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Absolute Fluorescence Yields from Electron-Irradiated Gases. 3. XeCl* and Xel*
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The absolute total fluorescence yield for the XeCl* (BX),," — %=y»+ transition has been determined

from pulse electron-irradiated Xe/CR@as mixtures. Since no experimental resolution of the two formation
pathways was achieved, individual, unquenched limiting yields for the excited statet; X&Ck — XeCl*

+ ‘CHCl,, Go* = 2.4+ 0.6, and ionic recombination, Xe+ Cl~ + Xe — XeCI* + 2Xe, G," = 3.2+ 0.5,
reactions have been calculated by modeling the dependence of the total fluorescent yield on xenon and halide
gas pressure. Analogous experiments were also conducted for the formation of the Xel* exciplex from the
irradiation of Xe/CRl gas mixtures. Individual values for the two component formation processes were
again calculated from total gas yields, giviGg* = 0.31+ 0.08 andG," = 4.5+ 0.6. These yields are
compared to the predictions of current theoretical models, and the effects of alternate recombination pathways
are discussed.

Introduction reaction of rare gas electronically excited states with the halide
gas, reaction 4, and the three-body ionic recombination, reaction

One of the most important quests of experimental radiation 6, have been characterized and their individual fluorescence

chemistry is to determine the identity and yields of the ionized lyields determined for these three species.

species, secondary electrons, and excited neutral atoms . o o .
. L - The XeF* exciplex had significantly lower fluorescence yields
molecules or free radical fragments generated within irradiated -
for both formation processes compared to the other two

systems. Although general characterization of these species in__ . - . .
gases has been achieved by over a century of investigationsexc!plexes' Mpreoverz despite the KrF. and XeE.‘f l.'m't'ng
: . —excited-state yields being equal, the ionic recombination value
only a few measurements of absolute yields of excited states in . .
irradiated gases have been repoi@dThese have mainly was much larger for XeBr®. This was attributed to the presence
focused on emission from excited nitrern and-aand from of c_)ther recom.bination .produc‘lstor example, from trimer
atmospheric nuclear weapdresting, as well as upper atmo- exciplex formation reactions,
sphere studie%. However, the development of powerful gas- R2+ + X~ + R— R,X* + products (8)
phase, e-beam-pumped exciplex lasers over the past 20 years ) o )
has stimulated further investigations in this field, with reported P€ing enhanced by the moleculareSHnion being involved in
determinations of the total and component process yields in the KrF* recombination. . . _
some rare gas systerfs. The purpose of this study was to further investigate this
In several recent experimental investigatithsabsolute ~ Proposed effect by measuring the atomic halide ion recombina-
fluorescence yields of pulse electron-irradiated rare gas/halogenfion fluorescence yields in the production of the analogous
source gas mixtures (R/AX) for the RX* (B,C) states of XeBr* XeCl* (Xe/CFCk) and Xel* (Xe/CRl) exciplexes.
(Xe/CRBr),2 KrF* (Kr/SFg),? and XeF* (Xe/Sk)° have been
measured. By modeling of the establisHed’ general mech-
anism for the formation of these exciplexes, The established pulse radiolysis facilities in the Department
. oF - . L . of Chemistry at the University of Melbourne were used for this
Rw—R* R", e  production ofinitial species (1)  gdy1418 The experimental conditions were similar to those
reported previously, and thus, only a brief description will be

Experimental Section

e T R—€ 4 hot secondary electron given here.
thermalization (2) The gas samples were irradiated by a Field Emission
Corporation Febetron 706 electron pulser. The integrated
€ @) T AX — X+ A thermal electron capture (3) exciplex emission yields were generated by terminating the

photomultiplier output into large capacitorsH) in parallel with
R* + AX — RX* + A rare gas excited-state reaction (4) a1 MQ resistor.
The absolute sensitivity of the optical system was calibrated

R"+2R—R,"+R cation dimerization (5) using a Scientech 38-0101 calorimeter and an Oriel 150 W
xenon lamp. Based on the fixed geometry of the light-detecting
R2+ + X+ R—RX* + 2R system, the fraction of photons emitted by the source that was

three-body ionic recombination (6) detected could be readily calculated. The energy deposited in
the gas mixtures was determined from the dose determined to

RX* —R+ X+ hv  exciplex emission (7)  oxygen, calculated by conventional ozone dosimé&tgorrec-
the two formation channels, the energy-transfer (harpooning) tions tozg)ther gases were made using tabulated molar stopping
powers?
* To whom correspondence should be addressed. The gases used in this study were Matheson research grade
T Permanent address: Research Chemistry Branch, ABhiteshell (99.999%) xenon and oxygen, Matheson pure grade (99.9%)
Laboratories, Pinawa, Manitoba, ROE 1L0, Canada. SK; and CFC4, and Bristol Organics LimitedX99.9%) CFRl.
Permanent address: Australian Radiation Laboratory, Lower Plenty .
Road, Yallambie, Vic., 3085, Australia. AI! gases were subjected to several freepamp—thaw cycles
® Abstract published if\dvance ACS Abstract§ebruary 1, 1997. prior to use.
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All emission yields were calculated from a series of stepwise

integrated measurements at 2 nm intervals across the exciplex
emission spectrum. At least seven measurements were done at

each wavelength. A linear relationship between photon yield
and absorbed dose per pulse was found for all gas mixtures
studied, thus demonstrating that the yield was independent of
the absorbed dose rate.

The exciplex emission curves showed contributions from
X-rays, background %&, and fluorescence formed by the
energy-transfer and ionic recombination pathwky/d. The
interfering intensity from X-rays and X%ewas subtracted from

the exciplex integrated measurements before the summation

across the spectrum was performed. This was done by
determining the relative background intensity at each wave-
length, from a separate irradiation of only xenon, and then
converting these to absolute values by normalizing them to the
fluorescence intensity observed from the irradiated xenon/halide
gas mixture at a wavelength just outside the exciplex spectrum.
The wavelengths used for this normalization for XeCl* and Xel*
were 316 and 262 nm, respectively.
All measurements were performed at room temperature.

Results and Discussion

Xe/CFCl; Measurements The emission spectrum for the
XeCl* 23,7 — 23),," transition, obtained from the pulsed
electron beam irradiation of Xe/CF£fjlas mixtures, covered
the range 294314 nm with a maximum at 308 n#21

The relative contributions of the energy-transfer and ionic
recombination processes could not be temporally resolved in
this system. It has been shown previodzthat the energy-
transfer process could be isolated by lowering the incident pulse
energy and intensity to extremely low values and also by using
very low xenon pressures. This slowed the ionic recombination
reaction to such an extent that at short time2@0 ns) the
fluorescence from this process was negligible. Although rate
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Figure 1. CFCk pressure dependence of the calculated excited-state
fluorescence yields* (®) contribution to the measured XeClI* total
yield Gr (W) values at a constant xenon pressure of 80 Torr. The
difference between these two curves at 0.10 Torr GFCllue to the
yield from ionic recombination reaction8;". The limiting straight line
observed for CFGlpressures above 0.60 Torr gives the region where
XeCl* fluorescence is formed only by the excited-state reaction
pathway.

formed by the energy-transfer pathway. An anaR/sié the
above competition shows that a plot of the inverse of the total
yield of XeCl*, G, against total CFGlpressure will give a
limiting straight line at high CFGlpressure, corresponding to
the exciplex formation by only the energy-transfer process.
For a constant xenon pressure of 80 Torr, the total exciplex
yields as a function of CFglpressure, over the range 0:01
1.00 Torr, were measured. The inverse plot of these yields
(Figure 1) shows a limiting linear slope at CE@tessures above
0.60 Torr. At lower pressures, the deviation from this linearity
has been demonstratédo be due to the ionic recombination-

constants for the excited-state reactions were obtained by thisformed fluorescence being significant.

method!® the integration of the fluorescence under these
conditions, to obtain the relative yields of the two formation
processes, was not reproducible. Therefore, the relative con-
tributions of the two formation pathways wecalculatedby

the following procedure.

The choice of CFGlas the halide gas was deliberate, since
this molecule is known to dissociatively capture thermal
electrong?to produce Cf with a rate constant of (1.5 0.09)

x 10" dm® mol™! s71.23 This large rate constant ensured
complete formation of Cl, eliminating any problem with
competition from the reaction

Xe," +e& — Xe* + Xe k=8.4x 10“dm’mol* 571(24)
9

as seen previously for the Xe/gli system® Also, its
ionization potential (11.77 e¥is less than that of Xe(12.130
eV)?¢ and thus the charge-transfer reaction

Xe" + CFCl,— Xe + (CFCL)" (10)
will occur in competition with the exciplex formation reac-
tions

Xe' + 2Xe— Xe,” + Xe (5)

Xe,” + CI” + Xe — XeClI* + 2Xe (11)

At high CFCE pressures, the charge-transfer reaction domi-
nates, and thus, the observed exciplex fluorescenamlis

The production of exciplex fluorescence by only the energy-
transfer process (corresponding to the higher GE@k pres-
sures) has been shown previodéiy’ to be accurately modeled
by the general mechanism:

Xe* + CFCl,— XeCl* ki, = 1.4 x 10" dm’

mol *s™* % (12)

Xe* + Xe — products kis=5.5x 10° dm®

mol *s *1° (13)

Xe* — Xe + hv k,=21x1FPs'® (14)

XeCl* + CFCl,— products ks = 2.8 x 10" dm®
mol *s ! %29 (15)

XeCl* + Xe — products  k;g= 3.0 x 10° dm®

mol *s 1% (16)

XeCl* 4+ 2Xe— products  k,, = 4.7 x 10" dn?®

mol ?s 1% (17)

XeCl* — Xe + Cl + hv kig=4.0x 10's%  (18)

The pulsed electron irradiation of xenon produces a wide
range of electronically excited states, and these are collectively
denoted by Xe*. The rate constants for reactions 12 under
these experimental conditions have previously been mea¥ured.
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Figure 2. Xenon pressure dependence of the experimésitél) and
calculatedG* (—) andG* (@) yields at a constant CF¢pressure of

0.10 Torr. Dashed line corresponds to the calculated ionic recombination
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+ _~F Rig
© Go R15 + RlG + R17 + R18 (20)

By fitting these calculate®™ values to eq 20 at xenon pressures
above 100 Torr, a value @&," = 3.15 is obtained. This value
is believed to be accurate t&x15%. The calculatedst
dependence on xenon pressure is also given in Figure 2 and is
seen to be in very good agreement with the experimental data.

The limiting XeCI* ionic recombination yield is in very good
agreement with the value obtained for XeBG&( = 3.40+
0.18) and thus supports our prenfitieat for recombining atomic
anions, the formation of the exciplex RX* (B,C) state dominates.
The XeCl* value is still lower than the theoretical value of 4.5,
based on thew value of xenon of 22.1 eV/ion-pa#; the
experimental measurement gives the photon yield per ion pair
as 0.70+ 0.10.

The total yield of ions and excited states in an irradiated gas
may be estimated from an equation proposed by Plat¥man

yield pressure dependence using eq 20 and values given in the text.

Owing to the relatively high xenon pressures used in these
experiments, collisional coupling of the XeCl* (B,C) states was
assumed to be maintainétand therefore, the effective radiative
lifetime of this coupled state is ca. 25%¢corresponding to a
rate constant ok;g = 4.0 x 10’ s71). The two- and three-
body rate constants for xenon quenching of XeCI* (B,C) have
been directly measured as (3#01.2) x 10° dm® mol-1 s71

and (4.7+ 1.4) x 10" dm® mol=2 s71, respectively?® Since

no literature value could be found for CRGjuenching of

w_E &
|

e_
I I —=1.82

+ (n—ex)E( + (21)

nJ I
whereW is the mean energy deposition required to produce an
ion pair (22.1 eV¥°1 is the xenon ionization potential (12.130
eV),28 E is the mean ionization energy (1115* Ecxis the mean
excitation energy (018,34 E¢cis the mean subexcitation energy
(0.33),%* and (i) is the ratio of excited states to ions
produced.

XeCl¥, this rate constant was assumed to be equal to the value FOr xenon this results img,/n) = 0.43, this value being in

for CCly,282° as previouslyd
For this reaction scheme, the excited-state yield of fluores-
cence is given by

R12

I:218
R12 + R13 + Rl4 R15 + R16

+Ri;+ Ry

G* =G (19)

whereG.* is the maximum possible yield of excited-state XeCl*
production andR is the reaction rate for thigh reaction in the
scheme.

Assuming that at 0.80 Torr CFEbnly the excited-state
formation of XeCI* occurs, then eq 19 can be used to calculate
the unquenched, limiting excited-state formed yieldzs =
2.4, A sensitivity analysis of the rate constants used in this

equation, and their relative errors, shows that this calculated

value is only accurate t:25%. This yield is much larger than
previously determined for XeBr* (0.6& 0.10)8 KrF* (0.70
+ 0.10)? and XeF* (<0.05)?

From this limiting value, the CF@lpressure dependence of

very good agreement with a previously reported calculation of
0.457

Based on the theoretical ion yield of 4.5 and this calculated
ratio, an excited-state yield &,* = 1.95 would be anticipated.
The measured value of 2.4 0.6 is within error of this
calculated value, indicating that every excited-state reaction leads
to the production of the fluorescent XeClI* (B,C) state (allowing
for all quenching reactions). The photon yield per excited state
is calculated to be 1.2 0.3.

The experimental photon yields determined in this study also
allow a calculation of the upper conversion efficiency expected
for the2Zy," — 23;,,™ XeCl* lasing from irradiated Xe/CFGl
gas mixtures. Assuming no deactivation by collisional processes
or photoabsorption by the medium, the maximum output power
possible (per 100 eV input energy) is given by

(G* + G,"Hhw (22)

wherehv is the mean energy of fluorescent radiation (assumed

the excited-state fluorescence yield can be calculated, and theséo be 4.03 eV corresponding to a wavelength of 308 nm).
values are also shown in Figure 1. The difference between the Substituting the appropriate values (WiBg* at its quantitative
two sets of values, as indicated at 0.10 Torr, is the yield due to value of 1.95) into this equation gives the maximum efficiency

the ionic recombination pathwag". For CFC} pressures less

in converting input energy into XeCl* luminescence as ap-

than 0.30 Torr, ionic recombination is seen to be the dominant proximately 21%, in good agreement with the analogous XeBr*

formation mode.

The calculated xenon pressure dependenceGtf at a
constant CFGlpressure of 0.10 Torr, is shown in Figure 2, in
comparison with the experimentally determir@gvalues. The

(Xe/CRsBr) value of 18%#

At lower xenon pressures, a rise in the experimeGtaand
calculated5™ values with increasing xenon pressure is observed.
This rise cannot be explained in terms of our model. Since

difference between these two yields is again attributed to the there is a sufficiently high CFglconcentration to ensure

ionic recombination contribution, with this seen to be essentially complete capture of the thermalized electrons, this effect must
the only formation process at xenon pressures over 100 Torr.be due to changes in the nature of the ionic recombination
Above this pressure the ionic yield constantly decreases, andprocess itself. As proposed previou8lthis increasing yield
this is believed to be due only to the quenching reactions of is believed to be due to competition between the three-body
XeClI*.15 This decrease can therefore be modeled by the ionic recombination reaction giving XeCl* (B,C) and other
equation reactions that do not, such as the two-body, mutual neutralization
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Figure 3. Xenon pressure dependence of the experimeBiafields Figure 4. CRl pressure dependence of the calculated excited-state

at a constant CFgpressure of 0.50 Torr. Dashed line is the calculated fluorescence yiel@&* (@) contribution to the measured Xel* total yield
ionic recombination yield pressure dependence based on the modelGr (M) values at a constant xenon pressure of 80 Torr. The difference
presented in the text. between these two curves at 0.10 TorrslGE due to the yield from
ionic recombination reaction§*. The limiting straight line observed

for CRsl pressures above 0.60 Torr gives the region where Xel*
fluorescence is formed only by the excited-state reaction pathway.

reactior§®
by the standard mechanism using the following rate constants:
Xe,"” + ClI” — 2Xe+ CI* 23
2 (23) Xe* + CF,l — Xel* Koy = 2.4 x 10" dm?
-1.-110

As the xenon pressure is increased, the efficiency of the mol "s (24)
termolecular process would increase, giving a rise in the exciplex 3
fluorescence yield. Xe* + Xe— products  ky=5.5x 10°dm

When an attempt was made to model the experimental yield mol *s* % (25)
data with the inclusion of mutual neutralization reactions, no 110
meaningful convergence was obtained. This is believed to be Xe* — hv kpg=2.1x 10°s (26)

due to the additional complication that the mutual neutralization

recombination is greatly enhanced by the presence of an ambieniXel* + CF,l — products k,, = 5.0 x 10'* dm’

gas® This has been shown to be due to the collisional ~1 —120

conversion of the free ion pair into a bound pair that allows the mol™s (@7)

tav0|ded crossing required for two-boc_iy recombination to be Xel* + Xe — products k= 2.0 x 10 dn?

raversed many times. Unfortunately, it was beyond the scope

of this study to perform a detailed calculation of this process. mol *s ™t (28)
A further test of the results of this analysis for XeCIl* was > 6

made by using total fluorescence yield data measured for 0.50X€l* + 2Xe— products ky, = 2.9 x 10* dm

Torr CFCE. Although the xenon pressure range studied was mol 2571 (29)
not as extensive as for the 0.10 Torr experiments, the data (see

Figure 3) above 100 Torr were successfully modeled using the Xel* — hy kso=8.3x 10's+?® (30)
limiting yield value and rate constants derived from the 0.10

Torr CFCk data. The rate constants for Xe* reaction, eqs—2%6, have

Xe/CF3l Measurements The analogous Xel* system, from ~ Previously been measured under the experimental conditions
irradiated Xe/CH gas mixtures, was also investigated in this Of this study:” The rate constant for Xel* querlchmg by%F
study. The emission spectrum for %+ — 25,5+ transition has been dete_rn_mned ‘@7 = (5.0 £ 1.0) x 10 dm® mol
covers the range 23260 nm with a peak at 251 nf27 s 127 The collisional mixing of the B and C states of Xel*

No temporal separation of the energy-transfer and ionic has been shown to be pressure deperidavith essentially only
recombination pathways could be achieved for this system Sincethe B state present for bulk pressures above 25 Torr. The
the thermal el Etron cg ture by € produce T is a a?/n fasf-.3 lifetime of this state has been calculated as 1®gsyrespond-

k S (1.16 ie0e07) X 1814 drn3ymolfs*l aid thegionizati(,)n ing to a rate constant digo = 8.3 x 10"s*. No value for

o : . ’ either the two- or three-body xenon-quenching rate constants
potential of CRl (10.4 eV)¥%is lower than that of X& (12.130 y q g

26 g ! c ._for Xel* could be found.
eV)*the excited-state yield component in this system was again 1o three-body xenon-quenching rate constant was derived
calculated, as for XeCl*.

from a reported measurement of the ratjg'ksp = 35 2007

The inverse plot of the total yield dependence onsICF  From the Xel* calculated lifetime of 12 r#,a value ofkyy =
pressure, at a total xenon pressure of 80 Torr, is shown in Figure2.9 x 102 dmf mol2 s~ is obtained.
4. A limiting, high-pressure, linear region is again seen,  The unknowrkssrate constant was determined from the Xel*
indicating that charge transfer dominates forsCpressures yield dependence on xenon pressure (Figure 5). Assuming that
above 0.60 Torr. At this GJf pressure, the production of the at xenon pressures above 400 Torr the excited-state yield is
Xel* fluorescence by only excited-state reaction can be modeled negligible, then eq 20 can be used to simultaneously fit the
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Figure 5. Xenon pressure dependence of the experimes4i) and Figure 6. Xenon pressure dependence of the experimeBialields
calculatedG* (—) and G* (@) yields at a constant GFpressure of at a constant GF pressure of 0.50 Torr. Dashed line is the calculated

0.10 Torr. Dashed line corresponds to the calculated ionic recombinationiOnic recombination yield pressure dependence based on the model
yield pressure dependence using eq 20 and Xel* values given in the Presented in the text.

text. TABLE 1: Summary of the Limiting, Unquenched

. . Fluorescence Yields for the Neutral Excited StateGy*, and
values ofkg andG,*, using the rate constants for Xel* as listed  |onic Recombination, G,*, Reactions for the Electron-

in eqs 24-30. Convergence values &g = (2.0 + 0.4) x Irradiated Rare Gas/Halide Gas Mixtures Studied to Date
1019 dm3 mol~! st andG,+ = 4.5+ 0.6 were obtained. The
calculated ionic recombination yield dependence on xenon

gas system  exciplex Go* Go* Da-x?eV

*
pressure is also given in Figure 5. It can be seen that except at ig;gEIBr iZIBr* %‘%éi 8:(1)3 g:ii 8:2 é:gé
very low xenon pressures the excited-state yield contribution xe/cclLF XeCl* 2.4+ 0.6 3.2+ 05 3.16
is negligible, justifying our initial assumption. Xe/Sk XeF* 0.26+ 0.02 2.96
Using this fitted value ofkpg the limiting excited state Kr/SFs KrF* 0.70+0.10 1.70+0.10 2.96

formation yield was then calculated. Assuming that at 0.70 Torr  agrom ref 39.
CFsl all the exciplex fluorescence was formed by excited-state

reaction, then eq 19 was used to calculai® = 0.31, again  oher products. The much higher xenon pressure of the

using Xel* values. Given the errors associated with the mayimum fluorescence yield seen in Figure 5, as compared to
component rate constants, it is believed that this value is accurateprevious exciplex determinatiof&, again corroborates the

to £25%. The calculated GFpressure dependence 6f is  finging that these reactions dominate to a much greater extent
also shown in Figure 4, and it is seen that the ionic recombina- ¢4, this exciplex at these low xenon pressures.

tion-formed fluorescenc&™, is the dominant pathway for GF
pressures less than 0.4 Torr.

recombination with mutual neutralization type reactions giving

In this study, Xel* yield data were also obtained using 0.50
o Torr CRl, and these results are shown in Figure 6. The
There have been two reported values for the lifetime of Xel*, maximum fluorescence yield for this higher halide gas pressure
the calculated lifetime of 12 A%and an experimental determi- g again observed at a much higher xenon pressu2€Q Torr)
nation of 77+ 13 ns?’ However, when this entire analysis than seen for the equivalent CE@ata (100 Torr in Figure
was repeated using the_ longer Iifetime_, no meaningful values 3). At the higher xenon pressures, these Xel* yields are seen
for kag or Go* were obtained from the fitting procedure. to be well modeled by the values obtained from the 0.10 Torr
The value forG,* determined in this study is in excellent CFyl data, thus supporting these calculated values.
agreement with the theoretical value of 4.5 calculated from the The limiting, unquenched fluorescence yields for both the
xenon W value. Although there is a relatively large error neutral, excited-state reaction and the ionic recombination
associated with this derived value, corresponding to a photon process for all the exciplex gas systems investigated by us are
yield per ion pair of 1.0Gt 0.13, this result again supports our  summarized in Table 1, along with the corresponding bond
proposal that atomic anion recombination favors the formation dissociation energies for the different halide source gases®ised.
of the exciplex (B,C) states.Based on the Platzman theoretical The trends observed in these yields can be qualitatively
calculation, &G.* value of 1.95 would again be expected. The supported by examination of the energetics of these reactions.
low experimental value dBy* = 0.31 (photon yield per excited The measured yield @, = 4.5 for the ionic recombination
state of 0.16 0.04) suggests that alternative reaction pathways process in irradiated Xe/GFimplies that, within error, every
dominate in this gas system. The experimental excited statejon pair formed recombines to give the fluorescent (B,C) Xel*
yield is somewhat lower than the value obtained previously for exciplex. The analogous yields for XeBr* and XeCl* are only
XeBr* (0.68 + 0.10)% slightly lower, about 75% of this theoretical value. Given the
These experimental limiting yields can again be substituted accepted errors in measuring fundamental emission yields, it is
into eq 22 to give the upper conversion efficiency limit expected doubtful whether these differences have any mechanistic
for Xel* luminescence. For an energy of 4.94 eV (correspond- significance. One possible explanation, however, could lie in
ing to a wavelength of 251 nm) a value of 24% is obtained. the rate coefficients for the ionic recombination process in these
This system has the highest conversion efficiency of all the three system®17 It was showd’ that for only the Xel*
exciplex systems investigated to dé&fe. exciplex, the measured rate constants were much larger than
It was again observed that at low xenon pressu@sand predicted by either the universal three-body recombination
GT increased with increasing pressure. This is again attributed theory?® or even the LangevinHarpef?41diffusion-controlled
to competition between the exciplex producing three-body ionic theory at xenon pressures greater than 1000 Torr. This was
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attributed to the ionic recombination process being extremely previous kinetic study of the Kr/SFsystemt? which showed
efficient for this system; the initial encounter complex is formed that the very high KrF* formation rate constant of (120.2)

at very large distances with a binding energy very much less x 102 dm?® mol~! s~* was in good agreement with the observed
than thermal, and the collisional reopening of this orbit was quenching rate constants of the krypton 2p levels, {8.9.0)
extremely inefficient. At this time it was proposed that the long- x 10! dm?® mol~! s71, but was much larger than the 1s values
range three-body encounter complex would then quantitatively of (2.0 & 0.2) x 10 dm® mol-1 s71.

convert to the two-body fluorescent exciplex, this assumption

being confirmed in this study. Summary

The excited state yields for these three exciplexes range over Total emission yields for the XeCl* (B,C) and Xel* (B.C)

i : -
an order of magnitude, with only the value for XeCl* in 2357 — 23T transition have been measured from irradiated

agreement with the quantitative theoretical predictonAl- Xe/CFCh and Xe/CHl gas mixtures. The yields for the

though a range of xenon excited states are produced in the initial: 7.~ . — N
. D ) . . individual excited-state and ionic recombination pathways have
irradiation pulse, given the relatively high gas pressures and

long time scales involved in these yield determinations, it can been calculated by determining the limiting excited-state yields,

i Go*, under conditions where charge transfer fromnsures
be assumed that only the longer-lived xenon metastable statesthat no ionic recombination occurs. Values@§ = 2.4 +
the 1s and 2p levels with energy ranges 8:956 and 9.58 : ’

: . X . 0.6 and 0.31+ 0.08 were obtained for XeCl* and Xel*,
11.14 eV, respectivel§Z would be involved in exciplex forma- - L )
tion reactions respectively. By application of the known general mechanism

For Xel*, the excited-state yield is only 16% of its expected of exciplex formation, the limiting ionic recombination yields

. + — * *
value, which implies that another reaction channel dominates.Were derived a&, 3.2+ 0.5 (XeCl*) and 4.5= 0.6 (Xel).

We believe that this additional process is the production of the Thesg Iaj[ter va}lues further sgpport.the theory that the recom-
; Lo . bination involving atomic halide anions favors the formation
electronically excited iodine atom by the reaction

of these particular exciplex states. A qualitative understanding

Xe* + CFyl — I* +CF, + Xe (31) pf the trgnds in these |I.mll'[II’lg yields for these exciplex systems
is obtained by examining the energetics of the reactions
The lowest excited state of the iodine atom has an energy of Nvolved.

0.9 eV4® However, the second lowest excited level is 6.95 eV,  N€ ionic recombination process was the major formation

The addition of this latter value to the energy necessary for the Pathway of these two exciplexes under most of the conditions
appropriate bond dissociation in §R2.32 eV3? see Table 1) of this study. At lower xenon pressures, the observed increase
requires the minimum energy of the initial xenon electronically N the total and ionic yields with increasing xenon pressures
excited state to be 9.27 eV. This means that the higher 1s, as"V@S attributed to the three-body ionic recombination channel
well as all the 2p, levels could participate in this dissociative becomlng dominant over competing, mutual neutrah;a’uon type
reaction, thereby markedly decreasing the yield of the Xel* reactions that do not produce the fluo_rescent (_axmplex. The
formed. importance of these mutual neutralization reactions was seen

A similar alternative pathway may be present in the Xe/ © Pe far greater for Xel*.
CFsBr system. For XeBr* formation the greater-®r bond . .
strength of 3.06 e% and the higher second energy level for Acknowledgment. The authors acknowledge financial sup-

the excited state of Br* (8.31 ¢4 would mean that only the port from the Australian Research Council (ARC) and the
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concomitant increase in the yield of exciplex production, as
observed. In the Xe/CeF system, the stronger-&CI bond
(3.16 e\?9) and the higher energy level of CI* (9.23 #ymean (1) Young, J. G.; Cooper, R.; Porter,Radiat. Phys Cheni988 32,
that the excited state of xenon is required to have an energy of389-(2) Hirsch. ML N.: Pass. E.- Ei b Rbys. Re. A 1970 1 1615
H H H H 3 : H Irscn, M. N.; Pass, E.; elsner, P. yS. Re. , .

12.39 eV, which is greater thap thslonlzatlon. potepnal of.th|s (3) Davidson, G.- O'Neil, RJ. Chem. Phys1964 41, 3946,
atom. Thus, the exit channel via CI* is energetically impossible, (4) Grun, A. E.Can. J. Chem1958 36, 858.
and hence, the exciplex production is the only feasible channel,  (s) wmitchell, K. B. Fluorescence Efficiencies and Collisional Deactiva-
giving the quantitative yield experimentally observed. tion Rates for N and N Bands Excited by Soft X-Rays. Los Alamos

The two systems that incorporatede3# the halide source Scientific Laboratory Report, LA-4248; Los Alamos Scientific Labora-

h both ited . d ioni binati tory: Los Alamos, NM, 1969.

gas have both excited-state reaction and ionic recombination ™" g\ tman, P. LPlanet. Space Scl963 16, 1315.
limiting yields that are much lower than the other three systems,  (7) Lorents, D. CPhysica1976 82C, 19.
suggesting that alternate pathways are the most abundant in these (8) Cooper, R.; Mezyk, S. P.; Sherwell, J.; Young, JJGPhys. Chem.
two systems. This is attributed to the greater dissipation 1996 100 10634. .
potential of the SE product radical, where energy can be 1&)95). Mezyk, S. P.; Cooper, R.; Young, J. &.Phys. Cheml996 100
absprb_ed by f_Ufthe.r SF bond breakage or by additional (10) Cooper, R.; Grieser, F.; Sauer, M. C.,rPhys. Chenil977, 81,
excitation of this radical or smaller fragments. The lack of an 1889. o ‘ _
excited-state reaction pathway for XeF* production for this 19%1)18'\”2;333, M.; Nishirarumizu, T.; Miyazoe, \pn. J. Appl. Phys.
_hahde gas source implies that alm_ost all the energy of reaction (12) éoopér, R.: Denison, L. S.: Zeglinski, P.: Roy, C.: Gillis, H.
is channeled into these alternative pathways, thus leaving appl. Phys1983 54, 3053.
insufficient energy to form this fluorescent exciplex. The (13) Cooper, R.; Mezyk, S. P.; Armstrong, D. Radiat. Phys. Chem.
relatively small excited-state yield for KrF* is similar to the 1984 24, 545. . .
yield measured for XeB#and likewise suggests that only the ,, (t4) Mezyk, S. P.; Cooper, R.; Sherwell, 1. Phys. Chem1989 93,
highest electronicqlly expited krypton atoms have suﬁicient (15) Mezyk, S. P.; Cooper, R.; Sherwell,.Phys. Chem1991 95,
energy to form this exciplex. This is in agreement with a 3152.
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