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The gas-phase chemiluminescence spectra of chlorine atom recombination reactions in argon with pressures
up to 170 bar were recorded by the laser photolysis/chemiluminescence detection scheme. With the
spectroscopic data available in the literature and the monochromator functions determined experimentally
and by assuming that the pressure line broadenings and frequency shifts follow the conventional Lorentzian
form, for the first time the chemiluminescence spectra were quantitatively decomposed into the emissions of
theB 3Π(0u+) f X 1Σg

+ andA 3Π(1u) f X 1Σg
+ transitions. The relative luminescence weights of these two

emission electronic states, the vibrational temperatures, the pressure line broadenings, and frequency shifts
were obtained. Their implications on the mechanisms of the chlorine atom recombination reactions and the
interaction strength between the chlorine molecule and argon atom were discussed.

Introduction

The gas-phase chemiluminescence spectra of chlorine atom
recombination reactions have been studied by several researchers
since the 1960s.1-7 It has been well-established that the
chemiluminescence spectrum is mainly due to theB 3Π(0u+)
f X 1Σg

+ transition. Although there was evidence which
suggested that theA 3Π(1u) f X 1Σg

+ system could be
embedded in the main emission in the chlorine atom recombina-
tion reaction and also in the nitrogen trichloride decomposition
flame,6,7 these emission bands were usually assumed to be
comparatively weak and therefore ignored in the traditional
analysis of the recombination emission spectra.8-10 The
unavailability of reliable spectroscopic data for theA state at
that time prevented a good analysis of theAf X emission bands
in the gas-phase atomic chlorine recombination reaction. In
contrast to these gas-phase experiments, the emission of the
chlorine molecules in a 4 K argon matrix was assigned as the
A′ 3Π(2u) f X 1Σg

+ transition.11,12 No other types of emission
were observed in these experiments.
It has been well recognized that the recombination emission

spectra, under either stationary-state or transient conditions, carry
the kinetics information of the recombining species.1-10,13-15

In this report, the laser photolysis/chemiluminescence detection
method was employed to study the emission spectra of the
atomic chlorine recombination up to an argon pressure of 170
bar. This low-to-medium pressure spectroscopic study is a
necessary step in understanding the kinetics of the chlorine atom
recombination up to medium pressure, especially for the
demonstration of the behavior of the geminate recombination
of the chlorine atoms in this pressure regime. The latter topic
constitutes the second part of this series of atomic recombination
study.16

In the present study, based on the recent precise spectroscopic
data of theA state obtained by Ishiwata et al.,17 the chemilu-
minescence spectra of the chlorine atom recombination reaction
in various argon pressures were analyzed and the quantitative
population relation among the vibrational states of theA andB
states were obtained. The pressure-dependent parameters, such

as the pressure line broadening and the frequency shifts, were
also determined in the present spectral intensity simulations.
The traditional interpretation of the afterglow spectra of the
chlorine atom recombination reaction is reassessed and its
implications on the mechanism of the chlorine atom recombina-
tion reaction is discussed. The possibleA′ f X emission as
suggested by the matrix isolation experiments was also looked
for under the present medium pressure conditions.

Experimental Section

Figure 1 shows the schematic block diagram of the experi-
mental setup. The 355 nm laser pulse with a duration of 5 ns
of a Nd:YAG laser was employed to dissociate the chlorine
molecules. Electronic ground-state chlorine atoms were gener-
ated. For the experiments with total pressure below 1 bar, the
main reaction chamber is a flow reactor constructed from a
stainless steel cube of 15 cm for each side. To ensure the
constancy of the sample composition, small flows of argon and/
or chlorine gases were introduced separately but coaxially into
the reaction cell by two flow controllers. For experiments with
total pressure being higher than 1 bar, a high-pressure reaction
cell whose main body was composed of a cylindrical bomb with
9.5 cm inner diameter and 13 cm depth (Parr Instrument) was

* To whom correspondence should be addressed at National Taiwan
University.

X Abstract published inAdVance ACS Abstracts,July 1, 1996.

Figure 1. Schematic diagram of the experimental setup for the low-
pressure experiments. In the high-pressure cases, the flow reactor was
replaced by a high-pressure bomb.
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used. Four quartz windows, each with a diameter of 2.54 cm,
were attached to the cylinder wall in perpendicular positions
with respect to each other. Since in the present high-pressure
experiments there is no depletion of the chlorine atoms due to
possible wall reactions, the gas samples were only regularly
replaced after certain experimental runs. For most of these high-
pressure experiments, the chlorine pressure was kept at 5.33
mbar. The argon pressure was varied from 1 to 180 bar. The
sample cell was kept at 300 K by a thermostat. The chlorine
(natural isotope abundance; semiconductor grade, 99.997%;
Scott Specialty Gases) and argon (99.9995%, Scott Specialty
Gases) were used directly from the gas cylinders without further
purification. The laser energy was monitored by a calibrated
pyroelectric joule meter and kept at a level such that the chlorine
atom concentration at the center of the reaction cell was around
2 × 1014 molecules/cm3.
The recombination emission was dispersed with a 275 mm

focal length monochromator (Acton Research) with a reciprocal
linear dispersion of 3 nm/mm. Depending on the pressure, the
slit width was set at 0.070 mm for the low-pressure experiments
and 0.120 mm for the medium-to-high pressure measurements.
The corresponding measured monochromator-function widths
(fwhm) fitted by the Gaussian form were 0.300 and 0.409 nm,
respectively. The photons were then detected by a gated
intensified charge-coupled-device (ICCD, Princeton Instru-
ments). The normal timing sequences of the experiments were
usually a delay of a few microseconds after the laser shot and
then followed by a gate opening varying from few hundred
microseconds to 10 ms for the chemiluminescence signal. The
exact time duration was determined by the chlorine atom
recombination time as measured in the corresponding transient
experiments.16 To enhance the S/N noise ratio, around 50 000
laser shots were accumulated for each spectrum. A standard
spectral radiance source (Eppley Laboratory, Inc.) was employed
to calibrate the detection efficiency of the present optical and
electronic detection systems.

Results and Discussion

Figure 2 shows the potential energy curves of theX, A′, A,
B′, B, andC states of Cl2 near the dissociation energy. TheC
state potential was that derived by Gibson et al.18 along with
the extrapolation of the potential functional formC8r-8 to the
dissociation limit. The remaining bound-state potentials are the
reported RKR potentials along with the extrapolation of the
potential functional form-C6r-6-C8r-8-C10r-10 to the dis-
sociation limit.17,19-22 For these bound states,Cn’s were
determined by fitting the potentials to the highest three RKR
potential points on the dissociation branch. The following
spectral analysis and discussion shall be based on these potential
energy curves.
Analysis of the Chemiluminescence Spectra in the Low-

Pressure Regime. Figure 3a shows the chemiluminescence
spectrum obtained at neat chlorine gas of 4.0 mbar. The
luminescence intensity has been corrected by the photon
detection efficiency of the detection systems. The vacuum
wavelengths were used in the figures. The general features of
the spectrum are in agreement with the earlier results obtained
by conventional flow-discharge methods.8 Since it has been
well-established that the main emission is due to theB f X
transition, the spectrum was first simulated solely with this
transition in mind. With the reported RKR potentials of theB
and X states,19,20 the Franck-Condon factors calculated by
Cooley’s routine,23 the Hönl-London factors for the rotational
line strengths, the natural abundance of the chlorine molecules,
and assuming that the rotational temperature was at the

experimental temperature of 300 K, a theoretical spectrum with
adjustable vibrational populations was obtained. The mono-
chromator function employed in the simulation was a Gaussian
function obtained in the least-squares fitting to the measured
mercury line spectrum. It was found that there were always
substantial residual photon emission between the experimental
and the simulatedBf X emission bands, whose band structures
exactly correspond to theAf X transition reported by Ishiwata
et al.17 With the RKR potential of theA state, the theoretical
Af X emission spectrum could be obtained in a similar manner.
By introducing an additional fitted parametersthe relative
luminescence weights of theA and B statessthe complete
radiative recombination spectrum could be simulated quantita-
tively. For comparison, in the simulated spectra the total peak
value ofB(V′)0) f X(V′′)11) vibrational band at 842.6 nm
was normalized to the corresponding experimental value.
Figure 3b shows the total simulation spectrum, and Figure

3c shows the percentage deviations between the theoretical
values and the experimental results over the wavelength range
650-893 nm. The average percentage deviation is 6.5% and
the maximum percentage deviation is about(10%. The few
random large-amplitude spikes of Figure 3c, which are usually
larger than(10%, are mainly due to the defects of some picture
cells of the ICCD, which are more pronounced in the low-signal
region, and also partly due to the small uncertainty of the
wavelength in the scanning of the monochromator. As shown
in the figure, the agreement between the experimental and
simulated spectrum is excellent.
Figure 4a,b shows the contributions of theA f X andB f

X transitions to the total emission spectrum, respectively. The
main vibrational bands of the two major isotopic species are
also indicated in the figure. The fitted relative luminescence
weight of theA andB states, which is the ratio of the product
of the population and the square of the transition dipole moment
of theA state to that of theB state, is 0.50. The fitted vibrational
populations of theB state are basically in a Boltzmann

Figure 2. Potential energy curves of theX, A′, A, B′, B, andC states
of Cl2 near the dissociation limit. See the text for the details.
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distribution withT ) 400 K for the low vibrational states, and
with the population enhancement factors of 1.4, 2.2, 3.0, and
4.0 to the corresponding Boltzmann population distribution for
the vibrational states 4, 5, 6, and 7, respectively. The popula-
tions of the remaining higher vibrational states were too low to
be determined in the present experiments. The fitted vibrational
population of theA state is in 330 K Boltzmann distribution up
to the vibrational quantum number of 2. The intensities of the
remaining higher vibrational states were too weak to be deter-
mined precisely. The rotational temperatures of both states were
set at the experimental temperature of 300 K. The ratio of the
total photon emission between theA andB states in the 650-
893 nm range is 0.32. Apparently, the steady-state photon emis-
sion of theA state in the chlorine atom recombination reactions
is not negligible for any quantitative study of the reactions.
Knowing the relative luminescence weight 0.50, and also the

ratio of theA f X to B f X transition dipole moment 1/4.8,17

the ratio of theA to B state population could be determined to
be 12 under the present steady-state recombination condition.
We shall come back to this point in the following reaction
mechanism subsection.
Analysis of the Chemiluminescence Spectra in the High-

Pressure Regime.When the argon pressure is higher than 1
bar, spectral frequency shifts and line broadening become
significant. Under the binary impact approximation, the line
shapes of the electronic transitions follow the Lorentzian
distribution:24

I(ω) ) γ
2π

1

(ω - ω0 - ∆)2 + (γ/2)2
(1)

in whichω is the frequency,ω0 is the unperturbed frequency,
∆ is the shift of the frequency, andγ is the width of the
distribution. In the following simulation the rovibronic line
shapes of the chlorine molecules were assumed to follow the
same distribution, and∆ andγ are two independent adjustable
parameters in the calculations of the theoretical spectra.
The Franck-Condon factors were assumed to be identical

with the free state values. The rotational temperature was set
at the experimental temperature of 300 K. The relative
luminescence weights between theA andB states, the values
of the pressure frequency shifts and broadenings, and the
vibrational temperatures were then obtained by the same
procedure as described in the previous subsection over the
pressure range 1-170 bar. Since the peak positions of the
vibrational bands are mainly determined by the frequency shifts,
and the band widths were mainly determined by the frequency
broadenings, these two adjustable parameters could be deter-
mined independently in the fitting procedure. In contrast to
the very low pressure cases, in which there were still some
residual non-Boltzmann population distribution in the higher
vibrational states, it was found that as long as the argon pressures
were higher than about 64 mbar, the vibrational population
distribution could be adequately represented by a single tem-
perature and also that the vibrational temperatures of theA and
B states are actually quite close to each other. A single
vibrational temperature was employed to simulate the observed
spectra.
Figure 5 shows the full chlorine emission spectra at 30 and

170 bar argon pressures, respectively, and their corresponding
simulated spectra. As shown in the enlarged portion of the
figure, the agreement between the experimental and theoretical
spectra is excellent down to the detailed spectral features. The

Figure 3. Detection efficiency corrected chemiluminescence spectra
of chlorine atom recombination reactions at 4.0 mbar chlorine pressure
and 300 K temperature. (a and b) Experimental and simulated spectra,
respectively. (c) Percentage deviations between those of (a) and (b).
The luminescence intensity is in proportion to the photon number, and
the vacuum wavelengths are used in the abscissa coordinate.

Figure 4. Luminescence spectrum of Figure 3 was decomposed into
the A f X andB f X emissions. The total intensity ratio between
these two transitions over the wavelength range 650-890 nm is 0.32.
The major vibrational bands for the two main isotopic chlorine
molecules are also indicated.

13550 J. Phys. Chem., Vol. 100, No. 32, 1996 Chang et al.
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regular sharp spikes in the experimental spectra were due to
the defects of some picture cells of the ICCD. Table 1 lists the
relative luminescence weights of theA and B states, the
frequency shifts and line broadenings, and the vibrational
temperatures over 0.064-170 bar argon pressure. The pressure-
dependent trends of the frequency shifts, line broadening, and
relative luminescence weights are also shown in Figure 6. In

Figure 6a, the two solid lines represent the least-squares fittings
of the frequency shifts as a linear function of the pressure in
the high pressure (75-170 bar) and the low pressure (25-50
bar) regimes, respectively. Due to the uncertainties in the
broadening determination, those data points below 20 bar were
not used in the fitting procedure. Apparently, two different
frequency-shift variations are operated separately in the low-
and high-pressure domains. On the other hand, for the line
broadenings, the linear least-squares fitting of the high-pressure
line broadenings shown in Figure 6b suggests that the linear
relation is adequate in representing the present full range of the
experimental results.
The mean relativeA/B luminescence weight over the studied

pressure range is 0.47 and is shown in Figure 6c by the solid
horizontal line. The vibrational temperatures are essentially
equal to 330 K. As mentioned in the previous subsection, in
the low-pressure regime, such as under neat 4.0 mbar chlorine
condition, theA/B relative weight was determined to be 0.50.
One could conclude that the relative weights are a constant over
the whole pressures measured in this study. However, the
vibrational temperature increases to 400 K at the neat 4.0 mbar
chlorine pressure. Apparently, the argon buffer gas does not
affect preferentially either theA or B state in terms of the
recombination reaction mechanism and the electronic quenching.
It does thermalize the extra vibrational energies for both states.
The other possible emissionA′ f X, which was observed in

the matrix-isolated systems,11,12was also looked for in both the
detection time and the emitting wavelength domains. The
emission was not observed up to 170 bar of argon pressure and
over the observation time window up to 200 ms after the laser

Figure 5. Luminescence spectra taken at 30 and 170 bar argon
pressure. (a and b) Experimental spectra. (c) Corresponding simulated
spectra. The sharp spikes in the experimental spectra were due to the
defects of some picture cells of the ICCD.

TABLE 1: Fitted Parameters of the Simulated Emission
Spectra at 5.33 mbar Cl2a

PAr (bar) weight (A/B) shift (cm-1)b broadening (cm-1) T (vib)

0.064c 0.50 0 0 340
1.00 0.46 0 0 325
3.00 0.41 0 1 331
6.00 0.43 0 3 310
10.0 0.44 -1 3 326
15.0 0.49 -2 3 327
20.0 0.5 -3 4 328
25.0 0.47 -2 5 328
30.0 0.46(0.01 -2( 2.2 6( 0.5 325
40.0 0.51(0.01 -2.5( 2.1 8( 1 320
50.0 0.49(0.02 -4( 2.2 8( 1 319
75.0 0.51(0.02 -12( 2.2 13( 1 321
100 0.47(0.01 -14( 2.2 17( 1 337
150 0.47(0.02 -23( 2.2 25( 1 374
170 0.43(0.01 -26.5( 3.2 27( 1 344

aNeat Cl2 (4.0 mbar) sample: weight (A/B) ) 0.5; TBstate(vib) )
400 K;TAstate(vib) ) 330 K;T(rot)) 300 K, see the text for the details.
b The negative values indicate a red shift.c For this argon pressure,
Cl2 2.67 mbar.

Figure 6. Pressure frequency shifts, line broadenings, and relative
luminescence weights of theA andB states as a function of the argon
pressure. See the text for the details of the fitted solid lines.

Atomic Chlorine in Compressed Gases. 1 J. Phys. Chem., Vol. 100, No. 32, 199613551
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shots. The quantitative agreement between the simulated and
experimental spectra also excluded the possible emission of this
transition.
Mechanism of the Radiative Recombination Reactions of

the Chlorine Atoms. In the low-pressure regime, the radiative
recombination reactions of the chlorine atoms have traditionally
been attributed to the recombination to theB state. Along this
line, the recombination reaction rate into theB state was
determined to be 5.0× 10-34 cm6 molecule-2 s-1 at 298 K by
Clyne and Smith,8 a value corresponding to a recombination
quantum efficiency of 0.043. The recombination mechanism
has been rationalized as an inverse predissociation process of
the recombining Cl(2P3/2) + Cl(2P3/2) atoms.8 Although it has
been noticed that under steady-state conditions, the vibrational
population of theB state observed in the afterglow experiment
could not be quantitatively explained by the above simplified
mechanism. Collisional population transfer from some highly
vibrationally excited states of theX state was proposed to
reconcile the discrepancy in theB state vibrational population.8

In the following discussion, we shall reassess these earlier
rationalizations.
The present low-pressure results suggest that A/B population

ratio is 12 under the steady-state condition. For the high-
pressure measurements, assuming that the Franck-Condon
factors and the transition dipole moments were equal to those
of the free state, one also obtained the sameA to B population
ratio as that in the low pressure regime, as suggested by the
constancy of theA/B luminescence weights. Apparently, the
argon buffer gas exerts the same effect on the rates of the
recombination and the electronic quenching processes for the
A andB states. Since in the neat low-pressure chlorine samples,
the third body for the recombination reactions is the chlorine
molecules, while under the high-pressure conditions the third
body is Ar, and the recombination rate constant in the chlorine
molecules is 5.5× 10-32 and 1.21× 10-32 cm6 molecule-2

s-1 in argon at 298 K, one plausible explanation is that either
the relative recombination efficiency between the A and B state
is independent of the third bodies and the electronic quenching
rate constants of the A and B states are similar to each other or
that the interelectronic state transfer between the two states are
faster than those of the electronic quenching and radiative
processes under the present experimental conditions. Note that
the second condition alone is enough to ensure that theA and
B states are indistinguishable under the present resolution of
the observation time and therefore manifest a constant relative
weight. It is known that the energy difference between theB
andA states is 365 cm-1. Both states have similar fundamental
vibrational frequencies. If these states were in thermal equi-
librium at 300 K and if one takes into account their electronic
degeneracies, one could obtain the population ratio ofA to B
being 11.5. This value is in good agreement with the present
experimental population ratio of 12. This observation supports
that theB andA states are essentially in thermal equilibrium
distribution except under the very low pressure condition. This
implies that the interelectronic exchange rates and the vibrational
relaxation rates are much faster than those of the radiative and
electronic quenching processes for theA and B states. An
additional note is that the fast interelectronic exchange condition
does not exclude the possibility of the constancy of the relative
recombination efficiencies between theA andB states under
the present experimental conditions.
With information on the steady-state recombination popula-

tions, the electronic quenching and vibrational-redistribution rate
constants,25,26 and also the transient recombination experi-
ments,27 one could find that the following traditional radiative

recombination mechanism, which is only involved in theB state,
is too simplified to be able to account for the experimental
observations:

in which the B state was further partitioned by vibrational
quantum numberV, the symbolN just indicates the nonradiative
electronic states,∆V is any vibrational jump within the allowed
vibrational states, and M represents the third body. Incorpora-
tion of the interelectronic coupling to a neighboring electronic
state into the above single electronic state mechanism is required
to account for the available experimental observations. It has
been known that theA and B states of the free chlorine
molecules are coupled together through the heterogeneous
perturbation interaction.11,28 It is also known that for homo-
nuclear diatomic molecules, such as N2, the collisional popula-
tion transfer within the same spin state is quite efficient if the
energy difference between them is within the collisional
energy.29 On the basis of the results of the present study, a
natural extension of the above mechanism is the introduction
of collisional interelectronic state exchange betweenB(V) and
A(µ) if their energy difference is within the thermal energykT.
In addition to the regular recombination, vibrational relaxation,
and quenching processes within theA state, the additional
elementary step would be

in which ν andµ are the vibrational quantum number.
On the baiss of the above mechanism, one could model the

steady-state experiment of Clyne et al. and derive the corre-
sponding apparent third-order rate constant for formation of both
theB andA states, instead of the traditional pureB state.8 One
would find that for the earlier measured recombination rate
constant of theB state to be held, the recombination rate constant
of theA state should be much less than that of theB state and
also the product of theA state radiative rate constant and theB
state quenching constant should be much less than that of the
B state radiative rate constant and theA state quenching constant.
However, available theoretical arguments suggest that theA state
recombination rate constant is expected to be larger than that
of theB state.30 Taking this constraint into account, one would
find that the measured recombination rate constant of theB state
by Clyne et al. is actually just its upper bound value.
For a better understanding of the kinetics of the atomic

chlorine recombination reactions, a detailed knowledge of
vibrational state to state redistribution rate constants and the
interelectronic collisional transfer constants is needed. This
information is usually not easy to obtain. Nevertheless, by
employing the monoexponential, energy-independent model for
the vibrational redistribution rate constants25 and assuming an
average rate constant for collisional population transfer if the
energy is within the thermal energy, one could solve the above
coupled master equations of theA andB states. A set of the
rate constants for the above mechanism which yielded a self-
consistent solutions within the available experimental observa-
tions could be obtained in the low-pressure regime. A detailed

Cl + Cl + M f Cl2(B,V) + M recombination (2)

Cl2(B,V) + M T Cl2(B,V + ∆V) + M
vibrational relaxation (3)

Cl2(B,V) + M f Cl2(N) + M electronic quenching (4)

Cl2(B,V) f Cl2(X) + hν photon emission (5)

Cl2(B,V) + M T Cl2(A,µ) + M (6)

13552 J. Phys. Chem., Vol. 100, No. 32, 1996 Chang et al.
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analysis of the master equations along with the results of
transient recombination measurements shall be reported else-
where.27

Pressure Line Broadening and Frequency Shifts of the
Chlorine Molecule Emissions. Theories of pressure line
broadening and frequency shift for electronic transitions in the
gas phase are generally based on either the binary impact model
or the statistical model.24,31 It has been established that the
former model is applicable to the lower pressure regime and
the latter model is suitable for high-pressure systems. The exact
applicable pressure range of the impact model is determined
by the interaction strength between the chromophore and the
bath gas and by the temperature.24 Since the experimental
pressure line broadenings and frequency shifts are directly
proportional to the bath pressure and also because the interaction
between the chlorine molecules and argon is expected to be of
the weak van der Waals type, the impact model was employed
to estimate the average potential energy difference between the
emitting energy states of the Cl2/Ar system. Neglecting
anisotropy and assuming that the potential difference between
the B andX state caused by the collision of argon is in the
Lennard-Jones potential form:

in which r is the distance between the center-of-mass of chlorine
molecule and argon, one may follow the well-developed
procedure for the calculations of the pressure line broadening
and frequency shift32 and obtain an averageC6 ) (1.1( 0.4)
× 10-60 erg cm6 andC12 ) (0.8( 0.6)× 10-104 erg cm12 for
the present system over the argon pressure 25-50 bar. In these
calculations, since the equilibrium bond distance of theX state
1.987 Å is much shorter than that of theB state 2.435 Å, the
sign ofC12 has been assumed to be positive. The value ofC6

was first determined through the ratio of the observed frequency
shifts and line broadenings. The value ofC12 is then propor-
tional to the 2.2 power of the absolute value ofC6 and can be
obtained accordingly.32 The uncertainty of theC12 value is
inherent much larger than that ofC6 calculated by this method.
Compared with the Ar-Ar Lennard-Jones parametersC6 ) 1.04
× 10-58 erg cm6 and C12 ) 1.64 × 10-103 erg cm12,33 the
obtained potential difference is much smaller than that of the
Ar-Ar van der Waals molecule. It suggests that the interaction
strength between theB state of the chlorine molecule and the
argon atom is quite similar to that in the case of theX state.
For ArCl2, it was known that the bond distance from the argon
to the chlorine center of mass is 3.7 Å for both theX andB
electronic states of the complex and that their corresponding
bond energies are 188 and 178 cm-1, respectively.34 The
similarity of the bond energies and equilibrium bond distances
between these two electronic states of the ArCl2 complex is
consistent with the present conclusion about the similarity of
the interaction strengths for both theX andB states of Cl2 in
collision with argon.

Conclusions

The present chemiluminescence spectral analysis of the
radiative chlorine atom recombination reactions suggests that
the luminescence contribution of theA f X transition is
important for the total luminescence spectra of the atomic
chlorine recombination reactions. The constancy of the relative
A/B luminescence weights over the wide range of the pressures
suggests that the traditional reaction mechanism of the radiative
chlorine atom recombination was oversimplified. The popula-
tion ratio of theA to B state under the present experimental

conditions indicated that theA andB states are essentially in
the Boltzmann population distribution of the room temperature
and that the rate of the interelectronic population exchange is
much faster than those of the electronic quenching and photon-
emission processes. The average isotropic potential difference
between the emitting and the ground state of the chlorine
molecules during the collision of the argon atoms was ap-
proximated by the Lennard-Jones potential form and, with the
help of the measured pressure line broadening and frequency
shift data, was determined by the binary impact model.
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