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In order to detérmine the possiblility of stimulated emission between the C,*, d°Il
and a®[1, states, we undertook the study of the relative populations and quenching and
vibrational relaxation rates of C,*, dsII; state in argon and nitrogen gas in reaction of
Na + CCl; by using the heat-pipe-oven technique. The chemiluminescent spectrum
was obtained by a scanning double-grating monochromator (GDM-100). The photo-
electron signal was sent into a pre-amplifier (Keithley 103 A) and a lock-in amplifier
(Keithley 840), then to a X-Y recorder. The relative populations of C,*, d°II; state were
calculated by the relative emission intensities of 4v = -1 sequence of Swan band system
obtained in the experiment. The calculated result is shown in the following table.

The relative population of C,*, dsII; state obtained by the reaction of Na 4 CCl,
at different P,,, Py, and 340°C

P,. (torr) ; Py, (torr)
5 10 15 19 29 3 5 14
N, 1.00 1.00 1.00 1.00 1.00 N, 1.00 1.00 1.00
N, 1.76 1.65 1.45 1.44 1.08 N, 2.60 1.55 1.10
N3 2.55 2.59 2ol 2.38 2.02 N3 4.46 2.20 1:562
N4 5.71 5.16 4.98 4.85 4.01 N‘ 7.63 5.20 Sy i
Ns 12.04 10.14 9.32 8.93 6.59 N5 18.10 9.00 4.73
Na 57.60 48.56 43.93 34.21 26.49 Ne 109.10 48.10 18.00

From this table, it can be seen that the d®II; state exhibits population inversion with
particularly high population in v’ = 6 level. A reasonable mechanism could be proposed
that the b3%,~ state is firstly formed in the elementary step C + CCI of the reaction of
Na + CCl,, and then undergoes a radiationless transition into the d®II; v’ = 6 level. But
the vibrational population v’ < 6 level is formed by collisional relaxation. At steady-
state condition, by using the method of least squares, the quenching and relaxation rates
of C,*, dII; state in argon gas were obtained as 1.9 X 10° torr™. sec™ and 2.2 X 108
torr~1, sec™! respectively. These rate constants in nitrogen gas were a little higher than
those in argon gas. The calculated result of multiquantum transition is an order of
magnitude smaller than one quantum transition, and three quantum transition is two
orders of magnitude smaller than one quantum transition. The quenching rate of
C,*, d°I; state by sodium is of an order of 107 torr~1. sec™.

It was proposed that the fast quenching of C,*, d®II; state may proceed by either way:
(a) The C,*, d®II, state crosses with neighbouring electrionic states, thus a nonadiabatic.
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transition may take place during collisions. - This phenomenon also reflected in our ex-
periment in which some anomalous spectrum was observed and an unexpected negative
value in v’ = 3 level of C,*, d®II; state was obtained; (b) the C,*, d°II; state could form
a long-lifetime complex with the sodium atom (%s). The same conclusion may be drawn
from Benson’s result in which the emission spectra of sodium having obtained energy from
C,*, d*II; show that the population distribution in each electronic state of sodium is sta-
tistical. We planned to investigate further the quenching and relaxation rates of Cy*,
d®II; state by laser-induced fluorescence technique.
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