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Synopsis. The rotational energy disposal of CO(b3%*) in
the Ar(3P2)+CO reaction has been measured by observing
CO(b®%*-adll,) emission in an Ar flowing afterglow. The
initial rotational distribution of CO(b:v'=0,1) was expressed
by a single Boltzmann temperature of 7000700 K. The
fraction of available energy deposited into rotational mode of
CO(b), {fr>, was estimated to be 32+2%.

Carbon monoxide is an ideal molecule for studying
state selectivity in excitation transfer from metastable
rare gas atoms because there are many emitting excited
singlet and triplet states in the energy range of 6—11
eV.12  We have recently made a systematic optical
spectroscopic study on the electronic excitation transfer
from the metastable Ar(3P2: 11.55 eV), Kr(3P2: 9.92 eV),
and Xe(3Pq: 8.32 eV) atoms to CO at thermal energy (39
meV) by using flowing-afterglow (FA) and beam appa-
ratus.378  For the Ar(3P2)+CO system, the following
exit channels have been identified:¥

Ar(3P2) + CO —5 CO(GIT : v’ =0) + Ar, (1a)
L, comISt v =0—2)+Ar,  (Ib)

b, Cco@Bst: v>23) + Ar. (Ic)

The reaction rate constants for each product channel
have been determined to be k1,=1.3X10714, k;p=
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Fig. 1. Energy level diagram of Ar(3Pz), CO(b3Xt,

c311), and C(3P)+O(P). Thermochemical and spec-
troscopic data are obtained from Refs. (1,2, and 11).
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7.0X1074, and k1.~9.9X10713 cm3s™!. The energy
level diagram of Ar(3P2) and CO(c,b) is shown in Fig. 1.
It is clear from the diagram that the energy of
CO(b:v'=0) is lower than that of CO(c:v'=0) by 1.02
eV, and the CO(b:v'=0—2) levels are lying below the
C(3P)+O(3P) dissociation limit. The rotational distri-
bution of the near-resonant CO(c: v'=0) level has been
expressed by a single Boltzmann temperature of
800150 K.® Although the relative vibrational popu-
lation of CO(b:v'=0—2) has been estimated, no infor-
mation on the rotational distribution has been obtained.

In the present study, the rotational distributions of
CO(b:v'=0,1) are determined from a spectral simula-
tion. A component arising from the c—b radiative
cascade is found in the rotational distribution of
CO(b:v'=0). Taking account of this contribution, the
initial vibrational population of CO(b:v'=0—2) is re-
examined. The observed rotational distributions are
compared with those predicted from a simple statistical
theory for characterizing the dynamical features of the
E-E reaction.

Experimental

The FA apparatus and the experimental procedure used in
this study have been described previously.¥ The Ar(3Poz2)
metastable atoms were produced by a microwave discharge of
high purity Ar gas. All experiments were carried out under
the condition where the relative concentration of the upper
Ar(3Po) spin-orbit state to that of Ar(3P) was insignificant.
The pressure in the reaction zone was 0.1—0.25 Torr for Ar
and 1—10 mTorr for CO (1 Torr=133.3 Pa) as measured by an
MKS Baratron gauge. The UV emission in the 200—350 nm
region was dispersed by using a Jarrell Ash I m monochroma-
tor equipped with a cooled Hamamatsu Photonics R376 pho-
tomultiplier. The sensitivity of the monochromator and the
optical detection system was calibrated by using standard D2
and halogen lamps.

Results and Discussion

Figure 2(a) shows a typical emission spectrum result-
ing from the Ar(3P2)+CO reaction. The (2,0), (1,0),
(0,0), and (0,1) bands of CO(b3%*-adll,) and the (0,2),
(0,3), and (0,4) bands of CO(c3I1-a3ll;) are identified in
this spectral range. For comparison, in Fig. 2(b) is
given a CO(b-a) emission spectrum obtained by adding
CO into the Ar discharge flame, where electrons and
rare gas active species such as metastable atoms and
ionic species were present. It should be noted that the
CO(b-a) emission by the Ar(3P;) reaction appears in
much wider spectral range than that in the discharge
spectrum due to a higher rotational excitation. The
spectral features of CO(b-a) by the Ar(3P2) reaction
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Fig. 2. CO(b3xt-a3Il,, c31-a3Il;) emissions produced
(a) from the Ar(3P2)+CO reaction in the Ar flowing
afterglow (b) in the Ar discharge. The optical reso-
lution is 0.115 nm (FWHM). In spectrum (b), the
CO(b-a) emission from v'=0 can be well reproduced
b ingle Bolt tational te ture of 300
Ky a single boltzmann rotational temperature b) Calc
were independent of the Ar gas pressure over the range
of 0.1—0.25 Torr. From this fact and a short radiative 1 ! ! I L
lifetime of t=56%1 ns for CO(b:v'=0,1),? collisional 290 295 nm
relaxation was expected to be insignificant under the ) .
Fig. 3. (a) Observed and (b) simulated spectra of the

operating conditions.

The rotational distribution was estimated from the
computer simulation of the observed spectrum. The
procedure used for the spectral simulation was identical
with that reported previously.®?’ The spectroscopic data
of CO(b,a) in Refs. (1, 2, 10, and 11) were employed for
the calculation. The observed and simulated spectra of
the (0,1) and (1,0) bands of CO(b-a) are compared in
Fig. 3. The observed spectra can be reproduced assum-
ing a double Boltzmann distribution with a branching
ratio of 0.70(7000+500 K) and 0.30(700£100 K) for
v'=0 and a single Boltzmann distribution of 7000£700
K for v'=1. It was difficult to evaluate the rotational
distribution of v'=2 because of predissociation in high
rotational levels.

Since the c3II—b3%* transition has recently been dis-
covered,?) the c—b radiative cascade as well as direct
excitation can take part in the formation of the b state.
The rotational temperature of the minor component in
CO(b:v'=0) is in good agreement with that of
CO(c:v'=0), 800150 K.9 1t is, therefore, reasonable
to assume that the minor cold component arises from
the radiative cascade, while the major hot component is
populated directly. The absence of a cold component
for v'=1 is probably a consequence of a small Franck-
Condon factor for the (0,1) transition of CO(c-b). We
have previously determined the relative vibrational dis-
tribution of CO(b:v'=0—2) to be No:Ni: No=0.55:
0.37:0.08.9 Taking into account of the c(v'=0)—
b(v'=0) radiative cascade, the initial vibrational popula-
tion should be corrected as No: N1: No=0.46:0.44:0.10.
The significant decrease in the Nz population is proba-
bly due to a fast predissociation in excited rotational
levels of v'=2.

If reaction (1b) proceeds throug a long-lived complex

(0,1) and (1,0) bands of CO(b33%-ad1l,) excited by the
Ar(3P2)+CO reaction. The optical resolution is
0.115 nm(FWHM).

of ArCO#*, the rotational energy of CO(b) is expected to
be distributed statistically. According to a statistical
theory for the two-body dissociation model,!314 the
population of a given (v'J’) level is given by the relation

[CO(b: v )2+ 1) [Ew— E(b:v'J)]V2, 2)

where E,, is the total available energy of reaction (1b)
including rotational and kinetic energies of the reactants
and E(b:vJ’) is the internal energy of the final state.
The prior rotational distributions are more excited than
the observed ones for both the v=0 and 1 levels, as
shown in Fig. 4. The deviation from the prior rota-
tional distributions suggests that the rotational energy
disposal is not governed by a statistical manner. The
deviation from the prior distribution can be represented
by a linear surprisal —In[(P(v'J")/ P°(V'J')].1314)  Linear
surprisal parameters of 6=1.37 for v'=0 and 6=0.91 for
v'=1 are obtained.

Having established rovibrational distribution of
CO(b), it is possible to estimate average rotational
energy and the average fraction of the total available
energy deposited into rotational mode of CO(b) by
using the relations

KE>= E?NV'J'EV'J'/ 221;1\/\"./’, (3a)

> =LED| Eau. (3b)

Assuming that the contribution of v'=2 is negligible
because of the small vibrational population, the average
rotational energy of CO(b) is evaluated to be 0.3910.02
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Fig. 4. Observed and prior rotational distributions of
CO(b3%*: v=0,1) produced from the Ar(3P2)+CO
reaction.

eV. Thus, about 32129 of the total available energy is
deposited into the rotational energy of CO(b). This
value is comparable with that of CO(c), 38+10%, pro-
duced in reaction (l1a).®)

The electronic configuration of the ground state of
CO is K2ZK2(30)2(40)2(1n)4(50)2. The CO(b3%1) state is
formed by promotion of a 5¢ electron to the 3so
Rydberg state.l? This takes place by an electron
exchange process; an electron from 5o fills the space of
the 3p orbital of Ar, while the 4s electron enters the 3so
Rydberg orbital. Since there is only one half-filled p

NOTES

1715

orbital on Ar(3Py), the potential surface of the entrance
channel splits into three distinct branches upon
approach of the Ar(3P2) atom toward the CO molecule.
If the half-filled p orbital is oriented perpendicular to
the molecular plane, a surface with 3A” symmetry (311 in
Cwyv) arises, whereas the two remaining branches are
characterized by an in-plane orientation of the p orbital
and thus correlate to 3A’ symmetry (3%%, 811 in Cooy
symmetry). Among three possible surfaces, the forma-
tion of CO(b3Z+)+Ar(1Sy) is allowed both through the
33* surface in a collinear approach and through a 3A’
surface in an off-axis approach. A relatively high rota-
tional excitation leads us to conclude that reaction (1b)
proceeds dominantly through the latter 3A’ surface in
bent configuration.
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