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Theb Sg –X Sg red atmospheric system of the O2 molecule is, despite i
mall oscillator strength, of importance for light scattering and extinc
tudies of the Earth’s atmosphere. For this reason, this band syste
fter the pivotal study of Babcock and Herzberg (1), been subjected
umerous investigations aimed at the determination of line posit

ntensities (2), and pressure-induced effects. Since the potential curv
heb1Sg

1 excited and theX3Sg
2 ground electronic states are similar in sha

he intensity is mainly diagonal (Dv 5 0) and the off-diagonal Franck
ondon factors rapidly decrease. The (3, 0) band near 590 nm, which4

imes weaker than the (0, 0) band, was recently investigated in the
atory by Biennier and Campargue (3) using the sensitive method
ntracavity laser absorption spectroscopy.

In a program to determine accurate line positions for various ox
sotopes in theb–X system (4, 5), we present a high-resolution study of the
) band for 16O2 and 18O2. In our experiment, we employ the method
avity-ring-down spectroscopy (CDRS), which was recently reviewed (6). For
etails of the experimental setup we refer to this review and to our pre
tudies on the (0, 0) and (1, 0) bands (4, 5). A relevant detail is the use
irrors for the optical cavity, with reflectivities ofR $ 99.99% in the
avelength range of the (3, 0) band. In the experiment, we achieved a
quivalent detection limit of 1.03 1029 cm21, which allowed us to recor
pectra of the (3, 0) band. Examples of spectra are shown in Fig. 1 for16O2 and

n Fig. 2 for 18O2. The intensities of the individual lines are on the orde
0 3 1029 cm21 at typical pressures of 200 Torr. The experiment involv
canning pulsed laser with stepsize 0.01 cm21; for data acquisition we ave
ged over five laser pulses at each position. For the recording of18O2 spectra
95% enriched18O2 sample (Eurisotop) was used.

FIG. 1. Cavity-ring-down spectral recording of theb1Sg
1–X3Sg

2 (3, 0) ba
elated to the limited mirror reflectivity. For theP branches an assignmen
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For the purpose of wavelength calibration, we simultaneously reco
n I2-absorption spectrum. By elementary methods of computerized
tting, interpolation, linearization, and comparison with the values f
he I2 atlas (7), including a recalibration of the atlas involving a shift
0.0056 cm21 (8), the positions of the oxygen resonances were d
ined. In some cases, e.g., for theRR(11) and RR(15) lines of 18O2, a

wo-component fit was performed to deconvolute the line position
artially overlapped lines. In the region of theP branches of18O2, some
dditional lines were observed that could be assigned as water vapor
he results of the line fitting and calibration procedures are present
able 1 for16O2 and in Table 2 for18O2. The data pertaining to18O2 follow

rom a single recording, while the ones for16O2 are the result of an avera
ver two recordings.
In a spectroscopic analysis of the data, the effective Hamiltonian of Ŕ

t al. (9) was used to describe theX3Sg
2 ground state. Since the molecu

onstants forX3Sg
2, v 5 0 are very accurately known from far-infrared a

icrowave spectroscopy (for16O2, see Ref. (9), and for18O2, see Ref. (10)),
he molecular constants were kept fixed at the values listed in our pre
tudy on the (0, 0) band (4). It is noted that the zero-point energy is taken
he trace of the Hamiltonian for the ground state, so this value doe
oincide with a particular quantum state. For theb1Sg

1, v 5 3 excited state w
se the representation

E~N! 5 n30 1 B3N~N 1 1! 2 D3N
2~N 1 1!2. [1]

ll data of Tables 1 and 2 were incorporated in least-squares fitting rou

of16O2 at a pressure of 183 Torr. The baseline was corrected for the los
given.
nd
t is
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ielding values and uncertainties (1s) for the n3, B3, and D3 molecular
onstants, which are listed in Table 3. In the table, a comparison is
ith previous values obtained for16O2; the data of Babcock and Herzbe

FIG. 2. Spectrum of theR branches of theb1Sg
1–X3Sg

2 (3, 0) band o
8O2 recorded at a pressure of 223 Torr. The varying baseline represen
ariation in mirror reflectivity in this wavelength range.

TAB
The b1Sg

1–X3Sg
2

Copyright © 1999 by
de

1) were reanalyzed in Ref. (3). The uncertainties in the experimental d
ere taken such that the least-squares fits converge withx2 values of 1.0
er data point. This is achieved by setting the uncertainty at 0.007 cm21 for

he data of16O2 and 0.015 cm21 for the data of18O2. The resulting value
or the rotational constantsB3 andD3 agree well with those of Biennier an
ampargue (3), the present ones being more accurate. This improve
ay be explained by the narrower linewidths of 0.07 cm21 in the presen

tudy compared to 0.14 cm21 in Ref. (3); a small discrepancy may b
elated to the difference in pressure broadening in both experiments
aboratory studies, the present CDRS study and the ICLAS study (3), have
uperior accuracy over the old data of Babcock and Herzberg (1). Constant
or 18O2 were not determined previously.

For a comparison of the band originsn30, pressure-induced shifts have to
onsidered. In the present study, pressures of 183 Torr (16O2) and 223 Tor
18O2) of pure oxygen were used for the spectral recordings. We note th
alues forn30 in Table 3 are not corrected for these pressure shifts. The sp
f Babcock and Herzberg (1) were recorded through a large air mass, where
bsorption is integrated over a range of altitude-dependent pressure
ominant contribution originating from ambient atmospheric conditions.

CLAS data (3) were recorded with a cell filled with 600 Torr pure oxyg
urrounded by ambient air, conditions for which a similar pressure shift
ef. (1) was expected. Biennier and Campargue have commented that th
f Ref. (1) may possess a systematic measurement shift of 0.02 cm21. We find,

rom a study at lower pressure, a value forn30 which is smaller by 0.0126
.005 cm21 compared to Ref. (3). Phillips and Hamilton (11) have determine

2 self-broadening pressure shifts amounting to20.011 cm21 atm21 for the
0, 0) band and20.014 cm21 atm21 for the (1, 0) band. In a simple extra
lation, a pressure shift of20.02 cm21 atm21 would follow for the (3, 0) band
uch an assumption would bring the present value in accordance with the
f Ref. (1) rather than that of Ref. (3). A final resolution of this issue will awa
easurement of pressure shifts in the (3, 0) band, including shifts in
y N2.
The present data allow for a determination of the absorption strength

the

1
0) Band of 16O2
LE
(3,
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3, 0) band. Signal integration over all measured lines up toJ 5 21 yields a
alue of 9.36 0.4 10227 cm/molecule. However, this value needs correc
or the effect of laser bandwidth. If we take the bandwidth of the laser to
m21, then this value coincides with the combined effects of Doppler
ollisional broadening. Since Doppler broadening dominates, we decon
he absorption strength by using Gaussian profiles, leading to a corr
actor of 1.41. Hence, a band intensity of 1.36 0.1 10226 cm/molecule is
btained for the (3, 0) band of the16O2 isotopomer. This value is somewh
maller than the one obtained in Ref. (3). When comparing with the ban
ntensity of the (2, 0) band (12), we find that the (3, 0) band is 35 times wea

TAB
The b1Sg

1–X3Sg
2

TAB
Molecular Constants for the b1Sg

1, vv
Copyright © 1999 by
5
d
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han the (2, 0) band, in accordance with calculated Franck–Condon f
13). Following a similar procedure, we derive a band intensity of 1.66 0.1
0226 cm/molecule for the (3, 0) band of the18O2 isotopomer. From the fa

hat thev 5 3 wavefunction lies lower in theb1Sg
1 potential, a larger overla

ith the X3Sg
2, v 5 0 wavefunction may be expected, and hence, a la

and intensity.
Our study yields updated or new values for the molecular constants f

1Sg
1–X3Sg

2 (3, 0) band of16O2 and18O2. These values may help to ident
mission bands from excited vibrational levels of O2(b

1Sg
1), including mi-

ority isotopomers, as observed in the Earth’s atmosphere (14, 15).
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0) Band of 18O2
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