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The HDO absorption spectrum was recorded in the 13 165-13 500 spectral region by intracavity laser absorption
spectroscopy. The spectrum (615 lines), dominated by the+23v, andv, + 3v; bands, was assigned and modeled leading
to the derivation of 196 accurate energy levels of the (103) and (023) vibrational states. Finally, 150 of these levels were
reproduced by an effective Hamiltonian involving two vibrational dark states interacting with the (023) and (103) bright states.
The rms deviation achieved by variation of 28 parameters is 0.05, @ompared to an averaged experimental uncertainty of
0.007 cm*, indicating the limit of validity of the effective Hamiltonian approach for HDO at high-vibrational excitation. The
predictions of previousb initio calculations of the HDO spectrum (H. Partridge and D. Schwedk&€hem. Phys106,
4618-4639 (1997)) were extensively used in the assignment process. The particular spectral region under consideration was
used to test and discuss the improvements of abwnitio calculations recently performed on the basis of the same potential
energy surface but with an improved dipole-moment surface. The improvements concern both the energy levels and the line
intensities. In particular, the strong hybrid character of ihet+ 3v; band is very well accounted for by the nek initio
calculations. © 2000 Academic Press

1. INTRODUCTION the coexistence of both Fermi- and Coriolis-type interaction
_ _ _ among the resonance triad was also eviden2gd (
In this paper, we continue our efforts started in Refs.j) In this work, the absorption spectrum of HDO in the 13 165-

aimed at the analysis of the near-infrared and visible absorptipa 500 cnyt spectral region corresponding to the excitation o
spectrum of HDO. The isotope substitution of one of thge (103) and (023) vibrational states is analyzed both expe
hydrogen atoms by deuterium strongly influences the intramgentally and theoretically. This particular region will be usec
lecular dynamics3) and then changes the characteristics of thg tast the improvements achieved recently by one of us (D¢
observed spectra. In Refl)( the 4; absorption band centeredi the prediction of the HDO spectrum from ab initio

at 13 853.631 cnf was analyzed. (Note that we use in thggtential energy and dipole momentum surfaces. The ne
present paper the traditional labeling of the stretching vibrga|culations result in both more accurate line positions, due |
tions with v, and v; standing for the OD and OH stretchingpetter convergence of the rovibrational expansion, and mo
respectively.) It was evidenced that up w9 = 5, the OH accurate line intensities, due to a better dipole-moment surfac

stretching states, (96), can be treated as isolated or at leasthis new level of accuracy is a great asset when analyzing t
slightly perturbed states. In Ref2)( where thev, + 4v; experimental spectrum.

absorption band centered at 15 166.104 twas investigated,
strong resonance interactions between the (014), (142), and (0
12 0) vibrational states were revealed, leading to the observa-

tion of many absorption lines belonging to the+ 4v, + 2v, , i
and the 12, bands which borrow their intensities from the "€ experimental apparatus for ICLAS has been previous

strongw, + 4v, band lines partners. These unusual high-ordngcribEd ). Th'e technical details and a very recent review o
resonances may result from strong centrifugal distortion effdef "esults obtained by ICLAS can be found in Ré). (n the
induced by the excitation of the large-amplitude bending VFUTeNt €xperiment, we used a standard standing-wave dy

bration @). An interesting example of the intensity redistribu!@S€r cavity with a 50-cm cell inserted in the long arm of the
tion from A- to B-type transitions of the, + 4w, band due to cavity. The intracavity sample cell was filled with a 1:1 mix-
ture of H,O and DO at a pressure of 14 Torr (18.4 hPa). This

1 On leave from the Institute of Atmospheric Optics, Russian Academy §focedure led to a mixture OfJ@:HDOPzO in a proportion _
Sciences, Tomsk, 634055, Russia. close to 1:2:1. The spectra were obtained with a generatic
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TABLE 1

Wavenumbers, Intensities, and Rovibrational Assignments of the HDO Absorption Lines

between 13 165 and 13 500 cm™

Observed Intensity Upper | Lower Vib. Observed Intensity Upper | Lower Vib.

Wavenumber (cm¥/atm) JK. K. | JK. K. | State | Wavenumber (cm*/atm) JK, K, | JK, K. | State
(em™) Obs. | Cale® | PS99® (em™) Obs. | Calc® | PS99®

13165.506 2.5E-6 4.2E-6 38E-6 615 716 023 13189.254 1.2E-6 12E-6 73E-7 716 817 103
13166297 3.7E-7 28E-7 18E-7 533 542 023 13189.689 1.0E-6 9.9E-7 79E-7 211 322 023
13166.824 6.8E-7 1.3E-6 5.1E-7 422 533 103 13189.835 2.0E-6 22E-6 18E-6 515 606 023
13166.824 6.8E-7 2.7E-7 12E-7 817 836 023 13190.130 3.8E-7 4.1E-7 1.7E-7 625 634 023
13166.922 5.4E-7 2.4E-7 46E-7 836 927 023 13190.245 2.6E-7 2.5E-7 12E-7 616 625 023
13167.212 2.8E-6 3.2E-6 25E-6 625 726 023 13190.809 93E-7 79E-7 57E-7 615 726 103
13167.552 5.5E-7 19E-7 1.4E-7 431 440 023 13190.809 9.3E-7 2.0E-7 1.0E-7 919 928 103
13167.552 5.5E-7 2.8E-7 19E-7 532 541 023 13191.614 2.0E-7 2.0E-7 7.5E-8 707 716 023
13167.944 73E-7 35.0E-7 4.0E-7 542 643 023 13192.468 5.5E-7 6.0E-7 33E-7 717 716 023
13167.944 7.3E-7 52E-7 4.0E-7 541 642 023 13192992 45E-7 3.2E-7 3.1E-7 735 826 023
13168.372 1.1E-6 12E-6 835E-7 413 524 023 13193.761 1.7E-6 1.6E-6 12E-6 633 734 103
13169.082 1.6E-6 2.1E-6 16E-6 606 717 023 13194.758 5.1E-7 4.6E-7 25E-7 524 533 023
13169.536 7.0E-7 49E-7 3.5E-7 753 854 103 13194.903  3.5E-7

13169.536 7.0E-7 49E-7 35E-7 752 853 103 13195.077 1.7E-6 1.6E-6 12E-6 634 735 103
13169.663 6.9E-7 8.0E-7 52E-7 827 928 103 13195473 2.8E-6 2.8E-6 24E-6 431 532 023
13169.986 3.2E-7 2.8E-7 13E-7 514 533 023 13195.885 2.7E-6 2.8E-6 24E-6 432 533 023
13170363 5.0E-6 4.9E-6 54E-6 606 707 023 13196.204 6.7E-6 2.4E-6 12E-6 221 330 103
13170.681 4.8E-6 4.7E-6 5.2E-6 616 717 023 13196.204 6.7E-6 6.1E-6 5.7E-6 422 523 023
13171953 2.0E-6 2.1E-6 16E-6 616 707 023 13196.751 8.5E-6 83E-6 8.2E-6 413 514 023
13171953 2.0E-6 9.1E-7 7.2E-7 743 844 103 13198.621 27E-6 7.7E-7 6.3E-7 111 220 023
13172.144 7.6E-7 9.0E-7 72E-7 744 845 103 13198.621 2.7E-6 2.2E-6 18E-6 404 515 023
13175.141 6.0E-7 6.2E-7 3.0E-7 707 726 023 13199.329 8.7E-7 4.1C-7 19E-7 726 817 103
13175.343 6.3E-7 3.7BE-7 2.7BE-7 414 523 103 13199.531 13E-6 8.7E-7 52E-7 505 524 023
13175940 1.5E-6 1.2E-6 8.8E-7 734 835 103 13199.682 6.7E-6 5.7E-6 55E-6 423 524 023
13175940 1.5E-6 1.6E-7 64E-8 717 726 023 13199.682 6.7E-6 1.7E-6 1.0E-6 624 725 103
13177.290  6.4E-7 13201.544 1.5E-6 1.3E-6 9.8E-7 707 818 103
13177.847 1.2E-6 53E-7 3.2E-7 716 827 103 13201.580 1.6E-6 5.2E-7 4.1E-7 551 652 103
13177.847 1.2E-6 12E-6 84E-7 735 836 103 13201.580 1.6E-6 5.2E-7 4.1E-7 550 651 103
13178130 2.3E-6 6.7E-7 5.5E-7 212 321 023 13202.130  1.3E-6 3.0E-7 19E-7 321 330 023
13178.130 23E-6 25E-6 2.0E-6 532 633 023 13202.130 1.3E-6 1.0E-6 6.1E-7 717 818 103
13178.483 1.1E-6 1.1E-6 84E-7 312 423 023 13202.231 2.0E-6 8.7E-7 7.0E-7 110 221 023
13178.660 1.0E-6 18E-6 82E-7 322 431 103 13202.231 2.0E-6 1.0E-6 6.1E-7 707 808 103
13179.006 2.3E-6 2.5E-6 2.0E-6 533 634 023 13202.546 1.0E-5 9.0E-6 1.0E-5 404 505 023
13179.248 4.3E-6 49E-6 43E-6 523 624 023 13202.665 1.7E-6 1.1E-6 B85E-7 514 625 103
13181.152 6.4E-6 18E-6 8.2E-7 321 432 103 13202.809 1.5E-6 1.3E-6 96E-7 717 808 103
13181.152 6.4E-6 63E-6 S59E6 514 615 023 13202.809 1.5E-6 1.9E-7 1.1E-7 928 927 023
13181290 1.2E-6 13E-6 69E-7 725 826 103 13203.782 98E-6 8.3E-6 94E-6 414 515 023
13182925 4.9E-7 2.1E-7 13E-7 661 762 103 13204.012 1.0E-6 9.8E-7 43E-7 313 422 103
13182.925 49E-7 21E-7 13E-7 660 761 103 13204.514 6.3E-7 4.7E-7 2.7E-7 422 431 023
13183.560 4.9E-6 4.6E-6 43E-6 524 625 023 13205.201 2.6E-6 13E-6 12E-6 542 643 103
13183.744 9.8E-7 9.2E-7 5.1E-7 625 716 023 13205.201 2.6E-6 13E-6 1.2E-6 3541 642 103
13183.744 9.8E-7 7.1E-7 4.0E-7 818 919 103 13205.815 1.5E-6 1.5E-6 1.1E-6 625 726 103
13184.148 8.0E-7 83E-7 6.2E-7 818 909 103 13205.926 9.4E-7 8.6E-7 5.7E-7 524 615 023
13184558 2.1E-6 23E-6 18E-6 505 616 023 13207.307 16E-6 16E-6 1.1E-6 615 716 103
13184.769 5.9LC-7 13207.454 9.4E-7 7.7E-7 49E-7 404 423 023
13185.588 1.8E-6 6.0E-7 3.7E-7 441 542 023 13207.710 2.1E-6 2.1E-6 1.7E-6 414 505 023
13185.588 1.8E-6 6.0E-7 3.7E-7 440 541 023 13208.387 5.7E-7 S5.7E-7 29E-7 523 532 023
13185.588 1.8E-6 6.0E-7 45E-7 652 753 103 13208.629 2.4E-7 3.3E-7 19E-7 818 827 103
13185588 1.8E-6 6.0E-7 4.5E-7 651 752 103 13208.877 2.5E-7

13186.869 7.6E-6 69E-6 7.7E-6 505 606 023 13209.348 3.5E-7

13187.541 7.4E-6 6.6E-6 74E-6 515 616 023 13211.393 2.0E-6 19E-6 16E-6 303 414 023
13187.966 1.1E-6 12E-6 7.7E-7 726 827 103 13211.523 2.1E-6 19E-6 15E-6 532 633 103
13188.593 1.3E-6 1.2E-6 1.0E-6 642 743 103 13212385 4.4E-6 49E-7 34E-7 303 322 023
13188.700 1.6E-6 1.2E-6 1.0E-6 643 744 103 13212.385 44E-6 22E-6 2.0E-6 330 431 023
13188.700 1.6E-6 7.9E-7 43E-7 606 625 023 13212385 4.4E-6 18E-6 15E6 533 634 103

Note. The experimental, calculated, and predicté&d) (intensities are given in cn/atm at 296 K and
correspond to pure HDO. The total calculated and experimental line intensities are normalized (see text) to
the total intensity predicted in RefL). Lines blended by k°0 are marked by “b.” In case of doublets, the
same experimental intensity is given for the two components while the calculated intensities from the EH or
from Ref. (L3) correspond to each component.

? Intensity predictions of the effective Hamiltonian model.

® Intensity predictions of Ref.103).

time of 100us corresponding to an equivalent absorption patixygen present in the laser cavity prevents the measurement
length of 15 km. A Styryl 8 dye solution was used to record theDO lines below 13 165 ct.

spectrum between 13 165 and 13 500 ¢niThe relatively ~ The spectral resolution of the high-resolution grating spec
strongb'X 7 (0) < X°3,(0) absorption band of atmospheridrograph dispersing the laser spectrum is about 0.025',cm
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TABLE 1—Continued

Observed Intensity Upper | Lower Vib. Observed Intensity Upper { Lower Vib
Wavenumber (cm¥/atm) JK, K | JK.K. | State | Wavenumber (cm/atm}) JK,K. 1 JK,K | State
(em™) Obs. | Calc® | PS99® (cm™) Obs. | Cale® | PS99®

13212548 1.0E-5 9.4E-6 9.7E-6 312 413 023 13241.521 7.2E-7 8.2E-7 49E-7 404 413 023
13212.548 1.0E-5 22E-6 20E-6 331 432 023 13241.789 3.3E-7

13213367 63E-6 6.1E-6 63E-6 321 422 023 13242638 23E-6 2.1E-6 16E-6 413 514 103
13214241 16E-6 14E-6 12E-6 413 524 103 13242973 5.7E-7 3.0E-7 28E-7 533 624 023
13215352 4.5E-7 3.7E-7 14E-7 817 826 023 13243.567 94E-7 8.8E-7 51E-7 321 330 103
13215.666 5.9E-6 59E-6 58E-6 322 423 023 13243.878 1.3E-6 1.1E-6 98E-7 212 303 023
13216475 4.3E-7 3.1E-7 11E-7 927 936 023 13244225 3.7E-7 9.1E-8 64E-8 734 827 023
13216.886 3.7E-7 S5.6E-7 23E-7 725 734 023 13244.797 1.0E-6 1.IE-6 6.8E-7 422 431 103
13217.622 1.1E-5 1.0E-5 12E-5 303 404 023 13244982 7.8E-6 62E-6 70E-6 110 211 023
13218.061 2.0E-6 20E-6 13E-6 523 624 103 13245.667 6.7E-7 6.0E-7 3.2E-7 524 615 103
13218676 2.1E-6 1.8E-6 14E-6 606 717 103 13246.355 1.7E-6 1.3E-6 12E-6 330 431 103
13218676 2.1E-6 3.4E-7 3.0E-7 634 725 023 13246492 1.6E-6 13E-6 12E6 331 432 103
13219.521 1.0E-5 9.2E-6 1.1E-5 313 414 023 13246.682 19E-6 1.6E-6 14E-6 414 413 023
13219.846 1.5E-6 1.4E-6 88E-7 616 717 103 13247.203 1.0E-6 1.1E-6 6.6E-7 523 532 103
13219.968 14E-6 14E-6 88E-7 606 707 103 13247.510 1.0E-5 87E-6 10E-5 101 202 023
13220.523 4.7E-7 44E-7 29E-7 313 322 023 13248.545 7.4E-7 6.6E-7 54E-7 000 111 023
13221.010 6.6E-7 55E-7 29E-7 726 735 103 13248988 14E-6 19E-6 13E-6 111 220 103
13221.134 2.0E-6 1.7E-6 13E-6 616 707 103 13249.198 3.2E-7 4.6E-8 3.6E-8 808 725 023
13221.694 2.7E-6 1.0E-6 9.8E-7 441 542 103 13249.484 2.7E-6 26E-6 22E-6 404 515 103
13221.694 27E-6 1.0E-6 9.8E-7 440 541 103 13249.739 73E-6 6.0E-6 7.1E-6 111 212 023
13222307 49E-7 S54E-7 2.6E-7 625 716 103 13249.739 7.3E-6 4.4E-7 3.1E-7 322 413 023
13222.861 4.2E-7 3.6E-7 23E-7 827 826 023 13250.111 8.7E-7 85E-7 55E-7 624 633 103
13223310 19E-6 19E-6 13E-6 524 625 103 13251.307 1.1E-6 1.0E-6 69E-7 303 312 023
13223427 1.7E-6 1.5E-6 13E-6 202 313 023 13251.307 1.JE-6 8.1E-8§ 83E-8 643 734 023
13224912 69E-7 54E-7 33E-7 717 726 103 13251.924 12E-6 1.1E-6 79E-7 515 524 103
13225053 23E-6 19E-6 14E-6 514 615 103 13251.924 1.2E-6 1.5E-7 12E-7 633 726 023
13225.753 1.7E-6 1.7E-6 1.5E-6 313 404 023 13252218 1.8E-6 20E-6 15E-6 110 221 103
13226.115 18E-6 1.6E-6 14E-6 312 423 103 13252402 7.2E-7 57E-7 4.1E-7 725 734 103
13227.93} S58E-7 55E-7 29E-7 505 514 023 13252.787 4.6E-7 3.6E-7 96E-8 845 844 023
13227931 5.8E-7 6.2E-7 26E-7 716 725 023 13253.417 2.3E-6 20E-6 14E-6 404 505 103
13228.111 68E-7 6.8E-7 4.7E-7 423 514 023 13253.417 23E-6 3.8E-7 22E-7 817 826 103
13228308 84E-7 1.5E-6 3.8E-7 212 321 103 13253460 2.1E-6 2.0E-6 14E-6 414 515 103
13228.622 8.5E-6 9.0E-6 9.7E-6 211 312 023 13254.090 1.2E-6 12E-6 8.5E-7 625 624 023
13229.134 2.1E-6 1.8E-6 16E-6 431 532 103 13254788 1.8E-6 109E-6 1.5E-6 321 422 103
13229.541 2.0E-6 1.8E-6 16E-6 432 533 103 13256.450 3.9E-7 6.3E-7 23E-7 744 743 023
13230435 53E-6 44E-6 53E-6 220 321 023 13256.554 29E-7 7.1E-8 76E-8 642 735 023
13230926 1.0E-6 1.1E-6 88E-7 515 514 023 13257.300 1.9E-6 19E-6 1.5E-6 322 423 103
13231.533 42E-6 44E-6 44E-6 221 322 023 13257.394 2.2E-6 23E-6 19E6 414 5035 103
13232501 9.4E-6 1.1E-5 12E-5 202 303 023 13257.633 9.8E-7 1.1E-6 77E-7 202 211 023
13234506 64E-7 1.1E-6 6.0E-7 524 533 103 13259.302 7.7E-7 98E-7 53E-7 643 642 023
13234816 8.1E-6 8.7E-6 10E-5 212 313 023 13259.444 24E-6 23E-6 24E-6 313 312 023
13235550 1.1E-6 1.1E-6 90E-7 101 212 023 13259.551 8.1E-7 9.1E-7 53E-7 642 643 023
13235.811 58E-7 4.6E-7 31E-7 211 220 023 13260.169 2.1E-6 2.1E-6 16E-6 312 413 103
13236.484 18E-6 2.1E-6 15E-6 422 523 103 13260.627 7.7E-7 8.6E-7 6.2E-7 606 615 103

13236957 1.7E-6 1.7E-6 1.1IE-6 515 616 103 13261.191 8.0E-7 8.1E-7 62E-7 101 11¢ 023
13236994 18E-6 1.7E-6 12E-6 505 606 103 13261.626 1.8E-6 1.5E-6 1.1E-6 542 541 023
13237.684 4.3E-7 1.2E-6 13E-7 652 651 023 13261.660 2.0E-6 S5.0E-7 45E-7 111 202 023

13237.684 4.3E-7 12E-6 1.5E-7 651 652 023 13261.660 2.0E-6 1.5E-6 1.1E-6 541 542 023
13238474 8.6E-7 8.0E-7 5.1E-7 312 321 023 13262303 1.4E-6 14E-6 1.1E-6 414 423 103
13238.611 1.1E-6 1.2E-6 6.6E-7 423 432 103 13262.856 58E-6 35.0E-6 6.0E-6 000 101 023
13238700 2.1E-6 1.9E-6 1.6E-6 211 322 103 13263.046 2.6E-6 2.7E-6 24E-6 303 414 103
13239.254 19E-6 22E-6 1.7E-6 515 606 103 13263.493 4.4E-6 3.5E-6 22E-6 441 440 023
13239418 76E-7 8.1E-7 53E-7 616 625 103 13263.493 44E-6 3.6E-6 22E-6 440 441 023
13239.675 7.7E-7 1.1E-6 5.5E-7 514 523 023 13264.119 7.8E-7 79E-7 38E-7 735 734 023
13240.055 6.8E-7 6.6E-7 49E-7 726 725 023 13264.447 22E-6 2.1E-6 20E-6 524 523 023
13240.168 7.9E-7 1.0E-6 6.0E-7 413 422 023 13265.576 4.2E-7 22E-7 22E-7 432 523 023
13240454 2.1E-6 20E-6 135E-6 423 524 103 13265.777 3.6E-7

13240.844 6.4E-7 53E-7 3.5E-7 707 716 103 13267.439 40E-7 1.7E-7 16E-7 404 321 023
13241321 8.6E-7 88E-7 S.1E-7 322 331 103 13267.702 7.0E-7 73E-7 42E-7 716 725 103

which is less than the Doppler broadening (0.038 tmdifferences (GSCD) and rotationally assigned lines measur
FWHM). The wavenumber calibration procedure is describéa the 13 400—13 500 cm region.

in Refs. (L, 2,and6). It requires the use of two reference lines We estimate our wavenumber calibration to be accurate
for each elementary ICLAS spectrum of about 15 ¢mvidth.  within 0.01 cm* as will be confirmed by the uncertainty
Lines due to HO (7) appearing superimposed on the HDbtained for the energy levels determined from several trans
spectrum were used as references in the 13 400-13 500 ctions. After suppression of the ,B lines, the final data set

spectral region. However, the ,8 spectrum becomes toocorresponds to 615 lines listed in Table 1 and plotted in Fig. 1.
sparse below 13400 cm In consequence, in the 13 165— The relative intensities of the lines were roughly estimate
13 400 cm™ region, we were obliged to use as reference lindoom the peak depth of each line. In spite of its limited
a few HDO lines calculated using ground state combinati@tcuracy, this information will prove to be highly valuable in
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TABLE 1—Continued

Observed Intensity Upper | Lower Vib. Observed Intensity Upper | Lower Vib.
Wavenumber (cm¥/atm) JK, K. | JKaK: | State | Wavenumber (cm'l/atm) JK K. | JK, K. | State
(cm™) Obs. | Cale® | Ps99® (em™) Obs. | Calc® | PS99°
13268.079 33E-7 13293.455 3.0E-7
13268.204 4.1E-7 13293.689 52E-6 52E-6 64E-6 101 000 023

13268.860 5.5E-7 5.7E-7 32E-7 423 514 103 13293.831 4.4E-7 52E-7 4.0E-7 853 854 103
13269.034 42E-6 36E-6 4.1E6 212 211 023 13294.068 2.5E-6 1.6E-6 14E-6 212 303 103
13269.270 19E-6 20E-6 1.5E-6 303 404 103 13294.068 2.5E-6 1.0E-6 88E-7 753 752 103
13269.483 19E-6 20E-6 14E-6 313 414 103 13294.068 2.5E-6 1.0E-6 89E-7 752 753 103
13270471 19E-6 19E-7 13E-7 221 312 023 13294.441 3.1E-6 20E-6 18E-6 632 651 103
13270471 19E-6 14E-6 13E-6 313 322 103 13294.441 3.1E-6 20E-6 18E-6 651 652 103
13271.512 3.7E-6 3.5E-6 3.7E-6 423 422 023 13294.801 42E-6 36E-6 3.2E-6 551 550 103
13272.120 2.5E-6 29E-6 21E-6 533 532 023 13294.801 4.2E-6 3.6E-6 3.2E-6 550 551 103
13272.655 1.5E-6 1.3E-6 1.1E-6 220 321 103 13294.949 7.6E-7 11E-6 93E-7 110 211 103
13273.881 5.1E-6 1.3E-6 1.1E-6 221 322 103 13295137 1.5E-6 18E-6 2.1E-6 312 313 023
13273.881 5.1E-6 50E-6 42E-6 432 431 023 13295.651 7.7E-7 9.5E-7 8.1E-7 110 101 023
13274136  23E-6 2.8E-6 21E-6 532 533 023 13295.829 4.9E-7 4.6E-7 4.2E-7 845 844 103
13274406 4.4E-6 5.0E-6 42E-6 431 432 023 13297.094 9.0E-7 9.1E-7 9.0E-7 744 743 103
13274.862 1.5E-6 1.5E-6 1.0E-6 633 634 023 13297.495 43E-7 S53E-7 44E-7 735 734 103
13274981 89E-6 87E-6 7.8E-6 331 330 023 13297.761 S5.1E-7 8.0E-7 72E-7 624 625 023
13275.042 8.5E-6 8.7E-6 7.8E-6 330 331 023 13298.030 1.7E-6 1.7E-6 1.8E-6 643 642 103
13275382 8.0E-6 7.1E-6 83E-6 111 110 023 13298.030 1.7E-6 9.0E-7 8.9E-7 743 744 103
13275.650 7.2E-6 2.2E-6 18E-6 313 404 103 13298294 14E-6 1.7E-6 1.7E-6 642 643 103
13275.650 7.2E-6 6.1E-6 6.7E-6 322 321 023 13298.881 4.5E-6 13E-6 1.1E-6 211 202 023
13275807 29E-6 25E-6 1.7E-6 202 313 103 13298.881 4.5E-6 3.0E-6 3.2E-6 542 541 103
13276.443 23E-6 1.1E-6 21E-6 212 221 103 13298.881 4.5E-6 3.0E-6 3.2E-6 541 542 103
13277.281 7.7E-7 6.9E-7 43E-7 734 735 023 13299.610 64E-6 52E-6 56E-6 441 440 103
13277.636 12E-5 18E-6 14E-6 211 312 103 13299.610 6.4E-6 52E-6 5.6E-6 440 441 103
13277.636 1.2E-5 1.1E-5 1.2E-5 221 220 023 13300.140 9.7E-7 1.1E-6 92E-7 111 212 103
13278.099 13E-6 13E-6 10E-6 505 514 103 13300454 1.2E-6 14E-6 12E-6 101 202 103
13278558 9.5E-6 1.1E-5 1.0E-5 220 221 023 13300.700 3.1E-7

13278.804 3.8E-7 14E-7 1.7E-7 321 414 023 13301.801 1.5E-6 15E-6 14E-6 000 111 103
13279.197 22E-7 14E-7 94E-8 937 936 103 | 13302.325b 14E-6 9.6E-7 88E-7 634 633 103
13279.389 3.1E-7 13302.962 2.1E-6 2.6E-6 2.2E-6 303 312 103

13279.810 6.0E-6 5.8E-6 59E-6 321 322 023 13303.810 3.6E-7

13281.353 7.6E-6 6.7E-6 8.1E-6 110 111 023 13304.198 1.6E-6 14E-6 1.1E-6 312 303 023
13283.166 3.3E-6 3.1E-6 3.1E-6 422 423 023 13304.198 1.6E-6 5.7E-7 4.4E-7 524 523 103
13283.553 13E-6 18E-6 1.2E-6 514 523 103 13305406 7.8E-6 6.7E-6 83E-6 212 111 023
13284.862 18E-6 18E-6 1.1E-6 202 303 103 13305620 1.5E-6 1.1E-6 12E-6 413 414 023
13284.975 1.4E-6 18E-6 12E-6 212 313 103 13307.522 4.8E-6 28E-6 28E-6 432 431 103
13285.334 2.5E-7 13307.522 4.8E-6 1.6E-6 1.6E-6 532 533 103
13286.061 2.1E-6 2.1E-6 13E-6 413 422 103 13307.887 7.5E-7 54E-7 44E-7 111 000 023
13286.090 2.0E-6 20E-6 1.1E-6 312 321 103 13308.049 33E-6 28E-6 28E-6 431 432 103
13286.297 5.5E-7 3.8E-7 20E-7 872 871 103 13308.306 1.0E-5 93E-6 12E-5 202 101 023
13286.297 5.5E-7 3.8E-7 2.0E-7 871 872 103 13308932 5.7E-6 4.7E-6 47E-6 331 330 103
13286.385 7.8E-7 79E-7 40E-7 771 770 103 13308.998 S5.6E-6 4.7E-6 47E-6 330 331 103
13286.385 7.8E-7 79E-7 40E-7 770 771 103 13309.405 6.1E-7 3.7E-7 22E-7 313 312 103
13286.621 1.2E-7 6.5E-8 3.0E-8 312 221 023 13309.652 4.7E-7 4.1E-7 2.1E-7 303 212 023
13286.953 3.5E-6 3.2E-6 38E-6 211 212 023 13310.019 29E-6 28E-6 19E-6 202 211 103
13288.517 2.1E-6 21E-6 19E-6 101 212 103 13310.848 7.2E-7 49E-7 45E-7 734 735 103
13289.178 14E-6 16E-6 1.6E-6 523 524 023 13311.132 5.4E-7 1.9E-6 872 914 004
13289.898 4.1E-7 2.8E-7 22E-7 836 835 103 13311.132  5.4E-7 1.9E-6 871 924 004
13290983 8.2E-7 4.7E-7 3.2E-7 863 862 103 13311.254 S.4E-7

13290.983 8.2E-7 4.7E-7 3.2E-7 862 863 103 13311.847 1.1E-6 12E-6 95E-7 413 404 023
13291.065 16E-6 9.7E-7 6.8E-7 762 761 103 13312.099 1.1E-6 83E-7 78E-7 111 202 103
13291.065 1.6E-6 9.7E-7 6.8E-7 761 762 103 13312.256 1.1E-6 9.5E-7 8.0E-7 423 422 103
13291279 2.6E-6 19E-6 13E-6 661 660 103 13312.584 72E-6 6.3E-6 79E-6 211 110 023
13291279 2.6E-6 19E-6 13E-6 660 661 103 13312.796¢ 6.8E-7 22E-7 135E-7 221 312 103
13292.004 2.1E-7 13314.138 24E-6 22E-6 20E-6 101 110 103
13292.170 24E-7 44E-8 4.6E-8 440 533 023 13314.580 5.0E-7

13292.379 1.4E-6 2.0E-6 16E-6 404 413 103 13314875 6.3E-7

13292.731 2.8E-7 3.6E-7 23E-7 625 624 103 13316.106 1.2E-6 7.7E-7 65E-7 000 101 103

the spectral assignment process. This method leads to rétam ab initio predictions by Partridge and Schwenk®. (
tively strong deviations both for the stronger and the weak&ransformed dipole-moment parameters were also estimat
lines. These are systematically under- or overestimated, respfesm the comparison of the calculated and observed line ir
tively. In particular, for the 10% weakest lines, the automattensities and used as input data for the program exploited for
procedure used for the determination of the absorption baseltngomatic spectra identificatio®)( As the experimental en-
might lead, in some cases, to a 100% overestimation of tbeyy levels were derived from the experimental data, spectr
peak depth. scopic constants were refined from the fitting to observed lin
positions and intensities, in the frame of the effective Hamil
tonian (EH) method providing more accurate extrapolations
The initial approximation for the rotational and centrifugalhe predictions of Ref.8) were also used as a guide in the
distortion constants of the (103) and (023) states was derividéntification process. Finally 557 absorption lines were ac

3. THEORETICAL ANALYSIS AND RESULTS
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13 165-13 500 cm REGION ABSORPTION SPECTRUM OF HDO 301

TABLE 1—Continued

Observed Intensity Upper | Lower Vib. Observed Intensity Upper | Lower Vib.
‘Wavenumber (et ¥/atm) JK K, | JK; K. | State | Wavenumber (cm?/atm) JK K, | JKa K| State
(em™) Obs. | Calc® | PS99° (em™) Obs. | cale® | PS99®

13316.195 7.8E-7 2.5E-7 21E-7 835 836 103 13340.129 4.7E-7 4.1E-7 24E-7 927 918 023
13316.588 6.7E-7 1.8E-7 23E-7 313 220 103 13342.579 6.2E-7 6.6E-7 59E-7 524 515 023
13317.254 2.7E-6 1.6E-6 14E-6 322 321 103 13342760 58E-7 4.1E-7 36E-7 312 313 103
13317.254 2.7E-6 1.6E-6 13E-6 422 413 023 13343.017 L.1E-5 1.1E-5 1.5E-5 505 404 023
13317.571 15E-6 16E-6 1.2E-6 523 514 023 13343.150 6.7E-6 6.4E-6 7.6E-6 422 321 023
13317.783 1.0E-5 1.0E-5 13E-5 313 212 023 13343.808 1.0E-6 I1.1E-6 1.0E-6 3532 523 023
13318.745 1.5E-6 12E-6 12E-6 321 312 023 13344291 3.6E-7 3.1E-8 1.8E-8 1028 1029 023
13319.188 8.5E-7 59E-7 3.1E-7 212 211 103 13344.378 3.8E-7

13319.693 7.4E-7 6.3E-7 45E-7 212 101 023 13344.874 S52E-7 4.2E-7 33E-7 716 707 023
13319.971 3.2E-6 28E-6 2.5E-6 221 220 103 13345543 88E-6 99E-6 12E5 413 312 023
13320.129 1.5E-6 14E-6 9.8E-7 624 615 023 13345625 1.7E-6 2.0E-6 2.1E-6 110 101 103
13320.788 3.1E-6 2.8E-6 25E-6 220 221 103 13345880 3.7E-7

13321.238 2.0E-6 1.6E-6 14E-6 321 322 103 13346.117 3.9E-7 2.6E-7 26E-7 624 533 103
13321.298 16E-6 6.9E-7 86E-7 220 211 023 13346.392 9.7E-7 9.0E-7 66E-7 202 111 103
13321.610 1.2E-5 12E-5 1.5E-5 303 202 023 13346.631 1.0E-6 7.6E-7 67E-7 101 000 103
13321.847 8.1E-7 23E-7 1.5E-7 625 532 103 13346.904 4.3E-7

13322.281 6.9E-7 25E-7 25E-7 414 321 103 13347911 27E-6 26E-6 2.7E-6 211 202 103
13323435 1.0E-6 92E-7 7.8E-7 422 423 103 13348.056 1.1E-6 9.0E-7 94E-7 431 422 023
13323.781 5.1E-6 4.8E-6 58E-6 322 221 023 13349.012 6.6E-7 S5.1E-7 4.0E-7 625 616 023
13324.095 4.7E-7 4.8E-7 18E-7 404 313 023 13349.267 8.3E-6 935E-6 12E-5 616 515 023
13324.943 88E-7 1.1E-6 69E-7 725 716 023 13351.040 3.0E-6 3.0E-6 30E-6 533 432 023
13325.768 1.4E-6 12E-6 10E-6 111 110 103 13351.397 6.3E-6 6.7E-6 8.2E-6 524 423 023
13325933 49E-6 47E-6 55E-6 321 220 023 13351.583 8.7E-6 9.6E-6 1.2E-5 606 505 023
13327975 S55E-7 54E-7 4.2E-7 523 524 103 13351.828 24E-6 25E-6 26E-6 312 303 103
13328.273 2.0E-7 19E-7 1.2E-7 726 633 103 13352.128 2.9E-6 3.0E-6 3.0E-6 532 431 023
13328.500 3.9E-7 3.5E-7 3.1E-7 936 927 023 13352.515 1.1E-6 535E-7 2.6E-7 413 322 103
13328.787 4.3E-7 52E-7 46E-7 221 212 023 13352.515 1.1E-6 83E-7 9.0E-7 432 423 023
13329.277 1.1E-5 12E-5 15E-5 414 313 023 13352.628 8.5E-7 5.6E-7 6.3E-7 331 322 023
13329.346 9.9E-6 93E-6 12E-5 312 211 023 13352.891 1.0E-6 9.0E-7 9.1E-7 533 524 023
13329.751 53E-7 63E-7 3.7E-7 313 202 023 13353.023 6.8E-7 69E-7 55E-7 643 542 023

13329.922  3.5E-7 13353.183 7.2E-7 38E-7 33E-8§ 616 505 023
13330.255 1.8E-7 13353.183 7.2E-7 64E-7 55E-7 642 541 023
13330.458 5.8E-7 13353.907 9.3E-7 82E-7 7.9E-7 634 625 023

13330.813 4.7E-7 4.1E-7 3.7E-7 615 616 023 13354406 9.3E-7 72E-7 73E.7 221 110 023
13330.813 4.7E-7 13E-7 7.0E-8 827 734 103 13355.558 1.5E-6 1.1E-6 12E-6 212 111 103
13331.345 14E-6 12E-6 10E-6 110 111 103 13355.652 1.0E-6 6.5E-7 6.1E-7 735 726 023
13331.345 14E-6 92E-8 14E-8 725 634 023 13355926 6.0E-7 26E-7 2.1E-7 817 808 023
13331.830 4.7E-7 7.0E-7 43E-7 826 817 023 13356.372 16E-6 18E-6 15E-6 523 514 103
13332.326 6.4E-7 7.3E-7 6.5E-7 322 313 023 13357.271 1.2E-6 12E-6 1.0E-6 624 615 103
13333.180 13E-5 12E-5 1.6E-5 404 303 023 13357495 1.8E-6 2.0E-6 18E-6 422 413 103
13334074 9.4E-7 10E-6 74E-7 734 725 023 13357.747 84E-6 19E-6 2.0E-6 413 404 103
13334542  4.6E-7 13357.747 8.4E-6 74E-6 94E-6 717 616 023
13334.704 5.4E-7 13358259 1.7E-6 14E-6 15E-6 111 000 103
13334908 4.4E-7 34E-7 21E-7 624 625 103 13358.613 9.3E-7 44E-7 44E-7 836 827 023
13335516 3.3E-7 6.2E-8 3.0E-8 1037 1038 103 13358.710 9.2E-7 34E-7 45E-7 743 734 023

13335.830  6.9E-7 13359.240 7.1E-6 74E-6 94E-6 707 606 023
13335971 63E-7 6.2E-7 56E-7 211 212 103 13359.782 4.6E-7 2.8E-7 14E-7 937 928 023
13336.150  3.9E-7 13360.167 1.6E-6 18E-6 16E-6 321 312 103

13336.541 22E-6 24E-6 24E-6 432 331 023 13360.457 6.3E-7 7.1E-7 53E-7 725 716 103
13336.846 2.3E-6 23E-6 24E-6 431 330 023 13360.686 9.0E-6 14E-6 9.5E-7 202 101 103
13336.967 6.8E-7 7.5E-7 6.8E-7 423 414 023 13360.686 9.0E-6 8.8E-6 1.1E-5 514 413 023
13337956 6.5E-6 6.7E-6 8.1E-6 423 322 023 13360.969 5.7E-6 63E-6 74E-6 523 422 023
13338326 4.6E-7 58E-7 24E-7 414 303 023 13361.297 1.8E-6 1.7E-6 1.7E-6 303 212 103

13338.554 4.3E-7 13361.595 14E-6 12E-6 93E-7 211 110 103
13338.817b 1.3E-6 1.1E-6 93E-7 633 624 023 13362.719 1.1E-6 23E-7 2.1E-7 827 818 023
13339.563 1.1E-6 4.7E-7 49E-7 542 441 023 13362.979  6.0E-7 87e-7 633 524 151

13339.563 1.1E-6 4.9E-7 49E-7 541 440 023 13363.154 8.8E-7 24E-7 3.0E-8 716 623 023
13339.768 99E-6 1.1E-5 14E-5 515 414 023 13363.154 8.8E-7 3.7E-7 44E-7 744 735 023

signed to thev, + 3v; and the 2, + 3v; bands transitions ject to strong centrifugal distortion effect, the effective rota-
leaving 51 weak lines (7%) unassigned (see Table 1). Otienal Hamiltonian in the Pade—Borel approximatidri{19
hundred ninety-seven experimental energy levels, listed vras used in the fitting of the experimental energy levels. (Not
Table 2, were derived from the observed frequencies by addithgit the spectroscopic constants of this Hamiltonian have tt
the lower state energy obtained from RefQ) Table 2 in- same meaning as those used in the traditional Watson Harr
cludes the number of lines used in the determination of eattmian.) In contrast with the O molecule, which has distinct
level, the corresponding experimental uncertainties, and thbelyad structure, no clear resonance polyad scheme was e
difference between the experimental and predic&dfiergy denced in HDO. It is then difficult to fim priori the possible
levels. For smalll values, these differences are on the order oésonance, especially at a high degree of vibrational excitatio
0.08 and 0.13 cnt for the v, + 3v, and 2, + 3v, band, Inour case, it was clear that the energy levels of both (103) ar
respectively, but increase up to 2.6 tnfor J = 12, 13 levels. (023) states are strongly perturbed foe= 4. The identifica-
Since the highly excited vibrational states of HDO are sulion of the perturbers on the basis of the predictions of RBf. (
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TABLE 1—Continued

Observed Intensity Upper | Lower Vib. Observed Intensity Upper | Lower Vib.
Wavenumber (cm¥/atm) JK, K. | JK.K: | State | Wavenumber (cm¥/atm) JK K, | JK K. | State
(em™) Obs. | Cale® | Ps99® (em™) Obs. | Cale® | PS99®

13363.527 1.2E-6 1.1E-6 1.0E-6 220 211 103 13382.871 1.2E-6 4.3E-§ 9.0E-7 11111 10010 023
13363.784 8.0E-7 34E-7 57E-7 642 633 023 13383.410 2.1E-6 20E-6 19E-6 422 321 103
13364.000 53E-6 5.7E-6 6.1E-6 625 524 023 13384.027 23E-6 1.8E-6 1.7E-6 404 303 103
13364.726 6.0E-7 3.0E-7 13E-7 835 826 103 13384.399 25E-6 2.1E-6 22E-6 533 432 103
13365.107 2.6E-6 2.7E-6 26E6 634 533 023 13384.519 1.9E-6 19E-6 19E-6 734 633 023
13365292 5.1E-6 5.1E-6 6.7E-6 818 717 023 13384.649 6.0E-7 4.2E-7 42E-7 716 707 103
13365405 1.1E-6 13E-6 13E-6 322 221 103 13384.956 24E-7 62E-7 32E-7 330 321 103
13365.610 1.2E-6 13E-6 14E-6 514 505 103 13385513 9.6E-6 2.1E-6 22E-6 532 431 103
13365752 5.6E-7 3.6E-7 56E-7 643 634 023 13385.513 9.6E-6 4.8E-6 59E-6 716 615 023
13366.165 5.5E-6 7.1E-7 4.4E-7 744 643 023 13385513 9.6E-6 2.8E-6 34E-6 827 726 023
13366.165 S5.5E-6 49E-6 6.7E-6 808 707 023 13386.148 4.4E-7 B8.0E-7 4.0E-7 432 423 103
13366.523 6.0E-7 62E-7 58E-7 322 211 023 13386.246 4.4E-7 34E-7 68E-8 3524 505 103
13366.700 4.3E-7 6.3E-7 44E-7 743 642 023 13386.246 4.4E-7 7.5E-7 3.5E-7 5§33 524 103
13366.854 6.0E-7 2.5E-7 35E-7 725 634 103 13386.589 3.6E-7 6.1E-7 3.1E-7 331 322 103
13367.350 13E-6 13E-6 13E-6 321 220 103 13386.832 13E-6 6.0E-7 7.5E-7 12112 11111 023
13367.483 7.1E-7 4.0E-7 6.0E-7 541 532 023 13386.956 24E-6 2.5E-6 24E-6 505 414 103
13367.725 1.6E-6 17E-6 16E-6 313 212 103 13387.628 2.0E-6 8.0E-7 49E-7 615 524 103
13367957 22E-6 26E-6 27E-6 633 3532 023 13387.628 20E-6 59E-7 53E-7 625 616 103
13368.199 7.0E-7 39E-7 6.0E-7 542 533 023 13387.628 20E-6 6.6E-7 6.1E-7 652 551 103
13369.002 6.4LE-7 3.1E-7 19E-7 752 743 023 13387.628 2.0E-6 6.6E-7 6.1E-7 651 550 103
13369.265 S54E-7 3.1E-7 19E-7 753 744 023 13388.013 24E-6 24E-6 26E-6 414 303 103
13369.856 1.7E-6 19E-6 19E-6 212 101 103 13389.033 59E-7 2.1E-7 28E-7 321 202 023
13369.990 5.7E-7 4.7E-8§ 15E-7 836 817 023 13389.033 S5.9E-7 3.8E-7 1.5E-7 735 726 103
13370.168 16E-6 1.5E-6 16E-6 432 331 103 13389.185 1.8E-6 1.8E-6 1.6E-6 515 414 103
13370.168 1.6E-6 3.6E-7 45E-7 440 431 023 13390.210 9.9E-7 29E-7 3.7E-7 13013 12012 023
13370328 53E-7 3.5E-7 45E-7 441 432 023 13390.210 9.9E-7 1.8E-8 1.8E-8 13113 12012 023
13370.486 1.7E-6 1.5E-6 1.6E-6 431 330 103 13391.140 2.1E-6 2.2E-6 2.0E-6 524 423 103
13370.486 1.7E-6 73E-7 4.0E-7 514 423 103 13391.437 22E-6 2.1E-6 18CE-6 413 312 103
13371.113  6.3E-7 84E-7 7.7E-7 221 212 103 13391.669 7.7E-7 1.3E-6 6.7E-7 836 735 023
13371929 34E-6 34E-6 43E-6 919 818 023 13391.783 1.9E-6 1.6E-6 1.7E-6 643 542 103
13372.170 4.4E-7 73E-7 3.4E-7 633 624 103 13391.783 1.9E-6 22E-7 78E-8 836 827 103
13372.170 4.4E-7 7.1E-8 88E-8 735 716 023 13391942 19E-6 16E-6 1.7E-6 642 541 103
13372422 3.5E-6 34E-6 43E-6 909 3808 023 13392.163 3.5E-7

13372.623 29E-7 29E-7 1.1E-7 6135 616 103 13392423 3.2E-7 3.7E-7 15E-7 625 514 023
13372.623 29E-7 1.0E-7 32E-8 919 808 023 13392.813 4.1E-7

13372956 3.3E-7 33E-7 22E-7 652 643 023 13393.189 1.8E-6 1.7E-6 1.6E-6 505 404 103
13373251 1.4E-6 17E-6 1.6E-6 303 202 103 13393.472 52E-7 3.7E-7 33E-7 726 717 103
13373.948 1.0E-6 1.1E-6 1.0E-6 322 313 103 13393.975 44E-7 23E-7 23E-7 817 808 103
13374.185 6.4F-6 69E-6 86E-6 615 3514 023 13394.518 4.1E-6 3.0E-6 3.7E-6 817 716 023
13374965 20E-6 23E-6 2.2E-6 404 313 103 13394.518 4.1E-6 16E-6 21E-6 928 827 023
13375302 4.0E-6 42E-6 5.1E-6 726 625 023 13395325 3.5E-6 3.5E-6 40E-6 725 624 023
13376.107 43E-7 25E-7 1.8E-7 551 542 023 13395.420 2.5E-6 24E-6 25E-6 515 404 103
13376.107 43E-7 2.5E-7 18E-7 550 541 023 13396.755 1.8E-6 16E-6 1.7E-6 221 110 103
13376.799 2.1E-6 1.2E-6 13E-6 542 441 103 13397.276 23E-6 23E-6 22E6 606 515 103
13376.799 2.1E-6 12E-6 13E-6 541 440 103 13397.684 4.6E-7 3.1E-7 89E-8 726 615 023
13376.963 1.6E-6 18E-6 1.5E-6 312 211 103 13398.331 22E-6 22E-6 22E-6 634 533 103
13377.192 5.1E-7 8.6E-7 4.2E-7 532 523 103 13398.436 1.5E-6 16E-6 13E-6 616 515 103
13377.706 32E-6 1.0E-6 9.6E-7 423 414 103 13398.764 1.1E-6 9.6E-7 1.1IE-6 331 220 023
13377.706 3.2E-6 2.1E-6 2.6E-6 10110 919 023 13399.153 1.1E-6 9.5E-7 1.1IE-6 330 221 023
13377.975 2.3E-6 2.1E-6 2.6E-6 10010 909 023 13399.410 4.5E-7 28E-7 20E-7 762 661 103
13378.634 5.4E-6 5.1E-6 59E-6 624 523 023 13399.410 4.5E-7 2.8E-7 2.0E-7 761 660 103
13378.948 18E-6 19E-6 1.7E-6 414 313 103 13399.782 23E-6 23E-6 2.1E-6 523 422 103
13379.683 22E-6 22E-6 23E-6 313 202 103 13399.782 23E-6 1.6E-7 6.2E-9 1019 928 023
13380.302 3.4E-7 48E-7 2.7E-7 844 743 023 13399912 1.6E-6 14E-6 15CE-6 220 111 103
13381.692 7.3E-7 8.6E-7 43E-7 431 422 103 13400.414  4.5E-7

13382.311 8.1E-7 83E-7 7.6E-7 524 515 103 13401.198 1.7E-6 1.5E-6 13E-6 606 505 103
13382.635 7.7E-7 4.3E-8 9.0E-7 11011 10110 023 13401.198 1.7E-6 6.2E-7 8.0E-7 937 836 023
13382.685 9.6E-7 12E-6 6.0E-7 11111 10110 023 13401.322 22E-6 22E-6 2.2E-6 633 532 103
13382.821 1.1E-6 12E-6 S5.9E-7 11011 10010 023 13401.535 23E-6 1.1E-6 1.1E-6 835 734 023

is difficult, as the vibrational assignment provided by R8j. ( could not identify which vibrational states are interacting
is often ambiguous and levels with higlh values appear to be with the energy levels of the (103) and (023) statesoe
perturbed through resonance interactions involving highly ek-andJ = 6. Most of these energy levels were therefore
cited bending states. excluded from the fit.

In the case of the levels with oW, values, the energy Only two vibrational states, (151) and (260), were iden
levels predicted by the effective Hamiltonian help to vibratified, on the basis of Ref8], as possible perturbers of the
tionally assign the corresponding states among a numbereofergy levels of the two states under study. The (260) sta
predicted levels. However, the accuracy of such predictioappears to be strongly linked to the (023) state throug
degrades rapidly ag§ and K, increase and becomes insuf Coriolis-type interaction, while the (151) state is moderatel
ficient for an unambiguous vibrational assignment of thaixed with the (023) state through Fermi resonance an
predicted 8) energy levels. In these circumstances, weith (103) state by Coriolis interaction. Moderate Fermi-
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TABLE 1—Continued

Observed Intensity Upper | Lower Vib. Observed Intensity Upper | Lower [ Vib
Wavenumber (em/atm) JK, K. | JK; K. | State | Wavenumber (cm*/atm) JK K | JK K | State
(em™) Obs. | Cale® | PS99° (em™) Obs. | Calc® | PS99®

13401.535 23E-6 1.8E-6 22E-6 918 817 023 13426.414 7.3E-7 S53E-7 5.6E-7 10010 919 103
13402.151 1.2E-6 2.5E-7 16E-8 918 919 103 13426414 73E-7 5.5E-7 2.4E-7 10110 919 103
13402.151 12E-6 56E-7 1.2E-6 1029 928 023 13430.531 1.0E-6 16E-7 45E-9 3551 542 103
13402.348 22E-6 23E-6 22E-6 616 505 103 13430.531 1.0E-6 B88E-7 7.1E-7 928 827 103
13402.612 19E-6 2.0E-6 19E-6 625 524 103 13430.816 18E-6 19E-6 18E-6 725 624 103
13402923 19E-6 73E-7 44E-7 716 6235 103 13431.008 1.0E-6 9.1E-7 99E-7 625 514 103
13402923 19E-6 7.8E-7 7.1E-7 753 6352 103 13431.488 5.7E-7 2.1E-7 3.5E-7 11011 10110 103
13402923 19E-6 7.7E-7 7.1E-7 752 651 103 13431.488 5.7E-7 4.4E-7 99E-8 11111 10110 103
13403.182 3.3E-7 13432.058 5.9E-7

13404.575 20E-6 22E-6 18E-6 514 413 103 13432.225 7.8E-7 54E-7 5.5E-7 1028 927 023
13405.714b 4.3E-7 1.1E-7 93E-8 928 919 103 13432572 14E-6 12E-6 1.0E-6 817 716 103
13406.142 19C-6 19E-6 18E-6 707 616 103 13432.710 20E-6 16E-6 13E-6 331 220 103
13406.722 12E-6 12E-6 99E-7 717 616 103 13432771 22E-6 86E-7 13E-6 441 330 023
13406.816 1.6E-6 14E-6 16E-6 744 643 103 13432771 2.2E-6 87E-7 13E-6 440 331 023
13407.142 1.0E-6 92E-7 12E-6 1019 918 023 13433.093 1.5E-6 1.6E-6 13E-6 330 221 103
13407.352 1.7E-6 14E-6 16E-6 743 642 103 13433.767 7.1E-7 44E-7 4.0E-7 955 854 103
13407.352 1.7E-6 1.1E-7 3.5E-9 11110 1029 023 13434163 5.5E-7 44E-7 28E-7 954 853 103
13408.154 14E-6 135E-6 16E-6 322 211 103 13434.495 3.5E-7

13408.439 93E-7 12E-6 98E-7 707 606 103 13434.781 S5.5E-7 3.8E-7 20E-7 634 523 023
13408.594 7.7E-7 4.4E-7 59E-7 11210 1029 023 13434.890 4.4E-7

13408.889 4.2E-7 35E-7 3.6E-7 422 303 023 13436.704 8.7E-7 7.2E-7 7.2E-7 946 845 103
13409.020 1.7E-6 19E-6 18E-6 717 606 103 13436.992 9.7E-7 9.7E-7 92E-7 937 836 103
13410.256 2.2E-6 22E-6 24E-6 826 725 023 13437.690 6.7E-7 56E-7 42E-7 1029 928 103
13411.404 5.6E-7 13438.175  8.4E-7

13411.857 1.1E-6 2.1E-7 19E-8 1029 10010 103 13438.373 4.5E-7 8.2E-7 5.6E-7 918 817 103
13411.857 1.1E-6 4.6E-7 6.0E-7 11110 1019 023 13438.841 7.0E-7 54E-7 54E-7 827 716 103
13411.946 1.7E-6 19E-6 18E-6 735 634 103 13440.085 8.7E-7 5.7E-7 7.1E-7 422 313 103
13412.486 6.7E-7 7.1E-7 7.0E-7 432 321 023 13440217 7.8E-7 7.1E-7 73E-7 945 844 103
13413.021 1.6E-6 17E-6 15E-6 726 625 103 13441.925 7.0E-7 38E-7 36E-7 928 817 103
13413.839 14E-6 15E6 13E-6 808 717 103 13443.216 52E-7 53E-7 3.0E-7 1019 918 103
13414.123 8.1E-7 87E-7 6.7E-7 818 717 103 13443.808 1.5E-6 1.5E-6 13E-6 826 725 103
13414.500b 9.8E-7 6.8E-7 69E-7 431 322 023 13444.714  2.4E-7

13414.836 6.4E-7 3.1E-7 22E-7 863 762 103 13445.053 4.6E-7 2.5E-7 25E-7 1029 918 103
13414.836  6.4E-7 3.1E-7 22E-7 862 761 103 13446.145 14E-6 12E6 1.1E-6 432 321 103
13415.124 89E-7 86E-7 6.6E-7 808 707 103 13446.407 1.1E-6 4.8E-7 8.7E-7 541 432 023
13415402 14E-6 1.5E-6 13E-6 818 707 103 13447.188 4.6E-7 1.1E-7 3.0E9 431 414 103
13415.788 2.1E-6 22E-6 20E-6 624 523 103 13447.188 4.6E-7 3.2E-7 2.5E-7 11110 1019 103
13415989 18E-6 19E-6 16E-6 615 514 103 13448.144 12E-6 12E-6 1.1E-6 431 322 103
13417.627 1.5E-6 13E-6 15E-6 423 312 103 13448.455 29E-7 22E-7 59E-8 836 725 023
13418.076 1.8E-6 18E-6 19E-6 734 633 103 13448.721 3.1E-7 28E-7 21E-7 633 524 023

13418.166  5.7E-7 13449.176  2.3E-7 2.5E-7 6.8E-8 422 303 103
13418.338 1.1E-6 6.4E-7 54E-7 853 7352 103 13449.375 3.5B-7 27E-7 23E-7 1056 955 103
13418.338 1.1E-6 32E-7 59E-7 936 835 023 13449.491 6.3E-7 4.7E-7 854 963 004
13418.488 12E-6 9.8E-7 1.1E-6 321 212 103 13449.609 5.7E-7 4.7E-7 853 964 004
13418.650 2.8E-7 13449.766 3.5E-7 9.7E-8 24E-7 937 826 023
13418.956 4.4E-7 13451.413 S4E-7 4.2E-7 44E-7 1047 946 103
13419.126  3.5E-7 13453.656  2.2E-7

13419.339 36E-7 2.0E-7 1.7E-7 1139 1038 023 13454.030 1.7E-6 83E-7 85E-7 551 440 023
13420.563b 1.2E-6 1.1E-6 9.1E-7 909 818 103 13454.030 1.7E-6 83E-7 8535E-7 550 441 023
13420.689 6.4E-7 5.5E-7 40E-7 919 818 103 13458.056 8.2E-7 8.9E-7 8.6E-7 533 422 103
13421245 4.8E-7 55E-7 39E-7 909 808 103 13458.180 4.4E-7 42E-7 4.1E-7 1046 945 103
13421377 99E-7 1.1E-6 9.1E-7 919 808 103 13458.489 28E-7 19E-7 3.0E-7 1139 1038 103
13421.892 13E-6 1.1E-6 1.1E-6 845 744 103 13458.863 53E-7 29E-7 54E-7 643 532 023
13422329 1.3E-6 13E-6 l.1IE-6 827 726 103 13459.777 43E-7 2.6E-7 53E-7 642 533 023
13422.766 13LE-6 12E-6 1.2E-6 927 826 023 13460.215 1.9E-7

13423337 14E-6 1.1E-6 1.1E-6 844 743 103 13460.367 1.1E-7

13424774 1.6E-6 14E-6 14E-6 836 735 103 13460.691 2.5E-7 3.0E-7 23E-7 624 505 023
13425191 12E-6 1.1E-6 12E-6 524 413 103 13465.229 3.1E-7 28E-7 38E-7 523 414 103
13425296 13E-6 15E-6 13E-6 716 615 103 13465.529 3.0E-7

type resonance was also found to take place between #iers especially for the (103) state probably arises from tr
(103) and (023) states. influence of the dark states which could not be assigned at
The parameters obtained from the fitting to 150 experimeniatluded in the fitting process. It is then not surprising tc
energy levels of the total number of 197 levels are presentedoibserve strong deviations between the levels calculated fro
Table 3 with 65% confidence intervals. Parameters withotlte parameters listed in Table 3 and the experimental values 1
confidence intervals were fixed to their initial estimated valuethe levels excluded from the fit. The corresponding transition
The rms deviation provided by variation of 28 parameters {40 in all) were, in fact, assigned using line center prediction
0.05 cm’, i.e., significantly larger than the averaged experof Ref. ).
mental uncertainty (0.007 cmj of the levels derived from the  During the course of this analysis, a new dipole-momer
combination difference of two and more lines. The observedirface (DMS) for HO became available1B). Thus new
distortion in the signs and values of the spectroscopic paracalculations of the HDO spectrum were carried out to make th
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TABLE 1—Continued

Observed Intensity Upper | Lower Vib. Observed Intensity Upper | Lower Vib
Wavenumber (cm¥/atm) JK, K. | JKsK. | State | Wavenumber (cmYatm) JK K | JK K| State
(em™ Obs. | Cale® | PS99%) (em™ Obs. | calc® | Ps99°

13465.658 7.1E-7 4.5E-7 36E-7 661 550 023 13475.896 3.4E-7 3.8E-7 4.1E-7 735 624 103
13465.658 7.1E-7 4.5E-7 3.6E-7 660 551 023 13477.504 7.6E-7 2.7E-7 22E-7 762 651 023

13466.111 1.2E-6 1.7E-6 753 862 004 13477.504 7.6E-7 27E-7 22E-7 761 652 023
13466.111 1.2L-6 1.7E-6 752 863 004 13482.740 3.1E-6 3.0E-6 651 762 004
13466.605 1.1E-6 S.SE-7 54E-7 652 541 023 13482.740 3.1E-6 3.0E-6 652 761 004

13466.605 1.1E-6 5.5E-7 54E-7 651 542 023 13483.668 8.5E-7 9.0E-7 3.6E-7 541 432 103
13467.448 4.6E-7 58E-7 5.1E-7 1028 927 103 13484.171  5.5E-7

13467.991 54E-7 6.0E-7 6.1E-7 634 523 103 13487.285 3.6E-7 23E-7 2.35E-9 642 625 103
13468.900 7.2E-7 13E-6 4.1E-7 441 330 103 13488.044 5.0E-7 34E-7 3.0E-7 1138 1037 103
13468.900 7.2E-7 1.3E-6 4.1E-7 440 331 103 13488.840 4.5E-7 1.6E-7 13E-7 863 752 023
13469.600 4.2E-7 22E-7 1.2E-7 771 660 023 13488.840 4.5E-7 1.6E-7 13E-7 862 753 023
13469.600 4.2E-7 22E-7 1.2E-7 770 661 023 13491.653 2.8E-7 26E-7 14E-7 734 615 023
13471.906 4.5E-7 6.1E-7 5.7E-7 1037 936 103 13491.737 2.7E-7

13474206  5.7E-7 13499.336 4.7E-6 4.6E-6 551 660 004
13475.355 4.6E-7 13499.336  4.7E-6 4.6E-6 550 661 004

best possible predictions. In these calculations, we used fiest, we used the new more accurate DMS)( and second,
same potential energy surface as used previo@lyThe new we took advantage of increased computing facilities to carr
calculations differ from our previous worl8)in two aspects. out calculations using larger rovibrational basis sets. In the:
calculations we computed all eigenvalues with energies up
0.11E, above the minimum, and we based our basis function
, 1320013250 13300 1335013400 13450 on a self-consistent field (SCF) calculation on the lowest rotz
ICLAS a tion—bending level withv, = v; = 1. In the final diagonaliza
1 tion, we included all functions with sums of SCF energies uj
14 to 0.19E, above the minimum, except the maximum energ)
stretching function had energs¢0.15E,, and the maximum
energy rotation—bending function had energ9.17 E,. The
maximum number of functions in the final diagonalization was
limited to 3000, and calculations were carried out foup
1 to 30.

The comparison of these new calculations with the exper
mental energy levels is presented in Table 2. The improveme
of these new results compared to R&]J.ié clear, especially for
levels with highJ values. The largest deviation between ob-
2 served and calculated line centers decreases fr@rb to—0.3
P890 ¢ cm™, while the new rms deviation is 0.13 ¢mcompared to
0.71 cm* for the predictions of Ref8). Finally using the new
calculations of Ref.13), we could identify about 20 additional
| transitions involving highly excited levels of the (103) vibra-
tional state such as the [872]-[871], [871]-[872] doublet of the
4 v, + 3v; band at 13 286.297 cm. The observed line positions
|PS97 d are presented in Table 1 with, when available, their rotation:
and vibrational assignments. Overall 350 absorption transitior
were attributed to the, + 3v; band, while 316 of them belong
1 ‘ \ to the 2v, + 3v; band. It should be noted that our vibrational

Il assignments are frequently inverted compared to those of R
13200 13250 13300 13350 13400 13450 (13) especially for the lines involving higK,. Six lines were
Wavenumber (em™) found to belong to the#, band (). Only 7% of the observed

FIG.1. Comparison of the overview of the stick spectrum ofithe- 3v; and HDO lines were left unassigned. Part of them may belong t
2v, + 3v; bands of HDO in the 13 16513 500 chspectral region: (a) Extracted the D,O isotope species. Some lines, marked by “b” in Table
from the ICLAS spectrum. The absolute intensities were normalized to the tofal are probably blended byzll—‘io lines in accordance with the

absorption intensity predicted in this spectral region in Re). (b) Simulated by line lists given in Refs.K) and (L4). It is interesting to note (see
the effective Hamiltonian with the parameter values listed in Table 3 with the sargfeso Ref 4_5)) that rather strong HDO lines in the 13 390—
normalization of the intensities as in (a). (c) Predicted fromathénitio calcula- ’ g

N . .
tions of Ref. (3). (d) Predicted from thab initio calculations of Refg). Note that 13 400_Cm region were erroneously presented as unidentifie
the intensity scale is twice as much as in (b) and (c). H,™0 lines in the line list attached to Refl4).

Intensity (10‘Scm‘2/atm)
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13270 13272 13274 13276 13278 13280 13282 the calculated intensities of some transitions involving per
21 ' ' ' ' ' ' turbed highK, energy levels are significantly (up to three
§ | 1CLAS a times) overestimated (see Table 1) showing that the resonar
£ . scheme adopted is probably incomplete. Figures 1-3 show
§ comparison between the experimental and EH synthetic spe
< ] trum for the whole spectrum and two expanded regions. Th
0 overall agreement is satisfactory and the EH predictions ce
5 _ then reliably be used at least for an unambiguous rovibration
a s = b assignment of most of the absorption lines.
| EH @ a8 S .
1 #e g - It is interesting to note that, except for a few levels of the
14 a . §§\2I Trs T - (260) state interacting with levels of the (023) state, the res
T TRy az |7, & Sz 0T T nance interactions with the two dark states introduced in th
—~ +° and a L] o . . .. . .
g ; * ‘|' Tﬁ l h b 5 S T EH, in fact, do not induce sufficient intensity transfer from the
2o L Ll I v, + 3v; and 2, + 3w, lines to allow the experimental
£ 2 observation of extra lines. Moreover, the strongly perturbe
" PS99 ¢
i\ 15 13366 13368 13370 13372 13374 13376
= | 1 | 1
w
= | B 0.8
I SATINT | Y S e :
- gl |5 Ll Tl 1 I S 064
= = ]
— 5 0.4
2 j
| PS97 d ﬁ 02
0.0+
24
1A 1.5
‘ | |T LA S [ 1 : °
05 T T - T T T 1.045 . . 2 P
13270 13272 13274 13276 13278 13280 13282 4. o x 2 s w°
g g 838 o . wi & ®| &=
W ber (cm” o548 ¥ agz s % e g
avenumber (cm ) z E 58]’ n83 5 ’gl g 3 T
= e~ <
FIG. 2. Comparison of the HDO absorption spectrum in the 13 269.3—@8 00l L1, LLL 3 ' L] '
13 283.8 cm* spectral region. (a) ICLAS spectrum recorded with an eguiva g 1.5
lent path length of 15 km and a total vapor pressure of 14 Torr. (b) Syntheti¢’, 1PS99 ¢
spectrum obtained from the effective Hamiltonian approach. Note that in spite” 1 ¢
of the excellent agreement, a spurious cluster of lines (markepys >
predicted. These lines, not observed experimentally, are induced by an inten— 0.5
sity transfer to the (260) dark state introduced in the EH model. JTKeK :— ; ' AAp BpoA B A B B
J'K’K? rotational assignments are given for all the lines with an intensity © . |l|3|] . | LL . B | I]
larger than 1.3< 10°° cm %atm. The rotational assignments written in bold 0.0
characters are related to the (103) vibrational state, while the others correspond”
to the (023) vibrational state. (c) Calculated spectrum provided by theabew Ps97 d
initio predictions from Ref.13) in excellent agreement with the experimental 24
spectrum. (An almost constant deviation of 0.1 ¢rto the higher frequency A A
is observed in this range.) TheandB type of the transitions is indicated for 14 A AA
the v; + 3v; to stress the change and improvement in the prediction of the A B \ ‘ ‘ B
intensities compared to (d). (d) Calculated spectrum provided bgltigitio . B ‘B X B B B )
predictions from Ref.&). Note that the intensity scale is twice as much as in 0 ! : : !
=g 13366 13368 13370 13372 13374 13376

(b) and (c). TheA andB type of the transitions of the, + 3v; band is given.
Wavenumber (cm")

The parameters of the transformed dipole moment of therig. 3. same as Fig. 2 for the 13 36613 376 éspectral region. Note the
(103) and (023) states were obtained using the approach pirestic improvements between the predictions&fand (L3). For instance, the
sented in Ref.16) from the fitting to 421 experimental inten-change i_n the relative intensities of the fqur lines close to 13 370 shows that
sities of 590 values initially introduced into the fitting procesde hybrid character of the, + 3v; band is much better reproduced by the new

redictions. Note also that the line positions of the 2 3v; band were predicted

The rms deviation achieved by variation of 25 parameters 1Jlér)}rRef. ®) with a shift up to 1 cm* from the experimental values. On the other

both A' and B-type transitions is of 9.8%, i.e., C|OS_e to th@jand, extremely weak features predicted by the new calculati@hsue detect-
experimental accuracy of the well-resolved isolated lines. Stilble at the experimental noise level and not reproduced by the EH simulation.
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TABLE 2
Rotational Energy Levels (cm™) of the (103) and (023) Vibrational States of HDO
(023) (103)

JK. K, Eopy a N obs-cal 4 4, Eobs g N obs-cal 4 4,
000 13278.358 53 2 -0.001 -0.08 -0.08 13331612 2.0 2 0.001 -0.13 -0.13
101 13293.683 4.5 4 -0.010 -0.09 -0.09 13346.634 6.1 4 0.002 -0.13 -0.13
111 13307.877 8.4 3 -0.004 -0.08 -0.08 13358.263 5.1 5 0.037 -0.13 -0.13
110 13311.159 1.8 3 -0.027 -0.09 -0.09 13361.143 82 3 0.038 -0.13 -0.13
202 13323.820 6.5 4 -0.014 -0.08 -0.08 13376.198 4.1 4 0.004 -0.17 -0.16
212 13335207 7.7 6 0.007 -0.09 -0.09 13385368 32 6 -0.032 -0.12 -0.12
211 13345080 19 4 -0.016 -0.08 -0.08 13394.090 4.9 4 0.053 -0.13 -0.13
221 13386910 7.8 4 -0.082 -0.08 -0.08 13429248 75 5 0.049  -0.11 -0.11
220 13387.488 7.6 3 -0.008 -0.09 -0.08 13429716 3.6 4 0.041 -0.12 -0.11
303 13367.776 4.7 5 -0.035 -0.12 -0.08 13419.425 1.8 5 -0.001 -0.15 -0.12
313 13375910 6.7 6 0.035 -0.11 -0.08 13425857 6.1 7 -0.015 -0.15 -0.13
312 13395.528 2.1 5 -0.033 -0.09 -0.09 13443.153 3.4 6 0.051 -0.13 -0.13
322 13432710 4.0 5 -0.051 -0.09 -0.08 13474338 43 6 0.054 -0.12 -0.12
321 13435.199 6.9 5 0.001 -0.12 -0.09 13476.622 4.8 6 0.036  -0.15 -0.12
331 13508.027 7.3 3 -0.020 -0.10 -0.08 13541.979 1.9 4 -0.035 -0.13 -0.10
330 13508.069 72 3 -0.025 -0.09 -0.09 13542.023 53 4 -0.042 -0.11 -0.11
404 13424.497 8.8 7 -0.029  -0.20 -0.08 13475.357 5.0 5 0.001 -0.20 -0.13
414 13429.658 7.5 5 0.047 -0.19 -0.08 13479.339 65 7 -0.025 -0.21 -0.13
413 13462.001 6.7 6 -0.039 -0.12 -0.09 13507.892 119 6 0.057 -0.14 -0.12
423 13493347 1.4 4 -0.007 -0.10 -0.08 13534.093 36 5 0.058 -0.15 -0.12
422 13500.210 7.5 4 0.030 -0.19 -0.09 13540478 49 7 -0.002 -0.20 -0.13
432 13569.558 7.1 6 0.004 -0.17 -0.09 13603.199 7.8 5 -0.017 -0.19 -0.11
431 13569.889 53 6 0.012 -0.11 -0.09 13603.535 52 5 -0.021 -0.13 -0.1¢
441 13665.823 5.7 4 -0.054 -0.10 -0.09 13701.943 59 3 -0.021 -0.12 -0.09
440 13665.837 100 4 0.018 -0.14 -0.07 13701946 69 2 -0.022 -0.21 -0.18
505 13493.174 5.7 4 -0.023 -0.27 -0.09 13543.339 4.1 3 0.015 -0.23 -0.13
515 13496.154 5.0 4 0.053 -0.26 -0.08 13545568 6.3 3 -0.025 -0.24 -0.13
514 13543.662 74 4 -0.051 -0.18 -0.09 13587.552 13 5 0.028 -0.21 -0.14
524 13568.436 6.5 6 0.026 -0.16 -0.08 13608.177 4.9 6 0.034 020 -0.12
523 13582802 6.7 6 0.051 -0.32 -0.09 13621.612 3.0 6 -0.087 -0.33 -0.13
533 13646.527 6.2 6 0.013 -0.28 -0.09 13679.890 6.4 4 -0.004 -0.34 -0.11
532 13647802 54 5 0.043 -0.17 -0.09 13681.186 0.1 2 -0.025 -0.19 -0.11
542 13741.888 3.3 2 0.027  -0.12 -0.07 13779.134 59 2 0.021 -0.18 -0.07
541 *13741.899 83 5 -0.23 -0.10 13779.163 8.1 2 0.015 -0.35 -0.08
551  *13856.355 5.4 2 -0.20 -0.08 *13910.758 115 2 -0.36 -0.09
550 *13856.362 3.5 2 -0.12 -0.08 *13910.758 109 2 -0.19 -0.09
606 13573.527 1.9 3 -0.011 -0.47 -0.08 13623.133 78 5 0.024 -0.37 -0.13
616 13575.127 4.1 4 0.049 -0.48 -0.08 13624295 34 4 -0.022 -0.26 -0.13
6153 13639.424 3.0 3 -0.046 -0.23 -0.08 13681.231 6.4 4 0.025 -0.24 -0.13
625 13657.637 5.5 5 0.133 -0.25 -0.11 13696.247 5.6 4 0.002 -0.24 -0.12
624 13682.634 34 4 0.052 -0.42 -0.09 *13719.780 3.3 5 -0.42 -0.13
634 13738777 41 3 -0.036 -0.36 -0.09 13771988 56 4 -0.003 -0.42 -0.10
633 13742366 6.8 4 0.045 -0.20 -0.10 13775724 54 3 0.013 -0.25 -0.10
643 13833.269 3.2 4 0.039 -0.19 -0.10 13872.024 1.0 2 0.020 -0.33 -0.08
642 *13833446 63 5 -0.29 -0.10 13872.196 8.1 3 0.019 -0.48 -0.08
652 *13946.854 7.1 3 -0.25 -0.10 *14003.600 6.1 3 -0.45 -0.08
651  *13946.849 1.4 2 -0.22 <0.11 *14003.602 4.4 3 -0.33 -0.08
661  *14081.627 1 -0.19 -0.08 *14164.061 82 2 -0.34 -0.08
660 *14081.627 1 -0.22 -0.08 *14164.061 82 2 -0.44 -0.09
707 13665.561 6.8 2 -0.003 -0.49 -0.09 13714756 3.9 4 0.035 -0.39 -0.14
717 13666.374 115 2 0.043 -0.50 -0.10 13715.334 5.1 5 -0.021 -0.40 -0.15
716 13748.028 8.0 2 -0.018 -0.35 -0.08 13787.804 83 5 -0.012 -0.33 -0.14
726 13760.182 6.2 3 0.009 -0.35 -0.08 13797910 83 4 0.003 -0.33 -0.12
725 13798.867 6.4 2 0.014 -0.63 -0.09 *13834.370 5.6 5 -0.69 -0.13
735 13846.080 0.7 3 -0.146 -0.58 -0.11 13879.461 36 4 0.131 -0.68 -0.07
734 13854.188 6.1 3 0.026 -0.33 -0.10 13887.742 73 3 -0.047 -0.43 -0.11
744 13940.059 0.6 2 0.028 -0.29 -0.11 13980.706 13 3 -0.022 -0.48 -0.09
743 *13940.671 09 2 -0.54 -0.13 13981.340 132 3 0.014 -0.85 -0.09
753 *14052.588 1 -0.46 -0.12 14112.079 88 3 0.008 -0.80 -0.09
752  *14052.612 1 -0.26 -0.11 14112.087 9.7 3 0.001 -0.46 -0.08
762  *14186.671 1 -0.23 -0.10 *14272.196 3.3 2 -0.43 -0.07

Note. Asterisks denote the energy levels excluded from the fitingenotes the experimental uncer-
tainties of the levels given in I& cm™. N is the number of lines sharing the same upper leels the
difference between the experimental energy levels and the predictions of8Red,(is the difference
between the experimental energy levels and the predictions of Bf. (

transitions correspond to higK, values and are therefore6.4 X 107" cm ?/atm corresponding to the [633]-[524] transi
themselves rather weak. This feature agrees with both tien of thev, + 5v, + v; band.

observation and the new predictions of Ref3)( Only the Similar to Refs. {, 2), to give an estimation of the absolute
transitions reaching the [202] and [633] rotational sublevels oitensities of the observed absorption lines, we normalized ot
the (0 11 0) and (1 5 1) states (rovibrational assignments refative experimental intensities on the total predicté&@) (
Ref. (13)) are predicted to have significant intensities (up tabsolute intensity of the two bands. This normalization proce
8.8 X 107" cm %atm). However, we could identify only onedure is supported by the excellent agreement between pred
line at 13 362.979 cit with an experimental intensity of tions of Ref. 8) and recent accurate experimental measure
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TABLE 2—Continued

023 (103)

JK. K, Eopy g N obs-cal 4 4, Eops g N obs-cal A, A,
761 *14186.670 1 -0.41 -0.10 *14272.196 3.3 2 -0.78 -0.09
771 *14342.390 1 -0.35 -0.08 14457916 1 0.005 -0.69 -0.08
770 *14342.390 1 -0.19 -0.08 14457916 1 0.005 -0.39 -0.07
808  13769.326 1 -0.138 -0.94 -0.12 13818285 04 2 0.031  -0.66 -0.16
818 13769.737 1 0.021 -0.94 -0.11 13818.570 5.1 4 -0.016 -0.66 -0.16
817 13868440 3.0 4 0.082  -0.42 -0.09 13906490 06 2 -0.040  -0.42 -0.14
827 13875938 9.7 3 -0.021 -0.43 -0.11 13912.762 73 4 -0.046 -0.43 -0.14
826 13930386 66 2 -0.045  -0.71 -0.11 *13963.931 1 -0.74 -0.19
836 13968.569 7.3 4 0.084 -0.69 -0.13 14001.685 73 2 0.051 -0.80 -0.13
835 13983.496 1 -0.015 -0.38 -0.15 14017.815 03 2 -0.101 -0.46 -0.12
845  14062.180 1 -0.064  -0.31 -0.13 14105219 29 2 -0.088  -0.50 -0.09
844  *14063.912 1 -0.53 -0.14 14106.947 1 -0.028 -0.88 -0.12
853 *14236.357 60 2 -0.68 -0.07
863  *14306.853 1 -0.40 -0.10 *14395.975 114 2 -0.77 -0.09
862 *14306.846 1 -0.46 -0.10 *14395.975 112 2 -0.95 -0.11
872 14581.133 1 -0.005 -0.86 -0.11
871 14581.133 1 -0.005 -0.71 -0.09
909  13884.937 1 0.021  -1.11 -0.14 13933.765 5.0 2 0029 -0.77 -0.17
919 13885.136 1 0.009 -1.11 -0.13 13933.894 12 2 -0.052 -0.79 -0.18
918  *14000.097 1 -0.76 -0.10 14036.936 | 0.023  -0.69 0.06
928 14004.464 1 -0.062 -0.73 -0.07 14040.483 5.5 2 -0.054 -0.73 -0.15
927 14075.859 4.6 2 -0.071 -0.82 -0.14
937 *14102.867 123 2 -0.71 -0.12 14138600 114 2 0.066  -1.04 -0.16
936 *14130.144 1 -0.60 -0.13
946 *14245.267 1 -0.81 -0.12
945 14249.610 1 0.002 -1.12 -0.16
953 *14376.299 1 -1.07 -0.18
954 *14376.724 1 -0.82 -0.14

10010 14012.403 1 -0.008  -1.15 -0.18 14061.205 1 0.017  -0.83 -0.20

10110 14012.496 1 -0.010 -1.14 -0.17 14061.205 1 -0.028 -0.87 -0.24 .
1019 *14142.877 1 -0.76 -0.12 14178.951 1 0.033  -0.77 <0.15
1029  *14145.248 1 -0.83 -0.12 14180.787 03 2 -0.049 -0.81 -0.16
1028 14233868 0.8 2 0.070 -0.77 -0.18 *14269.091 1 -1.04 -0118
1037 14331.304 55 2 -0.043 -1.00 -0.15
1047 *14400.990 | -1.04 -0.13
1046 14409.815 1 0.078 -1.13 -0.18
1056 *14532.160 1 -2.14 -0.20

11011 14151751 04 2 -0.005  -2.40 -0.27 14200.604 1 -0.011  -1.58 -0.23

1111 14151.801 04 2 0.001 -2.41 -0.15 14200.604 1 0.038 -1.60 -0.25

11110 *14296.922 1 -0.86 -0.16 14332252 1 -0.006  -0.96 -0.20

11210 *14298.169 1 -0.86 -0.16
1139 *14415.132 1 -1.53 -0.20 14454282 1 0.002 -2.42 -0.21
1138 14512.612 1 0.024 -0.96 -0.16

12112 14302955 1 -0.007  -2.54 -0.18

13013  14465.924 1 -0.010 -2.58 -0.31

13113 14465972 1 0.029 -2.57 -0.30

asn

JK, K, Eops o N obs-cal 4, 4;

633  *13656.615 1 -2.23 -0.05

ments in the 4700-7700 ci spectral region ¥7-1§ intensity of theA-type transitions of the, + 3v; band. Indeed,
evidenced in Ref.19). The very good coincidence of theRef. 8) predictedA-type transitions approximately more than
experimental (a) and newly predicted (c) intensities (see Figkree times stronger than observed, wiilldype transitions
1-3) allowed us to make a reasonable normalization of there calculated with intensities two times lower than the
experimental and calculated (EH) intensities over the whotxperimental values. This effect is particularly clear on the fou
spectral region. After normalization, the comparison of tHénes observed just above 13 370 ¢nin Fig. 3.
experimental line intensities with the predicteti3) values The totalA- and B-type intensities of the,, + 3v; and the
shows that 91% of them agrees within 22% of their predict&d, + 3v; bands calculated from our EH parameters, and fror
values. the predictions of Refs8f and (L3), are collected in Table 4.
In the lower part (d) of Figs. 1-3, the spectrum previouslyhe EH calculations were performed in the 13 000-13 56
predicted in Ref.§) is also given for comparison with the newcm™ spectral region, taking into account all the lines with
prediction (3). Significant differences and improvements corintensity larger than 1.& 10~° cm™?/atm. The new predictions
cerning the absolute intensities are noticed (see also Table(4p) give nearly the same value for tide andB-type transi-
First, the total absorption intensity in the considered specttans’ total intensities of the, + 3v; band in agreement both
region was reduced from 3.29 10~° (Ref.8) to 1.30x 10 with the experiment and the EH results. However, the previot
cm*/atm (Ref. 13). Second, in the high energy part, thealculations §) predictedA-type integrated intensity about one
spectrum is much better reproduced by the new calculationsoAder of magnitude larger than tiigetype integrated intensity
detailed analysis of this region shows that the disagreemeiitthis band. In other words, the strong hybrid charactel
observed in the predictions of Re)(concerns mainly the starting fromJ = 0, of thev, + 3v; band is well reproduced
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TABLE 3
Spectroscopic Constants of the (103), (023), (151), and (062) States of HDO (in cm™)
©23) 103) asu (260)
E, 13278.359 13331.612 12986.67 13218.090
A 23.57591(650) 20.51032(430) 59.8704(530) 56.03481(860)
B 9.34158(190) 8.94251(140) 9.454 9252
C 5.99274(110) 6.07555(110) 5.693 5.724
A 5.584(100)x107 -2.4818(230)x10? 2.50x10™ 7.623
Ay 3.434(250)x107 -8.943(480)x10™* -6.33x107 -6.99x102
4 6.544(150)x10™* 1.7949(650)x10™ 7.25x10™ 7.25x10™
& 9.668(290)x107 -4.631(270)x10° 2.27x107 2.27%x102
8 3.170(100)x10™ 2.513(910)x10° 3.17x10™ 3.17x10%
H, 7.00x107 4.6222(430)x10™ 1.46x107 3.69
Hy |-2.5668(920)x10™
Coupling constants
Fk Fi va CV Cvz
023)-(103)  |-2.617(230) x10"  -9.047(250)x10  -3.525(450)x107
(151)-(103) 1.2001(550)  5.2532(710) x10"'
(151)-(023)  |-5.186(260) x10"  1.579(310)x10™

(062)-(023) 2.8050(400)x10""

by the new calculationsl@), while the previous ones predictedare consistent with our observations op(H(13). There, we
a band with mosthA-type character. Thei2 + 3v; band has saw that the two dipole-moment surfaces gave very simile
a strong B-type character well accounted for by the newesults for lower energy transitions but could differ signifi-
calculations 13) but which was too pronounced in the previousantly for high-energy transitions.
calculations 8). Note that the difference in the tot&l- and Finally, concerning line positions, Figs. 2 and 3 show tha
B-type intensities obtained in the frame of the EH method aridr these particular spectral regions, the stronger deviatior
predicted in Ref.13) is due to the fact that the two approachebetween the predicted and observed spectrum concern t
give for some lines different vibrational assignment. transitions of the 2, + 3v; band with the highest values. The
The predicted spectra in the 12 000—-15 800 tmange quality of the new calculations 8) is highlighted in Fig. 3 by
provided in Refs. § and (L3) are compared in Fig. 4. This extremely weak features, at the limit of the experimental nois
comparison shows that the absolute intensity of all the bandsel which are fully predicted both in intensity and position.
except thev; + 3v; and 2, + 3v; bands under consideration
are mostly unchanged. This indicates, in particular, that the
normalization procedure of the absolute intensities that we
used in our previous investigations of the;41) andv, + 4v,
(2) bands still hold with the new prediction3). These results

4. CONCLUSIONS

The HDO absorption spectrum in the 13 165-13 500 tm
region was experimentally recorded and theoretically treate
for the first time, leading to the complete spectrum assignme!
and the derivation of 196 accurate energy levels of the (10:
and (023) vibrational states. The new resultd) (of the accu-
rate variational calculations of the HDO line positions anc
intensities were intensively used in the process of the spectru
assignment as well as the calculations in the frame of th

TABLE 4
Total Intensities of A- and B-Type Transitions for the
v, + 3v; and the 2v, + 3w, Bands of HOD (in 10~° cm™%/
atm) in the 13 000-13 560 cm ™" Spectral Region

State| type  Effective Hamiltonian ~ Ref(8)  Ref(13) effective Hamiltonian method. One of the interesting feature
03] A 0.33 1.05 0.19 evidenced by the present analysis is the strong hybrid charac
B 0.25 012 0.20 of thev, + 3v; band with nearly equal- andB-type transition
intensities. Due to this circumstance, this band, in spite c
023 A 0.71 1.94 0.81 being at least two times weaker than the 2 3v, band, has
B 0.16 0.11 0.11 a larger number of observed transitions than the stronger bar
Total 145 399 1.30 This particular spectral region has given the opportunity t

highlight the improvements of the initio predictions recently
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13000 13500 14000 14500 15000 remains attractive since it is compact, well elaborated, and do
{ L

0 B —— — not require large computer facilities.
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