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Ground and low-lying electronic states of Cr atoms in the gas phase were generated from photolysis of Cr(CO)6 

vapor in He or Ar using an unfocussed weak UV laser pulse and their reactions with O2 and N2O were studied. 
When 0.5-1.0 Torr of Cr(CO)6/O2/He or Ar mixtures were photolyzed using 295-300 nm laser pulses, 
broadband chemiluminescence peaked at ~420 and ~500 nm, respectively, was observed in addition to the 
atomic emissions from z7Po, z5Po, and y7Po states of Cr atoms. When N2O was used instead of O2, no 
chemiluminescence was observed. The chemiluminescence intensities as well as the LIF intensities for those 
three low-lying electronic states (a7S3, a5S2 and aD) showed second-order dependence on the photolysis laser 
power. Also, the chemiluminescence intensities were first-order in O2 pressure, but the presence of excess Ar 
showed a strong inhibition effect on them. Based on the experimental results, the chemiluminecent species in 
this work is attributed to CrO2* generated from hot ground state Cr atoms with O2. The apparent radiative 
lifetimes of the chemiluminescent species and collisional quenching rate constants by O2 and Ar also were 
investigated.
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Introduction

Reactions of transition metal (TM) atoms in the gas phase 
with O2 and oxygen containing molecules have drawn 
substantial interest during the past two decades, and have 
been an area of continuing research.1-3 Many research 
groups have studied the influence of the ground and low- 
lying electronic states on the reactivity of TM atoms in 
oxidation reactions.4-12 It has been reported that Sc, Ti and V 
atoms evaporated from a hot crucible react with O2 or other 
oxygen containing molecules to produce chemiluminescent 
TM oxides, and the vibrational structures of the chemi- 
lumunescence (CL) spectra have been analyzed.13-15 Ritter 
and Weisshaar have studied reactions of the ground state Sc, 
Ti, and V atoms with OX (X=N, O, N2) at 300 K. They 
found that all the exothermic O atom transfer reactions were 
very inefficient.16

Parnis and co-workers generated the ground state Cr 
atoms by multiphoton dissociation of Cr(CO)6 at 559 nm 
and studied reactions of ground state Cr atoms with O2 and 
other oxygen containing molecules under pseudo-first-order 
conditions at 298 K.17 They observed relatively fast removal 
rate of the ground state Cr atoms which depended on the O2 

pressure as well as on the total pressure. However, they did 
not observe CL as well as laser-induced fluorescence from 
CrO(X5P).

In the previous report, we have shown that the ground state 
FeO molecules can be generated easily at room temperature 
by photolyzing Fe(CO)5 vapor in a Fe(CO)5 /O2 or N2O/He 
mixture using unfocussed weak UV laser pulses, and 
suggested that the highly unsaturated Fe(CO)x fragments can 
react with O2 or N2O to generate ground state FeO molecules.18 

We have applied the same method to look for the formation 
of the ground state CrO by photolyzing Cr(CO)6 /O2 (or 
N2O)/He (or Ar) mixtures. Indeed, we have identified the 
formation of the ground state CrO from the reaction of 
highly unsaturated Cr(CO)x fragments with O2 and N2O by 
observing laser-induced fluorescence (LIF) signal from 
CrO(B5Hn) J CrO(X5nn) transition and reported depletion 
kinetics of the ground state CrO.19 During the kinetic study 
of the ground state CrO, we discovered a very broad 
structureless CL spectrum when the low pressure Cr(CO)6 / 
O2 /He or Ar mixtures were photolyzed.

In the present work, we report studies on the CL signal 
observed from photolyzing Cr(CO)6 vapors in the Cr(CO)6 / 
O2 /He or Ar gas mixtures. The dependence of CL intensities 
on the photolysis laser power, O2 and Ar pressures, and 
optical pumping results strongly support that the emitting 
species is CrO2* generated from the hot ground state Cr 
atoms with O2.

Experiment지 Method

An experimental setup used for this work is basically the 
same as that reported previously.18 The reaction cell was 
made of a 1 L Pyrex bulb and two-pairs of 2.5 cm Pyrex O
ring joints were attached to the bulb for the laser beam path 
and for the connection to a gas handling vacuum rack. A 
premixture of 10% O2 in He or in Ar was slowly flowed 
through over Cr(CO)6 powder at 273 K to entrap the 
Cr(CO)6 vapor, and the resulting gas mixture was introduced 
to the photolysis/LIF cell. A typical flow rate of the gas 
mixture in the reaction cell was 0.2 mmol min-1. The actual 
Cr(CO)6 vapor pressure in the flowing cell was estimated to 
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be about 2.5 mTorr under our experimental conditions by 
comparing the LIF intensities of the ground state Cr atoms 
with those from premixtures of known compositions. The 
total pressure in the cell was controlled by adjusting the 
openings of an inlet needle valve and an exit Teflon valve. 
When the pressure in the cell was stabilized, unfocussed UV 
laser pulses in the 290-300 nm regions were directed to the 
cell. The pulse energy of the photolysis laser (Quantel 
YG681-TDL50 with NBP, 8 ns) was 0.7-1.0 mJ/pulse and 
the beam diameter was 7 mm. However, the pulse energies 
of the photolysis laser were varied from 0.30 mJ to 1.60 mJ 
to investigate the power dependence of CL and the atomic 
emission signals.

A photolysis and probe method was employed for LIF 
experiments. The pulse energy and line width of the probe 
laser (Quantel YG581-TDL60 with NBP and DGO) were 
0.1-0.2 mJ/pulse and ~0.1 cm-1, respectively, at the frequency 
doubled wavelength.

The CL signal and the LIF intensities were monitored at 
the right angle with respect to the laser beam direction by 
using a 50 cm monochromator (Spex 1870C) equipped with 
a holographic grating and a Hammamatsu R928 photo
multiplier (PM) tube. The signal from the PM tube was 
digitized with a transient digitizer (Tektronix 7912HB) and 
transferred to a laboratory computer for signal averaging and
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Figure 1. Time-resolved CL spectra observed from photolysis of a 
Cr(CO)6/O2/He mixture using unfocussed UV laser pulses; (a) 0-1 ps, 
(b) 1-2 冬 and (c) 2-10 您.The Cr(CO)6 vapor was entrapped by 
flowing a premixture of 10% O2 in He and total pressure was 0.5 Torr.

Results

A. Chemiluminescence spectrum. When 0.5-1.0 Torr of 
Cr(CO)6/O2/He or Ar mixtures were photolyzed using 
unfocussed weak UV laser pulses in the 290-300 nm region, 
broad band CL was observed in the 350-700 nm region as 
plotted in Figure 1. The sharp features at 360, 425 and 520 
nm correspond to Cr atomic emission from y7Po, z7Po and 
z5Po state, respectively.20,21 These three atomic emissions 
were always observed in addition to the dominant generation 
of the ground state Cr atoms under our experimental 
conditions supporting two distinctive photodissociation 
mechanism for Cr(CO)6 reported by Tyndall and Jackson.22 
The atomic emissions disappeared within 2 ps, while the CL 
was observed for longer than 10 ps. Note that the apparent 
long duration of the atomic emissions is due to the long 
sampling time of the transient digitizer to catch relatively 
weak CL signal appearing in late time, and real atomic 
emissions disappeared within 150 ns at shorter time resolu
tion of the transient digitizer. When N2O was used instead of 
O2, or a Cr(CO)6 /He mixture was photolyzed without O2, 
only the three atomic emissions were detected, and no CL 
signal was observed. The three atomic emission intensities 
showed third-order dependence upon the photolysis laser 
power.

The CL spectra in Figure 1 show structureless continuum 
emissions peaked at around 400 and 500 nm, respectively. 
Efforts to resolve any vibrational band structures by 
increasing spectral resolution of the monochromator were 
unsuccessful. Thus, the nature of the emitting species seems

Figure 2. (a) Dependence of CL signal intensities on the photolysis 
laser power monitored at three different wavelengths. The 
magnitude of the slopes is (i) 2.1 ±0.2, (ii) 2.0 ±0.2, and (iii) 
1.9 ±0.2, respectively. (b) Dependence of LIF intensities for the 
low-lying atomic states of Cr atoms on the photolysis laser power. 
The magnitude of the slopes is (i) 1.8 士 0.2, (ii) 1.9 士 0.2, and (iii) 
1.9 士 0.2, respectively. To avoid congestion, plot (ii) and (iii) are 
vertically shifted.
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Table 1. Excitation and monitored wavelengths for photolysis laser 
power dependence

■"photolysis
(nm)

"exc (nm) 

(Transition)
"obs (nm) 

(Transition)
Power 

dependence
CL 295.3a — 400 2.1 士 0.2

Signal 500 2.0 士 0.2
640 1.9 士 0.2

Cr(a7S3) 295.3 373.2 520.8 1.8 士 0.2
(z5P3o — a7S3) (z5P3o t a5S2)

Cr(a5S2) 295.3 387.0 392.1 1.9 士 0.2
(z5Dio — a5S2) (z5Dio t a5D2)

Cr(a5Dj) 295.3 389.4 392.1
(z5D1。— a5D0) (z5D1。t a5D2)

1.9 士 0.2

Cr(z5D4o) 295.7" 295.7 391.9
(z5D4。— a7S3) (z5D4。t aD)

2.9 士 0.1

Cr(y7P3o) 295.6c - 359.3
(y7P3。t a5S3)

2.7 士 0.2

Cr(z7P3o) 295.6 - 427.5
(z7P3。t a5S3)

2.8 士 0.2

a,cNon-resonant wavelengths for atomic transition. "Resonant wavelength 
for the z5D4° — a7S3 atomic transition.

to be a polyatomic molecule.
B. Dependence of CL and LIF intensities on the photo

lysis laser power, To investigate precursors for the emitting 
species in the reaction cell, the CL intensities vs. photolysis 
laser power were monitored at three different wavelengths. 
The CL signal intensities monitored at 400, 500 and 640 nm, 
respectively, showed second-order dependence on the photo
lysis laser power as plotted in Figure 2(a). We have also 
investigated the photolysis laser power dependence of the 
LIF intensities for the low-lying energy states of Cr atoms 
produced in the reaction cell. The excitation and fluore
scence wavelengths for the a7S3, a5S2 and a5DJ states are 
shown in Table 1. As depicted in Figure 2(b), the LIF 
intensities from the a7S3, a5S2 and a5D0 states also showed 
second-order dependence on the photolysis laser power. 
Thus, the dependence of the CL intensities as well as the LIF 
intensities from low-lying Cr atomic states on the photolysis 
laser power strongly supports that one of the reactants for the 
emitting species must be Cr atoms generated in the low- 
lying electronic states.

C. Dependence of CL intensities upon O2 and Ar 
pressures. Premixed gases with 1, 2, 5, and 10% O2 in Ar 
were prepared to investigate O2 pressure dependence of the 
CL intensities. The premixed gases were used to entrap 
Cr(CO)6 vapor maintaining the same flow rate and the total 
pressure of the cell was kept the same at 0.5 Torr. The pulse 
energy of photolysis laser was 0.5 mJ/pulse. The CL inten
sities monitored at 400 and 500 nm, respectively, showed 
first-oder dependence on O2 pressure when the O2 partial 
pressure was in the 5-50 mTorr range as shown in Figure 
3(a). Thus, the emitting species in this work must be formed 
by a direct reaction with O2.

The dependence of the CL intensities upon Ar buffer gas 
pressure also was studied under static conditions. For this

Figure 3. (a) Oxygen pressure dependence of CL intensities 
monitored at 400 (•) and 500 (口)nm, respectively. (b) 
Representative time profiles for the CL signal monitored at 400 nm 
vs. Ar buffer pressures: 0.45 (O), 0.95 (口), 1.45 (△ ), and 2.10 
(◊) Torr of Ar. To avoid congestion, one data point from every 10 
points is plotted. Time integrated CL intensities monitored at 400 
(•) and 500 (口) nm vs. Ar pressure are shown in the insert of (b).

purpose, the premixed gas with 10% O2 in Ar was used to 
entrap Cr(CO)6 vapor, and the cell pressure was adjusted to 
0.5 Torr before adding extra Ar to the cell. Typical time 
profiles monitored at 400 nm for different Ar pressures are 
plotted in Figure 3(b). As shown in the insert, the time 
integrated CL intensity decreased exponentially as the Ar 
pressure increased. When the decaying part of the time 
profiles were analyzed, we obtained relatively small apparent 
quenching rate constants for the CL signal by Ar as shown in 
Table 2. These results strongly imply that presence of excess

Table 2. Apparent radiative lifetime and quenching rate constant of 
the CrO2* by O2 and Ara

"obs

(nm)
Pressure (Torr) _ kq

(cm3molecule-1s-1) Trad (您)"
O2 Ar Cr(CO)6

400 0.05-0.65 0.45 0.0025 8.0 士 0.5 x 10-11 1.5 士 0.2
0.05 0.45-1.05 0.0025 6.2 士 0.5 x 10-12 1.5 士 0.2

500 0.05-0.65 0.45 0.0025 9.0 士 0.5 x 10-11 2.1 士 0.2
0.05 0.45-1.05 0.0025 6.3 士 0.3 x 10-12 2.1 士 0.2

320c >0.0016
aThe composition of premixed gas was 10% O2 in Ar. "Calculated from 
1/t = 1/Tad + kqAr[Ar] + kq°2[O2]. cThis band emission was reported in 
Ref. 29, but was not observed in this work.
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Ar prevents the generation of the emitting species.
We also looked for the shapes of CL time profiles at higher 

O2 pressures under static conditions. When O2 pressure was 
increased while keeping Cr(CO)6 and Ar pressure constant, 
both the rise and decay time of the CL signal decreased. 
When the decay time vs. O2 pressure was analyzed, the 
apparent quenching rate constants by O2 were 8.0 士 0.5 x 
10-11 and 9.0 士 0.5 x 10-11 cm3molecule-1s-1 for the 400 and 
500 nm emissions, respectively. Although the apparent 
quenching rate constants by O2 were much larger than those 
by Ar, the time integrated CL intensities in the presence of 
excess O2 did not decrease as sharply as those for Ar. Based 
on the measured quenching rate constants by Ar and O2, the 
apparent radiative lifetimes of the emitting species calcu
lated from Stern-Volmer plots were 1.5 士 0.2 and 2.1 士 0.2 
卩s for the 400 and 500 nm emissions, respectively. The very 
long apparent radiative lifetimes suggest that the emission 
might be originated from such a spin forbidden transition.

D. Depletion rate constants of Cr(a7S3), Cr(a5S2), and 
Cr(a5D0) atoms by O2. The variations of LIF intensities 
from the low-lying states of Cr atoms were monitored vs.
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Figure 4. Dependence of LIF intensities of the low-lying atomic 
states of Cr atoms on the photolysis and probe delay time at 
different O2 pressures. The partial pressures of Cr(CO)6 vapor and 
He were kept constant at 0.45 Torr. The partial O2 pressures were 
(a) 0.25 (口 ), 0.45 ( ▲), 0.65 (◊), and 0.95 ( ■ ) Torr, (b) 0.05 
(•), 0.25 (口 ), 0.45 (▲ ), 0.75 (◊), and 0.95 ( ■ ) Torr, (c) 0.05 
(•), 0.25 (口)，0.45 (▲丄 0.75 (◊) and 0.95 (■) Torr, 
respectively.
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Figure 5. Oxygen pressure dependence of the disappearance rate 
for the low-lying atomic states of Cr atoms.

delay time between the photolysis and probe laser pulses at 
different oxygen pressures and plotted in Figure 4. The 
Cr(CO)6 vapor was entrapped using a 10% O2 in He mixture. 
The pressure of the Cr(CO)6/O2/He mixture was kept 
constant at 0.5 Torr and additional O2 was added to the 
photolysis/LIF cell. As shown in Figure 4, Cr atoms in the 
a5S2 and a5D0 states were depleted much faster than the 
ground state (a5S3). When the disappearance rates of the 
low-lying electronic states of Cr atoms vs. O2 pressure were 
replotted as in Figure 5, the bimolecular removal rate 
constants were obtained. As shown in Table 3, the bimolec- 
ular removal rate constant for the Cr(a5S2) state by O2 is 
substantially larger than those for Cr(a7S3) and Cr(a5D0) 
even though the Cr(aD) state locates at 158 cm-1 above the 
Cr(a5S2) state.

E. Optic 이 pumping of Cr(a5D4) and CL intensities. 
The population of Cr atoms in the a5D4 state was increased 
intentionally by optical pumping to look for any change in 
the intensities of the CL signal. Since the Einstein A 
coefficient for z5D4o T a5D4 transition is fairly large,21 and 
since the z5D4o state can be generated directly by the 
photolysis laser pulse, the population in the a5D4 state can be 
increased by photolyzing the gas mixture using z5D4o — a7S3 

atomic transition frequency. Figure 6(a) shows the variation

Table 3. Removal rate constants for the low-lying electronic states 
of Cr by O2

State 人exc (nm) 

(Transition)
爲bs (nm) 

(Transition)
Rate constantsa 

(cm3molecule-1s-1)

a7S3 373.2 520.8 1.7 ±0.3 x 10-12
(z5P3o — a7S3) (z5P3o T a5S2)

a5S2 387.0 392.1 4.0 士 0.6 x 10-11
(z5D1o — a5S2) (z5D1o T aD)

a5D0 389.4 392.1 1.6 ±0.3 x 10-11
(z5D1o — a5D°) (z5D1o T aD)

"Measured in the presence of 0.45 Torr He.
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Figure 6. (a) Population change of Cr(a5D4)atoms by changing the 
photolysis laser wavelength. The probe laser frequency was set at 
z5D4o — a5D4 transition (391.9 nm) and the fluorescence from 
z5D4o T a5D3 transition was monitor at 388.8 nm. The delay time 
between photolysis and probe pulses was 2 您.(b) Intensities of the 
CL signal monitored at 500 nm us. photolysis laser wavelength. A 
10% O2 in He mixture was slowly flowed over Cr(CO)6 powder at 
273 K and the total pressure in the cell was 0.5 Torr.

of the a5D4 state population us. photolysis laser wavelength, 
which was probed at 2 ms after the photolysis laser pulse. 
The probe laser wavelength was 391.9 nm (z5D4o — a5D4) 
and the fluorescence from the z5D4o T a5D3 transition was 
monitored at 388.8 nm. It is seen that the population of the 
a5D4 state can be increased by 3.5 times at 295.64 nm. The 
CL intensities shown in Figure 6(b), however, remain 
effectively the same. Thus, the a5Dj state seems not 
responsible for the CL signal based on this optical pumping 
experiment.

Discussion

The first-order dependence of CL intensities upon O2 

pressure and absence of CL signal from Cr(CO)6/N?O/He 
mixtures support that O2 is one of the primary reactants. 
Also, the second-order dependence of both CL and LIF 
intensities for those a7S3, a5S2, and a5Dj states of Cr atoms on 
the photolysis laser power supports that the CL intensities 
derive from the low-lying states of Cr atoms. Thus, the 
chemical species that gives CL signal must be a product 
from direct reactions of O2 and low-lying states of Cr atoms. 
Since photodissociation of gas-phase Cr(CO)6 by UV laser is 
very fast,23,24 we ruled out the Cr(CO)x*(x=1-6) intermediate 
species generated by two-photon absorption as a plausible 
reactant for the emitting species in this work.

The CL spectra in Figure 1 is completely different from 

that of CrO* produced from the reaction of Cr atoms with O3 

reported by Devore and Gole.25 The reaction of Cr(a7S3) 
with O3 is highly exothermic to generate electronically 
excited states of CrO, while the reaction of Cr(a7S3) with O2 

is 0.38 ±0.09 eV endothermic to generate ground state 
CrO.10 Since the three low-lying atomic states are generated 
dominantly by two-photon absorption, the maximum avail
able kinetic energies are about 1.7 eV for the Cr(a7S3) atoms 
and about 0.8 eV for the Cr(a5S2) and Cr(a5D0) atoms, 
considering the energy required for complete dissociation of 
six carbonyl groups is 6.68 eV.26,27 The actual kinetic energies 
of the Cr atoms should be much smaller than the maximum 
available kinetic energies since the CO fragments take away 
substantial amount (< 0.5 eV) of the absorbed energies.27,28 
Thus, the CL species in this work cannot be CrO*, because 
the available energy is not sufficient to generate CrO*. The 
absence of CL signal from Cr(CO)6/N?O/He mixtures also 
supports this argument because the reaction of Cr(a7S3) with 
N2O to generate CrO is highly exothermic.

If the emitting species are direct products from reactions 
of Cr atoms with O2, only plausible candidate is CrO2* 
generated by the following reactions.

Cr(a7S3) + O2 + He(Ar) T CrO2* + He(Ar) (1)
Cr(a5S2) + O2 + He(Ar) T CrO2* + He(Ar) (2)
Cr(a5Dj) + O2 + He(Ar) T CrO2* + He(Ar) (3)

However, as shown in Figure 6, 3.5 times increased 
population of Cr(a5D4) atoms by optical pumping did not 
affect the CL intensities. We also attempted to increase the 
population of Cr(a5S2) atoms by optical pumping, but the CL 
intensities were not affected. Thus, the optical pumping 
results suggest that Eqs. (2) and (3) are not the major 
channel for the formation of CrO2* in this work, although 
we cannot rule out Eqs. (2) and (3) completely.

Martinez has studied the reaction of a Cr(a7S3) atom with 
H2, N2, and O2 using a density functional theory.3 He has 
reported that the reaction of a Cr(a7S3) atom with ground 
state O2 is highly exthothermic and the ground state 
CrO2(X3B2) is located at 525.5 kJ/mol below the dissociation 
limit. He has also found that there exist thermodynamically 
stable CrO2 molecular states locating at 124.3, 134.7, 219.7, 
337.2, 340.2, and 466.5 kJ/mol, respectively, below the 
dissociation limit. Thus, the CL emissions observed in this 
work are energetically in the plausible range among the 
various CrO2 molecular states generated from the reaction of 
the ground state Cr atom with O2.

Parnis and co-workers have studied the reaction (1) in the 
presence of large amount of Ar buffer gas, but they did not 
observe chemiluminescence or LIF from ground state CrO 
molecules.17 They have monitored the disappearance rate of 
Cr(a7S3) atoms at various Ar pressures, and shown that the 
pseudo-second-order rate constant for removal of the ground 
state Cr(a7S3) atoms by O2 depends on the Ar buffer gas 
pressure. They concluded that the Cr(a7S3) atoms react 
readily with O2 to form CrO2 association complex based on 
their large termolecular rate constant. Although we did not 
measure the removal rate constants for Cr(a7S3) atoms by O2 
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at different buffer gas pressures in this work, the rate 
constant measured in the presence of 0.45 Torr of He is in 
accord with the results of Parnis and co-workers, when their 
data are extrapolated to lower buffer gas pressures. Never
theless, Parnis and co-workers did not detect CL signal. As 
shown in Figure 3(b), the CL intensities were very sensitive 
to Ar pressure. This sensitive dependence of CL intensities 
on Ar pressure manifest itself why Parnis and co-workers 
did not succeed to observe any CL signal under their 
experimental conditions.

The shapes of CL time profiles shown in Figure 3(b), the 
results of optical pumping, and no detection of CL signal by 
Parnis and co-workers can be qualitatively explained if we 
assume that hot ground state Cr atoms generated by two- 
photon dissociation of Cr(CO)6 at relatively low pressures 
react with O2 to form CrO2* which gives CL signal in this 
work. Then, at higher Ar buffer gas pressures, fast collisional 
cooling of hot Cr atoms may prevent the formation of 
CrO2*. At higher partial pressures of O2, increased collision 
probabilities between the hot ground state Cr atoms and O2 

would decrease the rise time of the CL signal, however, O2 

might also quench CrO2* quite effectively. Also, the optical 
pumping of a5D4 atoms may not affect the CL intensities if 
hot ground state Cr atoms are responsible for the CL, 
because only a minor portion of the ground state population 
can be optically pumped using a UV laser with ~10 ns pulse 
width.

To confirm these arguments, we have looked for the 
variation of Doppler line width of the z5D4 — a7S3 absorp
tion spectrum vs. delay time. As plotted in Figure 7, the z5D4

Figure 7. The z5D4 — a7S3 absorption line profile at different delay 
time. The delay time between the photolysis and probe pulses was 
(a) 0 陽 and (b) 5 Rs. The Ar gas was slowly flowed over Cr(CO)6 

powder at 273 K and the cell pressure was 2.0 Torr.

—a7S3 absorption line width at 2.0 Torr was much broader 
than the excitation laser line width of ~0.1 cm-1 (FWHM), 
and decreased substantially at 5 Rs delay time. When the 
observed Doppler line profiles were deconvoluted for the 
excitation laser line width (0.1 cm-1), the Gaussian Doppler 
width (FWHM) with 0.25 and 0.18 cm-1, respectively, were 
fitted fairly well for the experimental profiles at zero and 5 
Rs delay times, respectively. The Doppler width at zero 
delay time corresponded to a translational temperature of 
6200 ± 500 K, which is in accord with Tyndall and Jackson.22 
On the other hand, the Doppler width at 5 Rs delay time 
corresponded to a translational temperature of2900 士 700 K 
indicating fast collisional cooling subsequent to the formation 
of hot Cr(a7S3) atoms. Although we did not investigate the 
Doppler width of the Cr(a5S2) and Cr(a5D0) atoms generated 
by two-photon absorption of Cr(CO)6, they should possess 
much smaller kinetic energies than the Cr(a7S3) atoms and 
formation of CrO2* might be unfavorable. However, consid
ering the relatively fast disappearance rate constant which 
corresponds to the sum of physical and chemical quenching 
of the Cr(a5S2) and Cr(a5D0) atoms, following exothermic 
reactions seem to be one of the exit channel.29

Cr(a5S2) + O2 — CrO(X5n) + O(3P) AHo = -50.8 kJ/mol
(4) 

Cr(a5D0) + O2 T CrO(X5n) + O(3P) AHo = -52.7 kJ/mol
(5)

The larger disappearance rate constant for the a5S2 state 
(4s13d5) which locates 158-715 cm-1 lower in energy than 
the a5DJ state (4s23d4) may reflect that TM atoms having 
s1dn-1 electron configuration are more reactive than those 
having s2dn-2 electron configuration.5

Parson has reported a CL spectrum peaked at ~320 nm 
from his beam-gas experiment with Cr + O2, and concluded 
that the chemical species responsible for the observed CL 
spectrum is CrO2* generated by a two-body radiative recom
bination (2BRR) mechanism.30 We have also attempted to 
look for the CL band peaked at ~320 nm, but the CL 
intensities in the 300-350 nm region are very weak under our 
experimental conditions. Although the spectral range and 
overall shape of the CL spectrum in Figure 1 are much 
different from the Parson's spectrum, the first-order depend
ence of CL intensities on O2 pressure and the suppression of 
CL intensities by the presence of excess Ar suggest that the 
CL signal in this work might be another example of 2BRR. 
It is difficult to explain the nature of different CL spectra 
reported by Parson and in this work, since the excited state 
potential surfaces of CrO2 molecules are not available yet.
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