Obtained for Various Wavel engths from Figs.
3and 4

b 010 (cm® s}

AN=240 N=250 A=270 A=308 =340
RCI nm nm nm nm nm
CCl, 9.70 8.15 5.85 1.65 4.05
SOCl, 14.40 13.40 5.40 2.70 5.20

on b coefficients seemsto be explained only by the recog-
nition that both the molecular admixtures used can pro-
duce XeCl* excimers in the reactions

Xe + RCl - XeCI(B) + R* (63)
Xe** + RCl - XeCl(C) + R* (6b)

which (in turn) fluorize in the same wavelength and time
regions that Xes* dimers do.

The overlapping effect of the XeCl(B,C) and
Xes* fluorescence spectra is demonstrated in Fig. 5,
where the fluorescence intensities registered 30 ns after
the electron pulse for Xe—SOCI, mixtures are shown
together with the control points taken in asimilar experi-
ment for pure xenon.

As shown, these intensities are close to each other
for A < 260 nm. For that reason we supposed that the
fluorescence registered in Xe—RCl mixtures at A < 260
nm comes mainly from the Xe* excimers, which means,
of course, that ky = ks and the slope coefficients b. (Table
I) are equal to the ks rate constants (Table I1).

Since the fluorescence intensities of the Xe—RCl
mixtures at X > 270 nm were several times higher than
those observed in pure xenon (Fig. 5), we have assumed
that the contribution of reaction (3) to the overall fluores-
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Fig. 5. Fluorescence spectrum of a Xe—SOCI, mixture (e); control

point taken in the same experiment for pure Xe ((J). Px. = 60 Torr;

Psoci2 = 1.0 Torr. Spectrawere registered 30 ns after the electron pulse.
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Tablell. Rate Constants and Efficiencies (I') of XeCl* Excimer Formation
ks 0110%° ke, 0100 ke 0101
RCI (cm®s7h) (cm®s™Y) (cm®s™?) Ixecie) Ixecico) Ixecie.o) Kec/Kso
CCl, 9.7 £ 0.3 1.65 = 0.15 405 £ 0.20 0.17 £ 0.01 042 = 0.01 0.59 = 0.02 2.45
(6.32 6.07 (0.99) (0.69) (0.143) (0.095) (0.24) (0.67%)
SOCl, 144 = 05 2.7 = 0.15 5.20 = 0.15 0.19 = 0.01 0.36 = 0.01 0.55 £ 0.02 193
(4.02 5.8 (1.2% (0.8°) (0.21) 0.14 0.34 (0.67%)
a Data for Xe(°P,) states from Ref. 2.
b Data for Xe(®p,) states from Ref. 8.
cence is negligible and supposed for further considera-
ki@ = ke + ko[Xe€] + kea[Xe] V)

tions that the fluorescence registered at 308 and 340 nm
comes only from Xe(B,C) states.

From previous comprehensive and more refined
studies [20—24] it iswell known that the emission at 308
nm should be assigned to B—X transitions,

XeCl(B) ° XeCl(X) + In(t) @

and those observed at 340 nm to C—A transitions,

kc
XeCl(C) — XeCl(A) + Iq(0)
ks = 9.1 X 10’ s %; 8)
ke =83x10°st  [15]

Therefore, the dlope coefficients b, listed in Table I, at A
= 308 and 340 nm are equal to kg, and kg, respectively.

Of course, reactions (7) and (8) are not the only
decay channels of the XeCl(B,C) excimers and processes
(99—(11) should have been included in the reaction
sequence considered for calculations.

XeCl(B,C) + Xe — products C)
XeCI(B,C) + 2Xe ~ Xe&Cl* + Xe (10)
kBc
XeCI(B) + Xe = XeCI(C) + Xe (11)
B

ke =5 102 cmis%;

kio=(1 — 0.8) X 10 ¥ cmbst  [24]
Kec = L1 X 107 ecm3st
keg = 0.74 X 1079 ecm3s? [15]

Having that, we obtained the expressions [Egs. (1V) and
(V)] which allowed us to find the ky values being taken
for calculations in Eq. (I):

k§e®) = kg + ko [Xe] + kac[X€] (v)
+ Kio [X€]2 = 315 0108 s

+ Ky [X€]? = 1.22 0108 572

All kinetics data found in these investigations are
listed in Table 11. As shown, the quenching rate constants
(ks) are much higher then those found for Xe(6s) states
[2,8]. The same effect, i.e., amore than twofold increase
in the rate constants was reported by Setser et al. [25]
for Xe(6p)—Cl, interactions as well as by Wojciechowski
et al. [10,13] in studies on Xe—CH, and Xe—CH,F, sys-
tems [10,13], where the ks rate constants found for
Xe(6p,6d) manifolds were a few times higher from those
obtained for Xe(6s) states.

At the sametimetheefficiency (I'xec+) Of theforma-
tion of XeCl* excimersis also significantly higher com-
pared to that for Xe(6s) states. The corresponding T’
values increase from 0.24 to 0.59 and from 0.34 to 0.55
for CCl, and SOCI,, respectively. The same tendency
was also observed by Ku and Setser [25] for Xe(6p,d)
manifolds in Xe—HCI or CCl, systems, where 'y Was
equa to 0.8 and 0.7, respectively, compared to 0.02 and
0.24 for Xe(6s) states [10].

Also, theformation of XeCl(C) statesin pulseradiol-
ysis seems to be preferred, and the rate ratios of KgJ/Kgp,
increase from 0.67 to 1.97 and 2.45 for CCl, and SOCI,,
respectively (Tablell). Therate of production of XeCl(C)
excimers from Xe(6p,6d) states is over six times faster
than that from X e(6s) states, while the rate of production
of XeCl(B) statesincreases only two times. The contribu-
tion (I'xecis)) Of XeCl(B) states to the overall (I'xeci+)
XeCl(B,C) excimers yields remain on the same level,
however, for both Xe(6p,6d) and Xe(6s) states.

SUMMARY

(1) The rate constants (ks) of the energy transfer
from highly excited Xe** atoms produced under pulse
radiolysis conditions were found for the first time for
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CCl, and SOCI, molecules. The values are close to those
obtained under the same conditions in Refs. 8 and 9 for
other molecules.

(2) The efficiency and the rate constants (ke, and
kep) Of the formation of XeCl(B) and XeCl(C) excimers
were aso found.

(3) The Xe(6p,d) manifolds predominant in pulse
radiolysis must be responsible for the enhanced yield of
XeCI(C) states (I'xeci(c)) compared to that observed for
Xe(6s) manifolds[2, 8], whiletheyield of XeCl(B) seems
to be the same.
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