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NOTE
The b'2}-X3%7 (3, 0) Band of *°0, and *®0,

Theb12§—X3E; red atmospheric system of the ®olecule is, despite its ~ For the purpose of wavelength calibration, we simultaneously recorde
small oscillator strength, of importance for light scattering and extinctioan l,-absorption spectrum. By elementary methods of computerized cury
studies of the Earth’s atmosphere. For this reason, this band system Hiigtsng, interpolation, linearization, and comparison with the values from
after the pivotal study of Babcock and Herzberh, (been subjected to the I, atlas {7), including a recalibration of the atlas involving a shift of
numerous investigations aimed at the determination of line positions0.0056 cn* (8), the positions of the oxygen resonances were deter
intensities @), and pressure-induced effects. Since the potential curves mined. In some cases, e.g., for tRR(11) andRR(15) lines of *%0,, a
theblEg+ excited and thé(325 ground electronic states are similar in shapetwo-component fit was performed to deconvolute the line positions o
the intensity is mainly diagonalA¢ = 0) and the off-diagonal Franck— partially overlapped lines. In the region of tiiebranches of‘®0,, some
Condon factors rapidly decrease. The (3, 0) band near 590 nm, which is A@lditional lines were observed that could be assigned as water vapor lin
times weaker than the (0, 0) band, was recently investigated in the lafitie results of the line fitting and calibration procedures are presented
ratory by Biennier and Campargué)(using the sensitive method of Table 1 for'®0, and in Table 2 fof0,. The data pertaining t§0, follow
intracavity laser absorption spectroscopy. from a single recording, while the ones 0, are the result of an average

In a program to determine accurate line positions for various oxygever two recordings.
isotopes in thd—X system 4, 5), we present a high-resolution study of the (3, In a spectroscopic analysis of the data, the effective Hamiltonian of Rouill
0) band for*°0, and *0,. In our experiment, we employ the method ofet al. (9) was used to describe tHe’S ground state. Since the molecular
cavity-ring-down spectroscopy (CDRS), which was recently reviegd=or constants f0|X3Eg , V.= 0 are very accurately known from far-infrared and
details of the experimental setup we refer to this review and to our previomscrowave spectroscopy (féfO,, see Ref. $), and for'®0,, see Ref. 10)),
studies on the (0, 0) and (1, 0) bands §). A relevant detail is the use of the molecular constants were kept fixed at the values listed in our previol
mirrors for the optical cavity, with reflectivities oR = 99.99% in the study on the (0, 0) bandl). It is noted that the zero-point energy is taken at
wavelength range of the (3, 0) band. In the experiment, we achieved a ndise trace of the Hamiltonian for the ground state, so this value does n
equivalent detection limit of 1.0< 10~° cm™%, which allowed us to record coincide with a particular quantum state. For &, v = 3 excited state we
spectra of the (3, 0) band. Examples of spectra are shown in Fig4degand use the representation
in Fig. 2 for *0,. The intensities of the individual lines are on the order of
20 X 10~ ° cm™? at typical pressures of 200 Torr. The experiment involved a

= — 2 2
scanning pulsed laser with stepsize 0.01 énfor data acquisition we aver- B(N) = w30 + BN(N + 1) = DNN + 1)% 1]
aged over five laser pulses at each position. For the recorditftPofspectra,
a 95% enriched®0, sample (Eurisotop) was used. All data of Tables 1 and 2 were incorporated in least-squares fitting routine
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FIG. 1. Cavity-ring-down spectral recording of tIméE; —X3E; (3, 0) band of'®0, at a pressure of 183 Torr. The baseline was corrected for the loss re
related to the limited mirror reflectivity. For the branches an assignment is given.
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R 21 19 1715 (1) were reanalyzed in Ref3]. The uncertainties in the experimental data
R 1 t —i 18,  Were taken such that the least-squares fits converge yitralues of 1.0
! 2 per data point. This is achieved by setting the uncertainty at 0.007 éon
RQ 23 .2'1 19 Y 1:5’. the data of-®0, and 0.015 cm* for the data of®0,. The resulting values
1113 for the rotational constan®; andD5 agree well with those of Biennier and
Campargue 3), the present ones being more accurate. This improvemer
880 L may be explained by the narrower linewidths of 0.07 ¢nn the present
study compared to 0.14 cm in Ref. (3); a small discrepancy may be
related to the difference in pressure broadening in both experiments. Bo
laboratory studies, the present CDRS study and the ICLAS stB)yhéave
870 L ‘ superior accuracy over the old data of Babcock and Herzgrgpnstants
for 180, were not determined previously.

For a comparison of the band origing, pressure-induced shifts have to be
considered. In the present study, pressures of 183 #é@,) and 223 Torr
860 L K (*®0,) of pure oxygen were used for the spectral recordings. We note that tt
‘ ‘ values forvggin Table 3 are not corrected for these pressure shifts. The spect
of Babcock and Herzberd) were recorded through a large air mass, where the
‘ absorption is integrated over a range of altitude-dependent pressures,
850 | dominant contribution originating from ambient atmospheric conditions. Th

ICLAS data @) were recorded with a cell filled with 600 Torr pure oxygen,
surrounded by ambient air, conditions for which a similar pressure shift as |
Ref. (1) was expected. Biennier and Campargue have commented that the d
) ) of Ref. (1) may possess a systematic measurement shift of 0.02.dve find,
17035.0 17040.0 170450 cm’! from a study at lower pressure, a value fgg which is smaller by 0.012=
5 0.005 cm* compared to Ref.3). Phillips and Hamilton11) have determined
§ FIG. 2. Spectrum of theR branches of thé'%g-X*3; (3, 0) band of o self-broadening pressure shifts amounting-0.011 cni'® atm* for the
80, recorded at a pressure of 223 Torr. The varying baseline represents (@’eo) band and-0.014 cm* atm* for the (1, 0) band. In a simple extrap-
variation in mirror reflectivity in this wavelength range. olation, a pressure shift 6£0.02 cm * atm™* would follow for the (3, 0) band.
Such an assumption would bring the present value in accordance with the va
of Ref. (1) rather than that of Ref3]. A final resolution of this issue will await
yielding values and uncertainties o)L for the v,;, B;, and D; molecular measurement of pressure shifts in the (3, 0) band, including shifts induc
constants, which are listed in Table 3. In the table, a comparison is maaeN,.
with previous values obtained fdfO,; the data of Babcock and Herzberg The present data allow for a determination of the absorption strength of tf
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TABLE 1
The b'2 X33 (3, 0) Band of *°0,
PQ Pp Rp )
N observed A, _, observed A, _. observed A, . observed A,_,
1 17248.241 -0.004 17258.136 -0.002

3 17243.972 0.002  17241.887 0.002  17260.592 0.003  17262.541 0.003
5 17236.723 -0.003  17234.713 -0.001 17264.100 -0.001 17266.086 -0.003
7 17228.704 -0.002  17226.743 0010  17266.798 0.001 17268.807 -0.006
9 17219.880 -0.006  17217.934 -0.006  17268.673 -0.002  17270.705 -0.009
11 17210.268 0.009  17208.349 0.012  17269.731 -0.001 17271.796 0.003
13 17199.825 0.001 17197.922 -0.002  17269.969 0.003  17272.053 0.005
15 17188.582 0.003  17186.697 -0.002  17269.365 -0.011 17271482 0.005
17 17176.533 0.009  17174.673 0.010  17267.950 -0.007  17270.080 0.002
19 17163.666 0.009 17161.804 -0.011 17265.715 0.006  17267.841 -0.007
21 17149.966 -0.011 17148.138 -0.015  17262.626 0.000  17264.799 0.016

(a) values in cm’!
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TABLE 2
The b'2 X3 (3, 0) Band of *%0,
PQ Pp RR RQ
N observed A _. observed A, _. observed A, _. observed A,_,
1 17025.088 -0.003 17032.275 0.040 17034.148 0.004

3 17021.505 -0.003  17019.464 0.009  17036.146 0.023  17038.070 -0.017
5 17015.118 -0.001 17013.115 -0.007  17039.305 -0.005  17041.278 -0.027
7 17008.051 -0.006  17006.086 -0.004  17041.768 -0.027  17043.806 -0.007
9 17000.334 0.029  16998.370 0.009  17043.563 -0.013  17045.610 -0.005
11 16991.847 -0.012  16989.903 -0.033  17044.654 0.001 17046.719 0.009
13 16982.732 0.014  16980.818 0.005  17045.035 0.012  17047.084 -0.014
15 16972.890 0.009  16971.008 0.015  17044.699 0.013  17046.785 0.008
17 16962.355 0.009  16960.471 -0.004  17043.612 -0.026  17045.750 0.004
19 16951.124 0.009  16949.261 0.001 17041.880 0.002  17043.998 -0.004
21 17039.403 0.000 17041.519 -0.025
23 17038.382 0.014

(a) values in cm’!

(3, 0) band. Signal integration over all measured lines up to 21 yields a than the (2, 0) band, in accordance with calculated Franck—Condon factc
value of 9.3+ 0.4 10 2" cm/molecule. However, this value needs correctiorf13). Following a similar procedure, we derive a band intensity of 4.6.1

for the effect of laser bandwidth. If we take the bandwidth of the laser to 0.® 2° cm/molecule for the (3, 0) band of tH€0, isotopomer. From the fact
cm™ %, then this value coincides with the combined effects of Doppler arttiat thev = 3 wavefunction lies lower in thblEg+ potential, a larger overlap
collisional broadening. Since Doppler broadening dominates, we deconvolutigh the X*%;, v = 0 wavefunction may be expected, and hence, a large
the absorption strength by using Gaussian profiles, leading to a correctimand intensity.

factor of 1.41. Hence, a band intensity of 1230.1 10 2® cm/molecule is Our study yields updated or new values for the molecular constants for tf
obtained for the (3, 0) band of tH€0, isotopomer. This value is somewhatblzg—XSEQ’ (3, 0) band of'®0, and*®0,. These values may help to identify
smaller than the one obtained in Re8).(When comparing with the band emission bands from excited vibrational levels oj(ﬂEg*), including mi-
intensity of the (2, 0) bandl@), we find that the (3, 0) band is 35 times weakemority isotopomers, as observed in the Earth’s atmospHerel.

TABLE 3
Molecular Constants for the b12; , v = 3 Excited State of Molecular Oxygen

160, (this work) 60y (ref. [1]) 160, (ref. [5]) 180, (this work)
vy 17252452(3) 17252.428 (8) 17252.464 (4) 17028.978 (4)
B; 133611 (3) 1.33626 (51) 1.33614 (26) 1.19063 (5)
D, 5.43 (5) 10° 5.63 (47) 10 5.54 (22) 10°° 423 (9) 10°°

The values for v3 are not corrected for possible pressure shifts (see text). The values in the sec-
ond column are the ones derived in a reanalysis of the data of ref. [1] performed by the authors

of ref. [5]. All values in em'l,
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