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The formation and decay mechanism of the tdmer XczCl* has been studied e?lperimentaIIy for electron beam-excited 
mbtures of argon, lenon and various kdogen donors (i.e. CC&, C&J and HCI}. Quenchins rates of the trimcr fluorescence 
for each donor have been determined. A radiative lifetime for Xe2Cl* of 210 f 25 ns was measured. 

1. In~oduction 

Since the first obsersation and characterization of 
the triatomic exciplexes [l-3], several studies have 
been carried out to improve their laser performance. 
Most efforts have centered on the trimer Xe,Cl* 

[4-61. So far Ccl, is the only donor which has re- 
vealed gain for Xe2Cl* and demonstrated laser action 
for electron-beam-pumped high-pressure rare-gas halide 
mixtures [3,7] _ Mixtures containing Cl, and HCl, 
which are effective donors for the diatomic precursor 
XeCl*, have not shown any gain for the trimer. This 
behavior is somewhat similar to the recently charac- 
terized excimer XexBr’ [8] for which optimum results 
were also obtained with CBr4 and CHBr, as halogen 
donors. It is the purpose of this paper to discuss the 
role of various chlorine donors on the formation and 
quenching behavior of the electron-beam-pumped tri- 
atomic excimer Xe?Cl*, and to report experimentally 
determined quencl&g rates and a more accurate value 
for the radiative lifetime for this trimer. 
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2. Experimental apparatus 

Mixtures of high-purity argon (6 atm), xenon (300 
Torr) and various &o&e donors (O-1 Torr up to 10 
Torr) were transversely pumped by an electron beam 
generated by a Physics International Pulserad 110 ac- 
celerator (1 MeV, 15 kA, 10 ns), The electron beam 
current density was = 100 A/cm’ at the optical axis 
of a stainless-steel reaction cell. Details of the appara- 
tus and the experimental techniques have been de- 
scribed [3]_ The optical emission from the excited spe- 
cies was monitored by two fast vacuum photodiodes 
(ITT F4000 SS). Interference and color glass filters 
were used to define the spectral region of interest (308 
run for XeCl* and 500 mn for the trimer Xe,Cl*) for 
each diode. The photodiode signals were recorded 
with a Tektronix 7904 transient digitizer, and an op- 
tical multichannel analyzer (OMA I) was used to ob- 
serve temporally integrated emission spectra. Both the 
transient digitizer and the OMA I were interfaced to a 
DEC 1 l/23 minicomputer_ Computer software allowed 
integration of the OMA data over various spectral re- 
gions and temporal integration of the photodiode sig- 
nals. An accurate determination of the Xe,Cl* decay 
time as a function of the partial pressures of argon, 
xenon and the chlorine donor was obtaIned by least- 

squares fitting to the decay of the photodiode dignals. 
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3. Results 

In this work the chlorine donors Ccl,, CHCl,, 
CH,C12. CH,CI. HCl, and Cl, were studied. The series 
Ccl,, CHCl,, CH?C12, CH,Cl was investigated in order 
to determine the kluence of increasing donor com- 
plesitiy due to chlorine substitution by hydrogen. The 
donors. HCI and Cl,, were chosen because of their shn- 
pie chemical structure and because of their widespread 
use as donors for production of XeCl* in discharge-ex- 
cited escimer lasers. Wowever, the discussion of experi- 

mental results is limited to Ccl,, HCI. and Clz, since 
the measured Xe2Cl* intensities were substantially 
higher (i.e. by a factor of two) than for the other 
abo~enlelltioned chlorine donors, and the emission 
showed significantly less degradation upon successive 
excitation. In fact. the fluorescence spectrum obtained 
\\ ith CH,. Cl 1Ci3. CH2Cl, or CH3 Cl was dominated 
b> the 43 1.5 nm band or the CH radical indicating 
structural breakdown of the donor. which may give 
rise to severe quenching of the UV precursor by donor 
fragments. 

The temporal behavior of the Xe,Cl* emission is 
shown in fig. 1 with the concentrations of the three 
chlorine donors adjusted in order to obtain an opti- 
mum trimer fluorescence yield. The fluorescence peaks 
of Xe,CI* emission for Cl, and HCI were normalized 
against the pulse height of the Xe?Cl* emission using 
WI, as donor. The pulse shapes if Xe,Cl* , with Ccl, 
and HCl as the donor are quite similar, whereas with 
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I-1” -_. 2. Normalized Se:0 fluorescence yields as 3 function of 
chlorine donor pressure. 

Cl2 no simple exponential decay behavior could be 
established. 

The donor pressure dependence of the Xe,Cl* flu- 
orescence intensity has also been studied as shown in 
fig. 2. The Xe,Cl* fluorescence is found to increase 
monotonically with increasing pressure up to 1.5 t- 0.1 
Torr for Ccl,, 3.0 5 1 .O Torr for Cl, and 4.0 f 1 .O 
Torr for HCI, and subsequently slowly decreases with 
increasing chlorine donor pressure_ 

Stern-VoImer plots of the Xe,Cl* fluorescence de- 
cay using Ccl,, CHl, c r Cl, for pressures up to 4.0 
Torr are shown in fig. 3. Least-squares fits of the ex- 
perimental data point:. resulted in the following Xe,Cl 

- quenching rates of chlorine donors, k(RC1): 

k(CC14) = (5.4 2 0.5) .I( lO-‘O cm3 s-l , 

k(HCI) = (4.3 2 0.4) X IO-l* cm3 s -1 , 

k(Cf2) = (3.2 f 0.2) X 1O-1o cm3 s-l _ 

Both the quenchkg rates for Ccl4 and Cl2 are in 
close agreement with previously measured values, 6.0 
X 1O-1o cm3 s-l [4,9], and 2.6 X IO-l* cm3 s-I 
[lo], respectively, while to the best of our knowledge 
trimer quenching by HCl has not yet been reported_ 

A decay frequency 7-l = 7 MHz for the trimer can 
be derived from the common intersection point in fig. 
3. The radiative lifetime 7xezcI of Xe2CI* is related 
to I/T by the refation 

ll7 = I/TX+1 +X-(Ar) [Ar] +k(Xe) [Xe] _ (1) 

Here k(Ar) and k(Xe) denote the respective quenching 
rates and the quantities in brackets the concentrations 
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Izig. 3. Xcz&l decay frequency 3s a function of the halo_een 
donor pressure. 

of argon and xenon. With k(Xe) =Z 6 X lo-l5 cm3 s-l 
[ 101, xenon quenching even at a Xe partial pressure of 
300 Torr can be neglected. The value of ‘i-x.+cr strong- 
ly depends on the magnitude and precision of the Ar- 
quenching rate for Xe2Cl*. Re-evaluation of the data 
points of ref. [9] with inclusion of recently obtained 
results yields a quenching rate k (Ar) = (1 S -t 0.4) 
X lo-l4 cm3 s-1 _ This gives a value for the radiative 
lifetime of Xe2Cl* of TxezCr = 210 + 25 ns. This value 
may be compared to other measurements in the litera- 
ture that range from 185 ns [lo] to 210 ns [ 1 l] and 
250 ns [12]. 

4. Discussion 

The essential kinetic pathways leading to the forma- 
tion of triatomic exciplexes have been discussed in a 
number of papers (ref. [3], and references therein), in 
particular the formation of Xe,Cl* in refs. [4,6,9-l 11. 
Three-body collisional quenching of the diatomic pre- 
cursor is the major kinetic pathway for the build-up 
of trimers, such as Xe,Cl*, Xe,Br*, Xe,F*, Kr2F*, 
and ArzF* _ However, distinct differences occur in the 
formation of the precursor excimer depending on the 
electron density and other experimental conditions 

such as the seIected halogen donor and its electron at- 
tachment rate for producing Cl-. 

It has been shown in ref. [4] that in high-pressure 
Ar-buffered rare-gas halide systems three-body colli- 
sional quenching of XeCl’ by argon and xenon is the 
primary pathway which leads to Xe2Cl* _ The produc- 
tion via collisions of XeCl’ with two Xe atoms can be 
neglected due to the large Ar/Xe pressure ratio. The 
time dependence of the Xe,Cl* concentration is given 
by the following differential equation: 

d [Xe2Cl*]/dt = k(Ar, Xe) [Ar] fXe] [XeCl’] 

- txe2CI*lheff - (2) 

Here k(Ar, Xe) denotes the production rate constant 
for the trimer Xe2Cl’, and the effective lifetime reff 
is given by eq. (1) with additional quenching by the 
halogen donor RCl characterized by the quenching 
rates k(RC1): 

llreff = l/r +k(RCl) [RCI] . (3) 

The W and visible fluorescence yields may be defined 
by the following integrals: 

iuv = [l/rxescl(XeCl)] 7 [XeCl*] dt , (4a) 
0 

fvls = [l/~~e2~@~C1)l i Wep3*1 dt - (4b) 
0 

Since the Xe2Cl* concentration vanishes for t -+ =J, in- 
tegration of eq. (2) yields the ratio IUV/lVIS: 

kv TXM3(Xe2C1) 117 i- k(RC1) [RCl] 
G = 7xe,c1(XeC1) X-&r, Xe) [Ar] [Xe] - (‘) 

This ratio decreases with increasing argon and xenon 
partial pressure until a constant value is reached as de- 
termined by two-body quenching of the trimer by the 
rare gases. The important quantity for a donor com- 
parison is the product k(RC1) [RCl]. According to eq. 
(5), the ratio lUV/iVIs increases with increasing 
quenching rate of the halogen donor and with donor 
pressure_ The usefulness of a halogen donor for opti- 
mization of the trimer fluorescence yield is therefore 
determined by two properties: (i) its efficiency m pro- 
ducing the diatomic precursor excimer, and (ii) its rate 
of quenching trimer tluorescence. 

The efficiency of Ccl, in producing XeCl’ can be 
related to its higher dissociative attachment rate coef- 
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Frg:. 4. Dependence of the ratio of the UV to zrsible fluor- 
evxtxe 1 iclds upon donor pJrtiJ1 pressure. The yield ratios 
are obt.uned from time-integrated OMA data, using consccu- 
ti\e shots smith appropriate UV .md vistble filtering. 

ficient as ~~Rlpdred to &I2 and HCI [ 13,14]_ The de- 
pendence of the yield ratio iuv/I~~ts upon partial 
pressure of the selected chlorine donors is shown in 
fig. 4. Xs predicted by eq. (5), the ratios show approxi- 
mately the same halogen donor pressure dependence 
as the decay rates of Xe,Cl* depicted in fig. 3. Al- 

though the scatter of the experimental data points is 
considerably higher thdn the scatter in the Stem- 
Volmer plots of fig. 3, least-squares fits resulted in a 
common intersection point at zero donor pressure. 
The donor pressure range has been limited to 4 Torr 
since higher pressures resulted in different quenching 
rates due to an increasing influence of slow precursor 
formation processes (for details see ref. fl5]). The in- 
tercept at zero donor pressure may be used to deter- 
mine independently the three-body quenching rate 
X-f&. Xe) which has been derived from the buffer gas 
dependence in ref. [4] to be 1.5 X 1O-31 cm6 s-l. 
Such a determination based upon an evaluation of 
fig. 4 requires an accurate knowledge of the absolute 
W and visible fluorescence yields. 

Due to its small quenching rate for the Xe,Cl* 
fluorescence, Cl, would be expected to be thi best 

donor for formation of this trimer. However, com- 
pared to the other donors, chlorine has a low produc- 
tion efficiency for the XeCi* precursor with the eX- 
citation conditions that exist in our experimental ap- 

paratus. The XeCl fluorescence pulses always show 
decay times that are comparable to the decay time of 
the pumping pulse when HCl and CCL4 are used as 
chlorine donors. This rapid production mechanism for 
XeCl is characteristic of ionic reactions. For low Cl2 
concentrations, however, the XeCl fluorescence pulses 
show decay times up to 120 ns in the limit of vanish- 
ing Cl, partial pressure. This observation indicates the 
existence of a long-lived species which lead to XeCl 
production because the radiative lifetime of XeCl is 
considerably shorter than this observed decay time 
153. Xe: and atomic CL(4P) states are possible candi- 
dates fo; these slow precursors of XeCL By monitor- 
ing the decay times of XeCl*, Xe2C1*, and Xez 3s a 
function of the Cl, pressure, it was found that Xe; is 
not a precursor of Xe,Cl* because at Cl, pressures of 
more than 2 Torr XeyCl*, decays more rapidly than 
Xet _ This supports the simple model leading to eq. 
(2) which considers only XeCl* as a precursor of 
Xe,Cl* _ 

In summary, it has been demonstrated that the use- 

fulness of the chlorine donor, Ccl,, for Xe2CI* fomla- 
tion is primarily due to its high efficiency in producing 
the XeCI* precursor under the described electron beam 
excitation conditions. The excellent agreement between 
theory and experiment as depicted in fig. 4 support the 
kinetic model that describes trimer build-up in terms of 

a three-body clustering reaction involving the rare gases 
Ar and Xe and the precursor XeCl*_ The high trimer 
quenching rate for CCl, limits the donor partial pres- 
sure to x 1 S Torr for optimum Xe2Cl* fluorescence. 
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